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AGING IN HIROSHIMA ATOMIC BOMB SURVIVORS
LEODERBEBEECST2MEBRS

INTRODUCTION

There is present agreement that exposure of animals to
whole-body irradiation, even in amounts insufficient to
produce early mortality, results in a decreased life span. L3
An analysis of autopsy data reveals that such animals die
earlier than non-irradiated contemporaries from a variety of
causes other than those overtly related to acute radiation
injury.z"L The increased incidence or accelerated ap-
pearance of neoplasia in irradiated animals has long been
recognized but the tumorigenic action of radiation does
not completely explain the observed increase in death
rate which follows exposure to ionizing radiation.” More
recently it has been noted that irradiation induces the
premature appearance of a variety of degenerative changes
commonly associated with aging. Thus, irradiated mice
dying prematurely show generalized atrophy of paren-
chymatous organs, weight loss, debilitation, thinning of fur,
diminished alertness, decreased physical activity, untidiness
and loss of inquisitiveness.® The premature appearance of
degenerative change (s) associated with senility has been
referred to as accelerated aging.

Quantitative study of accelerated aging following irradi-
ation in humans has been extremely limited. The validity
of the comparisons in Warren's 'r'eport6 concerning
American radiologists has been questioned;’ furthermore,
decreased longevity has not been found among British
radiologists.s Previous studies done among survivors of
the Hiroshima atomic bomb of 6 August 1945 have been
entirely limited to fairly gross determinations, e.g., age
estimation, skin retractibility and looseness, hair greying,
hearing loss and the elasticity of isolated aorta.” !
These studies have not demonstrated any significant
difference between the survivors and those not in the
city at the time of the bomb (ATB). Moreover, as has
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been pointed out by Sobel," to adequately study ‘physiologic’
aging and to implicate radiation in accelerated aging it is
necessary to: Define a quantifiable biochemical or physio-
logical phenomenon which is age dependent: and,
demonstrate that this age-associated phenomenon is
accelerated following irradiation. Theoretically, such a
phenomenon should reflect minimal, early, natural and
experimental alterations and occur independently, or at
least precede, any histologic event. The only study
among survivors of the atomic bomb which satisfies the
first of these criteria concerns age-related changes in
erythrocyte antigens; no relationship was found between

: S 13
this parameter and radiation exposure.

In a wide variety of tissues the ratio of the muco-
polysaccharide ground substance, including hexosamine, to
collagen has been shown to be an age-dependent phenome-
non in rats, guinea pigs, rabbits and man."''® This
ratio has been generally accepted as a measure of
biochemical .';1ge.12‘14'19 The present study employs this
age index in a consideration of accelerated aging in
survivors of the atomic bomb in Hiroshima, Japan.

METHODS AND MATERIALS

Chemical determinations were performed on skin and
aorta removed from men autopsied at the Atomic Bomb

Casualty Commission(ABCC)in Hiroshima during 1962.-64.

Skin was obtained from the anterior abdomen. Only
grossly normal tissue was sampled; regions of scar tissue,
inflammation, etc. were avoided. Aorta was derived
from the thoracic region. Again, in an effort to obtain
homogeneous material, atheromatous areas were avoided
and samples obtained from grossly normal regions.

Cases were grouped as follows: Tissues from 14
individuals located between 900-1295m from the hypocenter
ATB were paired with tissues from 14 individuals not in
the city ATB. In each pair, ages were matched to
within 12 months. Pairing was done without knowledge
of the clinical histories or pathologic diagnoses.

Of the persons in this study who were in Hiroshima
ATB, the great majority, and possibly all, absorbed a
biologically significant amount of radiation from the atomic
explosion. Theoretically it is possible to calculate the
dose in rad for an exposed person. However, uncertainties
exist concerning air dose estimates at various exposure
gradients and the degree of attenuation provided by
natural and man- made object5.20 Therefore, the cases
comprising this report were categorized only by the indi-
vidual’s distance from the hypocenter of the explosion.
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Analytic Method The subcutaneous fat was removed by
dissection from previously shaved skin specimens. The
adventitial tissue was removed from the aortas in a
similar fashion. The tissues then were allowed to remain
in acetone overnight at room temperature. After air
drying for 15 minutes, 50 mg aliquots of defatted dried
skin and aorta were placed in screw cap test tubes with
5.0 ml of 4N HCI and autoclaved at 15 pounds pressure(120°C)
for 2% hours. Following acid hydrolysis, the specimens
were centrifuged, the sediment discarded and the super-
natant stored at 20°C until needed.

The hexosamine content was determined by Blix’s
modification®! of the Elson and Morgan method® following
adsorption and elution from amberlite IRC-50 resin as
suggested by Exley.” The hydroxyproline content was
determined by the Neuman and Logan method®® as
modified by Martin and Axelrod.*® The determinations
were performed on each experimental pair at the same
time and all tests were done in duplicate. The results
were averaged and expressed as the amount of hexosamine
or hydroxyproline per mg of defatted dry tissue. Calcu-
lation of collagen content was based upon the knowledge
that this substance contains 13.2 % hydroxyproline. The
final results were expressed as the ratio of hexosamine
to collagen.

RESULTS

The hexosamine : collagen ratios for skin and aorta in
the 14 experimental pairs in this study are shown in
Table 1; also included is the primary autopsy diagnosis,
exposure data and each person's age at death. In 11 of
the pairs, the hexosamine:collagen ratio of the skin
was less in the exposed member than the nonexposed one;
conversely, in the remaining 3 pairs the ratio of the
nonexposed member was less. The probability that the
14 pairs are biochemically similar and that the described
differences are attributable to sampling is small (P <.05).
The results were similar with determinations performed
on aorta; the same 11 pairs showed a lower ratio with
aorta obtained from the exposed member.

The hexosamine: collagen ratio has been shown to
decrease with advancing age.ls‘ 15 Although a suggestion
of a similar correlation was evident in the present study,
no exact relationship between this ratio and age was
demonstrated. This is not surprising since, as shown in
Table 1, the individuals included in this report died with a
variety of diseases associated with varying degrees of
chronicity and the hexosamine : collagen ratio apparently
reflects general protein metabolism.?®  Previous studies

of a similar type which showed this parameter to be an
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TABLE 1 HEXOSAMINE: COLLAGEN RATIOS IN EXPOSED AND NONEXPOSED PERSONS PAIRED BY AGE AT DEATH

#1 L ERp B IS RS S 4 A HBE S L OIEHIBE 25 1T 3 hexosamine xf BRI B
. Autopsy . Distance from o Hexnsamine:C:Hagen Ratio
Experiment Number Age Hypocenter(m) Primary Pathologic Diagnosis Hexosamine & B2 &k
MgET e Bl 6 OTRE EE R I U Skin ®W  Aorta KBIER
1 61 1100 Bronchogenic carcinoma
ATl 0.00064 0.00947
61 Nonexposed Pulmonary emphysema
E 3 E BRI o i e s 0.00073 0.01098
2 62 1200 Carcinoma of stomach
0.00153 0.00536
62 Nonexposed
ELE-3 S 0.00556 0.00711
3 65 1270 Cerebral hemorrhage
Edimo, 0.00157 0.00352
65 Nonexposed Carcinoma of stomach
W H W cxson s s B e SR SR 0.00196 0.03146
4 72 1220 Generalized arteriosclerosis
%43 1 A RR 0 L 4E | 0.00287 0.00607
T2 Nonexposed Carcinoma of bile duct
ELE % X BUEENE o cnimnnmninaiain i i 0.00373 0.00893
5 72 1250 Cerebral infarct
BT R 0 B S 0.00137 0.01039
72 Nonexposed Pulmonary tuberculosis
FHiRE BEREHE e s 0.00093 0.00325
6 73 900 Pulmonary emphysema
MU i nsmsaran e pasassessaness, 0.00056 0.00643
73 Nonexposed Pulmonary tuberculosis
E 3 B Rl 5 1 0.00221 0.01282
7 74 920 Carcinoma of stomach
L TSI S 0.00080 0.00756
74 Nonexposed Rheumatic heart disease
el Vv FELREL 0.00119 0.01474
8 76 1220 Generalized arteriosclerosis
ARIEMMETEEE .ovvsioiesesinsisasinsiiie 0.00087 0.00379
76 Nonexposed Generalized arteriosclerosis
JEHIRH SHEMBRBILE .. 0.00219 0.00768
9 77 1260 Generalized arteriosclerosis
& OF % 6 AR 6 {4 0.00061 0,00307
77 Nonexposed Generalized arteriosclerosis
EE 3 X EHEBRIELE 0.00080 0.00575
10 80 1240 Carcinoma of stomach
W R R 0.00259 0.00299
80 Nonexposed Carcinoma of stomach
Jk w1 A L. DR 0.00132 0.00232
11 80 1240 Pulmonary emphysema
B AURE . 0.00104 0.00226
80 Nonexposed Hypertensive heart disease
et B EEAE A M i siasiisriaist i 0.00174 0.00380
12 81 1283 Lobar pneumonia
KIEEIE e e e 0.00099 0.00697
81 Nonexposed Generalized arteriosclerosis, Cerebral infarcts
ELy 3 4 B 15 Y A B8 4 0.00077 0.00370
13 83 1295 Cirrhosis
LTy 0.00100 0.00532
82 Nonexposed Bronchial asthma
EL 3 oy 1 B s 0.00113 0.00650
14 90 1220 Bronchopneumonia
fn 0.00130 0.00291
90 Nonexposed Arteriosclerotic heart disease
B dif RRE (£ 1%

TRIEA s ssns paeving 0.00151 0.00334




age-associated phenomenon employed skin biopsies from
essentially healthy men' or from persons who died from
acute causes.” Also many of the present experiments
were performed individually often with freshly prepared
standards and with no attempt to correct for experimental
variations in hexosamine destruction by means of an
internal control as suggested by Exley.”® Therefore, the
only valid comparisons in Table 1 are between the exposed

and nonexposed components of an individual experiment.

The hexosamine : collagen ratios for skin, as shown in
Table 1, were smaller than the comparable figures given
by Sobel et al®® who used skin obtained from American
men. These discrepancies are attributed to variations in
methodology as well as the discrepancies in general
health mentioned previously although racial differences
may be of some importance.

As noted above, individual diseases apparently influence
the hexosamine : collagen ratio in a nonspecific fashion
probably in relation to protein metabolism. Therefore, it
might be suspected that the present results reflect this
relationship rather than previous exposure to ionizing
radiation. However, the pairs were matched only according
to age without any other knowledge of the cases. Also,
the primary pathologic diagnoses, as shown in Table 1,
appear to have fairly even distribution with respect to
exposure status.

Finally, with the possible exception of leukemia, no
known bias existed in autopsy procurement during the
period encompassed by this study. Therefore, the
relationship between the hexosamine: collagen ratio
and exposure status shown in Table 1 is not felt to be
artifactual but rather to be a reflection of a basic alteration
in the general population exposed to a significant amount
of radiation.

DISCUSSION

The present study demonstrates an alteration in the
hexosamine : collagen ratio in a statistically significant
proportion of a small group of individuals exposed to a
significant amount of ionizing radiation. The hexosamine:
collagen ratio is generally accepted as a biochemical
parameter of aging, and if this concept is valid, it would
seem to imply that ionizing radiation from the atomic
bomb of 6 August 1945 produced accelerated aging in
proximally located survivors. Although such a conclusion
may be warranted from these data, additional factors
merit consideration.
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The late effects of ionizing radiation are complex and as
vet poorly understood. However, it is certainly not
inconceivable that the described changes in mucopoly-
saccharide and collagen could reflect an abnormality not
related to spontaneous aging or that such changes might be
the single common feature of otherwise diverse disease
processes. One such denominator common to radiation
injury and ‘physiologic’ aging is an increased proportion of
interstitial fibrous tissue in a variety of organs. Indeed
one current theory relates aging to intracellular starvation

5 w . 12,14,2
secondary to interstitial sclerosis. &

Figure 1 shows a possible relationship between radiation,
aging and interstitial fibrosis that does not necessitate an
implication of accelerated aging to explain the early
mortality that follows whole body irradiation. Figure 1
represents an overly simplified amalgamation of other
investigator’s hypotheses,12.27 but, even though alterations
similar to those associated with spontaneous aging are
apparently accelerated post irradiation this does not
necessarily mean that irradiation causes an acceleration of
true ‘physiologic’ aging. Part of the problem, therefore,
relates to the specificity of hexosamine: collagen ratio
as an index of aging. Unfortunately, the ratio reflects
general protein metabolism, which has been shown
experimentally to be influenced by steroid administration
and starvation - two situations not generally associated
per se with accelerated aging.%‘28
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FIGURE 1 PROPOSED RELATIONSHIP BETWEEN SPONTANEOUS AGING,
RADIATION AND DECREASED LONGEVITY
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If, as one currently popular theory hypothesizes, aging is
merely the cumulative effect of a life-time of nonspecific
insults,**" then a possible denominator between radiation,
starvation and steroid administration becomes obvious,
and radiation would be expected to produce accelerated
aging. However, the problem becomes much more
complex if aging is considered as a specific disease
entity whose protean manifestations merely reflect the
fundamental nature of the metabolic abnormality or
mcompatlblhty, then the relationship between radiation
and accelerated aging, as reflected by the hexosamine:
collagen ratio, becomes less clear. Recently it has been
suggested that radiation produces decreased longevity by
direct tissue damage and that this is not analogous to

2o B
spontaneous aging. w2

These fundamental questions
concerning the etiology and pathogenesis of aging and
the relationship between accelerated aging and radiation
probably will not be resolved for some time and therefore
final interpretation of the results of the present study

must, of necessity, be postponed.

Unfortunately, because of the character of the ABCC
autopsy population and problems in pairing, all of the
cases included herein were over 60 years of age at the
time of death. It may seem somewhat incongruous to
discuss accelerated aging in what must be considered a
senescent population. However, in this connection it is
important to distinguish between longevity, aging and the
pathologic processes often associated with aging. Aging,
as the word is employed in this discussion, is considered
to be the apparently irreversible, inevitable, temporally-
related changes that result from the normal vital phenomena
of an organism and is therefore not necessarily related to
other disease entities such as atherosclerosis. If aging is
considered in this strict sense, then a study of accelerated
aging need not be limited by the chronologic age of the
study population.

The foregoing discussion should not be construed as an
attempt to minimize the results reported herein but only
to indicate caution in the interpretation of the findings.
This study demonstrated biochemical alterations in persons
with no other presently known clinical, chemical or
morphologic indication of previous exposure to significant
amounts of ionizing radiation. On the basis of presently
accepted concepts, these changes in collagen and/or
ground substance strongly suggest that proximally exposed
survivors undergo accelerated aging. However, in view
of the present lack of knowledge concerning aging, this
association should be considered tentative; new information
concerning spontaneous and accelerated aging will require
reinterpretation of the present results. In addition, as
new parameters of aging become available, they should be
applied to the present case material.
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SUMMARY

This report concerns the hexosamine : collagen ratio in
skin and aorta obtained from men autopsied at ABCC
Hiroshima during 1962-64. The study includes 14
proximally exposed individuals paired by age with an
equal number of individuals who were not in Hiroshima at
the time of the atomic explosion. In a statistically signifi-
cant number of the pairs(11), tissue from the exposed
member was found to have a smaller hexosamine :collagen
ratio than the nonexposed member; this suggests the
presence of accelerated aging among proximally exposed
persons. However, other possible explanations for the
experimental observations are offered; in view of these
and until a broader knowledge of aging is available, the
results of the present study should be interpreted with caution.
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