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MATERNAL AGE AT TIME OF FIRST LITTERS IN MICE* 

LEONELL C. STRONG, Ph.D., AND CHARLES A. FULLER 

(From the Biological Station of Roswell Park Memorial Institute, Springville, New York) 

Studies conducted at this laboratory on the 
ages at which mice have their first litters stem 
from the finding that the age of the mother has 
had a significant effect upon the appearance of 
chemically induced tumors in mice (4, 7, 8). 
The general problem is to determine whether 
the maternal age effect is restricted to chemically 
induced tumors only or whether an aging proc- 
ess, through successive reproductions, over sev- 
eral generations has also a greater effect upon 
many other biologic characteristics, such as age 
of first litters, fertility, fecundity, longevity, and 
incidence of spontaneous tumors. 

It is the purpose of the present paper to re- 
strict the presentation of data and a discussion 
bearing only on the age at which mice have 
their first litters. No attempts will be made to 
report observations on the correlated phenom- 
enon of attainment of sexual maturity (onset of 
estrus). 

References in the literature to age of first 
litters in mice are very meager. There are some 
dealing with the attainment of sexual activity, 
but a survey of the Quarterly Cumulative Index 
of the American Medical Association has failed 
to disclose a single title specifically dealing with 
maternal age at time of first litters in mice. 
Those that have been published have been only 
a part of other problems dealing with general 
reproduction and sexual behavior. 

Monckton-Copemann and Parsons (5) deal- 
ing with the sex ratios in newborn market mice 
reported an average age of first litters of 82.4 
days (20 mice). 

Submitted for publication December 20, 1957. 

* This experiment has been made possible, in part, by a grant 
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MacDowell and Lord (3) in their studies on 
alcohol with the use of inbred strains of mice 
stated that the average age of first litters for 
females of the Bagg albino strain was 82.39 
days (23 mice); for strain C;;, 69.47 days (17 
mice); for strain C;s, 87.17 days (12 mice); for 
strain 42, 67.50 days (2 mice); and for strain 

89, 96.13 days (16 mice). 

Bittner (1) reported that A strain mice have 
an average age of first litters of 91 days (255 
mice); and a C;H female has her first litter on 
an average of 91.5 days (207 mice) (2). 

MATERIALS AND METHODS 

The 1751 mice in the present experiment 
were of the original Strong polydactylous strain 
which had descended from a single outcross of 
a polydactylous mutant male of the NHO 
strain (Brpb subline) to several females of the 
C;; strain. Their descendants have been se- 
lected by maternal age exclusively and have 
been inbred solely by brother to sister matings 
according to the age of the mother at the time 
the offspring were born. They consist of 5 
maternal age groups, as follows: <100 days of 
age; 101-200 days; 201-300 days; 301-400 days; 
and 401-500 days. When an individual pair 
had been placed in one of the maternal age 
groups the progeny were always continued in 
that same class for all succeeding generations. 

The animals were kept in wooden boxes with 
sawdust and cotton nesting material at 70 to 80 
F. temperature. They were fed mouse blocks 
supplemented by mixed grains and bread and 
milk to which a small amount of cod liver oil 
had been added. They received water ad libi- 
tum. The ingredients of mouse blocks are fine 
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ground oat groats, beef scraps (50% protein), 
ground wheat, dried milk, sodium chloride, 
wheat germ meal, Brewers yeast, vitamin A and 
D, fish oil, dehydrated molasses, and calcium 
pantothenate. This diet has been given to a 
colony of inbred mice in this laboratory with- 
out any major change, for a period of 40 years. 

The mice were handled only occasionally 
consistent with weaning and cleaning of their 
boxes. 

The two earliest maternal age descents, < 100 
days (283 mice) and 101-200 days (512 mice) 
are now complete for analysis between the F, 
and F,, generations of inbreeding; the two 
descents of 201-300 (419 mice) and 301-400 
days (439 mice) are complete between F, and 
F,; the class 401-500 days (98 mice) is an- 
alyzed only between the F, and F, generations. 

The young were weaned at 30 days of age 
and were moved to separate breeding boxes. 
The boxes were checked daily, and pregnant 
females were noted. When the litter was born, 
the date of birth and the numbers of normal 
and polydactylous offspring were recorded. 

The present study is based upon observation 
of 1751 female mice belonging to one or the 
other of the 5 separate descents between the F, 
and F,. generations of inbreeding. The earliest 
age of first litter was 38 days; the latest 318 
days. 

The statistical analyses of ages of mothers for 
births of first litters were based on well-known 
standard equations for the determination of the 
means, standard deviation, analysis of variance 

and the Bartlett test for homogeneity of vari- 
ance, and a related test for homogeneity of 
means (6). 

RESULTS 

The results obtained were analyzed for the 

regression of the means from the general mean 

for the entire population for the succeeding 

generations in each of the 5 maternal age 
descents, the differences in variances and means 

among the different descents for both inbreed- 

ing periods considered separately, that is, F, - 

F, generations combined compared to F; - Fs 

generations, and the differences in variances 

and means between inbreeding periods for each 
descent. For presentation, the data were com- 
bined into two inbreeding periods. Thus the 
data for F, - F, were added together; the’ data 
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between F; - F; were also combined. This per- 
mits comparison of data at two levels of in- 
breeding. For statistical analysis the grand 
mean of first litters for all 1751 mice was found 
to be 73.04 days. 

Figure 1 presents the data of mean age of 
first litters in the form of regression parabolas. 
These data are expressed as differences from the 
general mean (73.04 days) for all classes and 
generations combined. An examination of the 
illustration discloses that the mean age of first 
litters for the two earliest maternal age descents 
(<100 days and 101-200 days) diminishes in 
the early hybrid generations (i.e., between F, 
and F,) and then increases between F, and Fj». 
This figure also shows that in F, the two early 
maternal age classes were together but have 
deviated from each other in succeeding genera- 
tions. 

At no point is there a clumping of points 

around the general mean of 73.04 days for the 

entire population. The 5 descents seem to give 

different parabolas of regressions of the mean 
for successive generations. 

Fi-FaFgfa Fete OFrFe = Fale “FirFi2 

Fig. 1. Deviation for 5 descents from a common 

origin expressed as deviations from mean age of first 

litters for all descents and generations combined (73.04 

days). 
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Taste 1. Mean AcE AT First Litrer (in Days) OF 

Mice 1N 2 Periops OF INBREEDING FOR THE 5 MATERNAL 

AcE DerscENTs WITH DIFFERENCE BETWEEN MEANS AND 

DEGREE OF SIGNIFICANCE IN STANDARD ERRORS. 

Standard 

Days Fi - Fs Fs - Fs Difference Errors 

<100 77.15 74.18 2.97 1.30 

101-200 75.76 72.05 3.71 2.07 

201-300 73.7 70.80 2.98 1.51 

301-400 69.09 70.50 —1.41 -93 

401-500 71.40 72.80 —1.40 .40 

Taste 2. COEFFICIENT OF VARIATION OF AGE OF First 

Lirrers oF Mice IN 2 Periops OF INBREEDING FOR Ma- 

TERNAL AGE DescENTS WITH DIFFERENCE BETWEEN Co- 

EFFICIENTS AND SIGNIFICANCE IN STANDARD ERRORS. 

Group 

Days | Difference Standard 

Fi- Fi F; - Fs Errors 

<100 23.91 17.24 6.67 3.00 

101-200 26.48 21.18 5.30 2.93 

201-300 25.59 24.98 63 .30 

301-400 22.45 20.96 1.49 -93 

401-500 22.48 29.09 —6.61 | 1.79 

The nearest approach to a clumping is be- 
tween F,-F,; and F,-Fio where 3 of the 4 
maternal age classes are near together with a 
deviation of about —1 day from the general 
mean of 73.04 days. 

Table 1 gives the mean age of first litters in 
mice of the 5 descents. The data are divided 
into two periods, the first being the data for 
F, - F, generations combined, and the second 
period being F; - Fs combined. Only the ob- 
servations in the 101-200 class give any indica- 
tion of a possible change in the mean age be- 
tween the F, - F, and F; - Fs; however, because 
of the sharp decline in significance shown in 
table 3, it is obvious that some change has 
taken place in the mean age of first litters for 
the entire population. 

In table 2 are given the coefficients of varia- 
tion on mother’s age of first litters for mice of 
the 5 descents in two periods of inbreeding. It 
is apparent that individual variability for the 
combined 5 age classes decreased between F, - 
F, (o = 18.32) and the F;-F; (o = 16.20). 
This decrease is highly significant, being 10.5 
times the standard error. Changes in the differ- 
ent 5 maternal age descents seem, however, to 
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give diverse shifts, as follows: the <100 ma- 
ternal age descent and 101-200 age descent 
show a significant decrease in variability; the 
201-300 and 301-400 descents show no evidence 
of changed variability; the 401-500 descent 
shows that an increase of variability may have 
occurred during the same period of inbreeding 
(i.e., F, - Fy and F; - Fs). 

In table 3 are given the probabilities of 
homogeneous variances and means (7). From 
the results of Bartlett’s test for variance it is 
probable that the variances of the maternal age 
descents from the combined F, - F, generations 
are heterogeneous. There is stronger evidence 
that this heterogeneity is continued into the 
F; - F,; generations. The test for homogeneity 
of means yields significance among the descents 
in the F, - F, generations and insignificance be- 
tween the age classes in the F; - Fs generations. 
These tests for heterogeneity were based upon 
the analysis of the total population in one op- 
eration. Eventually it is hoped to test for heter- 
ogeneity or homogeneity in the independent de- 
scents, i.e., to measure the effects of inbreeding 
by the elimination of collateral or side lines. 

To illustrate the type of data that have been 
obtained and analyzed in the present investiga- 

TasLe 3. DEGREES OF SIGNIFICANCE BETWEEN MEAN AGE 

AT First LitTER AND VARIABILITY COMPUTED BY THE 

METHOop DescriBeD BY SNEDECOR (BARTLETT’s TEsT, 6). 

| Group 

Fi- Fy | Fs - Fs 

Probability of 
homogeneous variance .. . .025>P> .010 -005>P>0 

Probability of 

homogeneous means. ... . -005>P>0 -250>P> .100 

Taste 4. THe FREQUENCY DistTRIBUTION OF First Lit- 

TERS FOR 5 MATERNAL AGE DESCENTS FOR THE F, 

GENERATION. 

41- | 51-| 61- | 71-| 81-| 91-|101-|111-|121-]131-|141- 
Days 50 | 60 | 70 | 80 | 90 | 100/ 110| 120} 130| 140 | 150 

ta ea 1/1. {| 6] 2] of} 1 
101-200 71/16|)13/ 7] 1] 3 
201-800......... oi #1 ti 61 31 918 
301-400......... $s] 811 9] B.S) 6) 8) Ot 61 4 
401-500........ tl St eb 41 9 
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tion, the frequency distributions of first litters 
for the 5 maternal age descents are given for 
the F, generation in table 4. Similar data have 
been analyzed for each of the 5 maternal age 
descents for each of the generations obtained. 

DISCUSSION 

Little, if any, work has been done concerning 
the age of first litters in mice as the animals 
progress from a heterozygous to a homozygous 
state through the process of inbreeding. The 
present data serve as an introduction into this 
biologic field. 

Each maternal age subline seems to have a 
unique regression curve during the succeeding 
generations of inbreeding (as measured to the 
general mean 73.04 days of age of first litters 
for the entire population). This divergence of 
mean age of first litters between the different 
maternal age descents seems not to be at ran- 
dom. For example, the early litter descent 
(<100 days maternal age) deviated from the 
general mean of the entire population by about 
three days of increase. There is a progressive 
decline in the age of first litters in the two suc- 
ceeding groups based upon maternal age selec- 
tion. The last two classes (301-400 and 401- 
500) have lower means than the general aver- 
age. Thus variation has taken place counter to 
the trend of maternal age selection. Selection 
toward early maternal age descent tends to give 
late first litters. Selection toward a late litter 
descent gives earlier first litters. This diver- 
gence, however, is more pronounced in the 
early hybrid generations. These results verify 
an observation (9) with the analysis of aver- 
ages on maternal ages (rather than mean age) 
of first litters on the same group of mice. The 
analysis of average age of first litters for the 5 
maternal age descents was done when fewer 
numbers of mice of the early hybrid generations 
were available. 

The results of the test for homogeneity of 
mean (table 3) show that in the F, - F, genera- 
tions there is a significant difference among the 
maternal age descent means. From this same 
Bartlett test there is a sharp decrease in the 
degree of significance between the means of 
the F, - Fs generations for the same 5 maternal 
age descents. There is also a distinct trend 
toward later litters in the earlier descents. It is 
interesting to note that the values for F; - Fs 
are more symmetrically grouped than the ‘val- 
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ues for F,-F,. Thus it seems that the two 
descents that have earliest litters between F, - 
F, (301-400 and 401-500 days class) now have 
their first litters approximately at the same 
time, whereas the other three descents now 
have their first litters earlier. This would tend 
to bring about biologic equilibrium—a_ thesis 
which was recently developed (9). 

From the coefficients of variation in table 2 
it is clear that the individual variability for all 
classes does not show the same change with 
further inbreeding. The coefficients of variation 
in the <100 and 101-200 descents have shown 
no change; and in the 401-500 class there is 
reason to suspect an increase in individual vari- 
ability. The results of Bartlett’s test for homo- 
geneity of variance seem to indicate hetero- 
geneity in the F, - F, generations and present 
quite definite evidence pointing to differences 
in variances among classes of the F; - F; gener- 
ations (table 3). 

SUMMARY 

Observations on the ages of first litters of 

1751 mice belonging to one original outcross 

are recorded. The mice were divided into 5 

groups of independent descent based upon the 
age of the mother at the time the offspring were 
born. Results are reported between the F, and 

the F,. successive generations of independent 
inbreeding of these 5 maternal age descents. 

The analysis of the data indicates that the 

different independent sublines have different 
parabola regression curves when their succes- 

sive means of age of first litters (on a genera- 

tion basis) are compared to the general mean 
of first litters for the entire population (73.04 
days). 
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RELATIONSHIP OF AGE TO SWELLING PROPERTIES OF HUMAN 

DIAPHRAGM TENDON IN ACID AND ALKALINE SOLUTIONS 

ROBERT R. KOHN, Ph.D., M.D.* AND EDWARD ROLLERSON, B.S. 

(From the Institute of Pathology, Western Reserve University, Cleveland) 

In considering sites where the first changes 
important in aging might occur, it would ap- 
pear likely that the primary reactions related to 
senescence would take place in molecules which 
are static, having a low rate of turnover, rather 
than in molecules in which constituents are 
rapidly being replaced. A substance which has 
a conspicuously low turnover rate is collagen. 
Thompson and Ballou (14) administered tri- 
tium to pregnant rats so that the young had 
labeled tissue at birth and found that the half 
life of collagen was greater than 500 days. 
They concluded that most of the collagen in 
mature rats was not replaced during the life of 
the animal. This view is supported by the find- 
ing of Neuberger and Slack (10) that activity 
from administered radioactive glycine was very 
low in the collagen of mature rats. The rela- 
tively inert collagen protein in a physiologic 
environment should be susceptible to progres- 
sive change with time, such as heat denatura- 
tion as discussed by Sinex (12). Because of the 
widespread occurrence of collagen throughout 
the body, particularly in relation to blood ves- 
sels, any marked change in structure or com- 
position might be manifested in a variety of 
physiologic alterations. 

Information on changes in collagenous con- 
nective tissue with age has been acquired 
through several investigations in recent years. 
Thus, Sobel and Marmorsten (13) found a de- 
crease in the hexosamine/collagen ratio with 
age in connective tissue from various sources. 
Verzar (16) described an increase in force of 
thermal contraction in rat tail tendon with 
age, and Banga, Bald and Szabé (2) found that 
rat tail tendon in potassium iodide solution 
contracted more and relaxed slower, or not at 
all, with increased age. 

One property of collagen which has not been 
studied adequately in regard to aging is that of 
swelling in aqueous solutions. Banfield (1) 

Submitted for publication January 4, 1958. 

* United States Public Health Service Fellow in Pathology. 

This investigation was supported by a grant (H-3123) from the 
United States Public Health vice. 

made a start in acquiring this type of informa- 
tion by maintaining human Achilles tendon in 
dilute acetic acid for 24 hours and determining 
the degree of swelling. He noted increasing 
ability to swell up to the age of 26 years, then 
decreasing ability to swell to the age of about 
60 years, after which the degree of swelling re- 
mained fairly constant at a low level. This 
phenomenon was not studied further and no 
conclusions regarding mechanism of swelling or 
type of processes underlying the age changes 
were made. 

Swelling of collagenous connective tissue in 
aqueous solutions can be caused by several 
types of treatment. In strong acid or alkali, a 
dissociable complex of the form Cl--+H,;N-R- 
COOH in the case of HC] and H.N-R-COO-- 
Na‘ in the case of NaOH, are formed. The re- 
lative concentration of diffusible ions inside the 
tissue to those outside will determine, in part, 

the degree of swelling of the tissue. As acidity 
or alkalinity increases, swelling will reach a 
maximum, and then decrease, in accordance 
with principles of the Donnan equilibrium as 
described in the case of gelatin gels by Proctor 
and Wilson (11). Such swelling results in de- 
creased length and increased thickness of col- 
lagen fibers. Another type of swelling is of the 
lyotropic type. Swelling in this case probably 
depends on hydration of ions or molecules of 
weak acids or neutral salts held within the tis- 
sue, although the mechanism is not yet com- 
pletely understood. The 1/1000 dilution of 
acetic acid used by Banfield should have had a 
pH in the vicinity of 3.2 and the swelling in 
his experiments was probably of the lyotropic 
type. Lloyd and Marriott (9) in studying this 
type of swelling caused by acetic acid, noted 
that collagen fibers were split into fibrils and 
the tissue increased in width with no change in 
length; and referred to the water imbibed in 
this case as “bound water.” Other causes of 
swelling may be disruption of intermolecular 
links such as hydrogen, amide or peptide bonds, 
or extraction of a cementing mucopolysaccha- 
ride; all changes which would decrease the 
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rigidity of the protein structure. Bowes and 
Kenten (5, 6) have presented evidence that 
such loss in cohesive forces is important in 
swelling of collagen in strongly alkaline solu- 
tions. 

Regardless of the agents causing swelling, the 
extent to which collagen could swell would 
probably be dependent on the number, type 
and strength of intermolecular cross links. An- 
other restricting influence might be the reticu- 
lar network around collagen bundles. Jordan- 
Lloyd and Marriott (7) found that rat tail 
tendon from mature rats swelled more in the 
pH range 2-6 than young tendon and con- 
cluded that young tendon contained more or 
tougher reticular tissue than mature tendon. 
Old tendon was not studied. However, from 
the data presented, which showed disrupted re- 
ticular tissue and swollen collagen, it cannot be 
determined if the tissue swelled because the re- 
ticular tissue was disrupted or if the reticular 
tissue was disrupted by the force of swelling of 
the collagen. 

As changes in collagen may be quite relevant 
to the aging process and the ability of collagen 
to take up water may provide information on 
changes in the internal binding of collagen 
molecules with age, a study of the effect of age 
on swelling properties of human diaphragm 
tendon in acid and alkali solutions was under- 
taken. 

METHODS 

Human diaphragms were obtained from au- 
topsies performed the day of death. No selec- 
tion was attempted other than excluding dia- 
phragms directly involved in disease processes. 
The central tendon of each diaphragm was ex- 
cised and both surfaces of the tendons were 
scraped free of loose tissue so that the mesh- 
work of collagen bundles was exposed. The 
scraped tendons (total 55) were then cut into 
10-40 mg. fragments for testing. Tests were 
carried out either immediately after autopsy, or 
the scraped tendons were wrapped in parafilm, 
stored at 6 C. and used within 18 hours. Tests 
were made in distilled water adjusted to the re- 
quired pH values with HCl or NaOH. pH 
values below 10 were determined with a glass 
electrode pH meter, and above 10 by titration 
with standard acid. The solutions were not 
buffered as it was desired to avoid the effects of 
extraneous ions on the swelling processes. The 
tendon fragments were washed. briefly in 0.9% 
NaCl (pH 5.9) and firmly blotted dry with 

filter paper. They were then weighed on an 
analytic balance; individual fragments, ap- 
proximately 10, 20, 30, and 40 mg. from each 
tendon were placed together in 10 to 15 ml. of 
the solutions where they were maintained at 
room temperature for various lengths of time. 
The fragments were then blotted dry and 
weighed. The percentage increase in weight 
during exposure to the solutions was calculated 
and used as a measure of swelling. For each 
diaphragm and each pH triplicate or quadrup- 
licate determinations were made and the mean 
values calculated. The maximum variation in 
determinations on young tendons was + 15%; 
with older tendons, variations as great as + 
5% were unusual. 

It was found that smaller tendon fragments 
swelled more rapidly than larger fragments. 
The final swelling was slightly larger in me- 
dium-sized than in very large and very small 
fragments. These variations were not of sig- 
nificance in the evaluation of the data because 
of the standardization of fragment size and 
time of exposure to acid and alkali for all 
tendons. 

RESULTS 

First, a study of the effect of age on tendon 
swelling through a wide pH range was made. 
Tendon fragments were immersed for 18 hours. 
As shown in figure 1, there is a swelling maxi- 
mum at pH 2-2.5, and with decreasing acidity 
and increasing alkalinity, a rapid diminution in 
ability to swell until another maximum is 
reached at pH 12. On the alkaline side of pH 
12 there is a tendency for swelling to level off, 
or decrease, until there is a marked increase in 
swelling from pH 13 to 14. Determination of 
pH values of solutions in which tissue frag- 
ments had been incubated showed that during 
the experiments, pH values from 0.3 to 3.5 in- 
clusive changed by 0-0.5 pH units, and pH - 
values above 11 showed essentially no change. 
Between pH 3.5 and 11 there was marked vari- 
ation; ranging to a change of -3.35 units in the 
case of starting pH 8. No differences were de- 
tected between old and young tendons in effect 
on pH during incubation; and control solutions 
in which no tissue was incubated showed ap- 
proximately the same pH changes with time as 
the experimental solutions. Figure 1 indicates 
that all pH’s at which swelling is prominent, 
the young tendons swell more than old. No 
shifting of curves due to age was noted. 

As swelling was most marked at pH 2.5, 12, 
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Fig. 1. Swelling of tendons of different ages after 18 
hours’ exposure to acid and alkaline solutions. 

and 14, these levels were used for subsequent 
studies. Next, the relationship of extent of 
swelling to duration of immersion of tendon 
fragments was investigated for various age 
levels. Figure 2 represents experiments on the 
swelling with time of tendons from 21 and 67- 
year-old individuals. Swelling at pH 2.5 and 
12 usually reached a maximum by 7 hours and 
then showed a slight decrease by 24 hours. The 
greatest increase in swelling at pH 14 occurred 
by 7 hours, after which the amount of water 
taken up remained fairly constant or showed a 
slight increase by 24 hours. It was noted that 
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Fig. 2. Effect of time of immersion of tendon in 
acid and alkaline solutions on degree of swelling of 21- 
and 67-year-old tendons. 
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the differences with age at all three pH values 
had the same proportionality at three hours as 
they had after a longer period, with the excep- 
tion of tissues at pH 12 which exhibited oc- 
casional variation at 24 hours, as shown by the 
convergence of curves in figure 2. Thus, three 
hours’ exposure to the acid and alkaline solu- 
tions was used for subsequent studies of swell- 
ing properties. 

Collagen is a rather inert substance and gen- 
erally resistant to the action of mammalian 
enzymes. However, in view of the autopsy 
source of the material and the 18-hour-period 
which occurred at times between autopsy and 
testing of tendons, the effect of storage on the 
swelling properties was tested. Two tendons 
from young, mature, and old age levels were 
investigated. The swelling was determined with 
the fresh tendons, and again after 8 days’ stor- 
age wrapped in parafilm at 6 C. Figure 3, in 
which the mean values at each age level are 
indicated, shows that the only marked effect of 
storage is an increase in the ability of young 
tendons to swell at pH 2.5 and 12. 

A large number of diaphragm tendons of 
various ages was then tested for ability to swell 
at the three pH levels. The results are sum- 
marized in figure 4 in which the lines drawn 
through the points were constructed by the 
moving average method. There seems to be 
little change in swelling ability from infancy 
to around 30 years of age. Between 30 and 
around 50 years there is a rather abrupt de- 
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Fig. 3. Effect of storage on swelling of tendons from 
young, mature, and old individuals. Mean values for 
each pair of tendons are indicated. 
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crease in swelling. After 50 years, there is a 
slow steady decline in swelling ability. The 
changes are shown clearly at pH 2.5. The same 
trends are shown by dashed lines for pH 12 
and 14. No differences resulting from race or 
sex were detected in these experiments. 

In investigating differences in mechanism of 
swelling at the three pH levels, reversibility of 
the swelling was tested. After the tissues had 
become swollen, they were returned to 0.9% 
NaCl and maintained at room temperature for 
three hours. Weights were determined before 
and after swelling and after maintenance in 
NaCl. Results of experiments with 6- and 68- 
year-old tendons are shown in table 1. Swell- 
ing at pH 2.5 and 12 is completely reversible 
while that at pH 14 continues after the tissue is 
placed in neutral salt solution. Tissues swollen 
at pH 2.5 and 12 which subsequently became 
shrunken in neutral salt solution retained their 

TasLeE 1. MEAN WEIGHTs OF TENDONS (MG.) BEFORE 

AND AFTER ExposuRE TO ACID AND ALKALINE SOLUTIONS, 

AND AFTER RETURN TO SALINE. 

| 
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ability to swell to original levels when replaced 
in pH 2.5 and 12 solutions. 

As decreasing ability to swell was believed to 
be a measure of physiologic age, an investiga- 
tion of the effects of some factors, thought to be 
causally related to senescence, on swelling 
properties seemed worth while. Studies were 
carried out on the following factors which have 
been either theoretically or experimentally re- 
lated to aging: binding of calcium (8), thermal 
denaturation (12), ionizing radiation (15), and 
mechanical stress. 

The effect of exposure to calcium was tested 
by incubating the tendon fragments in 0.1 M 
CaCl, for one hour at 37 C. Controls were in- 
cubated in 0.9% NaCl. After incubation, frag- 
ments were tested for swelling ability. Table 2 
indicates findings with tendons from three age 
levels. The results of calcium treatment are a 
marked decrease in ability to swell at pH 12, a 
slight decrease at pH 14, and variable effects 
at pH 2.5. Incubation in the salt solutions 
alone, before exposure to acid and alkaline 
solutions, did not result in swelling. No age 
differences were noted in calcium effect. 

As a corollary to investigating the effect of 
incubation in a calcium solution, the effect of 
trisodium ethylenediaminetetraacetate (EDTA) 
on swelling properties was studied. Tissue 
fragments were incubated in 0.15 M EDTA at 
37 C. for one hour, after which swelling ability 
was determined. The only effect of EDTA was 
to reduce subsequent swelling at pH 2.5. Table 
3 shows the consistent inhibition of swelling. 
The degree of inhibition was variable and no 
effects related to age were noted. EDTA treat- 
ment alone did not result in swelling. The in- 
hibitory effect of EDTA could be completely 
reversed by incubating EDTA-treated tendon 
for one hour in 0.1 M CaCl, at 37 C. 

The effect of thermal denaturation was 
studied by incubating tendon fragments from 
young individuals in‘mammalian Ringers solu- 
tion at 56 C. for various lengths of time. The 
fragments were then weighed and exposed to 
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acid and alkaline solutions for three hours, 
after which they were weighed again and the 
percentage of swelling calculated. Figure 5 
shows the effect of heat on subsequent swelling 
properties in the cases of tendons from 29 and 
31-year-old individuals. The heat caused a 
marked loss in ability to swell at all three pH’s, 
with the greatest effect having occurred by 15 
minutes’ exposure. The heat also caused a di- 
minution in the variability between the two 
tendons. Tendon fragments which had been 
heated over 30 minutes and placed in the pH 
14 solution became a viscous liquid. Heating 
alone caused an increase in weight of about 
70% which developed between 15 and 30 
minutes’ incubation and seemed constant after 
30 minutes. If the original fragment weights 
were used for calculations, rather than the 
weights after heating, the values after 15 min- 
utes in figure 5 would be higher but the slopes 
of the curves would not vary much from the 
ones shown, except at pH 14 where the effect 
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Fig. 5. Effect of time at 56 C. on subsequent swell- 
ing ability of tendon from 29- and 31-year-old individ- 
uals. 
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of heat would be equivocal due to dissolution of 
the collagen. Heating in 0.9% NaCl also re- 
sulted in a marked inhibition of ability to swell. 

By teasing tendons, parallel collagen bundles 
about 4 cm. long and 0.3 cm. in diameter could 
be obtained. Placing a 500 Gm. tension on such 
a bundle for 4 hours at room temperature while 
irrigating with mammalian Ringer’s solution 
resulted in no change in swelling properties. 
Radiation of fragments in mammalian Ringer’s 
solution with 930 roentgens also had no effect 
on subsequent ability to swell. 

DISCUSSION 

There are probably at least two causes of the 
swelling determined at the three pH levels. As 
swelling at pH 2.5 decreased with increasing 
acidity and a tendency for a decrease at pH 12 
with increasing alkalinity was noted, and swell- 
ing at these two pH’s was reversible; uptake of 
water at these pH’s was probably of the Don- 
nan (osmotic) type. The absence of calcium 
was seen to inhibit swelling at pH 2.5 while its 
presence inhibited swelling at pH 12. These 
effects are probably related to hydration of 
calcium ions, and are consistent with other evi- 
dence that cations stabilize positively charged 
hydrophilic colloids and tend to precipitate 
negatively charged colloids (18). As the swell- 
ing at pH 14 was irreversible, the strongly al- 
kaline solution probably caused hydrolysis of 
bonds with loss of rigidity of the collagen struc- 
ture. 

With increasing age no shift in the curves of 
swelling as a function of pH was noted. This 
observation, plus finding that the plots of swell- 
ing versus age yielded the same shape at all 
three pH levels suggest that loss of swelling 
properties with age is not related to pH, but 
represents development of a new factor which 
restricts uptake of water. It is unlikely that 
swelling is inhibited by more or tougher re- 
ticular tissue, as Jordan-Lloyd and Marriott 
(7) described more or tougher reticular tissue 
in young than mature tendon. Also, even old 
tendon swelled to such an extent, appearing 
amorphous and translucent, that it seems un- 
likely that restriction of swelling is caused by 
non-elastic structural elements. The appear- 
ance of swollen tendon is also evidence against 
swelling being restricted with age by increased 
density of the collagen bundle weave. 

Accumulation of a cementing miucopolysac- 
charide with age is also unlikely in view of 
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findings by Sobel and Marmorsten (13) that 
the hexosamine/collagen ratio decreases with 
age. 
A process, the results of which would be con- 

sistent with all of the findings in this investiga- 
tion, would be the formation of new cross links 
between polypeptide chains of collagen and 
possible strengthening of old with increasing 
age. This hypothesis is also used by Verzar 
(17) to explain increased force of thermal con- 
traction of rat tail tendon with age. 

One way in which new cross links might 
form is through tanning of collagen by alde- 
hydes in the blood, as discussed on the basis 
of theoretical’ considerations by Bjorksten and 
Champion (4). As no data on physiologic tan- 
ning in vivo are available, this possibility can- 
not be evaluated. Also, new cross links might 
form as a result of thermal denaturation of col- 
lagen. Sinex (12) has pointed out that collagen 
is an inert substance which would be expected 
to show thermal denaturation during incuba- 
tion at 37 C. If collagen has ceased to turn over 
at a significant rate by maturity, thermal de- 
naturation could then have a marked effect on 
collagen structure. Possibly there is an unfold- 
ing of polypeptide chains with exposure of new 
reactive groups which form new cross links. By 
choosing temperature coefficients frequently 
cited for denaturation of proteins, such as 600, 
it can be shown by calculations that loss of 
ability to swell after incubation at 56 C. for 20 
minutes as shown in figure 5 would be about 
the same as that caused by 7 or 8 years’ incuba- 
tion at body temperature. New collagen syn- 
thesis would prolong this period. The loss of 
swelling properties between the ages of 30 and 
50 might be explained on the basis of a statis- 
tically slow irreversible thermal denaturation 
process of the collagen molecules. 

The effects of calcium and EDTA treatment 
did not seem related to age, and were not con- 
sistent at the three pH’s at which age differ- 
ences were shown. However, the possibility 
that calcium-binding is related to aging of col- 
lagen under physiologic conditions and during 
developmental processes has not been excluded. 
The same reasoning applies to the lack of effect 
of mechanical stress and radiation. Radiation 
in particular might act, by causing more rapid 
maturation of collagen through death of fibro- 
blasts or their precursors (12). 

The rapid loss in swelling ability between the 
ages of 30 and 50, rather than a gradual change 
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throughout life, is of interest in regard to the 
theories of Bidder (3), who viewed senescence 
as beginning after an animal had reached a 
specific, genetically determined size, and also as 
taking place after the animal’s early offspring 
required his care no longer. That is, there was 
no necessity for a mechanism to evolve through 
natural selection which would maintain a hu- 
man in equilibrium after his fourth decade, and 
no way in which such a mechanism could 
evolve to maintain an individual after the 
child-bearing period. Thus, after a human 
reaches specific size and has lived long enough 
for the young he would have early in his re- 
productive life to become independent in the 
biologic sense, he would be left with no process 
resulting from evolution which would keep bod- 
ily constituents in a state of equilibrium, and 
would be susceptible to a variety of harmful in- 
fluences during succeeding years. By early in 
the fourth decade there has been a cessation of 
growth, and a biologic reproductive period of 
15-20 years. This would be an appropriate age 
for the onset of aging processes in accordance 
with the views of Bidder, and is the age at 
which diaphragm tendon begins to lose its 
swelling capacity. The variability seen in abil- 
ity of diaphragm tendon to swell, at all age 
levels, may result from plotting a measure of 
physiologic age against chronologic age. 

The physiologic implications of decreased 
ability of collagen to swell with age are prob- 
lematical. A more rigid connective tissue might 
restrict expansion of vessels or motion of mus- 
cular tissue. It might also inhibit transport of 
metabolites or provide a suitable physico- 
chemical framework for arteriosclerotic changes. 

SUMMARY 

The ability of human diaphragm tendon to 
swell in aqueous solutions of HCl and NaOH 
was investigated. The tendon swells maximally 
at pH 2.5, 12 and 14. Swelling at pH 2.5 and 
12 is reversible and is probably of the Donnan 
equilibrium type, while at pH 14 the swelling is 
irreversible and probably due to hydrolysis of 
bonds. The greatest increase in swelling is 
accomplished in 7 hours at the three pH levels. 
Storage at 6 C. for 8 days results in greater 
swelling of young tendons at pH 2.5 and 12 
than of older tendons. There is little change 
in swelling properties to 30 years of age, a 
marked decrease in swelling ability between the 
ages of 30 and 50, with a slow decline in degree 
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of swelling after the age of 50. Calcium poten- 
tiates swelling at pH 2.5 but inhibits swelling 
at pH 12. Thermal denaturation inhibits swell- 
ing while irradiation and mechanical stress in 
vitro have no effect on swelling properties. Na- 
ture of the swelling processes, relationship be- 
tween swelling properties and physiological age, 
and the possible role of thermal denaturation in 
senescence are discussed. 
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THE EFFECT OF AGE AND TEMPERATURE ON THE CEREBRAL 

ENERGY REQUIREMENT IN THE RAT* 
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The reactions of the Embden-Meyerhof gly- 
colytic scheme and those of the tricarboxylic 
acid cycle are the major sources of free energy 
in the mammalian brain (2, 5). If these two 
sources are abolished by iodoacetic acid (which 
blocks glycolysis) (3), and complete anoxia 
(which blocks the tricarboxylic cycle), the time 
an individual neurone will survive depends 
upon the energy-rich compounds in reserve and 
upon the rate of energy utilization. Thus, the 
time of survival will be a measure of the re- 
serve energy divided by the rate of energy 
utilization. 
When a rat is subjected to anoxia, the time 

survived depends upon the brain (2). As dis- 
cussed elsewhere (10), the survival time of an 
intact rat in anoxia after the injection of iodoa- 
cetic acid also depends upon the survival of 
the brain. Therefore, the time a rat poisoned 
with iodoacetic acid survives in an atmosphere 
of nitrogen is a measure of the reserve energy 
and the power requirement of the cerebral cells. 

The survival times of old, young, and neo- 
natal rats at various body temperatures, poi- 
soned with iodoacetic acid and placed in a 
nitrogen atmosphere, are presented. 

METHODS 

One hundred seventy-six female rats of 
known birth date from a Sprague-Dawley 
strain, fasted 18 to 24 hours, were used for these 
experiments. The various ages were represented 
by 32 animals, 1-day old; 7, 10-day; 83, 21-day; 
40, 1-year; 14, 2-years. The temperature of the 
rats was brought to the desired level by im- 
mersing the animal to the shoulders in a tem- 
perature-controlled water bath. The colonic 
temperature was measured within 0.2 C. by the 
use of a copper-constantan thermocouple. In 
the cooling experiments the water bath was 
maintained at a temperature 5 C. colder than 
the colonic temperature desired and in 5 to 15 
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minutes of immersion the experimental tem- 
perature was achieved. (The 21-day old rats 
lost consciousness at about 19 C.) Iodoacetic 
acid (0.18 mg./Gm.) (3) was then injected in- 
traperitoneally and the colonic temperature 
maintained for 5 to 10 minutes. At the end of 
this time, the rat was made anoxic by placing 
it in a nitrogen chamber (10). After a mea- 
sured period of time (table 1), the rat was re- 
moved quickly to air (at room temperature), 
placed on its side, and left untouched for 5 
minutes. At this time, if the animal had normal 
respiratory movements, it was considered a sur- 
vival. It should be pointed out that the sur- 
vivals ultimately succumbed to the effect of the 
iodoacetic acid alone within an hour or two. 
The severe rigor of iodoacetic acid poisoning 
appeared within a few minutes after respira- 
tions ceased. 

RESULTS 

Table 1 presents the data from experiments 
on the survival of rats at various ages and tem- 
peratures in an atmosphere of nitrogen after 
iodoacetate administration. The percentage of 
animals surviving at various times is shown in 
figure 1. This figure is a reconstruction of the 
deaths and survivals at particular times in ni- 
trogen (6). All the animals included in the 
figure were at body temperatures of 35 to 38 C. 
The number of animals in the various age 
groups was: 7, 1-day old; 7, 10-day; 53, 21-day; 
24, 1-year; 8, 2-years. In the construction of 
the curve it was assumed that rats surviving at 
a particular test time would have survived a 
shorter exposure to nitrogen. Similarly, rats 
dying at a particular test time would have died 
following a longer exposure to nitrogen. 

The pronounced effect of body temperature 
upon the survival time is illustrated in figure 2, 
which is based on the observations on 25, 1-day 
old animals; 83, 21-day; 40, 1-year; 12, 2-year. 
The range of body temperature in these experi- 
ments was from 15 to 40 C. The 50% survival 
times shown in this figure were calculated from 
a reconstruction of the data as outlined above. 
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TasLe 1. SurvivaL in NrirROGEN ATMOSPHERE AFTER 

IoDOACETATE ADMINISTRATION. 

CEREBRAL ENERGY REQUIREMENT 

Body Time in No. of 
Temp. Nitrogen Animals 
(C.) : 

No. of 
Survivals 

1-Day Old Animals 

40 10 2 1 
15 2 0 

35 15 z 1 
18 1 0 
20 3 1 
25 1 0 
30 1 0 

20 75 2 2 
80 2 0 
90 2 0 

105 1 0 
15 110 2 0 

120 2 2 
125 1 0 
160 1 0 
180 } | 0 

10 180 1 1 
240 1 1 
255 1 1 
270 3 0 
360 1 0 

10-Day Old Animals 

35 10 1 1 
15 3 1 
18 1 0 
20 2 0 

21-Day Old Animals 

39.8 4 1 1 
6 1 1 
8 3 1 

36.8 s 6 6 
10 19 10 
12 18 3 
14 1 1 
15 5 2 
17 2 1 
20 2 0 

29.9 8 2 2 
10 2 0 
12 1 0 
16 1 0 

25.1 14 1 1 
15 1 1 
16 2 1 
18 1 0 
20 1 0 
25 1 0 

20.3 22 1 1 
24 2 2 
26 3 0 

15.7 25 1 1 
40 3 2 
45 1 0 
50 1 0 

1-Year-Old Animals 

35-38 10 2 2 
12 9 7 
15 8 5 
17 5 3 

32-34 15 3 1 
17 1 1 
19 1 1 
20 1 0 

26-31 15 1 1 
17 1 1 
20 3 2 
22 3 1 
25 2 0 

Table 1 (Continued) 

2-Year-Old Animals 

35-37 15 1 1 
17 1 1 
22 1 1 
23 1 1 
25 4 0 

30-34 25 3 2 
27 3 2 
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Figure. 1. Percentage of rats surviving at various 
lengths of time in nitrogen after injection of sodium 
iodoacetate. Dotted line represents 50% survival. Data 
from a total of 99 rats. Body temperature 35-38 C. 
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Figure 2. The effect of body temperature on the sur- 
vival time. Data based on: 25, 1-day animals; 83, 21- 
day; 40, 1-year; 14, 2-year. 

DISCUSSION 

This study is an attempt to obtain informa- 
tion about the influence of temperature and 
age upon the rate of free energy (power) re- 
quirement for cerebral function. The survival 
time of the animal as operationally defined un- 
der METHODs is a measure of the survival time 
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of the medullary centers, primarily the cells 
concerned with respiratory movements. The 
heart, peripheral nerves, and muscles do not 
limit the survival time of the whole animal; in- 
deed, heart beats and body reflex movements 
persist for a few minutes after the respiratory 
movements have ceased. A complete discussion 
of the brain as the limiting organ in anoxia 
may be found in the publications of Himwich 
(2). 

As stated in the introduction, the survival 
time in our experiments depends upon the 
energy-rich compounds in reserve and upon the 
rate of energy utilization. The changes in sur- 
vival time which are seen with changes in age 
and temperature, therefore, indicate an altera- 
tion in the reserve energy or in the rate of 
energy utilization, or both. The cerebral en- 
ergy reserves (i.e., adenosine triphosphate and 
phosphocreatine) do not seem to be changed 
with body temperature or age on the basis of 
preliminary experiments which show that the 
cerebral arp, at least, remains the same (2 
micromoles/Gm. wet weight of brain) with 
various body temperatures and is the same in 
the 1-day animal as in the 21-day animal (also 
see Schneider in ref. 8). If we assume that the 
cerebral energy reserves do not change with age 
or body temperature, then the survival time be- 
comes a measure, in inverse proportion, of the 
power requirement alone. 

Age.—tThe relationship between the cerebral 
power requirement and age is shown in figure 
3. Many morphologic and physiologic changes 
are known to occur in the rat brain during the 
first 10 days of neonatal life (12) and we see 
from the present experiments that they are as- 
sociated with an increased power requirement. 
There seems to be a maximum at weanling or 
young adult age and then a gradual decline 
to about the neonatal level in the senescent 
animal. It is interesting that many other 
physiologic properties of the aging cell tend to 
return to the youthful state. In particular, 
some studies indicate that the permeability of 
the cell decreases with senescence, tending to 
decline to the level existing in young cells 
(4). Since the brain accomplishes no me- 

chanical work, the rate of utilization of en- 
ergy by the brain must be associated with the 
maintenance of concentration gradients across 
cell membranes. With a decrease of permeabil- 
ity, less power should suffice to maintain ade- 

quate gradients. In addition to the permeability 
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Figure. 3. The relative cerebral power requirement and 
its change with age. The power requirement is taken 
to be proportional to the reciprocal of the 50% survival 
time. Calculated from the values in figure 1 and rep- 
resents data on 99 animals. 

changes, many enzyme activities decrease with 
senescence, returning in some cases to the em- 
bryonic level (4) and this decrease may be an- 
other causal factor in the alteration of cerebral 
power requirement seen with aging. 

Temperature.—It is apparent from these ex- 
periments that a change in body temperature 
is also associated with a change in power re- 
quirement (fig. 2). Moreover, the temperature- 
power relationship is exponential in nature; 
that is, the natural logarithm of the survival 
time is linearly related to the temperature (fig. 
4), at least below 30 C. The power require- 
ment decrease with decreasing temperature is 
probably a direct result of the reduction in the 
rate of the chemical reactions in the brain in 
which the high energy compounds participate 
and thus the use of these energy-rich com- 
pounds is slowed. Looking at it another way, 
cooling, by reducing the rate of chemical and 
physical processes within cells, leads to a lower 
cost for the maintenance of concentration gra- 
dients. 

The break in the exponential relationship 
above 30 C. (21-day rats, fig. 4) is possibly re- 
lated to the action of the temperature-regulat- 
ing mechanisms which are present in the 21- 
day rats but undeveloped in the 1-day rats. 
With the first stages of cooling, that is, 36 to 
30 C., the temperature regulating centers may 
be expected to cause an increased activity in 
many areas of the brain (as well as in the body 
as a whole), and this in turn leads to an in- 
creased power cost. Below 30 C. this excitatory 
effect of the temperature regulating centers 
may be outweighed by the more pronounced 
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Figure 4. Logarithmic relationship between the sur- 
vival time and temperature. The natural logarithm of 
50% survival time given in figure 2 plotted against body 
temperature. Based on 25, 1-day-old animals and 83, 

21-day-old. 

slowing effect of the reduction in temperature. 
On the other hand, warming the animal to 40 
C. again increases the power cost, this time be- 
cause the increase in temperature increases the 
rate of reactions. 

It is interesting to compare the findings on 
the power (i.e., energy rate) supply of cerebral 
tissues with the power requirement discussed 
here. There is ample evidence that the power 
supply from the oxidative reactions changes 
with age, being lowest in the neonatal and in 
the aged rat and highest in the young adult; at 
least this is true with brain homogenates (7) 
and brain suspensions (11). Also, the power 
supply from oxidative reactions decreases with 
a decrease in temperature (1, 9). 

The considerably greater increase in the sur- 
vival time with hypothermia in the 1-day rats 
compared with the older rats is striking and 
further research in hypothermic responses as a 
function of age should yield some valuable in- 
formation. 

SUMMARY 

Neonatal, weanling, adult, and aged rats of 
accurately known age were injected with so- 
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dium iodoacetate and then subjected to an at- 
mosphere of nitrogen. The length of time the 
animals survived the anoxia was measured as a 
function of age and temperature. The neonatal 
and old animals survived the anoxia a longer 
time than the weanling or 1-year old animals. 
When the body temperature was reduced, the 
survival time increased in all age groups. This 
effect was greater in the 1-day rats than in the 
weanling rats. 

The concept of a cerebral power requirement 
is discussed and it is concluded that if these 
survival times are a measure of the rate of 
energy requirement (power requirement) of the 
brain, then the power requirement varies with 
body temperature and aging. 
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PHYSIOLOGIC ASPECTS OF AGING. II. RADIOCYANOCOBALAMIN 

ABSORPTION AND PROTEIN DIGESTION BY THE RAT 

H. H. DRAPER, Ph.D., AND CAROL LOWE, B.S. 

(From the Division of Animal Nutrition, University of Illinois, Urbana) 

As part of a study of the relationship between 
aging and the absorption and metabolism of 
various nutrients by rats, the absorption of 
radioactive cyanocobalamin and the digestion 
of protein have been investigated. Previous 
work has indicated that the efficiency of absorp- 
tion of radiothiamine by the rat does not 
change appreciably up to about 20 months of 
age, beyond which a substantial reduction oc- 
curs (5). The present experiments suggest that 
a reduction in the efficiency of cyanocobalamin 
absorption also occurs in aged rats and that the 
digestion of protein is unimpaired. 

MATERIAL AND METHODS 

Male albino rats of the Sprague-Dawley 
strain were maintained on a commercial stock 
diet (ground Purina Laboratory Chow) with a 
supplement of 2500 I.U. of vitamin A per 
month. A total of 31 animals, ranging in age 
from 2.5 to 23 months, was selected from the 
pool of animals, fasted for 24 hours, and placed 
in a urinofecal separator (6). A dose of 0.1 
meg. of Co®’-cyanocobalamin in 0.25 ml. aque- 
ous solution (approximately 44,000 disintegra- 
tions per minute) was administered by stomach 
‘ube under light ether anesthesia. This quan- 
tity of the vitamin represents an amount ap- 
proximately equivalent to the daily requirement 
of the growing rat. The feces were collected for 
a 48-hour period, during which ad libitum 
access to the stock diet was given. 

The feces were dried for 12 hours at 105 C. 
and mixed thoroughly by pulverizing to a fine 
powder. A sample of this material was spread 
uniformly in a cupped planchet, covered with 
a layer of aluminum foi! to eliminate the effect 
of beta particle emissions, and counted in a 
Tracerlab Q-gas windowless gas-flow counter 
connected to a Nuclear scaler. A self-absorp- 
tion curve was prepared by adding a solution 
of Co*°-cyanocobalamin to dried, ground feces 

Submitted for publication March 19, 1958. 
The authors gratefully acknowledge the gift of Co™-cyanocobalamin 

by Merck, Sharp and Dohme, Rahway, New Jersey. These experi- 
ments were supported in part by a research grant from the National 
Institutes of Health, U. S. Public Health Service. 

252 

and, after drying and remixing, counting suit- 
able amounts of the radioactive material. All 
sample counts were corrected for self-absorption 
and decay. The radioactivity excreted in the 
feces of the rat after an oral dose of Co*°- 
cyanocobalamin has been shown to represent a 
mixture of the unabsorbed vitamin and inor- 
ganic Co® released by bacterial decomposition 
(1). Injection of Co®°-cyanocobalamin leads to 
an insignficant excretion of radioactivity in the 
feces. 

The digestibility of the protein of the stock 
diet was determined for rats of different ages by 
feeding a standard amount of an air-dried ref- 
erence sample. After a 12-hour fast, each 
animal was given 10 Gm. of pulverized diet 
which had been mixed with a trace quantity of 
ferric oxide. When the marked sample had 
been consumed, free access was given to the un- 
marked stock diet. All of the marked fecal 
pellets were collected during the subsequent 
period of 2 or 3 days. The nitrogen content of 
the marked feces and the test diet was deter- 
mined by the Kjeldahl method, and protein was 
calculated on the basis of 16% nitrogen. The 
apparent digestibility coefficient (A.D.C.) was 
calculated according to the fraction of dietary 
nitrogen apparently absorbed. 

RESULTS AND DISCUSSION 

The extent to which an oral dose of 0.1 mcg. 
of cyanocobalamin is absorbed by rats of dif- 
ferent ages is shown in figure 1. Statistical 
treatment indicated that two trends are rep- 
resented by the data, namely, an increase in 
absorption which accompanied maturation and 
a decrease which accompanied senility. Absorp- 
tion of the vitamin was significantly greater in 
the 8-months-old group than in the 2.5- 
months-old growing animals (P = <.01). This 
difference may be primarily a function of body 
weight, which ranged from 175-200 Gm. for the 
youngest group in contrast to 400-500 Gm. for 
most of the adult animals. A significant cor- 
relation between body weight and cyanocoba- 
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Fig. 1. Intestinal absorption of Co”-cyanocobalamin 
by rats of various ages. 

lamin absorption was found (r = 0.62; P = 
<.01), which is largely attributable to the 
lower uptake by the growing animals. 

A regression analysis of the data relating to 
the rats from 12 to 22 months old revealed a 
significant reduction in absorption over this 
span (P = <.01). However, it may be seen 
in figure 1 that no consistent decrease is evident 
until 22 months of age, when an average ab- 
sorption of 45% was observed compared with 
58% at 12 months. 

The digestibility of dietary protein by rats of 
various ages is illustrated in figure 2. Consider- 
able variability within age groups is evident 
and no differences associable with age were 
discernible, the regression of age on protein 
digestibility being statistically insignificant (P 
= >0.2). 
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Fig. 2. Apparent digestibility of protein by rats of 
various ages. 
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The A.D.C. of protein determined by the 
foregoing procedure represents a composite es- 
timate of the hydrolysis of dietary protein in 
the gastrointestinal tract and of the absorption 
of the end proaucts of hydrolysis. It does not 
take into account that fraction of fecal nitrogen 
which is of body origin, and therefore under- 
estimates the true digestibility of the dietary 
protein. Since the amount of metabolic fecal 
nitrogen is primarily a reflection of the dry 
matter content of the diet, which was equalized 
in this experiment, the standardized procedure 
used provides a valid basis for comparing an- 
imals of different ages. 

The results on cyanocobalamin absorption 
suggest that a reduction in the absorption of 
this vitamin occurs at an age comparable to that 
previously observed for thiamine, although in 
the latter case the decline was of somewhat 
greater magnitude. These findings are of in- 
terest in connection with those of Chow and 
coworkers (4), who reported that the vitamin 
B,. concentration in the plasma of rats declines 
steadily with advancing age from 0.5 months to 
senility. To the extent that the efficiency of 
absorption affects plasma concentration, the 
blood level would tend to be lower, according 
to the present experiment, in immature and 
aged animals, with little change during other 
periods. The voluntary food intake of the 
growing rat in relation to body weight is 
known to decrease according to a quadratic 
function as the animal matures (9). Thus the 
absolute intake of vitamin B,. per unit of 
plasma volume, when fed in a diet of constant 
composition, is approximately twice as great for 
a 50 Gm. rat as for a 250 Gm. rat. This differ- 

ence between the intake of young and mature 

animals is considerably greater than the ap- 
parent disparity in absorption, and may ac- 
count for the higher plasma concentration 
found in young rats (4). Among adult animals 

the average decline of 17% in plasma concen- 
tration between 13 and 23 months observed by 

Chow and associates compares with the average 

decrease of 18% in absorption, calculated by 
regression analysis, between 12 and 22 months 

in the present experiment. This similarity im- 
plies that the decrease in plasma cyanocobal- 
amin level may be a reflection of decreased up- 

take by the intestine. 

These observations on the rat are in general 
conformity with those reported for the adult 
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human by Glass and associates (8), who ob- 
served no general regression between hepatic 
uptake of Co®°-cyanocobalamin and age but 
noted. a higher incidence of individuals in the 
age group between 50 and 80 years who ex- 
hibited a low uptake. Evidence that the serum 
concentration of vitamin B,. bears an inverse 
relationship to age in several selected human 
populations has been presented by Boger and 
associates (2), Chow and coworkers (4), and 

Gaffney and associates (7). 

The absence of a significant trend in protein 
digestion associated with age in the rat is anal- 
ogous to the failure of Sharp and coworkers 
(11) to find a correlation between the digestion 
of N*°-labeled yeast protein and aging in hu- 
man subjects. Chinn, Lavik, and Cameron (3) 
have reported similar findings using I'*-labeled 
protein. The experiments of Meyer, Spier, and 
Neuwelt (10), however, indicated that the fast- 
ing secretion of pepsin and trypsin is impaired 
in aged humans. 

SUMMARY 

The absorption of a standard oral dose of 
0.1 meg. of Co*°-cyanocobalamin, determined 
from the fecal excretion of Co*°, was studied as 
a function of age in the rat. In general, adult 
rats absorbed a larger fraction of the dose than 
immature animals except in the case of the 
oldest age group (22 months), which exhibited 
a decrease in uptake. The digestibility of the 
protein in a reference sample of stock diet was 
determined for rats ranging from 2.5 to 23 
months of age, with no agewise differences 
being found. 
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THE BLOOD PICTURE OF THE AGING MALE RAT* 

ARTHUR V. EVERITT, B.Sc. AND CAROLYN WEBB, B.Sc. 

(From the Department of Physiology, University of Sydney, N.S.W., Australia) 

Although the age changes in the blood pic- 
ture are comparatively well documented in man 
(3, 23, 25, 26, 28, 30), relatively little is known 
about the corresponding changes in the rat. 
Most studies on the rat have been concerned 
with age changes during the first half of the life 
cycle. It has been shown by various observers 
that during growth marked increases occur in 
the hemoglobin level (2, 10, 11, 19, 24, 32, 35), 
the red cell count (10, 11, 15, 19, 32), and the 
white cell count (15, 16). Adult values are 
reached at ages varying from 60 to 150 days 
(10, 11, 19, 24, 32, 35). Very few papers (12, 
19, 21) give details of the blood picture in old 
or senile rats. 

The purpose of this paper is to present data 
on the changes in the blood picture of the ma- 
ture rat, studied from early adult life until 
senility. 

MATERIALS AND METHODS 

One hundred male albino rats, of a non-in- 
bred Wistar strain, were housed from weaning 
until natural death in a small air-conditioned 
room at 25 + 1 C. and 55 + 10% relative 
humidity and fed a pelleted diet as described 
previously (14). Blood samples were obtained 
from the tail of these rats at four stages in the 
life cycle: in young adult life at an average age 
of 326 days. in middle age at 560 days, in old 
age at 762 days and in senility at 963 days. For 
the collection of blood, the rat was placed in 
a transparent plastic holder (17) and warmed 
as outlined earlier (12). The tip of the tail was 
amputated with scissors and the first few drops 
of blood discarded. Blood was collected in cali- 
brated pipettes for hemoglobin determinations 
and blood counts. 
Hemoglobin was determined by both the 

oxyhemoglobin method (1, 12, 31). using 0.04 
per cent ammonium hydroxide as diluent, and 
by the alkaline hematin method (6, 8, 20) 
using 0.1N NaOH as diluent. In both methods 
the optical density was read in a Coleman Uni- 
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versal Spectrophotometer at 545 mu. The he- 
moglobin value was obtained from a calibra- 
tion curve, prepared by plotting the optical 
density of various dilutions of a standard rat 
blood against the calculated hemoglobin value. 

The red cell count was estimated from the 
turbidity of a 1:500 dilution of blood in 0.9 
per cent NaCl measured in a Coleman Uni- 
versal Spectrophotometer at 650 my (12, 34). 
Thirty samples of rat blood were used in pre- 
paring a calibration curve, in which red cell 
turbidity at 650 my was plotted against the cor- 
responding red cell count made in the usual 
manner with Hayem’s solution. In this cali- 
bration 95% of red cell counts calculated from 
the turbidity at 650 mu agreed to within 0.6 
million of the corresponding hemocytometer 
red cell counts, which ranged from 6.8 to 10.3 
million cells per cu. mm. 

Direct eosinophil counts were made over 32 
square mm. (2 chambers) in a double depth 
(0.2 mm.) Fuchs Rosenthal hemocytometer, 
using a 1:20 dilution of blood in freshly pre- 
pared Manner’s fluid (22). 

Total white cell counts were made over 4 
square mm. in a single depth (0.1 mm.) Levy 
Hauser hemocytometer, using a 1:20 dilution 
of blood in 0.5 per cent acetic acid solution 
colored with methyl violet. 
When a group of individuals is studied over 

a lifetime, the loss by death of the shorter lived 
members progressively alters the composition 
of the group and therefore distorts the results 
in old age and senility (9). This error was 
eliminated, as in a previous study (13) by the 
use of 2 series of rats in which no deaths oc- 
curred during the period of observation. Al- 
though 100 rats were originally started in this 
study, only data from the 14 rats surviving un- 
til senility (table 1) and from the 50 rats 
surviving until old age (table 2) were used in 
studying the age change from early adult life 
until old age and senility. 

The statistical significance of over-all changes 
in a series of age groups was determined from 
the analysis of variance. The significance of 
differences between individual age groups was 
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Fig. 1. The changes with age in the hemoglobin level, as determined by the oxyhemoglobin technique, and in 

the counts of red cells leukocytes, and eosinophils, in 14 male rats surviving until senility (continuous line) 

and in 50 male rats surviving until old age (broken line). 

TaeLFr 1. THe CHANGE WITH AGE IN THE BLOop Picture oF 14 MALE Rats SuRVIVING UNTIL SENILITY. 

Quantity Units Youth Middle Age Old Age Senility F P 

Age Days 313 566 762 963 
+58. E. +4.9 +6.3 +5.7 +0.4 

Hemoglobin Gm./100 ml. 16.3 15.9 16.6 18.3 8.52 <0.01 

(Oxyhemoglobin) +8. E. +0.21 +0.21 +0.21 +0.59 F 

Hemoglobin Gm./100 ml. 16.4 15.9 16.6 18.7 6.78 <0.0 
(Alkaline Hematin) + 8. E. +0.19 +0.35 +0.30 +0.76 . . 

Red Cell 10 cells/cu. mm. 8.4 8.1 7.7 9.0 

Count +8.E. 40.16 40.13 +0.21 40.22 1 <0. 

White Cell 103 cells/cu. mm. 13.4 13.7 12.8 14.6 <1 >0.05 

Count +8. E. +0.76 +0.70 +1.10 +1.48 7 

Eosinophil cells/cu. mm. 531 510 478 314 

Count +8.E. 482 +83 +58 1 uae 

oe 
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TasBLeE 2. THE CHANGE WITH AGE IN THE BLOopD 

Picture OF 50 Mate Rats SurviviNG UNTIL OLD AGE. 

BLOOD PICTURE OF THE AGING RAT 

Quantity Units Youth |Middle Age} Old Age 

Age Days 329.4 558.1 761.5 

+58. E. +3.0 +3.4 +2.3 

Hemoglobin Gm./100 ml. 16.3 16.2 17.5 

(Oxyhemoglobin) + 8. E. +£0.08 +0.14 +0.25 

Hemoglobin Gm/100 ml. 16.5 16.6 18.0 

(Alkaline Hematin) +S. E. +0.12 +0.18 +0.30 

Red Cell 106 cells/cu.mm. 8.3 8.3 8.4 

Count +8. E. +£0.08 +0.09 +0.18 

White Cell 108 cells/cu.mm. 13.4 14.0 13.2 

Count +58. E. +0.44 +0.53 +0.58 

Eosinophil cells/cu.mm. 664 426 313 

Count + 8. E. +47 +41 +40 

measured by the t test, in which the “within 
groups” or error mean square from the analysis 
of variance was used. 

RESULTS 

Hemoglobin——The hemoglobin content of 
tail blood in the male rat did not change with 
age until the animal reached the last 200 to 
300 days of life. In the 14 rats surviving until 
senility (table 1, fig. 1) the hemoglobin level 
increased significantly from old age to senility, 
as indicated in results with both the oxyhemo- 
globin method (t = 3.31, P < 0.01), and the 
alkaline hematin method (t = 3.15, P < 0.01). 

In the 50 rats surviving until old age this 
rise occurred at an earlier age, being found 
between middle age and old age (table 2, fig. 
1). 
Hemoglobin values given by the alkaline 

hematin method were in close agreement with 
those given by the oxyhemoglobin method. 
Therefore essentially the same change in he- 
moglobin level was observed by both methods 
of estimation. 

Red Cell Count.—The turbidometric method 
for estimating the red cell count gave values 

: 

EOSINOPHILS PER CU.MM. 

200 150 100 50 ° 
RESIDUAL LIFE IN DAYS 

Fig. 2. The mean eosinophil count + S.E. of male 
rats grouped according to their residual life. The num- 
ber of rats in each residual life group was 20. 

which compared favorably with the direct 
counts obtained by other workers on young 
rats (5, 7, 16, 29, 33). In the 14 rats surviving 
until senility the mean red cell count decreased 
with age from 8.4 million per cu. mm. in youth 
to 7.7 million in old age, before rising again to 
9.0 million in senility (table 1, fig. 1). This 
pattern was similar to that reported earlier 
(12), although it was not found in the 50 rats 
surviving until old age, whose red cell count 
remained relatively constant at about 8.3 mil- 
lion per cu. mm. (table 2, fig. 1). 

White Cell Count—The total leukocyte 
count of young adult rats averaged 13.4 thou- 
sand cells per cu. mm. No statistically signifi- 
cant changes occurred in the leukocyte count 
with age (tables | and 2, fig. 1). 

Eosinophil Count.—The eosinophil count of 
the rat, as in man, was highly variable, since 
counts ranged from 128 to 1510 cells per cu. 
mm. in the young adult. Due to this inherent 
variability of the eosinophil count, statistically 
significant changes were difficult to establish. 

The mean eosinophil count of the male rat 
decreased progressively with age (tables 1 and 

Taste 3. THE Lasr EostnopHit Count Recorpep BeFore DeaTH 1N 100 Mate Rats Groupep AccorDING TO THEIR 

ResipuaL Lire. THE Numer of Rats 1n Eacu Restpuat Lire Group was 20. 

Eosinophil Count (Cells/Cu. Mm.) + 8S. E. at Residual Life (Days) + S. E. 

F P 
199 + 3.6 145 + 2.4 104 + 3.1 52 + 2.6 12.3 + 2.2 

396 338 343 300 155 
+ 46 + 52 + 38 449 + 40 5% on 
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Taste 4. THe Errect oF Lunc DisEASE ON THE AGE CHANGES IN THE BLoop PicrurE OF MALE Rats SuRVIVING 

UNTIL Otp Ace. ELEVEN Rats WITH SEVERE LUNG DisEASE WERE COMPARED WITH 

11 Rats wirH HeattHy Lunes ar AUTOPsy. P 

I 
Healthy Lungs Diseased Lungs F F t 

Quantity Units Between Between } 

Ages Lung € 

Youth Middle Age | Old Age Youth Middle Age | Old Age Groups 
¢ 

Age Days 300 569 737 296 563 737 | 
+ 8. E. +4.8 +5.9 +9.5 4.5 +6.6 +9.6 ¢ 

Hemoglobin Gm./100 ml. 16.1 16.1 16.5 16.4 16.1 16.8 1.17 <1 i 

(Oxyhemoglobin) + S.E. 40.18 40.13 +0.49 40.23 40.39 +0.50 ‘ 

Hemoglobin Gm./100 ml. 16.0 16.4 16.8 16.7 16.3 16.8 as i \ 
(Alkaline Hematin) +8.E. 40.17 +0.31 +0.48 40.27 40.18 +0.50 R 

Red Cell 10° cells/cu. mm. 7.9 8.4 7.9 8.0 8.4 8.5 1.73 1.02 t 

Count +8. E. +0.19 £0.13 +0.33 +£0.15 +£0.16 +0.30 ' , I 

White Cell 10° cells/eu. mm. | 14.4 14.4 11.9 13.2 16.2 17.9 i _— , 
Count + SE. 40.92 +0.78 +0.89 40.79 +1.03 +1.66 : 

Eosinophil cells/eu. mm. 501 500 427 453 484 349 “ “a 
Count +8. E. +118 +80 +48 +96 +57 +105 

E 
** Significant at the 1% level. a 

Cc 

e 

2, fig. 1), but these changes were not statisti- 20 rats, according to the residual life (table 3, d 
cally significant in the 14 rats surviving until fig. 2). A significant decrease in the eosinophil te 
senility (F = 1.68, P > 0.05). A significant count was observed during the last 50 days of n 
decrease was observed, however, from youth to _ life as the animals approached death. O 

i = e i . ” . L 
reg“ age (t 3.76, P pe in the naga Lung Disease and Age Changes in the Blood i 
= rats surviving until old age (table 2). picture —Since lung abscesses were macroscop- ( 

In order to study the change in eosinophil ically evident in about 80 per cent of these rats 
count during the last 200 days of life, the last at autopsy, the observed age changes in the 
eosinophil counts recorded before death in 100 blood picture could have been due to the ef- P 
rats were arranged in 5 groups each containing fects of lung disease (12). This hypothesis was 

tested by comparing the age changes in the B 
‘. eaicnidinds amas blood picture of 2 groups of rats surviving until p 
] old age (table 4): a) 11 rats with healthy n 

7 lungs at autopsy (no macroscopic evidence of ré 
abnormality), and b) 11 rats with severely ci 

i diseased lungs (more than 50 per cent of the S 
Sa lung surface covered with abscesses). lt 

z e This study showed that the age changes in ve 
"0 hemoglobin level, red cell count, and eosinophi! h 
- count in rats with severe lung disease were not ay 
i " significantly different from the age changes in se 
” those with healthy lungs. of 

It was also shown that the white cell counts ™ 
) wo m7) Bo sis wo «Cin old age (table 4 and fig. 3) were signifi- m 

AGE IN DAYS cantly higher in rats with severe lung disease al 
: . _— lu 

Fig. 3. The change with age in the leukocyte count ge on _ with bee rae = — T 
of 11 male rats with severe lung disease, compared with < 01). In rats wit — ung. Isease the 

the change in 11 male rats with healthy lungs at White cell count increased significantly from of 
autopsy. youth to old age (t = 3.01, P < 0.01). cc 
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DISCUSSION 

Age Changes in the Blood Picture-——The in- 
creases in both the hemoglobin level and the 
red cell count in the old male rat stand in con- 
trast to the slight fall in hemoglobin reported 
by a number of workers (3, 23, 25, 30) in 
elderly men. Some rats do become anemic in 
old age, but a great number develop raised 
hemoglobin levels. This elevation of the hemo- 
globin level occurs in the last stage of life, since 
it appears in senility in rats surviving until 
senility (table 1), and in old age in rats sur- 
viving until old age (table 2). Old age and 
senility refer to the chronologic ages given in 
tables 1 and 2, and not to the physiologic age. 
Rats showing an elevation of their hemoglobin 
level may be physiologically older than those 
of the same chronologic age that have normal 
hemoglobin levels. 

In spite of the great variation in the eosino- 
phil count of the rat, there is good agreement 
in the data (tables 1, 2, 3) that the eosinophil 
count decreases with age. The decline in the 
eosinophil count as the animal approaches 
death is marked (table 3) and is probably due 
to stimulation of the adrenal cortex by the ter- 
minal disease. This premortal fall in the eosin- 
ophil count has been observed in man (18, 27). 
Low eosinophil counts have also been reported 
in senile human subjects by Binet and Mathé 

(4), who claimed that the eosinophil count was 

lowest in patients whose condition was very 
poor. 

Lung Disease and the Age Changes in the 
Blood Picture.—It was suggested in an earlier 

paper (12), that the increases in the blood he- 

moglobin level and the red cell count of old 

rats were due to the effect of lung disease in 

causing anoxia, which stimulates erythropoiesis. 
Studies on a small group of rats with severe 

lung disease at autopsy (table 4) failed to re- 
veal any significant elevation of either the 
hemoglobin level or the red cell count in old 
age. In the group of 14 rats surviving until 

senility (table 1), which showed this elevation 

of the hemoglobin level and the red cell count, 

none had severe lung disease, 8 had moderate or 

mild lung disease, and 6 had healthy lungs at 
autopsy. Five out of these 6 rats with healthy 
lungs had raised hemoglobin levels in senility. 

Therefore lung disease is not the primary cause 
of the raised hemoglobin level and red cell 

count in the senile male rat. Severe lurig dis- 
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ease did, however, lead to an increase in the 
white cell count (table 4). 

SUMMARY 

In male rats of the Wistar strain, both the 
hemoglobin level and the red cell count in tail 
blood increased from old age to senility. 

The eosinophil count decreased progressively 
with age, falling most sharply in the last 50 
days of life. 

Severe lung disease had no significant effect 
on these age changes in hemoglobin level, red 
cell count, and eosinophil count. On the other 
hand, the white cell count increased signifi- 
cantly with age in rats that developed severe 
lung disease, but not in those with healthy 
lungs at autopsy. 
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EFFECT OF NON-OVARIAN HORMONES ON THE 

ENDOMETRIUM OF CASTRATE GUINEA PIGS* 

HERMAN T. BLUMENTHAL, Ph.D., M.D., JEROME P. VAETH, M.D., 
AND SAMUEL D. SOULE, M.D. 

(From the Institute of Experimental Pathology, and the Division of Obstetrics-Gynecology, 
The Jewish Hospital, and the Department of Obstetrics-Gynecology, 

Washington University, School of Medicine, St. Louis) 

It is generally recognized that the transition 
in the endometrium from those properties which 
characterize it during the epoch of sexual ac- 
tivity to those typical of senility is not an 
abrupt one. In the human, as Novak and co- 
workers have pointed out (22, 23), there are 
wide variations in the nature of the hormonal 
transition which influences the postmenopausal 
histology of the endometrium. In many wo- 
men, long after cessation of menstrual function, 
a pattern typical of Swiss-cheese hyperplasia of 
the endometrical glands is found. if one studies 
large numbers of women from the active me- 
narche to all ages beyond this epoch, there are 
found all phases of transition between active 
hyperplasia, retrogressive hyperplasia, and se- 
nile endometrium with cystic glands. 

While in animals the variations do not seem 
as great, the transition from the normal cyclic 
changes of the epoch of sexual activity to that 
of the senile state is also not abrupt, but rather 
a progressive one with presenile changes similar 
to those observed in women, terminating ulti- 
mately in senile atrophy. 

In part this progression may be attributed to 
the fact that the terminal cycles are sometimes 
ovulatory, but often anovulatory, with a con- 
sequent buildup in estrogen levels. However, 
the endometrial hyperplasia often persists well 
beyond the period of terminal cyclic changes in 
the ovary and would seem to be due, in part at 
least, to effects of non-ovarian hormones. 
The weight of the evidence indicates that the 

adrenal cortex may be the source of steroid hor- 
mones capable of eliciting such changes in the 
endometrium (1, 2, 7-11, 13, 14, 19-21, 24-28), 
but more recent investigations (12, 15, 17, 18) 
suggest that growth hormone may also play a 
role in stimulating the accessory sex glands in 
both male and female rats deprived of their 
hypophyses and gonads. The experiments re- 

Submitted for publication January 24, 1957. 
* This er was supported by a grant from the, Frances 

Israel Fund of t e Noshin Rachmonioth Society of St. Louis. 

ported here were therefore carried out for the 
purpose of comparing the effectiveness of 
growth hormone with various other non-ovar- 
ian hormones in reversing the regressive endo- 
metrial changes which follow ovariectomy in 
the guinea pig. 

MATERIAL AND METHODS 

Forty-eight guinea pigs between 2 and 3 
months of age, weighing 350-500 Gm., were 
ovariectomized. One group of 6 castrates and 
an additional group of 6 non-castrates served 
as controls. The remaining 42 ovariectomized 
guinea pigs were divided into 5 groups of 6 
each, and | group of 12; they received injections 
of various hormones for a period of 13 days fol- 
lowing a 13-day post-castration period to per- 
mit atrophy of the endometrium. They were 
killed on the day following the injection period. 
The distribution by groups is shown in table 1. 

acto (Armour) was administered in a dose 
of 1 mg. in saline per 50 Gm. body weight. 
Cortisone was given as cortisone acctate 
(Merck) in a quantity of 0.1 mg. saline per 50 
Gm. body weight, and desoxycorticosterone 
acetate (Organon) in a dose of | mg. in ses- 
ame oil per 60 Gm. body weight. Growth hor- 
mone (Armour*) was administered in a quan- 
tity of 0.1 mg. in saline per 250 Gm. body 
weight, and testosterone (Androsol, Smith) in 
a dose of 1.0 Gm. in peanut oil per 250 Gm. 
body weight. Thyroxin (Squibb) was given in 
a dose of 1.0 mg. in water per 250 Gm. body 
weight. All of the foregoing preparations were 
administered daily by the intraperitoneal route, 
except those in oily solution which were given 
subcutaneously. 

All animals were weighed daily, and at the 
conclusion of the experiment the weights of the 
adrenals, thyroids, and pituitary were also re- 
corded. In addition, the uterine horns were 

* We are indebted to Dr. Irby Bunding of Armour and Co., Chi- 
cago, Illinois, for the growth hormone preparation, Lot No. K }. 
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Taste 1. Errects oF Various Non-GonapAL Hormones ON Bopy WEIGHT, ADRENALS, THYROID, PITUITARY, AND 

UTERUs OF OVARIECTOMIZED GUINEA Pics. 

Adrenal Thyroid Pituitary 

Number of | Av. Weight Average Weight | Endometrial 

Experiment Guinea Pigs | Gain or Loss Uterus & Cervix | Reaction 

Av. Wt. Mit.* Av. Wt. Mit.t Av. Wt. Cc. D.t 

Controls 

Non-Castrate...... 6 +13 Gm. 142 mg. 1.3 32.1 mg. 200 9.4 mg. 233 586 mg. 2.0+ 

| ee 6 +29 Gm. 78 mg. : 32.9 mg. 0 10.5 mg. 184 249 mg. 0.5+ 

Sree 12 + 5Gm. 138 mg. 10.1 35.7 mg. 300 9.1 mg. 210 633 mg. 1.5+ 

Cortisone............ 6 +47 Gm. 114 mg. 0 40.8 mg. 200 9.1 mg. 212 612 mg. 3.0+ 

ae 6 + 6Gm. 109 mg. 0.3 28.6 mg. 100 9.0 mg. 191 485 mg. 1.0+ 

Growth Hormone.... . 6 +41 Gm. 128 mg. 0 42.6 mg. 100 9.0 mg. 209 382 mg. 2.5+ 

Testosterone......... 6 +17 Gm. 127 mg. 0.3 41.4 mg. 100 9.1 mg. 207 369 mg. 2.0+ 

, 6 —61 Gm. 127 mg. 0 29.3 mg. 0 9.5 mg. 194 151 mg. 0.5+ 

* Average number of mitoses per section. 

t Average number of mitoses per gland (both lobes). 

t Cell Density—Number of cells per unit field. 

severed from the fallopian tubes and the cervix 
dissected away from the vaginal wall. Such 
specimens were trimmed of attached connective 
tissue and fat and also weighed. Mitotic counts 
were carried out in the thyroid and adrenal 
according to methods previously used by one of 
us (3, 4); the thyroid counts were recorded as 
the average number of mitoses per thyroid 
(both lobes) and the adrenal counts as the 
average number of mitoses per section. In addi- 
tion, the average number of pituitary cells per 
unit field was determined and recorded as cell 
density according to a method previously re- 
ported (6). Finally, hematoxylin and eosin 
stained sections of the uterine horns and cervix 
were studied for evidence of endometrial and 
endocervical growth activity. The effects of the 
various hormones on endometrial glands were 
graded as 0 to 3+, based on the enlargement 
of epithelial cells and the frequency of mitoses 
in these cells. 

The weights and histologic changes in organs 
other than the uterus and cervix were used to 
provide information regarding the effectiveness 
of dose levels and the possible presence of con- 
taminating hormones. 

RESULTS 

Total Body Weight: The data in this cate- 
gory, shown in table 1, may serve as an indi- 
cator of the adequacy of dosage of the various 
hormones as well as of any secondary effects 
which might be related to general nutritional 
status. Castrate controls showed, on the aver- 
age, a greater weight increase than non-castrate 
controls. The greatest weight gains were ob- 
served in the groups receiving cortisone and 

growth hormone. The weight increase in the 
testosterone group was comparable to that of 
non-castrate controls, while the group receiving 
ACTH and boca showed insignificant increases 
in weight. On the other hand, guinea pigs re- 
ceiving thyroxin uniformly showed marked 
weight loss. 

Adrenals: The weights recorded in table 1 
represent the averages of the combined weights 
of both adrenals in each animal. The atrophy 
resulting from castration is evident from the 
marked difference in weights between castrate 
and non-castrate groups. In none of the groups 
receiving hormones was the dosage adminis- 
tered capable of returning the adrenal weights 
to the level of non-castrate controls. As would 
be expected, ACTH injected animals showed the 
closest approach to such a level. While the dose 
levels of cortisone and poca were not suffi- 
ciently great to produce an adrenal atrophy 
comparable to that in castrate controls, they 
did show the lowest average adrenal weights 
among the groups receiving various hormones. 
Growth hormone, testosterone and thyroxin re- 
stored adrenal weights to a state intermediate 
between ACTH on the one hand, and cortisone 
and poca oni the other. 

As regards mitotic activity of the adrenal cor- 
tex, again the effect of castration in suppressing 
mitotic activity is evident in the difference be- 
tween castrate and non-castrate control groups. 

As would be expected, actu administration pro- 
duced a rather marked mitotic response. The 
other hormones seemed completely ineffective 
in reversing the mitotic suppression resulting 
from castration. 

Thyroid: The weights recorded represent the 
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averages of the combined weights of both lobes 
in each animal of the various groups. Castra- 
tion seems to have no appreciable effect on the 
average thyroid weight. The groups receiving 
poca and thyroxin show a lower average weight 
than both control groups. The greatest weight 
increases were observed in the cortisone, growth 
hormone and testosterone groups, while a 

smaller increase was noted in the group re- 
ceiving ACTH. 

It is evident, however, that the direction of, 
or quantitative change in mitotic activity did 
not in all instances correspond to the change in 
thyroid weight. Castration resulted in a com- 
plete suppression of mitotic activity but no loss 
in average thyroid weight, while thyroxin ad- 
ministration resulted in both a weight loss and 
mitotic suppression. Furthermore, the groups 
showing the greatest increase in average thyroid 
weight did not show as much mitotic activity 
as did the acrH group, which showed a smaller 
weight increase; and the poca group, which 
showed the greatest average loss in thyroid 
weight, had as high a level of mitotic activity 
as the growth hormone and testosterone groups 
in which the greatest thyroid weight increases 
were observed. This may be accounted for on 
the basis that weight gain may represent in- 
creased storage of colloid in some groups and 
increased secretory activity in others. 

Pituitary: The only significant change in av- 
erage pituitary weight was observed in the cas- 
trate control group, which showed a gain. 
Other groups did not show a significant differ- 
ence from non-castrate controls, which may 
perhaps be taken as evidence of a return from 
the castrate to a more normal state. 

The average number of cells per unit field 
(cell density) is an expression of average cell 
size, since the larger the cell, the fewer can be 
accommodated within a fixed area. It is evident 
that castration produced an increase in the 
average size of cells of the anterior hypophysis, 
which probably is accounted for on the basis 
of the development of large castration cells. 
The thyroxin and poca groups showed only 
slightly smaller cells on the average than cas- 
trate controls. The remaining groups, while 
still showing an average cell size larger than 
non-castrates, seemed nevertheless to be ap- 
proaching normal levels. 

Uterus and Cervix: It is evident from the 
data in table 1 that by the twenty-sixth day 
following ovariectomy the weight of the uterus 

and cervix had diminished, on the average, to 
less than one-half that in non-castrate controls. 
In both the acrH and cortisone groups the 
weight of this organ was greater than in normal 
controls, while with poca, growth hormone and 
testosterone it was less but still greater than in 
castrate controls. Only in the thyroxin group 
was the average weight of the uterus and cervix 
less than in non-injected castrates. 

As would be expected, castration resulted in 
a regressive transformation of the endometrial 
glands to simple tubular structures, of dimin- 
ished number lined by low cuboidal epithelium. 
The stroma was composed of a thin layer of 
small compactly arranged spindle cells with 
small, darkly-staining nuclei and scanty baso- 
philic cytoplasm. When the endometrium 
showed such a state of development it was 
graded as 0.5+ (fig. 2). As the glands in- 
creased in diameter and the lining epithelium 
in height, along with some loosening of the 
stromal cells, the grade was recorded at 1+ 
(fig. 1); this was generally the character of the 
endometrium in non-castrate controls. With 
the appearance of occasional mitotic figures in 
glandular or surface epithelium and with en- 
largement of stromal cells, the grade was in- 
creased to 15+ or 2+, depending upon the 
intensity of these changes (fig. 3 and 4). Fi- 
nally, when mitoses were frequent, stroma cell 
enlargement more marked, epithelium consid- 
erably hypertrophied, and glands somewhat 
tortuous, a grade of 3+ was recorded (fig. 5 
and 6). 

As may be noted from the grading recorded 
in table 1 and illustrated in figures 1-7, corti- 
sone and growth hormone were able to produce 
reactions of greater intensity than that observed 
in even non-castrate controls. The cortisone 
group showed average reactions of 3+ intensity, 
and with growth hormone they were 2.5+. 
With testosterone there was a reversal of cas- 
tration effects to about the control level, while 
with poca and actH the reversal was noticeable 
but less adequate. Only in the thyroxin group 
did the endometrium remain in a completely 
castrate state, and in some animals atrophy was 
more intense than in controls. In castrate con- 
trols cystic glands of the type usually seen in 
senile cystic atrophy were frequently encoun- 
tered. Such cysts were equally numerous in the 
thyroxin group and they were less numerous 
in all other groups except in the non-castrate 
controls and in animals receiving cortisone. In 
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Fig. 1. Endometrium, non-castrate controls. Mag. 

approx. 120 xX. Surface epithelium is cuboidal and 
stroma is loose. Glands are either simple tubular or 
show slight tortuosity. 

Fig. 2. Endometrium, castrate controls. Mag. ap- 
prox. 120 X. Note infolding of surface epithelium and 
compact character of stroma consisting of small cells. 
Glands are simple tubular and sparse. Myometrium is 
represented by a thin strip at the bottom of the figure. 

the latter the reaction was sufficiently intense 
to result in the disappearance of these cysts, 
although the endometrium was still in a pro- 
liferative state. Secretory endometrium was not 
encountered in any animal in these experi- 
ments. 

Grading of the endocervical reaction was not 
attempted. In non-castrate controls the surface 
epithelium consisted of fairly tall mucin-secret- 
ing columnar cells with an occasional small 
focus of squamous metaplasia. In castrate con- 
trols the columnar cells were not as tall and the 
squamous foci were uniformly absent (fig. 8). 
In all of the hormone-injected groups with the 
exception of cortisone and thyroxin the epithe- 
lium was not significantly different from that 
in castrate controls, except for the reappearance 

Fig. 3. Endometrium, actH group. Mag. approx. 

400 X. Glands and stroma are comparable to non- 
castrate controls. Note cystic gland in upper left-hand 
corner, a residuum of cystic change in endometrial 
atrophy. 

Fig. 4. Endometrium, growth hormone group. Mag. 
approx. 400 X. Surface epithelium, stroma and glands 
are comparable to acTH group except for increased mi- 
totic activity (arrows). 

of an occasional small focus of squamous meta- 
plasia, thus indicating that cervical epithelium 
is not as sensitive as endometrium to these sub- 
stances. The thyroxin group showed no detect- 
able difference from that observed in castrate 
controls. At the other extreme, the effect of 
cortisone was most striking (fig. 9). All of the 
guinea pigs which received this hormone 
showed a transformation of the columnar cells 
to large squamous cells. The latter formed a 
thick layer with blunt’pegs projecting into the 
underlying stroma. 

DISCUSSION 

These experiments have dealt not only with 
the effects of castration and the administration 
of various non-ovarian hormones on the endo- 
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Fig. 5. Endometrium, cortisone group. Mag. approx. 
400 X. Note papillarity and increase in size of surface 
epithelium. Glands show moderate tortuosity and a 
marked increase in size of epithelium. Stromal cells 
are also enlarged and compactly arranged. There is an 

absence of secretory vacuoles. 

Fig. 6. Endometrium, cortisone group. Mag. approx. 
600 X. There is a marked increase in mitotic activity 
of epithelium (arrows), as well as marked hypertrophy. 

Secretory vacuoles are absent. 

metrium and endocervix, but also with their 
effects on the thyroid, adrenal, and anterior 
hypophysis. The latter observations were made 
in order to determine whether the administered 
hormone was acting directly on the endome- 
trium and endocervix, or indirectly through the 
stimulation of other endocrine glands, either 
because of physiologic interrelations or the pos- 
sible presence of contaminating hormones. 

Of the non-pituitary hormones, those with 
adrenocortical activity seemed to be most effec- 
tive, and in this regard cortisone was consider- 
ably more effective than poca. These observa- 
tions, then, substantiate three already existing 
lines of evidence that adrenal hormones may 
have effects similar to ovarian hormones, ‘i.e., 

Fig. 7. Endometrium, thyroxin group. Mag. approx. 
120 X. Endometrium is comparable to that shown in 
figure 2. Surface shows no infolding, but lining epithe- 
lium is atrophic. Glands show moderate dilatation, but 
are few in number and lined by flattened cells. Stroma 
consists of compactly arranged small cells. Myometrial 

cells are also atrophic. 

Fig. 8. Cervix, castrate controls. Mag. approx. 400 
x. Note low columnar surface epithelium and fibro- 
muscular stroma. 

1) early pregnancy can be maintained follow- 
ing removal of the corpus luteum of pregnancy 
if adrenal cortical hormones are administered 
(7, 8), 2) adrenal cortical hyperplasia and tu- 
mors develop in mice following ovariectomy, 
with subsequent continuation of estrus (26, 
27), and 3) secretory endometrium and decid- 
uoma formation may follow the administration 
of poca (13, 14, 20, 24). 

More specifically, direct proof of progesterone 
secretion by the adrenal gland was first pre- 
sented by Beall (1) and by Beall and Reich- 
stein (2), who were able to isolate this sub- 
stance from the adrenal cortex. More recently 
it was shown by Davis and coworkers (11) that 
the adrenal gland may release a progesterone- 
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Fig. 9 Cervix, cortisone group. Mag. approx. 240 X. 
Epithelium shows marked squamous metaplasia, with 
projection of blunt epithelial pegs into superficial 
stroma (arrow). 

All figures are of sections stained with hematoxylin 
and eosin. 

like substance, since increased amounts of 
pregnandiol were found in the urine of patients 
treated with corticotrophin. In addition, Zarrow 
and Lazlo-Wasem (27) have shown that the 
administration of corticotrophin or epinephrin 
as well as exposure to cold causes the release 
of progesterone from the adrenal gland, as 
shown by bioassay. 

In the present experiments the changes in the 
endometrium even with cortisone were prolifer- 
ative rather than secretory, indicating that cer- 
tain adrenal cortical hormones may also have 
an estrogenic effect. Such an effect has also 
been reported by Weinstein, Schiller, and 
Charipper (25) following antotransplantation 
of adrenals into the uterine wall of ovariecto- 
mized rats; they also observed changes in the 
cervix comparable to those herein described. 

As would be expected, there was only a slight 
restoration of the adrenals from the castration 
state in the cortisone and boca groups. On the 
other hand, cortisone produced an effective re- 
turn of thyroid activity to pre-castration levels, 
while with poca there was only a partial return. 
In both groups the pituitaries still showed some 
slight castration effect, somewhat more marked 
in animals receiving poca. These changes seem 
to be the result of physiologic interrelations 
rather than contaminating hormones. 

It also seems likely that the effect of testoster- 
one may have been mediated through the 
adrenal. While mitotic activity remained low, 
there seemed to have been an adrenal response 
on the basis of regained weight. These results 

are comparable to those reported by Zizine, 
Simpson, and Evans (28), who observed a par- 
tial restoration of the atrophied adrenals by the 
administration of male sex hormones. The 
histologic effects of testosterone on the endome- 
trium were better than those obtained with 
poca, although the regain in endometrial 
weight was better in the latter. The response 
was not as marked as with cortisone. In the 
testosterone group the thyroids showed a mod- 
erate return toward the precastration state, as 
did also the pituitary, and again this seems to 
be the result of physiologic interrelations. 

As a rule, castrate guinea pigs receiving 
thyroxin showed an even more marked atrophy 
of the endometrium than castrate controls. This 
was the only hormone of those tested which 
was not able, at least in some degree, to reverse 
the effects of castration on the endometrium. 
There was in addition, a distinct intensification 
of atrophy of the muscle fibers of the myome- 
trium (fig. 7). This effect was produced despite 
a repair of the castrate state of the adrenals 
comparable to that seen with testosterone. As 
would be expected, the thyroid gland showed 
no repair from the castration state, and the 
hypothysis showed the least return of all of the 
groups receiving hormones. It is not possible to 
determine from these data to what extent the 
changes observed with thyroxin were, in fact, 
hormonal effects, and to what degree they may 
have been the result of the marked weight loss 
sustained by all guinea pigs in this group. 

Of the two hypophyseal hormones, actu pro- 
duced uterine weights in excess of those in non- 
castrate controls and therefore a considerably 
better effect than growth hormone if judged on 
a weight basis. However, on a histologic basis 
the endometria of guinea pigs receiving growth 
hormone showed greater proliferative activity 
than those of the acrH group. As would be 
expected, guinea pigs receiving actrH showed 
the most marked adrenal hyperplasia. In this 
regard, the differences in uterine weight may 
have been due, in part at least, to salt and 

water retention in animals receiving acrH, and 

this factor may also account for some of the 
increase in uterine weight in the cortisone and 

poca groups. The thyroid also showed a greater 

degree of activity than in non-castrate controls, 

an effect which may have reduced somewhat 
the histologic reaction in the endometrium. 

The pituitary showed a repair from the castra- 
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tion state comparable to that observed in the 
cortisone group. 

The endometrial reaction in guinea pigs re- 
ceiving growth hormone was second in intensity 
only to the cortisone group. There was some 
repair of the castration atrophy of the adrenals 
on a weight basis, but no mitotic activity was 
observed. The thyroid also showed a rather 
marked gain in weight, but mitotic activity was 
only half that found in non-castrate controls. 
The pituitary was comparable to that seen in 
the acTH and cortisone groups. 

Davidson and Moon (10) were among the 
first to show that crude extracts of acrH can 
maintain the secondary sex organs of young 
castrated rats, and it was later shown by David- 
son (9) and by Nelson (21) that such main- 
tenance is effected through the adrenals. More 
recently, Lastroh and Li (17) have observed 
that acTH can restore the atrophy of castration 
of the ventral prostate in the presence, but not 
in the absence, of the adrenals, while growth 
hormone may have some effect even in the ab- 
sence of the adrenals. Similarly, Flux (12) has 
observed that growth hormone probably con- 
taining traces of thyrotropin but little or no 
ACTH or FSH will increase uterine weight of the 
castrate female mouse, and Huggins and co- 
workers (15) have reported that in hypophysec- 
tomized, hypophysectomized-adrenalectomized, 
or hypophysectomized-ovariectomized rats 
growth hormone will produce an increase in 
uterine weight and the appearance of tall 
columnar mucous cells in the vagina. 

Ingle (16) has suggested that corticoids play 
only a permissive role in physiologic processes, 
a concept also accepted by Lastroh and Li (17), 
since in the absence of the adrenals the pro- 
static improvement usually required adrenal 
steroids in addition to growth hormone. The 
latter investigators further suggest that while 
ACTH is moving sudanophilic material out of the 
adrenal, growth hormone is replacing it, per- 
haps by making available to the gland the raw 
materials which are used up in the secretory 
process. In another report Li (18) points out 
that growth hormone seems to bring out what 
may be the true physiologic function of estro- 
gen. He suggests that growth hormone plays a 
supporting role in the biologic action of a hor- 
mone or a biologic agent, creating the necessary 
and sufficient environment for other biologic 
agents to exercise the full scope of their func- 
tion. ’ 
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The present experiments therefore show that 
a number of hormones may reverse the effects 
of castration on the endometrium. In general, 
the data suggest that these effects may be pro- 
duced either directly or indirectly by a combi- 
nation of adrenal cortical hormones and growth 
hormone. Since one of us (5) has shown that 
the content of other trophic hormones of the 
human pituitary does not diminish with ad- 
vancing age, it seems likely that this is also true 
for growth hormone. In general it seems likely 
that the endocrine-potential for producing en- 
dometrial hyperplasia exists even in senescent 
states, and the determining factor may be the 
responsiveness of the endometrium. Experi- 
ments with senescent animals may serve to clar- 
ify this point. 

SUMMARY 

The effects of acTH, cortisone, DOCA, testos- 
terone, thyroxin and growth hormone on the 
endometrium and endocervix of castrate guinea 
pigs have been studied. All of these hormones, 
with the exception of thyroxin, were able to 
effect some degree of restoration of the endome- 
trium from the atrophy of castration. In this 
regard cortisone was most effective, producing 
in addition to an active proliferation of the 
endometrium, a marked squamous change in 
the endocervix. Growth hormone was some- 
what less effective than cortisone, but more 
effective than actu or the other steroid hor- 
mones. The results suggest further that thy- 
roxin may intensify castration atrophy of the 
endometrium, although this may be due to the 
marked weight loss encountered in this group. 

The possibility that the effects of certain of 
these hormones may have been mediated 
through the thyroid, adrenal or anterior hy- 
pophysis have also been considered, and the 
interrelation of adrenal cortical and growth 
hormones discussed. 
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STUDIES OF GROWTH THROUGHOUT THE LIFE SPAN IN JAPANESE: 

II. BEARD GROWTH IN RELATION TO AGE, SEX, HEREDITY, 

AND OTHER FACTORS* 

JAMES B. HAMILTON, Ph.D.,t HARUMI TERADA, M.D. AND GORDON E. MESTLER* 

(From the Departments of Anatomy, State University of New York, College of Medicine at 
New York City,t and Toky5 University Medical Faculty, Toky6, Japant) 

This communication is part of a study of 
Japanese subjects planned as a counterpart 
of investigations of secondary sex characters in 
Caucasians. The intention is to contrast groups 
of subjects in which development of certain 
secondary sex characters and male-selecting 
pathologic conditions tends to occur, respec- 
tively, in pronounced vs. more limited degrees. 
In this connection it may be recalled that in 
groups of subjects (but not necessarily in in- 
dividuals) with marked development of male 
secondary sex characters there is a tendency to 
development of male-selecting pathologic con- 
ditions such as baldness (15, 21) and acne 
(20). 

Preliminary studies indicated that facial hir- 
sutism was exceedingly rare in Japanese sub- 
jects with the exception of mature males. 
Therefore, specific data upon this point were 
obtained for females and children in Japanese 
populations to permit comparisons with Cau- 
casians. 

MATERIALS AND METHODS 

All subjects were of Japanese ancestry. There 
were 365 males | to 87 years of age, and 335 
females 5 to 88 years old. Distribution accord- 
ing to age, sex, and country of residence is given 
in table 1. The subjects lived in Tdky6 or its 
environs, with the exception of 7 persons who 
lived in New York City at the time of investiga- 
tion under dietary and other conditions similar 
to those of white American subjects examined 
in a companion study. Comparison of these 
two geographically-separated groups of Jap- 
anese was undertaken to ascertain if beard 

Submitted for publication December 11, 1957. 

* This work represents part of a study of aging and endocrine fac- 
tors in a medico-genetic investigation s' eee Y by the Harris Mc- 
Laughlin womneeiee and by grants H-1497 from the National Heart 
Institute and H- from the National Institute for Arthritis and 
Metabolic Diseases, U S.P.H.S. The authors are also greatly indebted 
to our Japanese colleagues, especially Dr. Eiji Inouye; to the subjects 
in this study; to Mrs. Marie Buschke, Mrs. Harumi Terada, and 
Mrs. James Hamilton, for technical aid; and to Dr. A. S. Parkes and 
the staff of the National Institute for Medical Research, London, 
where this manuscript was completed. 

growth were influenced by. environmental cir- 
cumstances such as climate and nutrition. 

All subjects were in good health as far as 
could be determined without detailed study. 
None was underfed or dieting during the in- 
vestigation. Some of the older persons lived in 
homes for the aged but neither these nor any 
other individual resided in an institution be- 
cause of poor health. Specifically, none was 
institutionalized because of feeble-mindedness, 
a condition known (20) to be associated with 
tendencies to poor development of secondary 
sex characters as indicated by weights of axil- 
lary hair and beard. 

Studies of Japanese in New York City were 
made in March and April of 1956. Most of the 
collections of beard from subjects in Japan were 
obtained in May, June, and July of 1954. How- 
ever, 39 members of 4 large families and 4 pairs 
of identical twins were examined in the sum- 
mer of 1953; extensive genetic studies of these 
subjects with serologic and other methods (20) 
strongly supported the stated familial relation- 
ships. Values for brothers who were identical 
twins tended to be similar; hence they were 
averaged and used as the equivalent of a single 
individual in all tabulations and graphs. 

The beard was shaved and weighed in all 
males 15 or more years of age. Surface area of 
the beard and the number of hairs per sq. cm. 
of a selected region of the face were studied in 
the 7 Japanese men examined in New York 
and in 25 men in Japan. The size and structure 
of individual hairs were studied microscopically 
in shavings from 224 of the males 15 or more 
years of age who lived in Japan; the percentage 
of gray hairs was calculated for 157 males of 
this same group. 

Methods employed in measurements of beard, 
an analysis of their reliability, and the precau- 
tions to be observed, will be described in detail 
elsewhere (20). The chief precautions were 
(a) collection of samples for periods of 24 
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Taste 1. DisrripuTion, ACCORDING TO AGE AND Sex, OF 700 SuBjecTs OF JAPANESE ANCESTRY. ‘l'HE NUMBERS IN 

PARENTHESES REFER TO JAPANESE SuBJECTs Livinc In New York Crry. 

Years of Age 

Sex 1-9 10-14 15-19 20-24 25-29 30-39 40-49 50-59 60-69 70-79 80-89 Total 

ER ey Bere 31 96 49 36 28 25+ (5) | 22+ (2) 26 16 14 15 365 

aes vei senses 25 68 37 38 29 31 29 26 22 15 15 335 

hours, or multiples thereof, since the beard 
grows faster during the day than at night (20); 
(b) limitation of the shaved area to the an- 
terior and lateral surfaces of neck and face, the 
latter bounded superiorly at the level of the 
external auditory meatuses; (c) use of a single- 
head electric razor with chambers that retained 
shavings* and (d) removal of epithelial debris, 
lipids, and moisture before weighing of the 
hairs. 

In Japan collections were made of beard 
grown for 48 hours in 174 males, 24 hours in 
48, 72 hours in 2, and 96 hours in one. Collec- 
tions from the 7 Japanese men who lived in 
New York City were for 48 hours. 

Shavings were examined under a hand lens 
for removal with forceps of lint and other de- 
bris, then placed in a fluid which dissolved the 
sebum and facilitated the removal of sloughed 
epithelium. After trials of various solvents, 
satisfactory results were obtained with a solu- 
tion calculated to have a specific gravity of 
1.263, which was composed of 70 parts of fat- 
free chloroform and 30 parts of fat-free ether. 
Agitation of the shavings placed in this solution 
resulted in flotation of epithelial debris which 
was removed by suction. After the fluid was 
decanted, the residue was washed twice with 
fresh solution. Microscopic examination showed 
that some fine hairs and a few coarse ones were 
removed by the suction. The residual hairs 
were transferred to an open weighing bottle 
and left overnight in a desiccator which con- 
tained calcium chloride to dehydrate the hairs 
(the shavings had previously been exposed to 
air under a hood to permit loss of ether and 
chloroform vapors). In order to avoid introduc- 
tion of errors by the hygroscopic properties of 
hair, the bottles were closed before removal 
from the desiccator for weighing. Weighing 
was done on scales accurate to 0.1 mg. 

Measurements of individual hairs were made 

* Electric shavers were obtained from the Schick Dry Shaver, Inc. 

at a magnification of 125 x, using a filar mi- 
crometer. Cleaned hairs from a shaving were 
sprinkled along a microscopic slide. Eight to 15 
hairs, chosen at random by selecting all which 
underlay the cross lines of the micrometer as 
the microscopic slide was moved laterally, were 
studied as to breadth and medullation. 

The diameters of (a) medulla and (b) cortex 
plus cuticle, were measured only in medullated 
hairs in which the distinction between cortex 
and medulla was not obscured by pigmentation. 
Hairs suitable for this analysis were more 
numerous in older subjects because of graying. 
For each subject study was made of 3 to 18 
hairs (median of 5) in which the medulla could 
be seen. It should be noted that shavings were 
collected only from regions of the face and neck 
in which some coarse, and presumably medul- 
lated, hairs might be expected to be present. 
Collections were not taken from subjects unless 
one or more coarse hairs were visible in the 
beard. 

No attempt was made to count or measure 
cuticular scales since the average scale count 
(36) and the size of cuticular scales (37), as 
studied in scalp hairs of Caucasians, undergo 
no change with age. 

The proportion of gray hairs in males 15 or 
more years of age was estimzied from examina- 
tion of 37 to 289 hairs (median of 160) per 
subject; samples from some males less than 20 
years of age contained few coarse hairs. After 
the hairs had been scattered on a glass slide all 
whiskers in fields selected at random were ex- 
amined under transmitted light at a magnifica- 
tion of 20 x. 

The number of terminal* hairs per unit area 
was counted in situ in 3 regions of the face in 
Caucasian males (20). On the basis of this 
preliminary survey, bilaterally symmetrical re- 

* Terminal hairs are coarse structures usually provided with a 
medulla over most of their length. In contradistinction, fine hairs 
(lanugo and vellus) are produced as earlier generations of the same 
follicles and represent the most advanced stage produced by some 
follicles, e.g., those of the forehead. 
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gions midway between the lateral border of the 
mouth and the angle of the mandible were 
selected for study in the Japanese. Data were 
recorded as half of the combined values for the 
bilateral sites. At a magnification of 2 x, 
counts were made of all coarse hairs which had 
emerged from follicular orifices included within 
a circular aperture in a plastic disc placed upon 
the sites. The aperture had a total area of 2.28 
sq. cm. 

Measurements were made of the surface area 
of the beard on the right half of face and neck. 
The data were calculated by doubling the mea- 
surements made on the right side. Areas with 
coarse hairs were outlined with a wax pencil 
and subdivided into relatively flat regions. 
Strips of adhesive tape were placed over each 
pencilled region and removed after transferal of 
the pencil markings to the tape. Sparsely haired 
regions were excluded, i.e., areas with less than 
5 terminal hairs in a field the size of the aper- 
ture in the plastic sheet. The superior limit of 
the bearded area was the level of the external 
auditory meatuses. Subjects sat with jaws and 
lips closed, facial muscles relaxed, and head 
tilted back until the mental protuberance of 
the mandible was directly superior to the an- 
teriormost surface of the laryngeal prominence. 
Measurements of surface area of the beard and 
counts of the number of hairs per unit area 
were facilitated when subjects had not shaved 
for 2 days, or for longer periods if adolescent. 

Facial photographs were taken of »!1 subjects. 
Bodily height and weight were recorded, 

after removal of footgear, with the subjects un- 
dressed or clad in a light cloak of known 
weight. Surface area was calculated from val- 
ues for height and weight by the method of 
DuBois and DuBois (4). 

The amount of bodily fat was estimated in 
terms of thickness of the skinfold on the pos- 
tero-median surface of the right arm midway 
between the elbow and the shoulder. This 
region is accessible for study and commonly 
used as an index of the amount of bodily fat 
(6, 30). Measurements were made with cali- 
pers designed and standardized by Keys. Each 
jaw of the calipers has a surface area of 40 sq. 
mm. and is compressed by a spring with a con- 
stant force of 10 Gm. per sq. mm. 

Axillary hair was measured in terms of 
weight of the fullgrown mass and of the mean 
daily weight of hair grown over a period of 42 
days. The method of obtaining, cleaning,’ and 
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drying the samples has been described else- 
where (16). 

Methods for measurement of the daily rate 
of nail growth have been described and the 
data for these Japanese subjects presented else- 
where (19). 

RESULTS 

Reliability of Methods 

Reproducible values are obtained (20) upon 
observance of precautions described under Ma- 
terials and Methods. The extent of some avoid- 
able and unavoidable errors is as follows. 

Diurnal and seasonal variations—As studied 
in 31 samples from 7 Caucasian men, the mean 
weight of beard grown in 12 consecutive hours 
was 64% greater during the day than during 
the night (20). Therefore, collections for short 
periods of time would introduce considerable 
error if diurnal variations were disregarded. 

Some degree of variation throughout the year 
was observed (20) in most subjects, but the 
times of maximal and minimal growth were not 
consistent and the differences among mean val- 
ues for each of the 4 seasons of the year were 
not significant as tested in 64 shavings from 6 
young adult and middle-aged Caucasian men. 
Since somatic growth varies seasonally and in- 
creases markedly in the autumn in adolescents 
living in the north temperate zone (26), a phe- 
nomenon that might possibly affect growth of 
the beard in young males, the collection of 
beard samples from adolescents was restricted 
to a period of one month, from the middle of 
May to the middle of June. 

Effect of shaving —The degree to which the 
act of shaving may influence growth of hair 
was long debated until a careful study of this 
question by Trotter (34) demonstrated that 
shaving does not increase the rate of growth. 
With regard to the beard, studies of 97 samples 
from 5 young and middle-aged Caucasian men, 
who shaved at intervals of 8, 12, 24, 48, 72, and 
96 hours (20) showed that with increasing 
frequency of shaving the mean hourly rate of 
growth was relatively uniform in 1 subject, 
slightly higher in another, and slightly lower in 
the other 3 subjects. 

Loss of hairs during shaving.—Errors intro- 
duced despite the precautions described in- 
cluded a small loss of whiskers from the razor 
during shaving. As tested in 26 shavings from 
2 men, the mean loss with the razor employed 
was slightly less than 2% when the intervals 
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between shavings were | to 3 days, 15 or more 
% when 7 to 8 days elapsed (20). 

Representative character of shavings collected 
for 24 and 48 hours.—These intervals seem to 
provide values representative of the rate of 
beard growth. As tested in 51 Caucasians (20), 
the mean C.V. in 3 samples collected for suc- 
cessive periods of 24 hours was 16%. The C.V. 
increased slightly but not significantly in old 
age; it was 14% in 19 men 20 to 29 years of 
age, 15% in 11 men 30 to 50 years, and 17% 
in 21 men 70 or more years of age. 

In 6 tests of 4 other Caucasian men, 33 to 42 
years old, the mean weight of collection for 7 
consecutive intervals of 24 hours differed by 
only 2% from that of collections for 2 days. 

Debris, fat, and moisture—Studies of 5 
young and middle-aged Caucasian men (20) 
showed that 7 to 12% (mean of 9) of the 
weight of unprocessed shavings was due to 
debris; 7 to 13% (mean of 10) to lipid; 3 to 4% 
to moisture. The percentage of total weight 
contributed by each of these items varied con- 
siderably in different samples from the same 
man. 

Site used in hair counts.—The region used in 
the present study may not be the best possible 
in subjects with sparse beards but in 27 Jap- 
anese men, 40 to 75 years of age, the correla- 
tion of values for hair counts and weight of 
beard (r = +.860, P < .001) compared favor- 
ably with that (20) obtained with this site in 
young and middle-aged Caucasian males. 

Agreement of values in repeated tests of the 
same subjects (table 2).—Replication of values 
was excellent in measurements of surface area 
of the beard but more variable for the other 
items tested in table 2. In all probability some 
of the variation in breadth of hairs and their 

components parts is caused by differences in 
the diameter of hairs from various regions of 
the face and neck. Trotter (33) has shown 
that mean breadth of hairs at 70 years of age 
in Caucasian men is 0.14 mm. on the upper lip, 
0.11 mm. on the cheek. 

Atypical subjects—In one 57-year-old man 
the weight of the shaving amounted to 120 mg. 
per day, a value almost thrice that of any other 
Japanese male under study and even in excess 
of any value observed among approximately 
1,000 Caucasian males. "Jpon microscopic ex- 
amination the whiskers in this sample were 
observed to be thickly encrusted with material 
not removed by fat solvents. Therefore the 
weight of this beard was not included in the 
series of normal subjects. The hairs were read- 
ily measurable microscopically; the values were 
in the normal range for the age of the subject 
and were included in statistical analyses. 

The other unusual subject was a 61-year-old 
man who grew less than 0.1 mg. of beard per 
day. Since the mean breadth of these whiskers 
was .045 mm., only 34% of the average breadth 
for men of his age, the values for breadth of 
hairs and of their component parts were not 
included in the series of normal subjects. 

By omission of these two men it seems prob- 
able that this series is composed of essentially 
normal subjects with little error introduced by 
atypical endocrine states or illness. 

Genetic relationships—The similarity be- 
tween individual members of each of the 4 
pairs of Japanese monozygotic male twins was 
greater than between 63 pairs of unrelated 
Japanese males of the same age, as studied in 
terms of weight of beard grown per day (P = 
.005) and breadth of hairs (P = .02). 

Less close genetic relationships, such as in 24 

Taste 2. ReiaBiLiry OF METHODS EMPLOYED, AS SHOWN BY MEAN C.V. IN REPEATED Tests. ALL TEsTs WERE 

REPEATED IN THEIR ENTIRETY. For EXAMPLE, AFTER THE PERCENTAGE OF GRAY Hair Hap BEEN CALCULATED, THE 

SHAVING was REPLACED IN AN ENVELOPE AND AGAIN SCATTERED OvER A Microscopic SLipE BEFORE THE NExt CouNnT 

Was Mape. 

Subjects 

Item No. of Tests Mean C. V. Reference 

%) 
Ethnic Group Age No. 

Breadth of hairs, micra...................2020-0e00% 3 Japanese 15-87 15 10 

Breadth of cortex plus cuticle, micra................. 2 Japanese 15-87 11 14 

Breadth of medulla, micra.....................0000 2 Japanese 15-87 11 23 

Breadth of medulla/Breadth of cortex + cuticle ...... 2 Japanese 15-87 11 13 

Pe TOROS Sonics ob vssteeercdeercccesce 3 Caucasian 21-28 13 18 23 
Surface area of beard, sy.cm............0 ©. 220000005 3 Caucasian 31-43 5 4 23 

Percentage of gray hairs.................0..000. » Elec 3 Japanese 19-86 13 10 
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comparisons between fathers and sons or in 21 
comparisons between male siblings who were 
not twins, were not characterized by signifi- 
cantly greater similarity (P >.10) than be- 
tween 676 pairs of unrelated subjects of com- 
parable age. The items under test were weight 
of the beard and breadth of hairs. Therefore, 
values for members of these families were in- 
cluded as part of a random population. 

Influence of Age 

Weight of beard grown in 24 hours (fig. 
1).—Mean values rose gradually from the latter 
half of the second decade to the fifth decade. 
Thereafter the rate of increase was slower. The 
maximal rate of growth in the seventh decade 
is more apparent than real since the mean 
value does not exceed that in the sixth decade 
if one man with an especially high value is 
excluded. There was an insignificant reduction 
in the eighth and ninth decades; only 45 sub- 
jects were studied in these age groups. A strik- 
ing decline has been reported (1) in Cauca- 
sians but was not observed in more extensive 
studies (20) (fig. 1). 

The percentage increase in mean values per 
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WEIGHT OF BEARD, MG. PER 24. 8 © 90 
AGE, YEARS 

Fig. 1. Circles represent values for weight of beard 
grown per 24 hours by 225 Japanese males aged 15 and 
over. The uninterrupted line is based upon averages 
for years 15 and 16; 17 and 18; 19; 20 to 24; 25 to 29 

and for decades thereafter. Data for eighth and ninth 
decades combined. The interrupted line represents 
mean values for a series of 466 Caucasian males. 

decade was greatest in the third decade and 
was higher in the first than in the second half 
of this decade. 

Median values also increased progressively 
from the second through the seventh decade. 
They were less than the means in the fourth 
through the seventh decades. 

TABLE 3. MEAN VALUES AND DEGREE OF VARIATION, BY AGE GROUPS FOR BEARDS OF JAPANESE MALES. 

Growth, Weight per 24 Hours Percentage of Gray Hairs | Breadth of Hairs 

Age No. of No. of No. of 

Males Males | || Males 

Mean(mg.)|_ §. D. C. V. Mean % 8. D. C. V. | Mean » 8. D. C.V. 

15-19 46 0.9 3.37 371 19 3 5.7 185 46 46 22.1 48 

20-24 36 2.6 3.27 123 13 3 4.2 129 36 103 18.1 17 

25-29 27 5.3 4.40 82 13 2 2.3 104 27 117 32.7 28 

30-39 24 8.3 9.75 117 23 3 3.0 111 24 132 11.8 Q 

40-49 22 11.5 10.64 93 22 9 12.5 132 22 137 11.4 8 
50-59 25 11.8 9.02 77 23 25 17.2 70 26 136 16.0 12 

60-69 16 13.8 10.92 79 15 40 20.3 50 14 134 14.8 11 

70-79 14 8.2 5.12 62 14 40 16.5 41 14 130 12.8 10 

80-89 15 11.9 7.30 61 15 73 13.5 19 15 127 8.2 + 6 

Breadth of Medulla Breadth of Cortex + Cuticle Bosndth of Medilin/ 
Breadth of Cortex + Cuticle 

Age No. of Males 

Mean, u 8. D. C.V. Mean, » 8. D. C. V. Mean, Ratio 8. D. Cc. Vv. 

15-19 35 14 6.9 48 49 12.1 24 0.29 0.09 31 
20-24 35 31 14.2 46 69 15.2 22 0.43 0.13 30 

25-29 27 35 12.6 36 74 14.6 20 0.47 0.11 24 

30-39 24 41 10.1 24 83 16.9 20 0.50 0.12 23 

40-49 22 49 9.7 20 91 11.4 12 0.54 0.10 18 
50-59 26 53 9.5 18 91 10.7 12 0.59 0.12 20 

60-69 14 52 8.5 16 87 11.8 14 0.60 0.08 14 

70-79 14 50 5.4 ll 87 13.2 15 0.59 0.10 17 

80-89 15 49 5.7 12 86 5.6 6 0.56 0.07 12 
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MIN. AV. MAX. MIN. AV. = MAX. 

my ee 1 
YEARS OF AGE 

Fig. 2. Representative hairs from beard shavings of 
Japanese males, illustrating at successive ages the mini- 
mal, average, and maximal thickness and the presence 

of pigmentation. Medullation is obscure in large pig- 
mented hairs. Printed at a magnification of 44 X. 
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Fig. 3. Breadth of hairs in 224 Japanese males. The 
curve is based on mean values for ages stated in the 
legend of figure 1. 

With one exception, unusually heavy beards 
(those over 25 mg. per day) were noted in Jap- 
anese men only in the fourth through the 
seventh decades. In Caucasians (20) excep- 
tionally heavy beards (those over 75 mg. per 
day) were developed as early as the third dec- 
ade, but with few exceptions were also absent 
after the seventh decade. 

As in other secondary sex characters (16) the 
variation among subjects was so large that the 
range of values was not distinctive for individ- 

ual decades. The C.V. (table 3) was greatest 
at 15 to 19 years of age, materially less by the 
third decade, and relatively constant after the 
fifth decade. 

Percentage of hairs that are medullated.— 
Most hairs of immature beards consisted only 
of cortex and cuticle. From the last half of the 
second decade until the first half of the fifth 
decade the proportion of medullated hairs re- 
mained rather constant at about 20%. After 
this there was a progressive increase to a mean 
of 66% in the ninth decade. This increase may 
have been more apparent than real, since the 
slope of the age curve corresponds to that for 
the percentage of gray hairs. Because of the 
translucency of gray hairs their medullas are 
readily seen. 

Breadth of hairs (fig. 3).—The mean breadth 
of hairs increased rapidly in the second and 
third decades, especially in the latter half of 
the second and the first half of the third decade. 
The greatest increase has been reported (33) in 
these 2 decades for Negro and white males. 

The curve of medians corresponded to that 
of means. 

The range and average breadth of hairs at 
progressive ages are shown in figure 2. 

The C.V. (table 3) was greatest in the sec- 
ond and third decades when the increase in 
diameter of hairs was most rapid. It was low 
and relatively stable thereafter. 

Breadth of cortex plus cuticle of medullated 
hairs (fig. 4).—Mean values increased rapidly 
in the third decade, more slowly thereafter to 
reach a plateau in the fifth and sixth decades. 
Values for the seventh through the ninth dec- 
ades were not significantly lower than those in 
the fifth and sixth decades. 

Median values per decade corresponded to 
the means. 

The coefficients of variation were of similar 
magnitude from the 15th to 39th years, and less 
thereafter (table 3). 

Breadth of medulla of medullated hairs (fig. 
5). —Mean values increased rapidly in the first 
half of the third decade and at a slower rate 
thereafter to reach a maximum in the sixth 
decade. The decrease in the seventh through 
the ninth decades was not statistically signifi- 
cant. 

Medians corresponded to mean values. 

The coefficients of variation (table 3) were 
greatest at the age of most rapid increase in 
diameter of the medulla. They tended to de- 
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crease progressively after the first half of the 
third decade. 

Breadth of medulla/cortex and cuticle (fig. 
6).—The rate of increase in this ratio was 
fastest between the last half of the second dec- 
ade and the first half of the third decade. 
Thereafter the ratio increased slowly to reach 
a plateau in the sixth through the eighth dec- 
ades, followed by an insignificant decrease .in 
the ninth decade. 

Medians corresponded to mean values. 
The C.V. (table 3) tended to decrease from 

a high in the youngest group (15 to 19 years) 
to a low in the oldest men (80 to 89 years). 

In absolute values the increase in breadth 
was equally as great for medulla as for cortex 
plus cuticle. For example, the mean enlarge- 
ment between the latter part of the second dec- 
ade and the sixth decade was 40 uw for medulla, 
42 wu for cortex plus cuticle. 
Number of hairs per sq. cm. of cheek (fig. 7) 

and surface area of beard (fig. 8).—Values 
tended to decrease in 33 Japanese men, 30 to 75 
years of age, but the means per decade did not 
differ significantly. 

Rate of elongation of hairs—Aging of adult 
males seems to exert no marked and consistent 
effect upon rate of elongation of whiskers as 
studied in Caucasians (25) and therefore was 
not investigated in the present subjects. 

Percentage of gray hairs.—Some gray hairs 
were found in 63% of the subjects as early as 
the latter half of the second decade, in 83% of 
men in the fourth decade, and in 100% by the 
sixth decade (fig. 9). The modal subjects, en- 
circled for each age group in figure 9, had | to 
9% of gray hairs at 15 to 49 years of age, 10 to 
19% in the sixth decade, 30 to 39% in the 
seventh decade, 50 to 59% in the eighth dec- 
ade, and 80 to 89% per cent in the ninth dec- 
ade. After the fourth decade, instead of sizable 
modal groups and a restricted range of distribu- 
tion there was wide scattering of values. 

The percentage of gray hairs in the beard, as 
shown for individual subjects in figure 10, is 
low until the fifth decade when it increased 
slightly, followed thereafter by progressively 
more marked increments per decade. By the 
ninth decade the majority of hairs were gray 
in most men. Of the 44 men 60 or more years 
of age, however, none had a completely gray 
beard. 

Median values corresponded to the means 
per decade. ; 
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Figure 4. 
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Figure 5. 

RATIO OF BREADTH, 

MEDULLA / CORTEX AND CUTICLE, 

IN MEDULLATED HAIRS 
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Figure 6. 

Figs. 4 to 6. Breadth of medullated hairs in 212 
Japanese males. Figure 4 illustrates breadth of cortex 
plus cuticle, figure 5 breadth of medulla, and figure 6 
breadth of medulla/breadth of cortex plus cuticle. 
Curves of means are calculated for ages stated in the 
legend of figure 1. 
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Figure 8. 

Figs. 7 and 8. Number of coarse hairs per sq. cm. of 
a selected area of cheek, and surface area of beard in 
33 Japanese males 30 to 75 years of age. 

90-100 
80-89 
70- 79 
60-69 
50- 59 
40- 49 
30-39 
20- 29 
10- 19 
I- 9 
° 37) 3 23 17 9 Proportion of Groy Hairs (%) 

Age Group 15-19 20-24 25-29 30-39 40-49 50-59 60-69 70-79 80-89 

No. of Subjects 19 13 13 23 22 23 15 14 15 

Fig. 9. The data in vertical columns for each age 
group are the percentage distribution of Japanese males 
according to the proportion of gray hairs in beard 
shavings. Circled figures indicate the modal percent- 
age of subjects in each age group; the connecting line 
shows the shift with age in proportion of gray hairs 
characteristic of the largest number of subjects. 
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Hairs representative of the degree of depig- 
mentation at progressive ages are shown in fig- 
ure 2. 

The relative variation among subjects (table 
3) was greatest in the last half of the second 
decade, considerably and progressively less after 
the fifth decade. 

Interrelations of the items under study.—In 
studies of 33 men, 30 to 75 years of age, sig- 
nificant correlations were observed between (a) 
weight of beard grown per day and the number 
of hairs per sq. cm. of cheek (fig. 11), r= 
+.794, P < .001; (b) weight of beard grown 
per day and surface area of the beard (fig. 12), 
r = +.871, P < .001; and (c) the surface area 
of the beard and the number of hairs per sq. 
em. of cheek (fig. 13), r= +.861, P < .001. 
The linear regression equation in fig. 12 is: 
Surface area of beard = 36.61 + 4.94 (no. of 
coarse hairs per sq. cm. of cheek). 

These observations are supported by the find- 
ings of significant correlations in Caucasians 
for the same items (20). 

Counts of the number of hairs on a standard- 
ized area of the cheek and measurements of 
surface area of the beard are the most expedi- 
tious procedures employed in this study and 
are not subject to some of the errors that can 
enter into measurements of weight of beard 
grown per day, e.g., those due to acute illness 
or to diurnal variation if collections are not 
made for periods of exactly 24 hours. The 
expeditious methods for counting of hairs and 
measuring surface area of the beard were do- 
veloped after the present study was largely 
completed and were applied chiefly to men 40 
to 75 years of age. In Caucasians (20) these 2 
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IN BEARD 

AGE, YEARS 

Fig. 10. Percentage of gray hairs in beard as shown 
for 157 individual Japanese males selected at random 
from those whose daily growth of beard warranted col- 
lection for weighing. 
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methods have been shown to be useful in ado- 
lescents and in young and in middle-aged 
adults, less so in the aged. Until more exten- 
sive data become available the following linear 
regression equations (fig. 10 and 11) may serve 
to estimate the weight of beard grown per 24 
hours by Japanese males 30 to 75 years of age: 
Wt. of beard (in mg./24 hr.) = 3.39 + 0.729 
(no. of hairs per sq. cm. of cheek) or Wt. of 
beard (in mg./24 hr.) — 1.20 + 0.139 (surface 
area of total beard in sq. cm.). 

The weight of the beard grown per day was 
significantly correlated with mean breadth of 
hairs only in males who were 20 to 29 years of 
age (r = +.621, P< .001). Absence of a re- 
lationship to breadth of hairs after the. third 
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Figs. 11, 12, 13. Values for 33 subjects arranged in 
3 age groups. Regression lines (see text for equations) 
fitted by the method of least squares. 

decade of life suggests that at later ages growth 
of the beard is more closely related to the num- 
ber of coarse hairs and to the extent of the 
bearded area. 

Influence of Heredity 

Pattern of the beard.—Markedly similar con- 
figurations of the bearded area were observed 
between identical male twins in 4 Japanese and 
6 Caucasian pairs (20). The pattern of dis- 
tribution of whiskers was so alike in the 2 
members of each pair that their photographs 
could be superimposed except in those ado- 
lescent pairs in which one twin was in a 
slightly more advanced stage of maturation. 
Among Japanese and Caucasian (20) males, 

concordance was not exact in siblings who were 
not identical twins, in fathers and sons, or in 
unrelated subjects of the same age. 

Weight of beard grown per 24 hours, breadth 
of hairs and their medullas, and percentage of 
gray hairs.—The similarity between brothers in 
the 4 Japanese pairs of identical male twins was 
significantly greater (table 4) than between 
unrelated males of comparable ages as regards 
weight of beard and breadth of medullas. 
Among Japanese subjects, values for 24 com- 
parisons of father and son and for 21 compari- 
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sons of brothers who were not twins were not 
significantly closer (table 5) than between 676 
pairs of unrelated males of corresponding ages. 

Even closer concordance between identical 
male twins was observed in Caucasians (20) 
than in Japanese, perhaps partly because of 
their older range of age (21 to 36 years vs. 18 
to 25 years) and the use of 6 instead of 4 pairs. 

Influence of Environment 

Values for 7 subjects of Japanese ancestry 
who lived in New York City and ate an Ameri- 
can type of diet were similar to those for Jap- 
anese men of their age who lived in Tokyo or 
its environs (table 5). Hence nutritional and 
environmental factors of the ordinary magni- 
tude do not seem to be responsible for the 
marked difference between Japanese and Cau- 
casians in growth of beard (20). 

Comparison of Factors Regulating Growth of 
Beard and Axillary Hair 

Comparison of growth of beard with that of 
axillary hair is limited to the following general 
statements since only a preliminary report (16) 
of studies of axillary hair has appeared. The 
beard is characterized by (a) longer latent pe- 
riod after sexual maturation; (b) peak values 
later in life; (c) better maintenance during 
middle and old age; (d) earlier and more ex- 
tensive graying; and (e) more pronounced ge- 

netic regulation as shown by concordance in 
identical twins. 

Thus it seems that (a) normally the full de- 
velopment of beards in Japanese requires a 
long period of stimulation and is partially de- 
pendent upon aging in a manner somewhat 
analogous to that for hairs of the eyebrows, 
auricles, nasal vestibules, and body (with ex- 
ceptions such as hairs of axilla and pubis); (b) 
despite the dependence upon androgenic stimu- 
lation (14, 18, 20) of full-blown development 
of hairs of beard, eyebrows, ear, nasal vestibule 
and body, the decline in titers of androgens 
during middle and old age does not prevent 
further development of these hairs, a situation 
similar to that for development of the trait of 
common baldness (15); and (c) genetic factors 
and aging are of great importance in regulating 
growth of hairs in these locations, whereas 
androgenic stimulation (although required) 
merely triggers development of these characters 
to the extent permitted by hereditary potential- 
ities.. In contrast, the status of axillary and 
pubic hair varies more directly with the in- 
crease and decrease with age in titers of sex 
hormones; this conclusion is supported by stud- 
ies of Caucasian men in whom the curves of 
mean values per decade for axillary hair and 
androgenic titers are almost identical (16, 20). 

It has been claimed (8) that the longer delay 
in growth of beard than that of axillary hair 

TaBLe 4. VALUES FOR WEIGHT AND BREADTH OF BEARD Hairs WERE More CLose_y CorrELATED IN MonozyGorTIc 

BROTHERS THAN IN UNRELATED MALES OF CorRESPONDING AGES. THis Was Not TRUE FOR COMPARISONS BETWEEN 

FATHERS AND SONS OR BETWEEN BROTHERS WHO WERE Nort Twins. 

Unrelated Subjects of Corresponding Ages 

Genetic Relationship No. of Pairs Weight of Beard, mg./ | Breadth of Hairs, | Breadth of Medulla, 

24 Hours micra micra 

No. of Pairs | P Values No. of Pairs P Vaiues | No. of Subjects P Values 
| | ee 

Identical twins..................+. 4 63 | 005 | 63 02 | 85 1 
a 24 676 >.10 | 676 >.10 | 152 | >.10 

PONIES. oc siccecccccnacevs 21 676 | >.10 676 >.10 | 188 | >.10 

| | 

TasLe 5. Srmicak VALUES FOR BEARD GROWTH IN JAPANESE MALES IN TOKYO AND New York Cry. 

Subjects Weight of Beard, | Subjects No. of Hairs per Surface Area of Beard, 

mg./24 Hours } Sq. cm. of Cheek Sq. cm. 

Age, Years Age 

Residence No. No. 

Mean | Range Mean Range | Mean | Range Mean | Range Mean Range 

Tokyo and environs........ 32 36 29-45 8.6 1.0-35.6 | 11 44 40-47 13 0-37 101 18-204 
New York City............ 7 34 30-44 10.0 3.2-19.2 | 7 34 30-44 13 0-39 —* 112 28-229 
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is due to greater requirement by the former for 
androgenic stimulation. It seems more likely, 
however, that other factors are involved, since 
the beard and not axillary hair is well main- 
tained when titers of androgens decrease in 
middle and old age. Probably important in this 
regard are (a) the coarsening with age that oc- 
curs in certain (19) of the other integumental 
appendages; (b) the tendency to maintenance 
of some androgen-stimulated structures and to 
atrophy of others after-deprivation of andro- 
genic stimulation (20) following castration of 
raature young men (e.g., the penis remains 
.arge whereas pubic hairs diminish in number 
and caliber); and (c) the chief dependence of 
beard growth upon androgenic stimulation 
whereas axillary hair responds at least to estro- 
gens as well as androgens. 

Rate of Beard Growth in Relation to Rate of 
Nail Growth and to Values for Thickness of 

Skinfolds, Stature, Bodily Weight, and 
Surface Area 

The parallel between proliferative rates of 
the beard and of certain other structures which 
are not secondary sex characters is even less 
than that between beard and axillary hair. 
Neither beard nor axillary hair develop un- 
til sexual maturation, whereas the growth of 
the nail and increments in bodily height and 
weight are consequential in childhood (19). 
The proliferative rates of these 2 secondary sex 
characters increase after sexual maturation, 
whereas the rate of nail growth declines stead- 
ily and material increments no longer occur in 
height, weight, and surface area. 

The rate of beard growth was found not to 
be correlated significantly with stature, weight, 
or surface area of the body. Moreover, the 
lesser degree of development of the beard in 
Japanese than in Caucasian males (fig. 1) was 
of such an extent as to be inexplicable on the 
basis of slightly lower values for stature, weight, 
and surface area. 

The rate of growth of beard was not corre- 
lated significantly with the thickness of a skin- 
fold of the upper arm. A starvation diet has 
been reported to reduce growth of the beard 
(22), however. Presumably this results from a 
decrease in testicular secretions, such as ac- 
companies even partial starvation in other 
species (31), and not because of reduced re- 
sponsiveness of secondary sex organs to andro- 

gens. 
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Infrequency of Coarse Facial Hair in Japanese 
Females 

No female in the entire series, including 
tho. who had reached or passed the meno- 
pause, grew sufficient beard to warrant studies 
of shaved specimens. No female exhibited even 
a coarse mustache. The fine caliber of facial 
hair in Japanese females is illustrated by the 
fact that no hairs were visible in photographs 
of the faces printed at one-third of the life- 
size; coarse beard hairs tend to be uniformly 
dark in color in young adult Japanese males 
and are readily seen in photographs similar to 
those taken of the females. 

DISCUSSION 

The increase in weight of beard shavings, 
which continues in Japanese males for many 
decades after maturation, has a parallel in the 
increase with age in size of certain other piliary 
structures, namely, hairs of the eyebrows, 
auricles, vestibules of the nose, and body (ex- 
cept those of axilla, pubis, and perhaps of the 
areola and lateral surfaces of the legs). The 
similarities in growth of the beard to growth of 
coarse hairs in these other regions and to de- 
velopment of common baldness of the scalp 
include the facts that these traits (a) develop 
chiefly, or even solely, after puberty; (b) nor- 
mally attain a maximal state only in males; 
(c) are maintained or even increased in extent 
throughout much of adulthood despite con- 
comitant decrease in the testicular secretions 
upon which their development and in some in- 
stances their maintenance is dependent; and 
(d) are stringently regulated by hereditary 
factors (13, 15) as regards potential degree of 
development. 

Genetic factors control the manner and de- 
gree of response by the beard to endocrine stim- 
ulation and aging. The pattern of the bearded 
area, weight of daily shavings, and microscopic 
features of the hair tend to be concordant in 
identical twins. Differences exist between eth- 
nic groups like Japanese and Caucasian which 
do not seem attributable to environmental in- 
fluences or to differences in the amount of 
stimulating hormones. Titers of urinary andro- 
gens seem to be as high in Mongolian (2) as 
in Caucasian subjects (10, 11, 12, 17, 23, 24, 
28, 29). Differential responsiveness of the 
target organs to stimulating substances such as 
is known for the comb of the chick (7) and 
vagina of the mouse (9) of various breeds, 
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might be a factor in genetic differences in beard 
growth. 

The infrequency of facial hirsutism in Jap- 
anese females contrasts with the high incidence 
reported in Caucasian females and deserves 
comment although comparison of males in these 
ethnic groups should await publication of al- 
ready completed studies of Caucasian males. 
Facial hirsutism was observed in 29% of one 
series of Caucasian females (5), 27% of an- 
other (35), and 10% of a third (27). The in- 
cidence was found to increase with aging; 
Pedersen (27) reported 1.5% in white females 
at 13 to 19 years, 9% at 20 to 44 years, and 
17% after 45 years. Trotter’s (33) data indi- 
cate that mean diameter and length of facial 
hairs increase with age in all Caucasian women 
and markedly so in some. 

The lack of coarse facial hair in all of the 
Japanese females under study, and the inter- 
pretation that genetic factors underlie this dif- 
ference from Caucasian females, are supported 
by (a) evidence (20) that another secondary 
sex character, axillary hair, also develops less 
extensively in Japanse than in Caucasian fe- 
males, and that upon sexual maturation the 
secretion of sebum and the incidence of severe 
acne is not as great in Japanese as in Cauca- 
sians; (b) Trotter’s studies (33) in which 
thickness and length of individual hair of lip 
and cheek are less in Negro than in white sub- 
jects of both sexes; and (c) the high correla- 
tion coefficient of 0.8 for hypertrichosis observed 
by Trotter (35) in mothers and their daugh- 
ters. 

The incidence and percentage of gray hairs 
in the beard of Japanese males are similar to 
those reported by Terada (32) for hairs in the 
temporal region of the scalp in Japanese males; 
no data were provided for beard. 

SUMMARY 

Techniques have been devised which provide 
reproducible quantitative data and are applica- 
ble to male beards differing in configuration 
and extent of development. With these tech- 
niques growth of the beard was investigated in 
365 male and 335 female Japanese subjects, | 
to 88 years of age. 

Configuration of the bearded area and the 
extent and type of growth within this region 
are regulated largely by hereditary factors and 
aging, even though the beard depends upon 
androgenic stimulation for development and 

maintenance. Values were significantly closer 
for identical male twins than for unrelated 
males of comparable age or for brothers who 
were not twins. 

Beard growth in Japanese males was mark- 
edly less than in Caucasians and none of the 
335 Japanese females under study exhibited 
facial hirsutism, although Caucasian women 
commonly have coarse facial hairs. Similar 
values for beards in males of Japanese whether 
living in Tékyé or New York, further indicated 
the strong influence of heredity and the limited 
effect of environmental and dietary factors. 

In Japanese males the weight of beard grown 
per 24 hours increased upon sexual maturation 
and substantial increments continued for sev- 
eral decades. Values correlated significantly 
with the thickness of individual hairs in the 
third decade; thereafter, weight was more 
closely correlated with expansion of the bearded 
area and the number of coarse hairs. 
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EFFECT OF AGING ON PLANTAR FLEXOR AND SUPERFICIAL 
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In man, motor responses to given situations 

are most effective in early adult life. There- 
after, advancing years are usually accompanied 
by increasingly slowed performance. Although 
this decline is most evident in tasks of some 
complexity in which judgment or response 
readiness may be important factors, it is also 
encountered to some degree in relatively sim- 
ple voluntary responses to less complicated 
stimuli (2, 8, 16, 17, 20, 31, 32). Similar pro- 
longation of simple reaction times in aged rats 
has also been described (3, 5). 

Physiological mechanisms involved in these 
slowed motor responses of the elderly have con- 
tinued to escape definition. Moreover, objec- 
tive indices of alteration either at peripheral or 
higher levels of the nervous system have been 
few and equivocal. Whereas subjective human 
responses have indicated some change with age 
in peripheral afferent pathways (6, 22, 24), 
comparative animal studies (4, 30) have not 
supported this thesis. The evidence is some- 
what stronger that conduction velocity in pe- 
ripheral efferent pathways is slightly reduced 
both in elderly persons (18, 19, 27, 29) and 
aging animals (30). Latencies of simple my- 
otatic reflexes are somewhat greater in aged 
rats than in young adult animals (30), but 
prolongation of this slight degree is not suscep- 
tible to demonstration in man. In any case, the 
time differences involved in any of these studies 
are of such limited magnitude that they can 
have little functional significance. Physiological 
search for evidence of aging at higher levels of 
organization within the nervous system, within 
limits of possible study, have likewise been rel- 
atively unfruitful. Cerebral blood flow, for 
example, is not altered in the elderly (26). 
Electroencephalographic changes, if present, 
are meager (21). 
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In humans, however, certain cutaneous re- 
flex responses, the excitability of which is mark- 
edly influenced from higher centers, are medi- 
ated through the spinal cord and may thus be 
susceptible to comparative study in old and 
young persons. Two of these, in everyday clin- 
ical use, are normal plantar responses and 
superficial abdominal reflexes. For reasons 
mentioned above, there is little to suggest that 
aging has any important effect on their basic 
reflex organizations. It might be, however, that 
subtle changes concomitant with aging occur 
suprasegmentally and these in turn may be re- 
flected in altered excitability at reflex levels. 
If that is so, determination of latent periods of 
these reflex responses: might well provide a 
profitable means of sampling alteration in cen- 
tral nervous system activity in the elderly. 

I. PLANTAR FLEXOR REFLEX 

MATERIALS AND METHODS 

The subjects were of three groups. The first 
consisted of 14 normal young adult volunteers, 
averaging 32 years in age. The second group 
of 15 persons, with an average age of 75 years, 
was made up of ambulant patients from the 
geriatric wards of this hospital. They were 
selected to the extent that all members had ac- 
tive ankle jerks and clinically normal plantar 
responses. A third group of four boys, all aged 
7 years, was used for additional comparison. All 
subjects were examined clinically by two of the 
observers and the briskness of their plantar 
flexor reflexes graded according to a scale from 
I (sluggish) to III (very brisk). 

The subjects rested comfortably on their 
backs on a standard litter. Muscle action po- 
tentials were led to amplifiers and cathode ray 
oscilloscope through paired surface electrodes 
fixed firmly to skin over the mesial aspect of 
the plantar surface of the foot (i.e., over mus- 
cle bellies of flexor hallucis brevis and abductor 
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Fig. 1. Photograph of experimental arrangement. 
Paired 1/," solder discs, fixed by circular adhesive tape 
to skin overlying small foot muscles, connect through 
fine coiled wires with terminal boxes leading to ampli- 
fiers. Manually-operated scratching device in usual 

position, 

APPEAR AAAA ARMA PARRA RRAAA BP OOS 

Fig. 2. Action potentials from small foot muscles. 

Normal adult of 27 years. Sweep of cathode ray beams 
initiated by first contact of scratching device with skin 
of sole of foot. Time intervals—16 milliseconds. 

Record 1—plantar flexor reflex with latency of 176 

milliseconds. 

Record 2—voluntary plantar flexion in response to 

touch—latency 160 milliseconds. 

hallucis). A scratching device, drawn manually 

in an anterior direction over the lateral side of 

the sole in the usual clinical fashion, not only 

provided stimulus for the reflex but also trig- 
gered sweeps of the synchronized cathode ray 

beams at moment of contact with the foot. The 
mechanical delay was less than 5 milliseconds. 
In the majority of subjects, the same device 

tapped the sole of the foot as a signal to rapid 
voluntary plantar flexion, thus providing a 
measurable anticipated simple tactile reaction 
response. In most instances, all studies were 

repeated on different days. The experimental 
arrangement is shown in figure 1. 
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RESULTS 

a) Young Adults.—Stroking the sole of the 
foot was followed by a prolonged outburst of 
repetitive action potertials from small foot 
muscles. This was accompanied clinically by 
plantar flexion of toes. In the experiment illus- 
trated by figure 2, record 1, this reflex response 
appeared after a latent period of 176 millisec- 
onds. In record 2, from the same experiment, 

the subject voluntarily plantar-flexed his foot 
as soon as possible after touch to the sole of his 
foot. The outburst of action potentials (much 
more abrupt in onset than that of the reflex) 
appeared within 160 milliseconds of contact. 

The records of figure 2 are fairly representa- 
tive of the results from all 14 subjects. For 
clarity the average latencies have been listed 
individually in table 1 and compared with clin- 
ical briskness of the reflex responses. It is evi- 
dent, with the exception of one person (num- 
ber 7), that the first reflexly-evoked action po- 
tentials appeared in a fairly uniform fashion 
at about 200 milliseconds. Indeed, even includ- 
ing that one exception, the average value for 
the group was found to be 203 milliseconds. In 
every instance, tactile reaction times, as de- 
termined by the present method, were consid- 
erably shorter than corresponding reflex laten- 
cies in the same individual. They were reason- 
ably consistent throughout the group, averag- 
ing 170 milliseconds. 

Although two subjects with relatively long 
reflex latent periods (numbers 7 and 14) had 
plantar responses which on clinical grounds 

Taste 1. PLANTAR FLExoR REFLEXES 

1. Young Adults 

| 
Age in Clinical Latency Latency 

No. Years Grade Reflex (Msec.) Vol. Flexion (Msec.) 

i 32 II 197 170 

2. 27 Ill 184 156 

3. 30 I 198 je 

4. 22 I 188 

5. 28 I 208 bu 

6. 31 Ill 184 176 

¥ 33 I 272 176 

8. 39 Ill 232 208 

9. 26 I 166 128 

10. 26 I 205 sem 

ll. 27 II 208 186 

12. 27 II 194 ne 

13. 46 II 192 144 

14. 33 I 224 176 

Average 31 SHE 203 | 170 

cm RA ion 24.90 
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were considered sluggish, a third individual 
(number 8) with similarly prolonged latency 
had very brisk clinical responses. Conversely, 
in subject 9 with sluggish clinical response, 
latency was very short. From table 1, it is ap- 
parent that there was no consistent correla- 
tion between briskness and reflex latency. 
Moreover, increased intensity of the manually 
applied stimulus did not alter reflex latent pe- 
riod in any subject. 

b) Older Persons.—The records of figure 3 
were taken from an experiment on an active 
man of 73 years. In record 1, action potentials 
of the reflexly-induced response appeared after 
a latency of 336 milliseconds. The reaction 
time, however, signalled by the initial outburst 
of record 2, was considerably shorter—208 
milliseconds. Again, these records are fairly il- 
lustrative of the results with the whole older 
group. As noted from table 2, the average re- 
flex latency was 279 milliseconds, a consider- 
ably higher value than that of 203 milliseconds 
encountered in younger people. The t test (25) 
showed that this difference is statistically sig- 
nificant (P = < .05). Reaction times, on the 
other hand, were proportionately far less pro- 
longed—averaging 189 milliseconds. It is also 
evident from the table that reflex latencies were 
not by any means correlated with clinical brisk- 
ness of the plantar responses. Furthermore, 
they were uninfluenced by intensity of stimula- 
tion. 

There were certain additional differences be- 
tween the records of this older group and those 

TABLE 2. PLANTAR FLEXOR REFLEXES 

2. Older Persons 

Age in Clinical Latency Latency 

No. Years Grade Reflex (Msec.) | Vol. Flexion (Msec.) 

1. 81 Ill 310 144 

2 85 II 288 232 

3. 75 lll 220 152 

4. 83 Ill 288 240 
5. 76 II 274 208 

6. 77 II 245 176 

z. 73 Ill 256 144 
8. 61 I 272 208 

9. 75 II 304 176 
10 73 Ill 256 128 
11 80 Il 272 ee 
12 81 Ill 288 256 
13. 73 II 336 224 

14 63 I 288 208 
15. 65 I 288 160 

Average 75 vive 279 | 189 

om 27.17 nies 

\ | 

Fig. 3. Action potentials from small foot muscles. 
Elderly person of 73 years. Time intervals—l6 milli- 
seconds. 

Record 1—plantar flexor reflex with latency of 336 
milliseconds. 

Record 2—voluntary plantar flexion in response to 
touch—latency 208 milliseconds, followed by reflex 
discharge. 

Fig. 4. Action potentials from small foot muscles. A 
different person also of 73 years. Time intervals—l6 
milliseconds. 

Record 1—plantar flexor reflex with latency of 256 
milliseconds. 

Record 2—plantar flexor refiex preceded by voluntary 
response (see text). 

Record 3—voluntary plantar flexion in response to 
touch—latency 144 milliseconds, followed by reflex 
discharge. 
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of the young adults. It was unusual, for ex- 
ample, to obtain a purely reflex response to 
plantar stimulation similar to that illustrated 
in record | of figure 3. More commonly, as in 
record 2 of figure 4, the reflexly-evoked action 
potentials were preceded by an earlier separate 
outburst clearly identifiable, when compared 
with voluntary plantar flexion (record 3), as 
due to the same voluntary mechanism. Sec- 
ondly, and possibly due to selection of this 
older group on the basis of generally brisk 
plantar reflex responses, the action potentials 
of voluntary plantar flexion were often followed 
by a second outburst (fig. 3, record 2; fig. 4, 
record 3) coinciding in time with the reflexly- 
evoked discharge. This identification was 
strengthened by the fact that this second dis- 
charge was especially prominent in those per- 
sons with clinically the most brisk plantar 
reflexes. 

c) Boys.—This group of 4 active 7-year-old 
boys was studied similarly in order to provide 
comparative information about an age group 
within the growth period. The results are 
listed in table 3. As anticipated (16, 17), the 
reaction times were all long, averaging 262 mil- 
liseconds. The latencies of the reflex responses 
were also proportionately increased, averaging 
284 milliseconds. 

Il. A FURTHER NOTE ON SUPERFICIAL 
ABDOMINAL REFLEXES 

MATERIAL AND METHODS 

It has already been indicated (28) that la- 
tencies of superficial abdominal reflexes are 
greater in normal elderly people than in young 
adults. In that study, however, this was purely 
a casual observation and no real effort was 
made to assess the effect of aging in any sys- 
tematic fashion. Accordingly, during the pres- 
ent investigations, superficial abdominal re- 
flexes were also examined by the same electro- 
myographic methods (28). It is well known 
clinically that these reflexes are much more 
commonly depressed or absent in older persons 
than are plantar flexor responses. It was, there- 

fore, not surprising to find that abdominal re- 
flexes could not be elicited, or were too sluggish 
to record, in all but 6 of the 15 older persons 
used for the plantar flexor study. An additional 
5 elderly people were, therefore, selected on the 
basis of having brisk superficial abdominal re- 
flexes. : 

EFFECT OF AGING ON REFLEXES IN MAN 

Tasie 3. PLANTAR FLEXOR REFLEXES 

3. Boys 

Age in Clinical Latency Latency 

No. Years Grade Reflex (Msec.) | Vol. Flexion (Msec.) 

i. 7 Il 288 304 

2. 7 II 288 256 

3. 7 Ill 304 208 

4. 7 II 256 282 

Average at ee Gee | 262 
| 

TABLE 4. SuPpeERFICIAL ABDOMINAL REFLEXES 

IN OLDER PERSONS. 

No. | Age in Years Shortest Latency (Msec.) 

OEE RO eee a 83 | 112 
EER | 63 | 128 
“SPREE NSE scape 81 192 
"RET SIE SEARO eb 73 | 128 
COREE RR Pee | 78 | 112 

SCG at sO! | 65 240 
Bi vtinekuwcececabens Soeess ; 61 224 

RE ERE Petree ere | 7 144 

iia caudaeskies wawcwwes | 65 144 

Dic oircerttuouinee <eblcenes eae 80 112 

Di gidssoccdesencreonsuene 73 224 

NE pak acca sedis andi 72 160 

DF Wes dbvcchaswseuetseues | 15.10 

RESULTS 

In keeping with previous observations (28), 

it was found that superficial abdominal reflexes 
in these older persons, compared with those in 

young adults, appeared after very long latent 
periods. In this respect these reflexes in the 
elderly had much in common with those en- 

countered in patients with cerebral damage 
(28). This is shown in table 4 wherein short- 

est latencies have been listed for each. of the 
older subjects. It is quite apparent that the 
average of these values is far beyond that ob- 
tained in normal young adults (28) by a 
matter of 100 or more milliseconds. The aver- 
age shortest latency for the older group was, in 

fact, 160 milliseconds: that for young adults, 50 

milliseconds. The t test showed that the signifi- 
cance of this difference is high (P = < .001). 

In no instance were latencies greater than 100 
milliseconds encountered in young adults with 

symmetrical abdominal reflexes; in none of the 
elderly group were values less than 112 milli- 

seconds found. 
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GENERAL DISCUSSION 

Normal plantar flexion of toes in response to 
stimulation of the sole of the foot has interested 
clinicians since it was first described by Wer- 
nicke in 1881 (33). All have agreed that the 
phenomenon is reflex in nature. Some (10, 12, 
18) have considered that it has a cerebral path- 
way. Perhaps most observers since Gowers (9) 
have believed that its basic organization, al- 
though complicated, is entirely spinal (14). 
There are good clinical grounds for adopting 
this second view since the response, although 
usually replaced by a pathological Babinski 
sign, is sometimes retained in patients with ex- 
tensive lesions at brainstem or hemispheral 
level. This thesis gains support from the experi- 
ments of Pedersen (23) in cats wherein he 
found that latencies and thresholds of flexion 
reflexes were identical both in the unanesthet- 
ized state and after high spinal cord transection. 
Evidence for a completely spinal neural organi- 
zation subserving superficial abdominal reflexes 
is even stronger. Recent studies (28) have in 
fact shown that latencies involved in abdominal 
reflexes are far too short to permit other than a 
basic spinal pathway. It is common clinical 
observation, however, that both these reflex 
responses are strongly influenced by activity at 
higher levels of the central nervous system. 
Indeed, superficial abdominal reflexes are usu- 
ally depressed in patients with rostral lesions 
of the central nervous system and it has already 
been demonstrated (28) that damage to de- 
scending motor pathways even at hemispheral 
level is also accompanied by marked prolonga- 
tion of reflex latency. 

In the present studies both types of reflex 
have been elicited by the usual method em- 
ployed clinically, namely by scratching the skin 
of the appropriate reflexogenous zone. This 
method of necessity involves asynchronous af- 
ferent volleys with temporal dispersion, thus 
causing some delay prior to detectable reflex 
discharge of motoneurons. The magnitude of 
this delay is not known but undoubtedly the 
factor contributed, in the case of all plantar 
reflex responses, to latencies somewhat greater 
than those obtained in man by Pedersen (23), 

who stimulated nerve trunks electrically. It 
might be considered that the much longer la- 
tent periods found in older persons could be 
attributable to further prolongation of this pe- 
ripheral delay due to senescent changes in skin, 
subcutaneous tissues, or even distal nerve end- 

ings. There are several reasons for believing 
that such was not the case. In the first place, 
threshold and briskness of reflex response, in 
older individuals as well as in young adults, 
could not be correlated in any way with la- 
tency. Moreover, increased stimulus intensity 
by more vigorous scratching did not decrease 
the latent periods. Finally, in contrast to the 
enormous prolongation of reflex latencies, vol- 
untary responses to tactile stimuli in the same 
skin areas were almost as prompt in older per- 
sons as in young adults. It seems clear, there- 
fore, that greatly increased latency to reflex 
discharge in the older group was due, not to 
peripheral changes, but to some alteration 
within the central nervous system. 

Basic mechanisms underlying this profound 
slowing in the elderly of relatively primitive 
reflex patterns are far from clear. Histological 
evidence of changes due solely to aging in the 
spinal cord itself is certainly meager and equiv- 
ocal (1). Moreover, spinal myotatic arcs as 
judged by tendon jerks were intact in all in- 
dividuals included in the present investigation. 
It is true that Wayner and Emmers (30) have 
shown that spinal synaptic delays in simple 
monosynaptic arcs are increased in aged ani- 
mals. They wisely, however, inferred that such 
delays are due, not to inherent local changes, 
but more probably to decreased excitatory in- 
fluences from higher levels of the central ner- 
vous system. This interpretation seems par- 
ticularly pertinent to the present studies. It 
has already been shown for abdominal reflexes 
(28) that relatively minimal cerebral lesions 
are accompanied by prolonged reflex latency on 
the affected sides. It is therefore tempting to 
consider a common central explanation for the 
long latencies of plantar flexor responses, as 
well as superficial abdominal reflexes, in the 
elderly. Such a thesis would suggest that, in 
these persons, spinal reflex activity of this type 
is slowed, not from any alteration in basic re- 
flex arcs, but because certain excitatory volleys, 
descending from higher centers, are diminished. 
To some degree, this postulate is strengthened 
by finding equally prolonged reflex latencies in 
7-year-old boys. At that age there is no good 
evidence of immaturity at spinal level. There 

is, however, ample indication of incomplete 
maturation at cerebral levels as judged physio- 
logically (13) and chemically (7), as well as in 

terms of reaction time (16, 17) and electroen- 

cephalographic pattern (11, 15). It is apparent, 
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nevertheless, that the older persons could vol- 
untarily initiate spinal motor activity in re- 
sponse to sensory stimulation almost as rapidly 
as young adults, whereas this was not true with 
the 7-year-old boys. This divergence would 
thus prompt the inference that, in the aged, 
deficiency in central excitatory processes is 
more apparent in effector systems governing 
reflex activity than in those related primarily 
to simple voluntary motor performance. 

Regardless of mechanisms involved, however, 
there may be some practical value in the mere 
comparative data presented here. As noted 
above, physiological indices of alteration in mo- 
tor performance accompanying the aging pro- 
cess have been slight and in many instances 
equivocal. In contrast, psychomotor tests have 
revealed ample evidence of slowing under a va- 
riety of conditions. All such studies, however, 
have been plagued by the presence of actual or 
potential variables, such as awareness, interest, 

motivation, and reason for choice. These vari- 

ables have not so far been shown to affect 
latencies of the spinal reflexes described in this 
paper. Yet the prolonged latent periods in 
elderly persons have been striking—delays of 
such magnitude that they might well be of 
considerable importance in over-all motor per- 
formance. If, indeed, it is true that slowing in 
these segmental reflexes correctly reflects de- 
creased excitatory output from higher centers, 
studies such as these might well become pro- 
ductive gerontological investigative methods. 
There are, no doubt. other analogous reflex re- 
sponses, likewise influenced from higher levels, 
which could also be used for similar study. 

SUMMARY 

Cutaneous reflex responses, namely normal 
plantar flexor responses and superficial ab- 
dominal reflexes, were studied in young adults 
and elderly persons. Latencies were greatly in- 
creased in the older group. 

It is suggested that these reflex delays in aged 
persons are due, not to alterations in basic re- 
flex mechanisms themselves. but to decreased 
excitatory influences on them from higher 
levels. 
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AGE DIFFERENCES IN RETENTION OF LEARNING 

R. E. WIMER, M.Sc., AND B. T. WIGDOR, Ph.D. 

(McGill University, Montreal) 

A number of studies have seemed to indicate 
the existence of a decline in retention with age. 
The present writers believe that this conclusion 
is suspect. With two exceptions, these previous 
studies have been as much studies of learning 
as of retention. The identification of learning 
with retention, as phenomena involving essen- 
tially the same underlying processes, has be- 
come increasingly less justifiable in recent years 
(10). The poorer learner may not necessarily 
be poorer at retaining what he does acquire. 
Among studies which have been taken to 

demonstrate a decline in memory with age are 
those of Jones (4), Kubo (6), Wechsler (11), 
and Willoughby (12). In each case, degree of 
original learning was not controlled. For ex- 
ample, Jones (4) presented three movies to per- 
sons ranging in age from 11 to 55. Testing with 
a 48-item multiple-choice and completion test 
at the end of each movie, he found that recall 
for details of the movies increased up to the age 
of 22 and decreased thereafter. Does this mean 
that older persons are poorer learners, have 
poorer memories, or both? The study does not 
tell us. The same difficulty of intepretation is 
found in the other studies referred to. 

There are two published studies which do 
deal with retention and age with a known level 
of original learning. Gilbert (2) presents data 
on immediate and delayed retention tests for 
reading a paragraph and for three repetitions 
of a paired-associate list. She found a signifi- 
cant difference between young and old for im- 
mediate and delayed retention for both tasks. 
When the immediate retention tests are taken 
as measures of the level of original learning, it 
might be expected that the young-old differ- 
ences would be greater on the delayed than on 
the immediate test if there were a difference 
between young and old in retention. It appears 
from her data that this does not happen. 

Submitted for publication December 19, 1957. 
This study was supported by a research grant from the Canadian 

Department of Veterans Affairs, Project 14-56. “ 

In the second study Kay (5) tested ten sub- 
jects in each 10-year age level from 20 to 70. 
He found that for a serial learning task the re- 
call scores decreased steadily with age. His 
subjects learned two different tasks to a crite- 
rion of two consecutive errorless runs. Next he 
had each subject relearn the first task and then 
the second. The amount of time required for 
the original learning of the two tasks increased 
steadily from 1.9 minutes at age 20-29 to 7.4 
minutes at age 60-69. Thus, the time inter- 
val between original learning and relearning 
increased regularly with age. While it is not 
known definitely that time per se makes a dif- 
ference in retention, this uncontrolled variable 
makes Kay’s findings less conclusive than they 
would be otherwise. Given Kay’s findings, an- 
other point arises. Kay did not use a control 
group which had no second task to learn. Are 
the results he obtained to be attributed to 
poorer retention in general or to greater sus- 
ceptibility to the disturbing influence of learn- 
ing a second task? 

Cameron’s study (1) might be taken to sup- 
port the latter interpretation. He tested the 
retention of twelve older persons diagnosed as 
senile and believed to have memory defects, 
and compared their retention with an unspec- 
ified number of young normal persons. His 
method consisted in reading a three-digit num- 
ber to each person three times. There followed 
a one-minute period in which experimental 
subjects performed a backward spelling task 
while the control subjects rested. Then all per- 
sons were tested for recall of the three-digit 
number. Cameron found no difference in recall 
between the young and the old subjects who 
rested during the delay interval, but, among 
those who performed the backward spelling 
task, the old were markedly inferior to the 
young. The results are difficult to interpret, 
however, because of a probable difference in 
degree of original learning. It is likely that the 
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younger subjects overlearned the number more 
than did the older subjects. The apparent dif- 
ference between young and old in susceptibility 
to interference may be merely a reflection of 
the fact that an overlearned task is less subject 
to interference. 

As matters stand, then, the literature reports 
two studies which pertain to the differential 
effects of age on retention with the level of 
original learning known.' Kay’s study (5), in 
which the time interval between original learn- 
ing and relearning is not held constant for old 
and young, indicates that there may be severe 
losses in retention with increasing age, which 
might, however, be ascribed primarily to the 
interference produced by other learning. Gil- 
bert’s study (2) has been taken to indicate that 
memory declines with age, but this conclusion 
is believed to be suspect. 
The present study provides data which may 

clarify the findings of the previous studies of 
Kay and Gilbert. It was designed to determine 
the possible existence of memory loss with age 
over a constant time interval when degree of 
learning is held nearly equal for young and 
old. Retention differences were studied both 
with and without an interpolated interfering 
activity. 

METHOD 

The subjects were 16 males over 65 (mean 
age, 72.6 years) and 24 males between the ages 
of 18 and 27 (mean age, 21.4 years). The 
older subjects were patients at a veterans’ hosp- 
ital or residents in a veterans’ custodial home. 
The young subjects were servicemen on active 
duty who were patients in the same veterans’ 
hospital. All subjects were in sufficiently good 
health to be considered either ready for dis- 
charge or ambulatory. Persons with any his- 
tory of involvement of the nervous system were 
excluded, as were alcoholics and diabetics. All 
subjects volunteered for the experiment. 

The learning tasks were two paired-associate 
lists of four pairs each, each list having identical 
stimulus words but differing with respect to the 
response words (see Table 1). The pairs were 
selected as follows: Each word considered for 
inclusion in the lists was one of the stimulus 
words in the Kent-Rosanoff Free Association 
Test (8). The frequency with which any word 
in the test was given as a free associate to any 
other word was tabulated, and a list was com- 

1 Since completing this research, the authors have been informed of 
the existence of two studies by Gladis and Braun (3) and Rocklyn 
and Braun (7) which are similar to the present study. 
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TasLe 1. Parmrep AssociaTEs Lists OF Worps UsED FOR 

RETENTION TEST 

First List Second List 

| RRSP aay Sleep | ee sctbassieeiete Table 

Window .... .... Head Window ................. Music 

Carpet ....... Afraid Carpet ................... Health 

BN erpiccececsscecctnnere Wish I crc satataenss Hard 

piled of words which were rarely given as as- 
sociates to each other. Words not among the 
1,000 most frequently used in the English lan- 
guage, as determined by Thorndike and Lorge 
(9), were then eliminated. Of the final group 
of twelve words selected, only one word was 
given even once as an association to any other 
word. The actual pairing was made by three 
judges who were instructed to minimize further 
the relatedness of the two members of any pair. 

The lists were presented orally by the experi- 
menter until the criteria of one perfect repeti- 
tion of the first list and two consecutive perfect 
repetitions of the second were reached. All 
testing was done individually. The stimulus 
word was spoken, and, if the correct response 
was not made by the subject within one second, 
the experimenter supplied the correct word. In- 
correct responses were immediatgly corrected. 
A two-second delay between each response 
word and the following stimulus word was used. 
There was no additional delay between trials, 
the stimulus word for the next trial being given 
two seconds after the last response of the previ- 
ous trial. The actual order of presentation of 
the pairs was varied from trial to trial to pre- 
vent serial learning of the response members. 

After learning of the first list to criterion, 
there followed a fifteen-minute interval during 
which young and old were divided into two 
treatment groups, A and B. Members of Group 
A were encouraged to reproduce Bender-Gestalt 
drawings and to talk about themselves. These 
tasks were intended to distract the subjects in 
order to prevent covert rehearsal of the first list. 
Members of Group B learned the second list to 
the criterion of two consecutive errorless trials. 
If any member of Group B completed the sec- 
ond learning task before the end of the fifteen- 
minute interval, he was also encouraged to talk 
about himself. No hint was given that the test 
was not over. At the end of the fifteen-minute 
interval, Groups A and B were both asked to 
relearn the first list. The number of correct 
responses on the first relearning trial was taken 
as the recall score. 
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A caution in evaluating the learning data as 
such is necessary at this point. Not all subjects 
tested are included in this study. The nature 
of the experiment required that the subject be 
able to learn the material before he could be 
tested for retention. Persons who failed to learn 
the first list within fifty trials and the second 
list within fifty trials or fifteen minutes were 
arbitrarily designated as nonlearners and elimi- 
nated. Of the thirty older males actually tested, 
twelve were excluded as nonlearners. Persons 
whose original learning scores could not be 
closely matched with a contemporary in the 
other experimental treatment group were also 
excluded. This resulted in the elimination of 
two older males. In addition, six older males 
refused to complete testing once they had be- 
gun, while an unknown number of males re- 
fused to volunteer for the experiment when 
solicited. 

RESULTS 

The original learning scores, recall scores, 
and relearning scores are presented in Table 2. 
When the recall scores of members of Group A 
(the group with no interpolated learning task) 
were paired with those of members of Group B 
of the same age group and with approximately 
equal original learning scores, there was only 
one tie in twenty pairs. In every other instance, 
the recall scores of Group B (the group with 
interpolated learning) are below those of Group 
A. Using the sign test, a difference is obtained 
which is significant beyond the .01 level. Dif- 
ferences associated with age were not significant 
in either group. The Mann-Whitney test for 
differences between young and old members 
of treatment Group A provides a standard score 
(z) of 0.08, which is not significant. The same 
test for differences between young and old 
members of treatment Group B provides z = 
1.08, which again is not significant. 

Table 3 presents the covariance analysis 

TaBLE 2. AVERAGE SCORES FOR THE Four EXPERIMENTAL 

Groups ON ORIGINAL LEARNING, RECALL, AND RELEARN- 
ING MEASURES 

Original Learning Recall Relearning 

(Trials to (Mean Number (Trials to 

Age Group Criterion) of Words) Criterion) 

Group A|Group B/Group A/Group B|Group A/Group B 

Old subjects. ....| 15.37 14.50 2.87 0.87 3.25 6.87 

Young subjects...} 7.67 7.83 3.00 0.42 2.41 3.66 
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TaBLe 3. CovartANcE ANALYsIS: TEST FOR DIFFERENCES 

IN RELEARNING WITH ADJUSTMENT FOR ORIGINAL LEARN- 

ING DIFFERENCES 

Source Total Within | Between PF 

Mean squares for 

| 55.68 46.45 166.38 3.58. p < .05 

iti nidcksedenveateses 39 36 3 

Adjusted mean squares 

for relearning........ 5.55 3.70 27.18 7.35. p < .001 

Die ccserusapauedacar 38 35 3 

SIR sscs sco enes 34 -25 -57 

df for correlation....... 38 35 2 

NI ee Se ce pene ll 07 26 

Test of hypothesis: 

PMR Sa sisdineeiatess 87. ns. 

based on the relearning data (Table 2). The 
covariance method of analysis of variance was 
used in an attempt to compensate for the differ- 
ences in relearning scores between young and 
old which might be attributed to intrinsic group 
differences in learning ability. The correlation 
between learning and relearning scores was 
+ 0.25. A test of the hypothesis that the re- 
gression equations differ significantly from zero 
produces an F ratio of 0.87, which is not sig- 
nificant. The covariance analysis was neverthe- 
less retained because it reduces the error vari- 
ance somewhat and permits some adjustment of 
the means. As may be seen from Table 3, a 
significant difference exists among the mean 
number of trials for both learning and relearn- 
ing. 

TasB_e 4. Tests oF SIGNIFICANCE (t Tests) BAsED UPON 
ADJUSTED MEANS AND VARIANCES FOR RELEARNING 

Age and Treatment Group Unadjusted Mean Adjusted Mean 

Old subjects: 

SS Seca csundacamen 3.25 2.91 

EE ee aciice ceases 6.87 6.60 

Young Subjects: 

LS Sree 2.41 2.62 

NER tek enatnnaien 3.66 3.86 

Group A (20 subjects): 

29 

pe ee t = —— = .32 . Not significant 

-90 

Group B (20 subjects): 

2.74 

CL | ne t = — = 3.15. p < .O1 

.87 



294 

When the appropriate t tests, using adjusted 
means and adjusted standard errors of the 
means, are made (Table 4), comparisons of 
young and old members of Group A and of 
young and old members of Group B produces 
t’s of 0.32 and 3.15, respectively. Only the t 
for differences between young and old members 
of Group B (the group with interpolated learn- 
ing) is significant. 

Superficially, it would appear that the older 
person is more subject to interference produced 
by other learning. However, only a small ad- 
justment of the relearning scores to allow for 
original differences in learning ability was pos- 
sible because of the low correlation between 
learning and relearning. The significant differ- 
ence between the means of young and old ex- 
perimental subjects for relearning, then, might 
still be explicable in terms of the group differ- 
ences in learning ability. Examination of Table 
4 reveals that the source of the significant F 
ratio for the covariance analysis for relearning 
is primarily the large number of trials required 
by the old members of Group B to relearn the 
original list to criterion. Most of the young and 
old members of Group A were near criterion 
when relearning began, as indicated by their 
recall scores (Table 2). Hence, even if the 
group relearning means were not altered sub- 
stantially by the covariance adjustment for dif- 
ferences in original learning ability, one would 
scarcely expect the differences to be significant. 
The relearning scores of members of Group B 
are another matter. Zero and one were by far 
the most frequent recall scores for both young 
and old members of this group. Thus, the 
amount of relearning for the members of Group 
B was considerably greater than that required 
for members of Group A. It is between the 
young and the old members of Group B, then, 
that oie would expect a significant difference 
between relearning means, even after the co- 
variance adiustment is made. 

This explanation of the obtained differences 
is further supported if one examines the un- 
adjusted means for number of trials to criterion 
for original learning and relearning for the 
young and old members of Group B. The mean 
number of trials for the old members of Group 
B for original learning and relearning of the 
first list are 14.50 and 6.87, respectively. For 
the young members, they are 7.83 and 3.66. If 
the means for the old are divided by the cor- 
responding means for the young, two nearly 

WIMER AND WIGDOR 

identical quotients are obtained: 1.85 and 1.88. 
It therefore seems unlikely that there is a dif- 
ference between young and old subjects in 
susceptibility to the interference produced by 
the learning of the second list. 

DISCUSSION 

The results of this experiment indicate that, 
when young and old learn a paired-associate 
list to the same criterion and then engage 
in some comparatively noninterfering activity, 
there is no difference in retention over a fifteen- 
minute interval. This conclusion is well sup- 
ported by both recall and relearning measures. 
The evidence is less clear cut concerning the 
effect of interpolated learning, but it seems un- 
likely that the age groups were affected differ- 
entially. 

Assuming for the moment that the conclu- 
sions drawn from this study are valid, an inter- 
esting question arises: If the older person does 
not differ markedly from the younger person in 
ability to retain what he learns, why is he a 
substantially poorer learner? (It will be recalled 
that in this study the older subjects took nearly 
twice as many trials to learn as did the younger 
subjects.) It seems logically plausible, as psy- 
chologists have long believed, that retention is 
one of the primary factors underlying perform- 
ance in the acquisition of material which is 
gradually mastered during a number of repeti- 
tions. Over successive repetitions the subject 
increases the strength of associations retained 
from previous trials. At each new trial the 
strengths of the associations are increased from 
the level to which they have declined since the 
last repetition. Thus, one would expect persons 
who retain better to be faster learners, since 
the amount of decline in associative strength 
between trials should be less for them. And 
conversely, one might expect that persons who 
are faster learners would in general be people 
who retain better. Underwood (10) has re- 
cently questioned, on methodological grounds, 
previous experimental findings that indicated 
that faster learners do in fact retain better than 
slower learners. The conclusions of the present 
study are consistent with his observations. It 
may be possible for groups to differ radically 
in rate of acquisition and not to differ markedly 
in retention. ’ 

It would seem that retention for the old is 
likely to be just as good as for the young at 
least up to fifteen minutes after learning, once 
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they have learned. The primary deficit in old 
age seems to be in learning ability, not reten- 
tion. The older man complains of forgetting 
addresses and telephone numbers, of misplacing 
objects. But has he originally learned these 
things as well as the young man? Has he prac- 
ticed them the additional number of times re- 
quired by his loss in learning ability? 

SUMMARY 

Age differences in the retention of a paired- 
associate list with and without an interpolated 
learning task were studied. Forty subjects, six- 
teen old and twenty-four young, were used. 
Each age group was divided into two treatment 
groups. Members of Group A learned the origi- 
nal list and then rested for fifteen minutes. 
Members of Group B, immediately after learn- 
ing the original list, learned a second list in- 
volving response substitution. Members of both 
groups were tested for retention of the first list 
at the end of a fifteen-minute interval. 

Results of the study indicated no difference 
in the retention of the young and old members 
of Group A (the group without interpolated 
learning), as measured by recall and relearning, 
when both groups had learned a paired-associ- 
ate list to the same criterion of one perfect 
repetition. The results concerning Group B are 
less conclusive, but the age groups do not seem 
to have been affected differentially by the inter- 
polated learning. 
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INTRASTATE MIGRATION OF THE PRE-AGED AND THE AGED 

IN TEXAS, 1935—1940 

FRANCES GILLESPIE SCOTT 
(University of Michigan, Ann Arbor) 

The rapid increase in the proportion of aged 
persons in the United States is a demographic 
fact of widely recognized significance and one 
of more than academic interest. The voluntary 
migration of this segment of the population is, 
therefore, likely to be of increasing importance, 
particularly to the residents, the economic sys- 
tems, and the governmental agencies in the 
areas on the receiving end of the migration 
streams. However, few studies have dealt with 
the migration of the aged, and the findings of 
these few have been inconclusive. Hitt suggests 
that one factor in this paucity of studies of 
migration of the aged “has been the widespread 
and undiscriminating acceptance among schol- 
ars of the pattern of age selectivity in migration, 
which tended to concentrate the attention of 
the investigator upon the more migratory youth, 
to the neglect of research-worthy analyses with 
reference to the aged” (2, p. 195). 

Students of migration are seemingly agreed 
that the aged migrate less frequently than do 
younger people (2, 4, 6, 9). The growing pro- 
portion of the aged in the population, however, 
and the social changes concomitant with an 
urban, industrial society make it probable that 
the future will witness not only an increase in 
actual numbers and proportions of migrating 
oldsters but also highly significant social and 
economic consequences of such movement (2). 

The present study was undertaken to analyze 
the intrastate migration of persons 55-64 years 
of age (the pre-aged) and those aged 65 and 
over (the aged) within the state of Texas be- 
tween 1935 and 1940. The problems associated 
with an aging population are almost certain to 
grow in importance in the state of Texas. Be- 
tween 1940 and 1950, only the District of Co- 
lumbia and five states gained old people faster 
than did Texas; these states were Florida, Loui- 
siana, New Mexico, Nevada, and California 
(9). The percentage increase of persons aged 
60 and over in Texas from 1940 to 1950 was 

Submitted for publication January 15, 1958. 
This study is part of a comprehensive study of intrastate migration 

in Texas, presently in progress under the direction of Professor Carl 
M. Rosenquist, The University of Texas. 
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43.7, compared with 20.2 for the total popula- 
tion (7). While no data are yet available for a 
study of the intrastate or interstate migration of 
the aged during this period comparable to the 
data under consideration here for the years 
1935-1940, it is felt that any discernible trends 
in the movement of older people within the 
state of Texas not only will be of importance 
for this state but may indicate analogous trends 
in other states and, indeed, in the whole of the 
United States. 

The state of Texas was divided into eleven 
nonmetropolitan subregions and six metropol- 
itan subregions for the special tabulation of 
1935-1940 migration data. The locations of 
these subregions are given in Figure 1. The 
names of the nonmetropolitan subregions are 
listed in Table 5. In addition to farming and 
ranching, occupations connected with oil and 
other mineral deposits are found in most of the 
nonmetropolitan subregions of Texas. The most 
promising oil fields are in Nonmetropolitan 
Subregions 2, 7, and 9. 

The metropolitan subregions of Texas are 
designated as the counties containing the largest 
Texas cities (see Figure 1). The “central city” 
is the urban area comprising the incorporated 
limits of the city; the names of the cities are 
shown below after the county name in paren- 
theses. The “metropolitan ring” is the re- 
mainder of the county when the central city is 
omitted from consideration. The metropolitan 
subregions are: Metropolitan Subregion A (El 
Paso County, El Paso); Metropolitan Subregion 
B (Tarrant County, Fort Worth); Metropolitan 
Subregion C (Dallas County, Dallas); Metro- 
politan Subregion D (Bexar County, San An- 
tonio); Metropolitan Subregion E ( Harris 
County, Houston); and Metropolitan Subregion 
F (Jefferson County, Beaumont—Port Arthur). 

Rates of migration used in the present study 
were computed in the following manner: 

Rate of Number of persons of a given age in a 
Intrastate subregion (1940) who lived elsewhere in 
migration = Texas in 1935 x 1,000 

to a Number of residents of the same age in 
subregion the same subregion (1940) 
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INTRASTATE MIGRATION IN TEXAS 

Fig. 1. 

The persons comprising the numerator of this 
formula are hereinafter called “migrants.” The 
rate of migration to a metropolitan subregion is 
exactly equal to the rate to the central city of 
that subregion plus the rate to the metropolitan 
ring of that subregion. The number of residents 
in each subregion was computed from published 
tabulations in the Sixteenth Census (8). The 
number of migrants in the subregions was cal- 
culated from raw data made available to Pro- 
fessor Carl M. Rosenquist by the U.S. Bureau 
of the Census; these data have not been pub- 
lished by the Bureau.’ 

MIGRATION OF PRE-AGED MALES 

We shall consider first the intrastate move- 
ments of males aged 55-64 years (the pre- 
aged), whose place of residence on April 1, 
1940, was different from their location on April 
1, 1935. 

1 Because of space limitations, the tables presented here are quite 
at d. Comprehensive tables, giving the actual numbers of resi- 
dents and migrants in each subregion upon which the rates were 
calculated, as well as the rates of migration to each subregion, are 
available from the author upon request. The published summary 
tables show the average rates of migration from each general type of 
subregion (i.e., nonmetropolitan and metropolitan, and the central 
cities and metropolitan rings) for each age-sex group separately, by 
the type of subregion to which the migrants went. 

The metropolitan and nonmetropolitan subregions of Texas. 

Nonmetropolitan Subregions 

Movement between the nonmetropolitan sub- 
regions—from one to another nonmetropolitan 
subregion—took place at a higher rate than any 
other kind of intrastate movement. The first 
row of Table 1, Column 4, shows the average 
rate for all nonmetropolitan subregions. Non- 
metropolitan Subregion 2 with a rate of 177.5 
per thousand, received pre-aged male migrants 
at the highest rate of any nonmetropolitan sub- 
region. Nonmetropolitan Subregion 5, with a 
rate of 63.1, received them at the lowest rate. 

Even the lowest rates of movement between 
nonmetropolitan subregions were moderately 
high compared with some other types of move- 
ment for this age-sex category. Rates of migra- 
tion from metropolitan subregions to nonmetro- 
politan subregions were much lower than those 
between nonmetropolitan subregions. Table 1, 
Row 1, Column 5, gives this average rate. Pre- 
aged males moved from all metropolitan sub- 
regions to Nonmetropolitan Subregion 9 at a 
rate of 34.5 per thousand, the highest rate for 
this type of movement, and to Nonmetropolitan 
Subregion 1 at a rate of 5.3, the lowest rate. 
Over three-fourths of the movement from 
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NumBer OF Mate Resipents AGED 55-64 AND AvERAGE Rates OF MIGRATION OF MALE MicRANts AGED 
55-64 From ALL Types OF SUBREGIONS OF TExas (1935), ALL Races, By TYPE OF SUBREGION TO WHICH THEY 

Micratep (1940) 

Average Rate of Migration (per Thousand of Male Residents Aged 55-64) 

From Metropolitan Subregions 

Total Number of From 

Type of Subregion Residents in All Nonmetropolitan From From 

Receiving Migration Subregions Total Subregions Total Central Cities Metropolitan Rings 

(1) (2) (3) (4) (5) (6) (7) 

Nonmetropolitan ...... 160,574 101.7 87.6 14.1 10.7 3.4 

Metropolitan......... 56, 232 96.0 51.9 44.1 38.3 5.8 

Central cities.......... 41,839 64.3 44.1 20.2 13.7 6.5 

Metropolitan rings..... . 14,393 188.3 74.7 113.6 110.1 3.5 

metropolitan to nonmetropolitan subregions 
was manifested by migrants from central cities 
(Table 1, Col. 6); the rates from the metro- 
politan rings to nonmetropolitan subregions 
were very low (Table 1, Col. 7), and the num- 
bers of migrants involved usually were well be- 
low 100. 

Metropolitan Subregions 

Pre-aged male migrants from nonmetropolitan 
to metropolitan subregions found Harris County 
and Tarrant County most attractive; they 
moved into these counties at rates of 63.0 and 
62.0, respectively. The second row of Table 1, 
Column 4, shows the average rate for this type 
of movement. Migrants from one metropolitan 
subregion to another tended to select as targets 
the same metropolitan subregions attractive 
to migrants from nonmetropolitan subregions 
(Table 1, Col. 5, gives the average rate). It 
will be noted that the rates of migration be- 
tween metropolitan subregions were very much 
lower than the rates between nonmetropolitan 
subregions. From two-thirds to nine-tenths of 
the pre-aged male migrants moving from one 
metropolitan subregion to another were from 
central cities (Table 1, Col. 6). 

Central Cities and Metropolitan Rings 

Pre-aged male migrants from nonmetropoli- 
tan subregions moved into central cities at rates 
roughly twice as high, in most cases, as mi- 
grants from metropolitan subregions (Table 1, 
Row 3, compare Col. 4 and Col. 5). Fort 
Worth was the most popular city with migrants 
from nonmetropolitan subregions, with a rate 
of 56.2. El Paso was least popular, with a rate 
of 17.0. Movement between central cities evi- 
denced somewhat different target cities, with 
pre-aged male migrants from other central 

cities preferring Houston (a rate of 18.0) but 
eschewing El Paso ( a rate of 9.9). Movement 
from rings to central cities was at quite low 
rates, with Fort Worth again being most pop- 
ular (a rate of 12.5). 

Pre-aged male migrants from all sources 
moved into the metropolitan rings at high rates. 
The average rate of migration from nonmetro- 
politan subregions to metropolitan rings is sec- 
ond only to the rate between nonmetropolitan 
subregions (Table 1, Row 4, Col. 4). The 
Houston ring received migrants from nonmetro- 
politan subregions at a rate of 106.0 (the high- 
est), and the El Paso ring at a rate of 35.0 (the 
lowest). The rates into the rings from metro- 
politan subregions were even higher (Table 1, 
Row 4, Col. 5). The Houston ring received 
such migrants at a rate of 155.8. The rates of 
migration between metropolitan rings were but 
small proportions of the rates from the metro- 
politan subregions (Table 1, Col. 7), with the 
largest numbers coming from central cities. 
Again, the actual numbers involved were very 
small. 

MIGRATION OF AGED MALES 

In general, aged males (those 65 years of age 
and over) migrated at rates slightly lower than 
those of pre-aged males, although their choices 
of target areas tended to follow much the same 
patterns. 

Nonmetropolitan Subregions 

Movement of aged males between nonmetro- 
politan subregions was comparatively high for 
aged Texas migrants (Table 2, Col. 4). Non- 
metropolitan Subregion 2 received aged male 
migrants from other nonmetropolitan subre- 

gions at the highest rate (143.9); Nonmetro- 
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Taste 2. NuMBER OF Mate ResIDENTs AGED 65 AND OvER AND AVERAGE Rates OF MIGRATION OF MALE MIGRANTS 

Acep 65 AND Over FROM ALL Types OF SUBREGIONS OF Texas (1935), ALL Races, By TyPE OF SUBREGION TO 

Wuicu TuHey Micratep (1940) 

Average Rate of Migration (per Thousand of Male Residents Aged 65 and Over) 

From Metropolitan Subregions 

Total Number of From 

Type of Subregion Residents in All Nonmetropolitan From From 

Receiving Migration Subregions Total Subregions Total Central Cities Metropolitan Rings 

(1) (2) (3) (4) (5) (6) (7) 

Nonmetropolitan ...... 136 ,543 79.8 68.5 11.3 8.1 3.2 

Metropolitan. ......... 39,830 91.7 51.4 40.3 33.2 7.1 

Central cities.......... 29 , 252 60.9 43.7 17.2 9.1 8.1 

Metropolitan rings. ..... 10,578 177.1 72.9 104.2 100.0 4.2 

politan Subregion 5, at the lowest (51.6). While 
these rates were high compared with other 
types of movement on the part of aged males, 
they were between 10 and 30 per thousand 
lower in each subregion than similar movement 
by pre-aged males. 

Aged males moved from metropolitan to 
nonmetropolitan subregions at much lower 
rates than between nonmetropolitan subregions 
(Table 2, Col. 5). As in the case of pre-aged 
males, few aged male migrants went from the 
metropolitan rings to nonmetropolitan sub- 
regions (Table 2, Col. 7); generally, seven- 
tenths of the migrants from metropolitan sub- 
regions were from the central cities themselves. 

Metropolitan Subregions 

Aged males moved from nonmetropolitan 
subregions to metropolitan subregions at a 
lower average rate than between nonmetro- 
politan subregions (Table 2, Col. 4). For the 
former type of movement, the rates for aged 
males tend to approximate or exceed those 
for the pre-aged males for most of the metro- 
politan subregions. Movement of aged males 
between metropolitan subregions took place at 
slightly lower rates (Table 2, Col. 5) than was 
found in the movement from nonmetropolitan 
to metropolitan subregions. These migrants pre- 
ferred Harris County (containing the city of 
Houston), which received them at a rate of 
52.9, and avoided Jefferson County (a rate of 
10.1). While the greatest proportion of the 
movement between metropolitan subregions 
was composed of aged migrants from the cen- 
tral cities, aged male migrants from the metro- 
politan rings in every case migrated to metro- 
politan subregions at rates slightly higher than 
did the pre-aged males (Table 2, Col. 7). © 

Central Cities and Metropolitan Rings 

The pattern established by pre-aged male 
migrants was, in general, observed in the move- 

ment of aged male migrants into central cities; 
that is, the rates were roughly twice as high 
for migrants from nonmetropolitan subregions 
to central cities as they were for migrants from 
metropolitan subregions to central cities (Table 
2, Col. 4 and Col. 5). 

Aged males moved at higher rates from all 
sources into the metropolitan rings than they 
did into any other metropolitan location (Table 
2, Row 4, Col. 4 and Col. 5). The rates into 
the rings from metropolitan subregions were 
higher than those from nonmetropolitan sub- 
regions. By far the greatest majority of these 
migrants were from the central cities of the 
metropolitan subregions which they left. Rates 
of migration from one metropolitan ring to an- 
other were low, and the numbers very small 
(Table 2, Col. 7). 

MIGRATION OF PRE-AGED FEMALES 

The migration of pre-aged females took place 
usually at slightly lower rates than did, that of 
pre-aged males, although the target areas of 
the migration stream for both sexes were in 
most instances the same. 

Nonmetropolitan Subregions 

Movement of pre-aged females between the 
nonmetropolitan subregions (from one to an- 
other nonmetropolitan subregion) was at a 
comparatively high rate for older persons in 
Texas (Table 3, Row 1, Col. 4). The average 
rate from metropolitan subregions to nonmetro- 
politan subregions was roughly one-fifth that 
between nonmetropolitan subregions (Table 3, 
Col. 5). As was the case with male migrants, 



300 

TaBLtE 3. NUMBER OF FEMALE RESIDENTS AGED 55-64 AND AVERAGE RATES OF MIGRATION OF FEMALE MIGRANTS 

SCOTT 

Acep 55-64 From ALL Types OF SUBREGIONS OF Texas (1935), Att Races, By TYPE OF SUBREGION TO WHICH 

THEY Micratep (1940) 

Average Rate of Migration (per Thousand of Female Residents Aged 55-64) 

From Metropolitan Subregions 

Total Number of From 

Type of Subregion Residents in All Nonmetropolitan From From 

Peceiving Migration Subregions Total Subregions Total Central Cities Metropolitan Rings 

(1) (2) (3) (4) (5) (6) (7) 

Nonmetropolitan ...... 147,614 87.5 74.2 13.3 10.2 3.1 

Metropolitan........... 56,616 86.0 53.7 32.3 25.9 6.4 

Central cities.......... 44,106 65.4 47.0 18.4 11.3 | 

Metropolitan rings. .... . 12,510 158.8 77.4 81.4 77.2 4.2 

there were few female migrants from the metro- 
politan rings to nonmetropolitan subregions 
(Table 3, Col. 7); the greatest proportion of the 
movement from the metropolitan subregions 
was from central cities (Table 3, Col. 6). 

Metropolitan Subregions 

Pre-aged females migrated from nonmetro- 
politan to metropolitan subregions at rates 
from about 15 to 30 per thousand higher than 
the rate at which they moved between the 
metropolitan subregions (Table 3, Row 2, Col. 
4 and Col. 5, gives the average rates for these 
types of movement). Further, the pre-aged fe- 
males moved from nonmetropolitan to metro- 
politan subregions at rates a little higher, in 
general, than the corresponding rates for 
pre-aged males. Intermetropolitan subregional 
movement was manifested principally by pre- 
aged females from central cities (Table 3, Col. 
6); migrants from the rings to metropolitan 
subregions were few (Table 3, Col. 7). 

Central Cities and Metropolitan Rings 

Migration rates of pre-aged females into cen- 
tral cities were, as in the case of the males, 
more than twice as high for migrants coming 
from nonmetropolitan subregions as for those 
from metropolitan subregions (Table 3, Row 3, 
Col. 4 and Col. 5). Four-fifths of the move- 
ment from metropolitan subregions into central 
cities was composed of pre-aged females moving 
from one central city to some other city (Table 
3, Col. 6). 

As with pre-aged male migrants, pre-aged 
female migrants moved into the metropolitan 
rings at relatively high rates, from both non- 
metropolitan and metropolitan subregions 
(Table 3, Row 4, Col. 4 and Col. 5). Although 
the rates at which pre-aged females moved into 

the rings from metropolitan subregions were 
well below those of the pre-aged males in most 
instances, this state of affairs was reversed when 
migrants from nonmetropolitan subregions to 
the rings were considered; pre-aged females 
moved at rates consistently as high as, or a little 
higher than, the pre-aged males (Table 3, Col. 
4). Migrants from the central cities composed 
the majority of the new ring-dwellers. Very 
few pre-aged females from other metropolitan 
rings moved (Table 3, Col. 7). 

MIGRATION OF AGED FEMALES 

Aged females tended to move at rates slightly 
below those of pre-aged females, and generally 
at rates below those of aged males. There are, 
however, a few exceptions to this general trend. 

Nonmetropolitan Subregions 

Migration of aged females between the non- 
metropolitan subregions was, as with pre-aged 
females, about five times as frequent as move- 
ment from metropolitan subregions to non- 
metropolitan subregions (Table 4, Row 1, Col. 
4 and Col. 5). The rates were generally about 
10-20 per thousand lower for the individual 
nonmetropolitan subregions than those of the 
pre-aged females. Well over half the aged wo- 
men moving from metropolitan subregions to 
nonmetropolitan subregions were from central 
cities (Table 4, Col. 6). The nonmetropolitan 
subregions received aged female migrants from 
metropolitan rings at extremely low rates (Ta- 
ble 4, Col. 7). 

Metropolitan Subregions 

As with the pre-aged females, aged females 
moved at higher rates from nonmetropolitan 
subregions into metropolitaz subregions than 
they moved between the metropolitan sub- 
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TaBLE 4. NuMBER OF FEMALE RESIDENTS AGED 65 AND OVER AND AVERAGE RATES OF MIGRATION OF FEMALE 
Micrants AGED 65 AND OvER FROM ALL TyPEs OF SUBREGIONS OF TExAS (1935), Att Races, By Type oF Sus- 

REGION TO WHICH THEY Micratep (1940) 

Average Rate of Migration (per Thousand of Female Residents Aged 65 and Over) 

From Metropolitan Subregions 

Total Number of From 

Type of Subregi Residents in All Nonmetropolitan From From 

Receiving Migration Subregions Total Subregions Total Central Cities Metropolitan Rings 

(1) (2) (3) (5) (6) (7) 

Nonmetropolitan ...... 125 ,669 71.5 59.3 12.2 9.9 2.3 

Metropolitan.......... 45,252 77.1 47.4 29.7 24.2 5.5 

Central cities.......... 35,784 59.2 42.6 16.6 10.5 6.1 

Metropolitan rings...... 9,468 144.7 65.4 79.3 76.0 3.3 

regions (Table 4, Row 2, Col. 4 and Col. 5). 
Most of the movement between metropolitan 
subregions was on the part of central-city- 
dwellers (Table 4, Col. 6), as was the case with 
pre-aged females and with males of both age 
groups. 

Central Cities and Metropolitan Rings 

Migration of aged females into central cities, 
both from nonmetropolitan and metropolitan 
subregions, tended to approximate that of aged 
males, although the rates were, in general, 
slightly lower than those of pre-aged males 
(Table 4, Row 3, Col. 4 and Col. 5, gives the 
average rates). The movement of aged females 
between central cities, in most cases, exceeded 
slightly that of aged males (Table 4, Col. 6). 
However, migration of aged females from 
metropolitan rings to central cities was low and 
inclined to be at a rate less than the comparable 
male rate (Table 4, Col. 7). 

As we might expect from observation of the 
other age-sex groups, migration of aged females 
from all sources into the metropolitan rings was 
relatively high (Table 4, Row 4, Col. 4 and Col. 
5). There was some tendency for aged females 
to move into specific rings at rates higher than 
aged males; for example, aged females from 
nonmetropolitan subregions moved to the El 
Paso ring at a rate of 37.9, compared with the 
aged male rate of 30.3. This tendency, how- 
ever, had no apparent consistent pattern. Mi- 
grants from central cities accounted for the 
majority of the movement from metropolitan 

subregions to the rings, the case of aged females 

following the general pattern observed in the 

other groups (Table 4, Col. 6). 

DISCUSSION OF THE INTRASTATE 
MIGRATION OF OLDER PEOPLE 

Older Texas migrants followed an age-sex 
pattern of intrastate migration which seems 
characteristic of migration generally: the 
younger (pre-aged, 55-64 years) of both sexes 
tended to move at a higher rate than did the 
older (aged 65 and over), and men moved 
slightly more than women in both age groups. 
Rates of migration from metropolitan sub- 
regions to nonmetropolitan subregions were 
much lower than those between the nonmetro- 
politan subregions. This was true of both sexes 
and all age groups. Migrants of both sexes and 
all older ages moved at higher rates from non- 
metropolitan subregions to metropolitan sub- 
regions than they did between the metropolitan 
subregions. Furthermore, this type of move- 
ment manifested a tendency for the female rates 
to equal or slightly exceed the male rates, espe- 
cially among the pre-aged. 

When considering migrants from all sources 
to the central cities of the metropolitan sub- 
regions, the rates of migration were again 
roughly twice as high for migrants coming from 
nonmetropolitan subregions as for those from 
metropolitan subregions, although all rates were 
moderate. Both male and female migrants be- 
tween central cities (from one to another cen- 
tral city) were consistent in their choice of 
Houston as the target city. Apparently the 
more “sophisticated” city-dwellers were the first 
to recognize the climatic and industrial promise 
of the Gulf Coast region, for they also moved 
at higher rates to the Beaumont—Port Arthur 
area than did migrants from nonmetropolitan 
subregions. 
What little movement there was from the 
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metropolitan rings to central cities indicated a 
reversal of the usual age trend in the male 
rates; that is, males of 65 and over tended to 
move from the rings into the central cities at 
slightly higher rates than did the males aged 
55-64. The female rates, considered by age, 
followed the usual trend; the aged females 
moved slightly less than the pre-aged. This 
movement of the aged males from the metro- 
politan rings into the central cities seems to 
substantiate a well-known pattern in the life 
cycle of the aged, especially aged males, namely, 
the tendency to congregate in low-rent, sub- 
standard, boarding-house areas near the down- 
town section of large cities. This is known to 
be especially true of widowed or single males. 
Widowed females possibly tend to follow their 
adult children; it may be hypothesized that this 
tendency is indicated here. 

The migration of older people into the metro- 
politan rings, from all sources, presents some 
interesting points for speculation. These rates 
were relativeiy high for Texas migrants of both 
sexes and all older ages, second only to the 
rates of migration between nonmetropolitan 
subregions. (It must be remembered, however, 
that the actual numbers involved were small.) 
In general, rates from nonmetropolitan sub- 
regions to the rings were considerably higher 
than the rates from nonmetropolitan subregions 
to metropolitan subregions, and rates from 
metropolitan subregions to the rings were from 
four to six times as high as the rates from 
metropolitan subregions to central cities and 
from two to three times as high as the rates 
between metropolitan subregions. Moreover, 
there were sharp fluctuations in the rates from 
one ring to another, and tendencies for reversal 
of the age and/or sex trends were manifested. 

There was little similarity between the target 
rings preferred by males and females, except an 
apparent agreement that the Beaumont-Port 
Arthur ring was the least attractive. Of interest 
was the relegation of the Houston ring to fifth 
choice by both pre-aged and aged females from 
metropolitan subregions, in contrast to the gen- 
eral popularity of the Houston ring to migrants 
of both sexes from nonmetropolitan subregions 
and to male migrants from metropolitan sub- 
regions to rings. 

Rates of migration from metropolitan sub- 
regions to rings seem to show a pronounced 
drop with city size. While there is not, of 
course, a perfect correlation, and the drop in 

rates for migrants from nonmetropolitan sub- 
regions to rings is not’so sharply defined, we 
may put forward the generalization that the 
rate of migration of older people to metropoli- 
tan rings is in direct proportion to the size of 
the city which the ring surrounds. It may be 
that a “fringe” family of “gerontation” is aris- 
ing in the metropolitan rings. Jaco and Bel- 
knap have hypothesized: 

The inhabitants of fringe areas are experiment- 
ing with new forms of age and sex social organi- 
zation. New perspectives on the urban cultural 
life cycle for childhood, youth, maturity and old 
age for both sexes should appear in systematic 
studies of the fringe [5, p. 557]. 

The urban “fringe” as used by these authors is 
roughly equivalent to the “metropolitan ring” 
of the present study. They also hypothesize 
that the fringe, when contrasted to the central 
city, shows “more home ownership, less mobil- 
ity, .. . more aged persons” (5, p. 557). 

There was a definite trend for the pre-aged 
and the aged from the nonmetropolitan sub- 
regions to move in to the metropolitan rings, as 
well as a trend for those in these age groups to 
move out from central cities to the metropolitan 
rings. The rates at which both types of migra- 
tion were taking place among the pre-aged and 
the aged suggest that the movement of this seg- 
ment of the population may have profound in- 
fluence upon the future social organization of 
the urban fringe. By far the greatest proportion 
of the rate of movement from metropolitan sub- 
regions to rings was made up of movement from 
central cities; the rates of migration between 
the rings themselves were very low, tending to 
bear out the hypothesis that “fringe” residents 
demonstrate low mobility. 

NET GAIN OR LOSS BY MIGRATION 

Of considerable pragmatic interest is the rate 
of net gain or loss to the various subregions and 
metropolitan areas of the state by migration of 
older people. Which portions of the state lost 
more migrants than they gained, and which 
gained more than they lost? It is this question 
with which we will deal here; our analysis does 
not show where migrants from specific areas 
went and in what numbers. 

A state which has been rapidly urbanizing 
for the past twenty-five years would be expected 
to manifest a relatively high rate of net gain in 
metropolitan subregions, in the older age cate- 
gories as well as in younger population. This 
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TasLe 5. Rates or Net GAIN or Loss OF THE PRE-AGED AND AGED BY MIGRATION, METROPOLITAN AND NONMET- 
ROPOLITAN SUBREGIONS OF TExasS, 1935-1940, sy Sex, Att Races 

Rate of Net Gain or Loss per Thousand 

Male Female 

Subregion 55-64 65 and Over 55-64 65 and Over 

(1) (2) (3) (4) (5) 

Nonmetropolitan subregion: 

1 (High plains and grazing) ...................-60.0eeeee — 5.7 — 5.6 — 4.1 — 0.9 

De I OD oi ainsi Fos Sed nswccwcsences ses — 0.6 — 3.5 — 1.4 — 5.5 

nts ccnadweibeun sadn sineeeneeacn — 6.7 — 4.8 — 5.7 — 5.0 

I ck iatsiuswkasigaheente koaeseesw ones — 5.2 — 5.2 —10.3 — 4.8 

Be ie NE IID oo 5 ois si cc ccccc ccccviwvives — 9.8 — 7.6 —14.7 — 8.5 

6 (Eastern sandy lands)................ 4d Wieeanne — 4.8 — 4.2 — 9.0 — 5.8 

7 (Edwards Plat.-Trans-Pecos).......... saw ese + 7.5 + 1.3 + 3.2 — 0.5 

8 (Central black lands).................. F — 3.0 — 3.0 — 6.6 — 2.3 

© (Constal graisie).... 2... cccceceee + 5.5 + 7.1 + 4.3 + 0.4 

10 (Rio Grande plain).................. : - 1.1 — 4.2 — 5.1 — 2.4 

11 (Lower Rio Grande Valley)............ oy 0.0 + 0.4 -— 1.7 — 4.1 

Metropolitan subregion: 

EE iss sekssinisesbeeesesaegn . cdeuee + 1.9 — 1.8 + 6.7 + 1.3 
ES 2S oh did slarbitinna a peiwinth e boron +17.4 +31.0 +24.5 +17.2 

I nc ncpsiusiestavesdekeaseneesebeses +12.6 +10.5 +20.0 +15.6 

ee ecw cctin'y creginclinemesionh epee een — 1.6 + 5.0 + 8.4 + 8.0 

at «ns conadieadipetoacdongersede +25.3 +23.5 +34.7 +22.8 

DF Na Gn dacis cokoctedaesusduevécsnecess —13.2 —29.2 — 9.4 — 8.1 

is, of course, generally the case. Table 5 shows 
the rates of net gain or loss for nonmetropolitan 
and metropolitan subregions, for the four age 
and sex categories. 

The most important generalizations arising 
from consideration of the net gains and losses 
have to do with differential movement by the 
sexes. The nonmetropolitan subregions showed 
almost a perfectly consistent trend to gain males 
at a higher rate than females and to lose males 
at a lower rate. In other words, the females 
seemed to be leaving the nonmetropolitan sub- 
regions at a higher rate than males. The metro- 
politan subregions tended to gain pre-aged fe- 
males at a higher rate than pre-aged males, and 
to lose them at a lower rate; there was some 
tendency toward gaining aged males at a higher 
rate than aged females. 

The problems of dependency, housing, health 
and medical services, and employment are 
known to be more acute for the aged living in 
large cities than for those in rural areas or 
small towns. While the findings of this study 
do not in any way minimize the importance to 
nonmetropolitan communities of a growing 
population of oldsters, they do indicate that the 
urban communities of Texas are receiving older 
people from other community types at a higher 
rate than they are losing them. The signifi- 

cance to the communities on the receiving end 
of this migration stream is multi-faceted. Fur- 
ther, if the general trends continue (as no doubt 
they have since the data of this study were 
obtained), the imbalance in the sex ratio of 
older persons in urban communities will prob- 
ably become more pronounced, bringing with it 
many special problems. 

The present study indicates that, if trends 
discernible from the intrastate migration of 
older people in 1935-1940 are continuing 
(and percentage increases of the older popula- 
tion in the large cities of Texas obtained from 
the 1950 census indicate that they probably 
are), serious long-range planning for a con- 
siderable increase of aged persons will be in 
order in urban communities. That similar 
trends are taking place in other American cities 
is suggested by recent analyses of census-tract 
data showing changes in the proportion and 
ecological distribution of the aged in cities for 
the period 1940-1950 (1, 3, 10, 11). 

SUMMARY 

This study is a detailed analysis of the intra- 
state migration of the pre-aged (persons 55— 
64) and of the aged (persons 65 and over) 
within the state of Texas from 1935 to 1940. 
Sex and age differentials indicate that the 
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younger groups of both sexes tend to migrate 
at higher rates than the older and that males 
move at slightly higher rates than females. The 
most suggestive finding is the trend toward 
movement into the metropolitan rings around 
large cities—into what may be considered the 
“fringe” or “suburban” areas. From indications 
that this trend is continuing, we may hypothe- 
size that the social structure of “fringe” areas 
is undergoing change and that the presence of 
an increasing number of aged persons in these 
areas may be an important factor in the family 
and community structure emerging in “fringe” 
areas. 
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A WORD-ASSOCIATION TEST OF EMOTIONAL DISTURBANCE 
IN OLDER WOMEN 

INGER A. OLSEN, M.Sc., AND J. H. ELDER, Ph.D. 
(The State College of Washington, Pullman, Washington) 

In studies of the problems of older people, 
there is little consensus among investigators re- 
garding the importance of various sources of 
disturbance or conflict to the aging individuals 
themselves. Economic security, for example, 
has been described as a very important problem 
and as a relatively unimportant one (2, 3). 
Similarly there are divergent opinions regard- 
ing the importance to the older person of prob- 
lems related to health and specific somatic pre- 
occupations, emotional reactions to the idea of 
death and to aging itself, and religious attitudes 
(1, 5, 6, 9, 13). There is also lack of consensus 
regarding the question whether older people are 
more generally disturbed by emotional situa- 
tions than younger individuals or are more 
complacent and philosophical (4, 12). 

This investigation was designed to determine 
if there might be measurable disturbances in 
older persons related to these factors. The 
method chosen to evaluate the possible emo- 
tional significance of these “critical areas” was 
a word-association test. The word-association 
test is relatively simple and nonthreatening to 
the subject, and is free from some of the dif- 
ficulties inherent in the questionnaire approach, 
such as biases in a sample based on mailed re- 
turns, time consumed, and confusion in inter- 
pretation. The test, consisting of sixty words, 
fifteen of which were defined as “critical” in 
the sense that they are descriptive of the areas 
in question, was designed for individual admin- 
istration to older and younger individuals. 

METHOD 

Subjects 

Two groups of twenty-five subjects each, one 
older and one younger, were selected. In the 
older group 60 per cent were between the ages 
of sixty and seventy; 40 per cent, between 
seventy and eighty. The younger group were 
all between twenty and thirty. All were female. 
All subjects were wives of present or former 
faculty or staff members of the State College of 
Washington. All subjects were in good health; 
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and all subjects were married and living with 
their husbands, except that some in the older 
group were widows. All subjects were presently 
housewives. (Data were also collected regard- 
ing former occupations.) All subjects were vol- 
unteers and were contacted personally. 

Testing 

The word-association test used in this study 
consisted of sixty words, all taken from the pre- 
pared lists of Jung (7), Rapaport (10), or Rosa- 
noff (11), which have the advantage of a cer- 
tain amount of available information regarding 
popular responses and normative reaction times. 
The combined lists were found to contain a 
number of words representing the various criti- 
cal areas previously mentioned. These words 
were: money, suffer, health, sickness, stomach, 
heart, old, suicide, death, religion, Bible, afraid, 
hate, love, worry. In addition, a wide range of 
neutral words was obtained from these lists, 
words which not only had the advantage of use 
in previous studies but which satisfied the cri- 
teria of simplicity and ease of understanding. 
It was felt that the older subjects, especially, 
would be more cooperative and generally more 
at ease if all the words were in common usage 
and easily understood. 

The subjects were tested in their own homes 
after having been contacted by telephone. After 
an introductory interview, the following in- 
structions were read: 

I am going to read you a series of words, one by 
one. I want you to answer to each word with one 
other word. It does not make any difference what 
your word will be, since there are no right or 
wrong answers, but it should be the very first word 
that comes to your mind after you hear my word. 
For example, if I say “pen,” you might say “ink.” 
I want you to be just as fast as you can, because 
I will be timing you. 

Responses, response time, and _ behavorial 
data were recorded. Timing was done with a 
stop watch. Auditory acuity was checked by a 
casual question regarding the noise of the 
watch. The watch was hidden in the experi- 
menter’s hand during the actual testing. 
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Treatment of the Data 

The responses obtained were analyzed on the 
basis of reaction time and content of the re- 
sponses. From the analysis of the 3,000 re- 
sponses (2,250 to neutral words, 750 to critical 
words), group measures were computed. The 
first step in the treatment of the data involved 
the analysis of reaction times, by comparing 
the differences between the means of critical 
versus neutral words in each group of subjects. 
The second step involved analysis of all the re- 
sponses, according to the methods of Rapaport 
(10), Rosanoff (11), and Rotter (12), in order 
to determine the number and types of disturbed 
responses. 

RESULTS 

Reaction Times 

As would be excepted on the basis of physio- 
logical differences in reaction time, the older 
group showed longer mean reaction times for 
total, neutral, and critical words. Thus, the 
crucial difference rested on the significance of 
the differences between the means of the neu- 
tral and critical words within each group of 
subjects. The statistical reliability.of the find- 
ings was determined by using a t test of the 
significance of the difference between means. 

Table 1 summarizes the means, standard de- 
viations, and standard errors of the means and 
differences between means. For the critical 
words, the medians are also reported, since the 
standard deviations are somewhat higher, indi- 
cating greater variability. This variability on 
the critical words is to be expected in view of 
the fact that these words were chosen for the 
specific purpose of eliciting individual distur- 
bances. The fact that the variability is greater 
for the older group, Group I, lends supportive 

Taste 1. Mean REACTION TIMES AND 

DIFFERENCES BETWEEN MEANS. 

Group I (Older) Group II (Younger) 

306 OLSEN AND ELDER 

evidence for the conclusion that these words 
were important to at least some of the older 
subjects. 

Within each group, the t test was used to 
determine the reliability of the differences be- 
tween the mean reaction times for neutral and 
critical words. In Group I the difference be- 
tween mean reaction tirne to critical and neu- 
tral words is significant at the .001 level of con- 
fidence. In Group II, however, the difference 
between the means is not significant. Thus, the 
critical words, those representing assumed areas 
of emotional disturbances, elicited longer re- 
action times from the older women than did 
the neutral words, whereas for the younger wo- 
men the difference between reaction times to 
neutral and critical words could have occurred 
by chance. 

Content of the Responses 

The results of the analysis of the content of 
the responses are presented in Table 2. Per 
cent values were computed to give a more sim- 
ple picture of the results. Chi square analysis 
reveals a significant difference (at the .001 
level) between Group I and Group II for both 
neutral and critical words. Investigation of the 
subcategories indicates that significant differ- 
ences occur between Group I and Group II in 
the category of individual disturbed responses, 
but not in the others. Here again the results 
point to more disturbance on the critical words 
for the older group. 

Disturbed reactions, grouped according to 

TasLe 2. CONTENT OF THE RESPONSES. 

To Neutral Words | To Critical Words 

Number | Per Cent | Number | Per Cent 

Common Responses: 

Neu- | Criti- | Differ- Neu- | Criti- | Differ- 

Total | tral cal ence | Total | tral cal ence 

Respon- 

ses*....|1,495 | 1,122 ee ere 1,485 | 1,118 DP erticase 

Mean....| 3.6 2.9 5.8 2.9°°] 1.9 1.8 3.1 0.3 

GDw...... 1.4 0.9 a ee 0.9 0.8 Dae eioaeens 

SB....23 0.3 0.2 0.6 0.6 0.2 0.2 0.2 0.3 

Median...|......|....... 2 ER: TEE Ree _S ® Ree 

* In some instances no response was elicited.” 

** Significant at the .001 level of confidence. 

Doe iscacacsavracesense 981 87.2 274 

IR eincitias warcitiinall tie 1,003 89.2 307 

Individual normal responses: 

SI os ve sitgtaincsanes 99 8.8 48 12.8 

NEES iiciiectenssaknce 112 10.0 48 12.8 

Individual disturbed responses: 

eset ontee s Rhaebo 45 4.0 53 14.1 

RS est el ot oe 10 0.9 20 5.3 

Chi Square Analysis: 

Common responses............ 0.24 1.86 

Individual normal responses. . . . 0.80 0.00 

Individual disturbed responses. . 22.28* 14.92* 

All categories................. 23 .22* 16.78* 

* Significant at the .001 leve! of confidence. 
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the critical areas—“Money,” “General Health,” 
“Specific Somatic Preoccupations,” “Aging and 
Death,” “Religion,” and “Emotional Reactions” 
—indicate the relative significance of these 
areas to the older as compared with the 
younger women. The number of disturbed re- 
sponses for each area and the per cent that this 
number represents of the total number of pos- 
sible responses are summarized in Table 3. In 
order to show the relationship of disturbed 
reaction times to disturbances in the content 
of the responses, the mean reaction times for 
each area are included in the table. 

The area “Money” elicited considerably 
more disturbances from the older group. In the 
area “General Health” the difference is not 
great, and for “Specific Somatic Preoccupa- 
tio.s” both groups show the same number of 
disturbed responses. The remaining three areas, 
“Aging and Death,” “Religion,” and “Emo- 
tional Reactions,” all elicited more disturbed 
responses from Group I. The mean per cent 
of disturbed responses for the two groups com- 
bined was 9.7 per cent. If this is taken as a 
base line figure (which is reasonable, since 
Rapaport [10] found the average per cent of 
disturbed responses in his normal group to be 
about 10 per cent), then all areas except “Spe- 
cific Somatic Preoccupations” show greater- 
than-expected disturbances for Group I. The 
mean reaction times for these areas also tell 
something of their relative importance. Keep- 
ing in mind the mean reaction times on neutral 
and critical words as shown in Table 1, it be- 
comes evident that disturbances created by the 
critical words are proportionally greater for 
Group I. In addition, it is possible to elicit 

TasLe 3. DisrurRBED RESPONSES AND MEAN REACTION 

Times IN TERMS OF CRITICAL AREAS. 

Group I (Older) Group II (Younger) 

Area Number |Per Cent} Mean | Number /Per Cent] Mean 

of Disturb-| Reaction| of Disturb-| Reaction 

Disturb-| ances* | Time in | Disturb-| ances* | Time in 

ances Seconds | ances Seconds 

Money.......... 6 24.0 6.4 1 4.0 2.3 

General Health... 8 | 10.7 5.6 6 8.0 2.0 

Specific Somatic 

Preoccupations. 3 6.0 6.4 3 6.0 2.3 

Aging and Death. 14 18.7 5.6 4 5.4 2.1 

Religion......... 7 14.0 5.0 1 2.0 

Emotional 

Reactions... . . 15 15.0 6.0 5 5.0 2.1 

* Per cent computed out of possible responses. In some areas, more 
responses are possible because the number of critical words per area 
varies from 25 to 100 per group. ° 
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disturbances either in long reaction times, dis- 
turbed responses, or in both. 

In summary, inspection of the critical areas 
on the basis of disturbed responses indicates 
that “Money,” “Aging and Death,” “Emotional 
Reactions,” and “Religion,” in that order, 
showed the largest per cent of disturbed re- 
sponses for the group of older women. “Spe- 
cific Somatic Preoccupations” showed no dif- 
ference between older and younger women, 
while “General Health” displayed only a slight 
difference. 

DISCUSSION 

Both the reaction times and the content of 
the responses exhibited differences showing that 
some of the critical words aroused the anxiety 
of the older women, while having little or no 
impact upon the younger women. Information 
from other studies (8, 14) suggests that the 
mean reaction times to the neutral words of 
both Group I and Group II can be said to be 
within the normal expected range. However, 
in the case of the critical words, the younger 
group has a mean reaction time within the 
normal range, while the older group has a 
mean reaction time which can be defined as 
“long” (10). In addition, the difference in 
mean reaction times between neutral and criti- 
cal words in Group I was significant, while the 
difference in Group II was not. Therefore it 
can be concluded on the basis of the reaction 
times that the critical words were actually dis- 
turbing to the older subjects but not to the 
younger. 

A similar analysis can be made with respect 
to the content of the responses. In neither 
group did the per cent of disturbed responses 
on the neutral words exceed the 9 per cent 
quoted by Woodworth (15) as within normal 
limits. On the critical words, however, the 
older group showed a higher-than-normal per 
cent of disturbances, but the younger group 
did not. The significant difference between 
Group I and Group II in content of responses 
is chiefly in terms of individual disturbed re- 
sponses. This again supports the view that we 
are dealing with a normal population in both 
groups, but that for the older group the critical 
words were such as to elicit identifiable dis- 
turbances. The types of disturbances repre- 
sented indicate that these are not necessarily 
abnormal in the clinical sense, but rather that 
they tend to be those which indicate anxiety of 
a moderate degree. 
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Accepting the fact that the critical words as 
a group were disturbing to the older subjects 
and not particularly so to the younger, it now 
becomes meaningful to compare the various 
critical areas. The area “Money” seems to be 
the most traumatic for the older women, as 
evidenced bo.h by content and by reaction time 
—this, in spite of the fact that these women 
were living on fairly secure incomes. The sec- 
ond area of importance, “Emotional Reactions,” 
suggests that older women are disturbed by 
words with a high emotional content. Rather 
than being complacently philosophical, they 
seem to be more sensitive to emotion-provok- 
ing stimuli. The area “Aging and Death,” sec- 
ond highest in per cent of content disturbance 
but with a somewhat lower mean reaction time, 
bears out the importance of this source of emo- 
tional disturbance. “Religion,” as an area of 
importance or of disturbance, might be related 
to many factors, including both early training 
and a felt need for security. Health factors 
seem to cause as much disturbance to younger 
as to older individuals. Perhaps health is an 
acceptable complaint and may in some in- 
stances be used to cover up less acceptable 
problems. The above discussion suggests that 
the results of this study may be applicable as 
an indication of the possible sources of emo- 
tional disturbance in a group of essentially 
normal women. 

SUMMARY 

Responses of a sample of normal women over 
sixty years of age on a word-association test 
were compared with those of a comparable 
sample of younger subjects in order to deter- 
mine the relative importance of certain sources 
of emotional disturbance. The areas investi- 
gated were “Money,” “General Health,” “Spe- 
cific Somatic Preoccupations,” “Aging and 
Death,” “Religion,” and “Emotional Reac- 
tions.” The responses obtained were analyzed 
on the basis of reaction times and also by the 
content of the responses according to normal 
and disturbed categories. The results suggest 
that the “critical words” were indeed more 
disturbing to the older women. The areas 
“Money,” “Emotional Reactions,” “Aging and 
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Death,” and “Religion” proved to be the sources 
of greatest disturbance. Health factors, either 
“General Health” or “Specific Somatic Preoc- 
cupations,” did not reveal important differences 
between the older and the younger subjects. 
These findings are suggestive of possible sources 
of emotional disturbances in women over sixty 
years of age who seem, at least on the more 
obvious levels, well adjusted and useful mem- 
bers of a community. 
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AGING PROCESSES IN SPEECH: PITCH AND 

DURATION CHARACTERISTICS 

EDWARD D. MYSAK, Ph.D., AND T. D. HANLEY, Ph.D. 

(Voice Communication Laboratory, Purdue University, Lafayette, Indiana) 

Popular literature abounds in references to 
vocal changes associated with aging. An ex- 
ample is Jaques’ description of the sixth age of 
man in Shakespeare’s As You Like It: “His big 
manly voice, turning again toward childish 
treble, pipes and whistles in his sound.” In the 
professional literature, however, such references 
are sparse; and, when vocal correlates of aging 
are described, the observations usually are qual- 
itative, and no attempt is made to quantify the 
findings. Although there is value in such de- 
scriptions as that presented by Huber (8) in a 
national meeting of the American Speech and 
Hearing Association, the present writers hoped 
to supply needed normative information re- 
garding age and speech and to stimulate further 
research along the same lines. 

Normative data are to be found for various 
speech attributes at successive developmental 
stages from infancy to young manhood. Two 
attributes in particular, pitch and vocal time 
factors, have been investigated very thoroughly 
(2, 3, 5, 7, 15). The writers believed, therefore, 
that an initiatory investigation could be com- 
pleted by studying the pitch and duration char- 
acteristics of middle-aged and aged populations. 
Thus, the purpose of the present research was 
to study older male groups and to relate the 
acquired information with the previously deter- 
mined data on younger male groups. This, in 
effect, would result in a cross-sectional view of 
various vocal evolutionary and involutionary 
processes. The populations investigated in- 
cluded two groups of aged men and the middle- 
aged sons of many of these individuals. Sons 
were chosen as the middle-aged population be- 
cause one aspect of the present study, not re- 

ported here, was to test for family relationships 
in speech. 

Particular vocal attributes of the three groups 
were studied under two speaking conditions: 
oral reading and impromptu speaking. In all, 
seven vocal variables were chosen for study, 
three of which are reported on here. These are 
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average fundamental frequency (pitch) level, 
“pitch sigma” (a term used originally by the 
writers to designate the standard deviation of 
the distribution of an individual’s vocal fre- 
quencies), and number of words spoken per 
minute. 

The general questions to be answered were: 
(1) What are the central-tendency data for 
the three variables under the two speaking con- 
ditions for the three older male groups? (2) 
What, if any, age trends are manifested, in 
terms of the variables, when the data of the 
present investigation are related to the avail- 
able data for other male developmental levels? 

PROCEDURE 

Subjects 

The two groups of aged subjects were selected 
from four institutions for the aged and from 
private homes in Lafayette, Indiana. To qualify 
as a subject, each individual must be in a state 
of health that was within normal limits for his 
age group. Staff physicians confirmed the health 
status of the subjects in the institutions, while 
personal reports were accepted for the subjects 
from private homes. With reference to general 
physical fitness, the findings of Monroe (11), 
Steiglitz (16), Shock (13, 14), and others were 
considered. Relative to hearing, the findings of 
Fowler (6) and Kleemier and Justiss (9) were 
referred to. ; 

The sampling procedure yielded three groups 
of men. Group I was made up of 12 men aged 
65-79, with a mean age of 73.3 years. Group II 
was comprised of 12 men aged 80-92 years, 
with a mean age of 85.0 years. Group III was 
made up of 15 middle-aged sons ranging in age 
from 30 to 62 years, with a mean age of 47.9 
years. The group of 39 men represented many 
Indiana cities, many levels of education, and 
many types of vocations. 

Samples of Speech and Apparatus 

As previously stated, oral-reading and im- 
promptu-speaking samples were obtained from 
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each subject. For the oral reading, the 90-word 
first paragraph of the Rainbow Passage (4) was 
used. This passage, which had been widely 
used in earlier studies, was chosen because di- 
rect comparability of results from this study 
with those of earlier studies was desired. Origi- 
nally constructed as a phonetically balanced 
passage, containing all the speech sounds in 
English, the Rainbow Passage can be read with 
moderate fluency by students in high school. 
In collecting the present data, the experimenters 
allowed the subjects to practice and gave them 
assistance with pronunciation where needed. 
The topic chosen for the impromptu speaking 
was entitled “What I Like To Do Most in the 
Summertime.” 

For recording purposes the Ampex, Model 
400, high-fidelity tape recorder, with an Altec 
Lansing M 11 microphone system and Altec 21 
B miniature condenser microphone, was used. 
For the analysis of fundamental pitch charac- 
teristics the Comparator-Counter Attachment 
for the Fundamental Frequency Recorder (1) 
was employed. 

The reliability values of the recording and 
the analyzing procedures were well within ac- 
ceptable limits; the mean error factor in both 
cases was between | and 2 per cent. 
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RESULTS AND DISCUSSION 

The results of the investigation with refer- 
ence to average data for the three groups under 
the two speaking conditions are summarized in 
Table 1. The table also presents the pertinent 
pitch and duration data for other develop- 
mental levels as reported by various investi- 
gators. 

Central Tendencies of Pitch 

Inspection of the fundamental frequencies 
presented in the table reveals that all investi- 
gators, except Fairbanks (3) and Fairbanks, 
Wiley, and Lassman (5) (who studied the male 
infant and the male child, respectively), re- 
ported their results in terms of medians. There- 
fore the discussion of fundamental-frequency 
level will be based primarily on the median 
levels given by the respective investigators. In 
addition, it was noted that, whenever funda- 
mental-frequency data were available for oral 
reading and impromptu speaking, there was a 
consistent tendency for frequency level to 
descend in the case of impromptu speaking. 
Therefore, to facilitate a general comparison 
and discussion of fundamental frequency and 
to attain consistency, the values on the oral- 
reading performance will be cited (essentially 

Taste 1. Resutts OF INVESTIGATIONS OF SPEECH OF MALEs AT VARIOUS DEVELOPMENTAL STAGES 

Fundamental Frequency K Number of Words 

(Cycles per Second)* Pitch Sigma” Spoken per Minute 

Investigator and Oral Impromptu Oral Impromptu Oral Impromptu 

Mean Maturity Level Reading Speaking Reading Speaking Reading Speaking 

Fairbanks (3): 

Infant (nine months).............}) =... ee ns ae, ee OB al weet 

hunger wail) 

Fairbanks, Wiley & Lassman (5): 

PEED 55 coer ccieneccavesb ons a) ee 2.2 Se ee e tbeRT Ged Prew Soetan 
DP ivicsainccwsiicneedacins a ee 2.0 Sees (sour eee aaa 

Curry (2) 
SN es acbede ushers ee cee hy ee 2.4 drag Mie - cedeese lta! ba jaoee 

Fourteen years................... Ie ee 3.4 ae See ee jee 

Eighteen years................... St I: rere 3.6 ae Ca ee ieee or 

Snidecor (15): . 
College (superior speakers)........ 129 120 3.2 2.6 183.0 151.0 

Hanley (7): J f 

Adult (24.1 years)..............4. 118.6 110.2 3.2 | i ad, cee ee 

Present investigators: 

Middle age (47.9 years)........... 110.3 107.9 2.9 2.9 172.2 122.4 

Aged, Group I (73.3 years)........ 124.9 120.1 3.0 2.8 138.3 136.9 

Aged, Group II (85.0 years)....... 142.6 137.1 3.3 3.4 123.8 128.5 

* All fundamental Frequency measures are medians, except in: the cases of Fairbanks (3) and Fairbanks, Wiley and Lassman (5), where 
only mean measures Were reported. : 

rt 
- 

“Pitch sigma” is ‘the standard deviation of the distribution of an individual's vocal frequencies, 



the same trends are reflected in impromptu 
speaking). 

As the table indicates, there appears to be a 
general progressive lowering of fundamental 
frequency in the male from Fairbanks’ finding 
of a mean of 556 cycles per second (cps) for a 
male infant to the median fundamental fre- 
quency level of 110.3 cps for the middle-aged 
male, as found in the present study. The pitch 
level in the male then tends to rise: in the 
case of Group I, to 124.9 cps; and in the case 
of Group II, even higher to 142.6 cps. 

In discussing the changing fundamental pitch 
level of the male as a function of the aging 
process, Fairbanks (3) has stated that changes 
in pitch level can be attributed to such growth 
and developmental factors as length of vocai 
folds, mass and thickness of vocal folds, and 
tension of vocal folds. He has also cited learn- 
ing and conditioning processes as contributing 
to pitch level changes. From the physiological 
standpoint, support for Fairbanks’ hypothesis, 
relating change in pitch level to laryngeal 
growth and development, is to be found in the 
general progressive lowering of pitch levels for 
the age groups from infancy to young adult- 
hood. As to the continued slight lowering of 
pitch level found in the middle-aged males of 
the present study (110.3 cps as compared to the 
118.6 cps of the young adults), it is difficult to 
ascribe this change to further growth and de- 
velopment of the vocal bands. If there is a 
true difference between these two groups in 
fundamental pitch, then it appears more likely 
that tension and conditioning factors were ex- 
erting the greater influence. One might con- 
jecture that the middle-aged individual, who is 
generally more settled in life in terms of social 
and vocational adjustments, might exhibit a 
good deal less tension than the young adult 
male who is still to realize most of his desired 
goals, and that this lessening of tension might 
be reflected in a slightly lower pitch level. 

With respect to the older groups in the pres- 
ent investigation, the rise in fundamental fre- 
quency to 124.9 cps in Group I and to 142.6 
cps in Group II might conceivably be due to 
the operation of a combination of physiological 
and socio-emotional factors, all previously doc- 
umented in studies of aging. It is readily seen 
that such factors as hypertensive arterial disease 
and arteriosclerosis; changes in muscle, in 
nervous tissue, in the respiratory system, and in 
various endocrine functions; as well as a decline 
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in the efficiency of homeostatic mechanisms, are 
all capable of affecting pitch level. From a 
psychosocial point of view, such factors as in- 
creasing dependency, feelings of inadequacy 
and inferiority, loss of job and friends, and 
various other psychological reactions to aging 
are capable of increasing tension and, conse- 
quently, of raising pitch level. With Group I, 
it is possible that the upward displacement of 
pitch in comparison with the middle-aged 
group, is more largely a result of socio-emo- 
tional changes than of physiological changes; 
for it is at approximately this age that most of 
the above-mentioned psychosocial problems be- 
come intensified and possibly cause enough in- 
creased tension and anxiety to raise pitch level. 
The continued substantial upward displace- 
ment of pitch level in Group II appears more 
likely to be the result of the complicating im- 
position of definite physiological changes on the 
psychosocial changes. It should be noted, how- 
ever, that any tension associated with the ex- 
perimental conditions themselves was uncon- 
trolled. To the extent that the recording process 
induced differential feelings of strain in the 
three groups (an unknown factor), these re- 
sults may be biased. 

Pitch Variability 

“Pitch sigma,” as a measure of pitch varia- 
bility or flexibility, has been validated by Phil- 
hour (12), who found that this measure was 
closely correlated with perceived pitch varia- 
bility. In general, it reveals the deviations from 
the average: a small sigma indicates an average 
based upon values which lie close to the central 
score, while a large sigma reflects a wide disper- 
sion of the observations. As was the case with 
the other measures of pitch variability, when 
investigators reported sigmas for both oral read- 
ing and impromptu speaking, the majority of 
cases showed slightly higher values for the oral- 
reading performances. In the present study, 
pitch sigma was consistent with other data 
which reflected flexibility of pitch usage. As 
shown in Table 1, there appears to be an in- 
crease in standard deviation of the distribution 
of vocal frequencies as a function of age, from 
about two semitones on the seven- and eight- 
year-old level to slightly above 3 semitones on 
the adult levels. The highest values are seen 
for the 18-year-old group and the 80-and-over 

group (Group II); these groups had standard 
deviations of approximately 3.5 semitones. 
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These were also the adult groups that had the 
highest fundamental pitch levels—a fact which 
recalls the finding of McIntosh (10) that in- 
creased flexibility and higher pitch level are 
related. 

Examination of Table | indicates that, when- 
ever the number of words spoken per minute 
was reported for both oral-reading and im- 
promptu-speaking performances (from the col- 
lege male to the oldest male), there was a ten- 
dency for the measure to decrease for im- 
promptu speaking. However, in the case of the 
oldest group (Group II), the oral-reading rate 
was slightly lower than the impromptu-speak- 
ing rate. The tendency toward this reverse re- 
lationship, manifested for Group II, may have 
been due to reading and attention problems 
that develop with advanced age. 

These data reveal a general diminution in 
magnitude of these time measures as a func- 
tion of age. In terms of the reading measures, 
the range of this progressive decline was from 
a rate of 183.0 words per minute in the col- 
lege males to the rate of 123.8 words per 
minute in the oldest group. It should be re- 
membered that these time measures were de- 
pendent on such things as the number and 
length of words used, the total time expended, 
and the number and length of pauses in any 
given speech performance. Therefore, from a 
physiological standpoint, this pattern of a gen- 
eral reduction in time measures can possibly 
be viewed as a function of a general slowing of 
neuromuscular activity, resulting in the use of 

fewer words per minute and greater durations 
of pause time. From a socio-emotional point of 
view, these results might reflect the need for 
more time to think of exactly the right words in 

the impromptu-speaking performance or the 

desire to be accurate in the oral-reading per- 

formance. 

SUMMARY AND CONCLUSIONS 

In light of the ever increasing value of geron- 

tological research, it was considered important 
that investigations be initiated in the area of 

oral communication. A review of the literature 
revealed that adequate pitch and duration data 
existed on various developmental stages of 
males, from infancy through young manhood. 
All that was required to complete a cross-sec- 

tional review of aging processes: in pitch and 

duration was an investigation of the older male 
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population. This, then, was the objective of 
the present study. 

The procedure involved the following: 1) the 
recording of samples of impromptu speaking 
and oral reading from a group of middle-aged 
men and two groups of aged men; 2) the 
analysis of these samples for the central ten- 
dency of the pitch, pitch variability, and mea- 
sures of time; and 3) an attempt at integrating 
these data with previously gathered data on 
younger males. 

Within the limitations of the study, the fol- 
lowing conclusions were reached: 

1. The age trend manifested in terms of the 
central tendencies of pitch is one of a progres- 
sive lowering of pitch level from infancy 
through middle age, followed by a progressive 
rise in old age. 

2. The trend manifested in pitch variability 
indicates a general increase in variability up to 
the 18-year-old level, a general leveling for the 
subsequent ages, followed by another increase 
in men aged 80 and over. 

3. The trend manifested in terms of time 
measures for the adult groups reveals a general 
decline in vocal rate with age. 
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A Classified Bibliography of Gerontology and Geriatrics: 
Supplement One, 1949-1955. By NatHan W. SHock. 
Stanford, Calif.: Stanford University Press, 1957. Pp. 
xxviii + 525. $15.00. 

A great service was done Gerontology by the first 
Classified Bibliography prepared by Shock and pub- 
lished in 1951 by the Stanford University Press. This 
supplement carries on the tradition. Its total of 15,983 

references covering seven years is almost as large as the 
total of 18,036 references in the original bibliography 
which covered forty-nine years (1900-1948), and bears 
witness to the growth of Gerontology. The categories 
under which entries: are made are similar to those of 
the original bibliography and to the Index of Current 
Periodical Literature in the Journal of Gerontology. In- 
cluded is a List of the Abbreviations of Journals Cited, 

an Index of Authors, and an Index of Subjects. 
Bibliographies are indispensable tools of the scientist 

and scholar, and workers in Gerontclogy and Geriatrics 
are grateful and will continue to be grateful to Dr. 
Shock for this excellent accomplishment. 

JOHN E. ANDERSON 
University of Minnesota 

Trends in Gerontology. By NatHan W. SHocx. 2nd 
ed. Stanford, Calif.: Stanford University Press, 1957. 

Pp. viii + 214. $4.50. 

For an overview of present trends in Gerontology this 
is an excellent bock. A surprising amount of specific 
detail with regard to both research and action pro- 
grams is contained in this compact volume. This sec- 
ond edition not only brings the first edition up to date 
by also gives some idea of the rapidity with which the 
field of Gerontology has progressed and some insight 
into likely future developments. 

For the author Gerontology is divided into four major 
categories: 1) social and economic problems precipitated 
by the increasing number of elderly people; 2) psy- 
chological aspects of aging within individuals and in 
their reactions to one another; 3) physiological bases 
of aging, along with pathological deviations and dis- 
ease processes; and 4) the general biological aspects 
of aging in all animal species. The author also dis- 
tinguishes between research concerned with funda- 
mental problems, research concerned with social ac- 
tion, and the action programs themselves. 

In a series of chapters he discusses trends in popu- 
lation, employment and retirement, income mainte- 
nance, health maintenance, living arrangements, edu- 
cation, and community programs and social work. These 

are followed by a chapter on trends in research which 
surveys current and immediately past research develop- 
ments according to topic and source of financial sup- 
port. While this chapter contains a summary of work 
on biological, physiological and psychological changes 
as shown in current research, the psychological and so- 
cial aspects of change in the individual are less ade- 
quately treated than are the other areas. 

The chapter on research potentials contains brief 
descriptions of the various laboratories in the United 
States and their problems and a survey of laboratories 
and programs in foreign countries. .The final chapter 
outlines and recommends a multi-discipline Institute of 
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Gerontology which, if organized within a university or 
universities would, in the author’s opinion, bring great 
advances in Gerontology—in terms of the basic re- 
search that would lead to understanding the process of 
aging, and in terms of the action programs that would 
improve the care of the elderly. 
The statements made in-the book are well docu- 

mented in the appended References; and the reader is 
also referred to the author’s Classified Bibliography of 
Gerontology and Geriatrics, Supplement One, 1949-1955, 
which in a sense is a parallel publication. 

It should be clear that the author’s purpose is to 
describe what is going on in the field of Gerontology 
rather than to evaluate our present concepts of the 
aging process or the social processes that affect the 
elderly. What is going on is assumed to be desirable, 
a point with which there can be no quarrel, since sci- 

ence in itself is an irreversible development. Through 
the simultaneous efforts of many people, and the cross- 
fertilization of ideas that results, the destiny of the 
field becomes manifest. But we also need from time 
to time someone who can take a sharp look at what 

we are doing by making a critical, systematic and 
theoretica! examination of Gerontology’s present status 
in relation to what it might or could be. 

JOHN E. ANDERSON 

University of Minnesota 

The Aged in American Society. By JoseEpH T. Drake. 
New York: Ronald Press, 1957. Pp. vii + 431. $5.50. 

The Aged in American Society, according to its au- 
thor, is designed as a textbook for courses in gerontol- 
ogy; “as a supplementary textbook for courses on pop- 
ulation, social problems, and social legislation; and as 

an up-to-date survey for all who are concerned with 
problems of the aged” (iii). This is an ambitious goal 

for any author to set for a single volume and, unfor- 

tunately, Dr. Drake has not succeeded in achieving his 
aims. Indeed, the attempt to cover many different 
topics without a consistent theoretical point of view has 
resulted in a volume that contains almost no psycho- 
logical material, too little sociological material to be 
useful as a text for courses in gerontology taught in 
sociology departments, and too little demographic anal- 
ysis to be useful in special courses in population. 

More than half the book is devoted to a report of the 
labor-force status and income needs of the aged. The 
writer, in preparing this material, has attempted to 

summarize a variety of studies and programs. Since 
the topics covered in this section, such as employment, 
retirement, and income needs of the aged, are subject 
to continuing scrutiny and reassessment by government, 
industry, labor, social welfare organizations, and other 
groups, this portion of The Aged in American Society 
already seems dated. The section on income needs, for 
example, makes no mention of the pioneering study of 
Steiner and Dorfman which appeared in 1957. 

Most teachers of courses in gerontology are now using 
a number of different readings in such courses. It is 
doubtful whether The Aged in American Society will 
take the place of these materials. 

ETHEL SHANAS 
National Opinion Research Center 
University of Chicago 
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Ageing in Industry. By F. LeGros Crarx and AcGNes 
C. Dunne. New York: The Philosophical Library, Inc., 
1956. Pp. xi + 146. $4.75. 

This book reports a survey of modern industry in 
England, from the viewpoint of older employees. By 
the use of an actuarial approach the investigators have 
attempted to answer such questions as: At what ages 
are men compelled by the reason of their age alone to 
quit the occupations in which they have spent their 
working lives? What proportion of the men who reach 
their mid-sixties in a given job are physically capable 
of remaining on the same job in their late sixties, or 
even beyond? An estimate is made of the numbers jor 
whom alternative or modified jobs will have to be 
provided if they are to remain gainfully occupied. The 
investigators have used tables of ages and occupations 
published in the Census Reports for 1921-1931 and 1951 
in Great Britain. They estimate that the population 
studied by this approach includes about one-quarter of 
the occupied male population in 1951. The female 
population was omitted. While the population as a 
whole is becoming older the proportion of occupied 
men aged sixty-five to sixty-nine is definitely declining. 
It is against this background of seemingly opposing 
trends that we are advised to study this report. 

The greater part of the study consists of a detailed 
survey of thirty-two selected occupations. The statisti- 
cal results indicate that the physical capacity of men to 
remain at their normal jobs beyond the mid-sixties 
varies from occupation to occupation. The most im- 

portant of the selection factors is the actual nature of 
the job. itself. 

Three methods of approach in the form of statistical 
“exercises” about each occupation are reported: 1) The 
Moving Cohorts; 2) The Age-group Ratios; 3) Changes 
in the Age-structure of Occupations. 
The method of “moving cohorts” is given by the 

authors as the only valid method of determining the 
number of men who will survive in any occupation to 
an advanced age. In tracing the fortunes of a decennial 
age group (a cohort) from decade to decade, five pos- 
sible things could have happened to its members in the 
period elapsed since the previous census: they could 
remain in the same occupation; retire, migrate, die, or 

transfer. The authors take the 1921 census figure and 
move the decennial age groups forward so that they 
are shown under the ages they would have attained by 
1931 had they survived. The numbers actually work- 
ing in 1931 are then given. By subtracting the lesser 
from the greater, a measure is obtained of the increase 
or decrease that has taken place in each group of men 
during the ten years. 

Exercise 2, the age-group ratios, relates different age 
groups ‘o one another within each occupation and at 
successive census dates. The purpose is to identify 
any common pattern that may emerge or any departure 
from an otherwise uniform pattern. Exercise 3, re- 
ferred to as the “changes in the age-structure of oc- 
cupations,” simply analyzes for each occupation the 
changes in age-structure that have occurred between 
1931 and 1951. 
The subtitle of the book, “An Inquiry, Based on Fig- 

ures Derived From Census Reports, Into the Problems 

of Ageing Under the Conditions of Modern Industry,” 
is somewhat too presumptuous. The data can be used 
to advantage for economic planning in England, but 
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outside England, the chief contribution of this study is 

one of method—provided that similar and equally re- 
liable data are available, and that consideration is 
given to differences in economic and social factors in 
the industrial scene. For application in England the 
limitation of the statistical materials available is one 
that is recognized by the authors: namely, that not all 
occupations were included. In addition to this lack of 
inclusiveness, the study also has the limitations of the 

actuarial approach unenlightened by situational ob- 
servations or clinical studies. 

H. MELTZER 
Human Relations Research Foundation and 
Washington University 
St. Louis 
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