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SUMMARY

The soluble-insoluble collagen ratio was determined
in aortas removed at autopsy during the period
1966-70(21-25 years post-exposure); 261 specimens
were examined from persons of both sexes, age
30-89 years at death. A portion of the test samples
were from persons located less than 1500 m from
the hypocenter at the time of the bomb; the
majority of such individuals are thought to have
absorbed a significant amount of ionizing radiation.
Overall, the ratio in this group was not significantly
different from a comparable cadre of individuals
who were not in the cities of Hiroshima and
Nagasaki at the time of the explosions. However, a
possible discrepancy was noted between the two
exposure groups involving both males and females
who were less than 60 years of age at the tifme of
death with lower average values among the exposed
groups. An interpretation of the latter observation
is discussed and related to the experimental situa-
tion where the life-shortening effects of radiation
are most pronounced when the animals are exposed
at a young age.

INTRODUCTION

Total body exposure of a variety of small mam-
mals to biologically significant amounts of ionizing
radiation results in decreased longevity.  This
life-shortening response is in excess of that attri-
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butable to the oncogenic effect of radiation and has
been termed accelerated aging.1 At the present
time, it is not known whether radiation induces an
acceleration of true physiological aging or reduces
life-span on some other, presumably less specific,
basis. However, the current consensus appears to
be that radiation-induced aging sufficiently re-
sembles the naturally occurring form to merit
further study and that information derived from
such an approach may permit, in addition to
definition of some of the mechanisms involved in
the late expressions of radiation injury, a clearer
understanding of the pathogenesis of spontaneous
aging.

The putative life-shortening effect of ionizing
radiation in humans is clearly of general interest.
The experience of ABCC in this regard has recently
been reviewed elsewhere.? In summary, apparent
discrepancies among several age-related parameters
may serve to distinguish the proximally located
populations of Hiroshima and Nagasaki from distal-
ly located persons or individuals who were in
neither city at the time of the explosions. These
apparent discrepancies involve: The age spéclific
death rate among persons with malignant neo-
plasms.;3 the development of age-related degenerative
processes involving the skin;? possibly the attendant
life-span tables but only with respect to involving
select age groups and specific periods of time
post-exposure;® the relationship between collagen
and ghe mucopolysaccharide ground substance of
skin.

The ratio of the acid (or heat) soluble fraction of
collagen to the insoluble portion decreases with age
in a number of species of experimental animals.®
This age-dependent alteration is thought to be
occasioned by progressive crossbonding between
collagen subunits’ and appears to be one of the
best chemical parameters of aging currently extant.?
The present study applies this parameter to the
study populations of Hiroshima and Nagasaki and
represents one of a series of similar efforts in
this regard.

MATERIALS AND METHODS

Tissues were obtained at autopsy from members of
the Extended Life Span Study population during
the period 1966-70. This population, which forms
the basis of most of the evaluations at ABCC,
consists of: (1) proximally exposed survivors, many
of whom received large doses of radiation at the
time of the explosions, matched by age, sex, etc.
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with; (2) distally located persons, who averaged
considerably less exposure than the individuals
included in the above group, again matched by age,
sex, etc. with; (3) individuals who were not in the
environs of Hiroshima or Nagasaki at the time of
the bombings.

Tissues were not collected from the distal group
(group 2 above) in the present study. The third
comparative group will henceforth be referred to as
“nonexposed”. In the Life-Span Study Sample,
the proximally exposed group referred to above
includes persons located less than 1999 m from the
hypocenter at the time of the bomb. In the data
reported herein, however, this group, which will
subsequently be termed “‘exposed”, includes only
persons located within 1500 m from the hypo-
center. Such a division of the exposed population
has been employed in a number of ABCC studies
since it serves to isolate a group most of whom
received a biologically significant amount of radia-
tion in excess of 32 rad for Hiroshima (10 neutron,
22 gamma) and 121 rad for Nagasaki (2 neutron,
119 gamma).®

Specimens for chemical analysis were obtained
from the first portion of the descending aorta.
Grossly normal, well preserved tissue was selected
and atheromatous plaques or other focal lesions
avoided. Quantitation of the degree of acid
solubility was determined for duplicates of indivi-
dual specimens according to the method described
by Walford et al.®

RESULTS

A total of 261 aortas were tested. The age-sex-
exposure status of these persons is shown in
Table 1; they demonstrate a demographic distribu-
tion comparable to the general autopsy series
during this period (1966-1970). As might be
expected, there is a preponderance of persons in
the 60-80 age range with a marked paucity of
individuals who were less than 50 years of age at
the time of death. At least a portion of the
explanation for such a distribution may be related
to the fixed character of the study population. No
new persons are added to this group, which was
selected in 1950, and therefore, today the youngest
survivor is 27 vyears of age. Disease entities
represented among these 261 persons also reflect
the general autopsy series as recently reviewed by
Jablon and Kato.X®
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TABLE 1. SOLUBLE-INSOLUBLE COLLAGEN RATIO IN AORTAS FROM PROXIMALLY LOCATED PERSONS
VS INDIVIDUALS NOT IN CITIES AT TIME OF BOMBS BY AGE AT DEATH AND SEX

Tl EHMHERE LFEBEHRIICE 2 LBOKRIIRCE T2 EELFEHBRETO RS SECBERS & O

Female

Exposed

Nonexposed

Male
Age at Death
(Yrs.) Exposed Nonexposed
30 -39 1.890 £0.835( 2) 1.854 £0.495 ( 2)
40 — 49 0.579%0.228 ( 2) 1.493+0.682( 2)
50 - 59 2464 +£1.249 ( 3) 2.723 £0.581 (11)
60 — 69 3.247 £0.826 ( 6) 1.216 £0.147 (27)
0 -79 1.396 £ 0.146 (25) 1.289 +£0.124 (33)
80 — 89 0.893 £0.226 (11) 1.404+£0.270( 7)

2410£1.510( 2)
1.662 £0.431 ( 4)
1.147 £0.257 ( 4)
1.623 £0.341 (13)
1.535%0.180 (17)
1.005 £0.157 (15)

3.308£1.393( 3)
1.441 £0.265 ( 8)
1.163 £0.133 (21)
0.948 £0.091 (28)
1.305 £0.093 (17)

Results expressed as mean * S.E.; number of persons in individual category in parentheses.

As shown in Table 1, the soluble-insoluble collagen
ratio in the various categories is significantly dif-
ferent for the two exposure classifications. How-
ever, the pattern of these differences is not
consistent.  Thus, in the 30-59 and 80-89 age
categories, exposed males and females demonstrate
lower average values than the comparable non-
exposed groups. This relationship is reversed in the
60-79 age categories, however, where lower average
values are found among the nonexposed groups. In
each age group, the males and female data are
consistent with one another.

Also noted are statistically significant sex differences
which involve both the exposed and nonexposed
populations. Generally speaking, the soluble-
insoluble collagen ratio for females is lower than
that for males. However, the considerable variation
among persons in invididual groups, as reflected in
the statistical analyses, casts considerable doubt on
the significance of this difference.

Because of the great variability of the sample size in
the individual experimental groups, weighted
regression equations were determined and the data
recalculated as shown in Figure 1. There is no
consistent difference between the data for the
exposed and nonexposed segments of the popula-
tion of either males or females.

DISCUSSION

The present study demonstrates significant age-
related differences in the soluble-insoluble collagen
ratio between proximally located males and females
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FIGURE 1.

SOLUBLE-INSOLUBLE COLLAGEN RATIO: Recalculation of data from Table I;

standard deviation of the slope of individual regression curves as follows: female, nonexposed—
0.0082; female, exposed—0.0075; male, nonexposed—0.0080; male, exposed—0.0143. Each slope

significantly different from 0.

of Hiroshima and Nagasaki and comparable persons
who were in neither city at the time of the
explosions. These differences are not consistent,
however, since lower values were documented for
exposed males and females in the 30-59 and 80-89
age groups as opposed to nonexposed persons and a
reversal of this relationship noted among the 60-79
age groups. In an interpretation of the foregoing
data, the following should be kept in mind:

Choice of tissues to analyze. Grossly normal
segments of descending thoracic aorta were
analyzed. Such an approach does not insure the
exclusion of specimens with less overt disease.
Such was presumably present in virtually all of
the cases and thus a variable amount of recently
synthesized collagen was probably included in
the soluble fraction. Preliminary studies perform-
ed on multiple segments obtained from grossly
normal regions of aorta suggest that newly
synthesized collagen associated with occult
disease is not of critical importance. Despite the
latter observation, Achilles tendon would have
provided a more satisfactory substrate for this
study. Unfortunately, it was not possible for us
to obtain this tissue at autopsy;

1 AN MR RO R1OWH T ﬁ.ﬁ'lﬂﬂhﬁﬂﬂﬁﬂﬂﬁﬂﬂﬂﬁﬁiikkmti:‘*}: T —
0.0082; M4 T —0.0075; FWHRBF —0.0080; HHRDF — 00143, T FhOIREOSEHEIIRTS.

T, EEEFEEBEEO LB IR MER R T AR
BEFTH N, LAL, TOEF—HLALOTR
%<, 30-50mEH L UB0 - BIEDEREETIER L L Lk
BEOMILIEHBEOZ LIS ST, 60— 798D §
WHTHEZOMEIBEL TWAZ EPFED oA
HOEROERIZAE-TIHE, KOs T o8Y
dh .

SHIZH G MoK, T TR B AR AR
CERESPOGHET A 2L T 70—7F
T, FBRMICHEATE WERD S BEROKRINE
FiaEzhTtuviwv., TOLIBEBIBSCIEEA
EOFIzHoEBPNADT, HEESWIZIEES L
BEEMaeh -BETFEs0fECFEINATLLE
LborBEbha. KEROARMIIZIES &5 4 5
Holz 2ol FiiowititThbh A FRAETIIE,
BEMRBCE - THA AR ENLBER T SIS
FRETCRVIEAREENL. REOBELERC
Larbosd, SEOBPETIET XL AR LD
Bz HBEThomLBbRAE. LAL, BEEL
ALHBTIOMME AFToI L3 TERLL,



Direct effects of radiation on aorta. Radiation-
related injury to aortic collagen at the time of
exposure could complicate subsequent evalua-
tions designed to study a presumably generalized
phenomenon such as aging. To date, however,
direct effects with respect to aorta have not been
demonstrated;!!

Individual age at exposure. Virtually every
person included herein was irradiated at a dif-
ferent age. A considerable reservoir of experi-
mental data exists to suggest that the most
profound life-shortening in several species of
experimental animals is associated with exposure
at an early age of life.!? Most of the persons
included herein were exposed at age 35 vears or
older. In addition, only a small portion of the
individuals exposed during the first several
decades of life have died and therefore these
groups are poorly represented in this study. The
limited data available to date on tissues obtained
from persons in the 30-59 year groups, as
summarized in Table 1, are consistent with
“accelerated aging” among these persons and
suggest that future reevaluation of addifional
individuals who were less than 30 at the time of
the bombings is indicated.

The apparent discrepancy in soluble-insoluble
collagen ratios between males and females is un-
expected and difficult to explain. The reverse
relationship might have been expected since, in
common with many Western populations, Japanese
women enjoy a longer life expectancy than do
males; this difference has been noted in preliminary
evaluations of both the exposed and nonexposed
portions of the populations under evaluation at
ABCC.® 1t is tempting to speculate that cross-
bonding in collagen in humans may be partially
influenced by hormones. In this connection, it is of
interest to note that select degenerative age-
associated skin changes (wrinkling, atrophy, sebor-
rheic keratoses, senile hemangiomata) have been
noted to appear at an average earlier age among
Japanese females in comparison with their male
counterparts.* However, additional comparisons,
particularly involving other racial groups, would
appear indicated before any hypotheses in this
regard are warranted.
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