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Table 1. Percent lipofuscin by exposure status and age at death
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Figure 1. Percent lipofuscin by comparison groups and age at death
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SUMMARY: This report concerns the amount of age-dependent lipofuscin in the myocardium of the left
ventricle of a group of 54 persons exposed to the Hiroshima and Nagasaki atomic bombs within 1400 m
from the hypocenters matched by sex and decade of death with a similar number of individuals who were
in neither city at the time of the bombs. The results fail to demonstrate an accelerated accumulation of
pigment in the exposed group; although not of statistical significance, the majority of the exposed indivi-
duals appear to accumulate lipofuscin at a less rapid rate than the nonexposed group. The possible impli-
cations of these data are discussed.
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Whole-body exposures of a variety of laboratory animals!®
and man® to sufficient quantities of ionizing radiation
results in an abbreviated life span. The well defined
tumorigenic effect of such exposure does not completely
explain the increased death rate which has been referred

to as accelerated a\ging.3 It is not clear, however, if the
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latter represents an acceleration of “physiologic” aging
or decreased longevity on some other basis.

Alexander” has emphasized that it is not reasonable to
refer to any process which shortens life-expectancy as
accelerated aging. Rather, “radiologic aging”® should be
associated with a premature onset and progression of all
quantifiable events and disease processes associated with
aging and the appearance of such events should be
advanced in proportion to the shortening of the life span.
Unfortunately, a paucity of information concerning the
critical determinants of both the aging process and the
delayed consequence of exposure to radiation make it
impossible at present to develop the types of comparisons
that would be the most meaningful in this regard. For
the moment, we are reduced to applying quantifiable
parameters of aging to exposed and nonexposed populations
in an attempt to document displacement of such events.

The present report represents one of a series of studies
concerned with this problem and attempts to apply a
quantifiable parameter of aging to proximally exposed
male survivors of the Hiroshima and Nagasaki atomic
bombs and to groups of nonexposed individuals who were~
in neither city at the time of the bombs (ATB).

Proximally exposed in the context of this discussion
indicates that an individual was located within 1400 m
from the hypocenter ATB; the majority of such indivi-
duals are thought to have absorbed a biologically signifi-
cant amount of ionizing radiation.”

METHODS AND MATERIALS

Formalin fixed sections of left ventricle of heart obtained
in random fashion at autopsy were examined histologically
for lipofuscin pigment according to the method outlined by
Strehler et al.'"" Individuals with significant loss and/or
replacement of myocardial mass were not included in the
study. Examinations were performed without knowledge
of the person’s exposure status. The experimental groups
were selected in random fashion from autopsies performed
during 1960-66. Subgroups were formed according to age
at death as shown in Table 1 with no more than 10 persons
in an individual decade. Since the population under study
at ABCC in Hiroshima and Nagasaki is fixed and
therefore inevitably ages, no attempt was made to include
individuals under 30 vears of age at death. As might be
expected in a study utilizing autopsy material, the younger
age groups are less well represented than the comparable
older groups. Thus, there are only a total of 16 persons
in the 30-39 age groups and 12 in the 40-49 age groups
as shown in Table 1.
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TABLE 1 PERCENT LIPOFUSCIN BY EXPOSURE STATUS AND AGE AT DEATH

#1

VAR T7 AF AR HERREE & X OTFEC R R

Apge at Death FECC85 45

30-39 1049 50-59 60-69 70-79 R0-89

Proximally exposed iTHEMEREMES ... (8) (6) (10} (10) (10} (10)
Average THEM e 1.1 1.9 1.4 2.8 2.4 4.6
Adjusted average* #iE T ..o 1.0 1.9 1.4 2.7 3.0 4.4
Median ML 1.0 2.0 1.0 3.0 3.0 5.0
Nonexposed 4 i i # s (8) (6) (10) (10) (10} (10
Average T ... i 52 2.8 2.5 3.0 3.1 B2
Adjusted average* M IEFEME ... 1.1 2.8 2.3 2.9 3.0 3.5
Median, BN ..ivnimnimmannans 3.0 2.0 3.0 3.0 4.0

1.0

Results expressed as the percentage of pigment by unit volume of myocardium; figures in parentheses indicate number of cases in

each group.
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* Adjusted average coleulated by excluding extremes,

RESULTS

The results are summarized in Table 1. As shown, there
is a progressive increase in the amount of lipofuscin per
unit volume of myocardium as a function of age at death
in both the exposed and nonexposed populations with the
exception of the 50-59 period where there is a slight
decrease in both experimental categories in comparison
with the previous decade. It is of interest that the amount
of pigment in the exposed group exceeds that in the
nonexposed group only in the 80-89 period; in all other
decades, the figures for the nonexposed groups either
equal or exceed the comparable data for the proximally
exposed groups. These differences are, however, not
statistically significant because of the considerable scatter
of individual pigment values; as emphasized by others*
such scatter is an unfortunate characteristic of studies
of this type.

A portion of the data of Table 1 is also shown in Figure 1.
Also included are comparable data for an American
autopsy sample as reported by Strehler.!" The rate of
pigment accumulation in the latter sample is considerably
less than in either Japanese group.

Recalculation of the data in terms of total lipofuscin
(percent pigment multiplied by the weights of unfixed
heart) yields results essentially the same as those shown
in Figure 1.
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FIGURE 1 PERCENT LIFOFUSCIN BY COMPARISON GROUPS AND AGE AT DEATH
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The present study fails to demonstrate an acceleration of
the rate of accumulation of lipofuscin pigment in the
myocardium of proximally exposed persons. Although not
of statistical significance, in most age groups the average
amount of age-dependent pigment is actually less in the
exposed population than in the nonexposed group. This
latter observation is of interest in connection with a
similar observation by Troup et al ! in irradiated hamsters.

The data reported herein support a previous report by
Strehler et al'? which also failed to document differences
The latter
study has been criticized, however, because the group

between exposed and nonexposed Japanese.

classified as exposed included no person closer than
1800 m from the hypocenter ATB; information accumulated
since the time of this study suggests that the majority,
and perhaps all, of individuals located at distances
greater than 1800m from the hypocenter received a
biologically equivocal amount of radiation.®

The present study does not support the concept that
radiation induces acceleration of the normal aging process
in humans exposed to the atomic bombs; however, neither
does the data necessarily negate this concept. At least
one alternative merits consideration. It is easily conceiv-
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able that accumulation of cardiac lipofusein is a “by-product”
of aging and not an integral part of the process in much
the same way that in conventional animals progressive
elevation of serum gamma globulin levels with age appears
to be associated with an increased probability of exposure
to a variety of microorganisms and other antigenic sub-
stances rather than an inherent portion of the aging
process. Further clarification of this point, and therefore
the relationship between radiation and aging, of necessity
will need to be postponed pending new information in
this area.

Of tagential interest is the relative paucity of lipofuscin
in the myocardium of exposed and nonexposed persons in
the 50-59 age group. Although the significance of this
observation is not clear, it is of interest that in a number
of studies this decade has been noted to escape from
linearity with respect to several parameters, especially as
related to the immunologic capacity of the host.'
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