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THE INFLUENCE OF A SINGLE EXPOSURE TO RADIATION ON ACCUMULATION OF
LIPOFUSCIN (AGE PIGMENT) IN CARDIAC TISSUE IN ATOMIC BOMB SURVIYORS
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INTRODUCTION

It has been suggested that exposure to ionizing radiation
produces changes in experimental animals paralleling the
normal aging process.!™ This hypothesis is based on a
decreased life expectancy and an increased incidence of
some diseases(e.g., leukemia and cancer)in exposed animals.

In order to evaluate properly the postulated acceleration
of aging in humans exposed to ionizing radiation, a suitable
index of aging is necessary. Such an index should be a
measure of anatomical and/or physiclogical changes
normally due solely to time and not extrinsic forces or
agents. Reports from this laboratory® have recently
shown that the accumulation of lipofuscin age pigments
in the human myocardium increases linearly with age
and that its rate of accumulation is independent of any
measured factor except time. If radiation exposure results
in an acceleration of the rate of pigment accumulation as a
results of the hypothetical speeding up of the general
aging process, tissues from survivors of the atomic bomb
might be suitable material to test the hypothesis.

Heart autopsy specimens of 32 subjects, aged 16-83 years
at time of death and who were in Nagasaki at the time
of the atomic bomb (ATB) were examined histologically
for the amount of lipofuscin age pigment. Control
observations were made in 17 subjects ranging in age from
5-81 years and who were not in the city ATB. The
“exposed” group who survived 12-14 years after the
bomb were 1800-9500m from the hypocenter, and
exhibited various anatomical aberrations at autopsy(Table 1).
The method described earlier® was used to measure the
percent of myocardial volume occupied by the lipofuscin
and the percent of heart volume occupied by myocardium.

RESULTS

Figure 1 shows the total amount of pigment (heart
weight X % pigment) and the control and exposed groups
did not differ significantly at any age (Table 2).
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TABLE 1 ANATOMICAL ABNORMALITIES AT AUTOPSY FOR VARIOUS AGE GROUPS
£1 EBRBITHEERBRIC S 5 L REEIEE O B
Age  Group Subjects Organ System }'é";?ﬂi%;ﬂﬁﬁ AL
i [ e 19 £ Cardiovascular  Respiratory Nervous Gastrointestinal Urinary-genital Neoplastic Diseases
L B i IR 25 Mgt 8 k= e R A
0-10  Control #f#E 3 3 2
Exposed #%E& 0
11-20 C  HEE ] - - -
E #g# 1 1 1 1
2130 C  MERH 4 1 4 1
E #iRE 1 1 1
3140 € HEE 4 4 2 2
E ##E 2 1 1 2
41-50 C % 1 1 1
E ®ikE 3 2 2
51-60 C s 2 1 2
DI 3 £ 7 & 1 3 4
61-70 C EE 4 4 3 . 2 1 0]
E #®%#E 7 6 2 1 1 2
71-80 C  xEE 2 1 :
E #RE 8 6 2 1 1 3
8190 C xHEH 1 2 17 1
E ##ea 1 1 1

When more than one system was affected in any one case, each system was listed.
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TABLE 2 COMPARISON OF EXPOSED AND CONTROL GROUPS
2 WBERE L MHEROLR

i : Average Pigment Standard Standard Error
Group Number Ratio* Deviation of Mean
" A FHERL® mEEE PR ORI E
Exposed BIBEF ... 32 1.06 0.573 0.1029
Control  HBERE ... 14 0.887 0.462 0.1281

* Observed pigment concentration divided by the age mean pigment concentration for the subject’s age (ohtained from Figure 1),

HEAERELM I CRLAERME» RO - T OEMOERCHT 2 ERPHAERBETH > L 0.

Radiation induced changes should be more apparent in
Accordingly, the
distance was compared with the average pigment ratio

individuals closer to the hypocenter.

(% pigment/age average), however, no relationship was
found (Table 3).

In order to test the possibility that the radiation received
produced the death of myocardial fibers and their
replacement by connective tissue elements (which could
mask any real effect of the radiation on pigment content/
surviving myocardial cell), a plot of the percent of total
heart volume occupied by myocardium as compared to
interstitial and connective tissue was made for the exposed
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FIGURE 1 TOTAL PIGMENT (% PIGMENT BY VOLUME x
HEART WEIGHT in grams x10°% )vs AGE
Bl EFEER (EHINEBERETEX
LD EE (g) X1072 ) & Fip

[ e Exposed RHBH /
‘‘‘‘‘ Control M /
B === American7 A ) # A S/

% Pigment x Heart Weight x 10®
AT HI OO E S X10-°

1 1 L i} ]
0 20 40 60 80
Age in Years F#
Linear regressions by method of Walker et af'?
Walker 5 U@L & 4R R

and control groups (Figure 2). Mean myocardial volume
percent for both groups was between 40% and 50%
with at value for the difference between them of 2.05
(0.050>P=>0.025)(Table 4). Values correspond closely
with those obtained in the previous study® where the
mean was 50.3 %.

Although no systematic differences in the microscopic
appearance of unstained sections of the hearts of the
exposed and control groups were noted, an apparent
difference between the (total) Japanese and American
groups is a higher rate of pigment accumulation in the
former. The Japanese groups accumulated pigment at
nearly twice the rate of the American autopsy sample
reported earlier’Figure 3). Thus the rate was 0.046%/year
for the total Japanese sample and 0.028 %/year for the
corresponding American sample. However, that t value
for the difference between the two groups (t=2.33) is
only of problematical significance(0.05>P>0.025) whereas
the t value for the difference in rates of total pigment
accumulation was even less (t =1.64){0.100>P>0.050).

Whether these borderline significances represent real
differences could best be settled by a more extensive
Japanese sample, both irradiated and control. The
low t values arise from the not inconsiderable scatter of
individual pigment values characteristic of these studies.

FIGURE 2 PERCENT MYOCARDIUM BY VOLUME vs AGE
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TABLE 3 RELATION OF DISTANCE FROM HYPOCENTER TO AVERAGE PIGMENT RATIO

#3 LM S DL PEEREE OME
3 , 3 Average Pigment Stand:ard Standard Error
Dls’fam'e - Number Ratio* Deviation of Mean
L fA 2 TEEL L el Gt E
1000-3900 11 1.03 0.58 0.18
4000-6000 8 (.94 0.47 0.17
= 7000 6 1.06 0.38 0.17

* Defined in Table 2.
EREF2CTL .

TABLE 4 COMPARISON OF MEAN MYOCARDIAL VOLUME PERCENT FOR EXPOSED

AND CONTROL GROUPS
FA4 BUEEE L WIREEO THELE KA 50 i

y _ Average Percent  Standard Standard Error
C'r;uP Nf;ﬂ';” Myocardium® Deviation of the Mean
P LY Bz ¥ F o0 ¥ HE R 2
Japanese Exposed H#& AWEBE 32 43.7 6.7 1.2
Control  H #& A 3B 16 18.4 7.56 1.95
Total H A= A ¥ 48 46.1 6.84 0.99
American 7 A U A A 151 50.3 10.7 0.87
* Percent heart volume occupied by myocardial tissue as opposed to connective or interstitial tissues.D
TR E SR, RAHEE RS L, CRERO T LIRS S0 ANETH S



DISCUSSION

Although these results provide no evidence in support
of a radiation-aging hypothesis, the lack of correlation
between radiation exposure and “age pigment” indices
does not, by itself, negate the hypothesis. Several
alternatives are possible. Firstly, it may be that only
some of the time-induced changes of normal aging are
mimicked by radiation. Secondly, it might be that the
quality as well as the volume of pigment must be taken
into account. Finally, of course, it may be that “age
pigments” are themselves only fortuitiously associated
with aging and not a “true” part of the process, as is
suggested by the fact that tocopherol deficiency as well
as several other environmental manipulations may increase
the apparent pigment accumulation as measured by
tinctorial tests.% However, an intrinsic process might well
be accelerated by environmental factors even though it
could not be completely arrested by the most ideal
environment. Taken together with the lack of radiation
life-shortening in species, such as Campanularia flexuosa’
and Dhosophila melanogaster, bconsisting essentially of fixed
postmitotic cells and more general arguments presented
elsewhere,? the present results thus appear to be incon-
sistent with the general hypothesis of radiation-acceler-
ated aging.

The differences between Oriental and American subjects
is possibly due to dietary contrasts between the two
groups, particularly in their respective intakes of lipids
containing unsaturated fatty acids, (whose auto-oxidation
products appear to be a major component of the age
pigment lipids) 1" and possibly to tocopherol deficiency in
the Japanese subjects. The antioxidant properties of
a-tocopherol both in vivo and in vitro seem likely to
afford some protection against intracellular rancidi-
ficgtion. 11 .12

SUMMARY

No significant differences were observed in the total
amount of myocardial age pigment of a group of survivors
of the Nagasaki atomic bomb and a control group.
Average pigment ratios did not vary significantly as a
function of distance from the hypocenter. There was no
significant change in the percent of heart volume occupied
by myocardium in the survivors.

The rate of accumulation of age pigment in both survivors
and control subjects was nearly double that of the American
sample tested earlier: 0.046%/year vs 0.028%/vear
(0.05>P>0.025; t =2.33).
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