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TESTICULAR CHANGES IN ATOMIC BOMB SURVIVORS
E@mBEBEICS T S 2 40T

HIROSHIMA AND NAGASAK|
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INTRODUCTION

The acute effects of ionizing radiation on the testes of
atomic bomb casualties who died during the first weeks
and months after the Hiroshima and Nagasaki bombs
have been reported by Liebow, Warren, and DeCoursey.
Since then, Robinson and Engle* and Oakes and
Lushhaugh’ have reported their observations of the
atrophic testicular changes in humans who have suffered
accidental exposure to nuclear radiation. The case
reported by Oakes and Lushbaugh was followed by
sequential testicular biopsies and sperm counts for more
than 5 vears. It was found that regeneration of the
testicular germinal epithelium was extremely slow and
that histologic changes in the tubules were closely
correlated with sperm counts.

Previous studies of the pathologic changes in human
testes following atomic bomb radiation exposure were
made during the acute stage, and no information was
available about long-term testicular changes.

The present study was undertaken to determine whether
residual morphologic changes could be detected a decade
or more after exposure to the Hiroshima and Nagasaki
atomic bombs.

METHOD

A total of 782 male subjects, aged 20 years or more,
whose location at the time of the bomb (ATB) was known,
were identified in the ABCC autopsy program in Hiroshima
and Napasaki, during 1951-63. This sample base included
survivors within 1400 m from the hypocenter ATB; two
groups of distally located survivors comprised of indi-
viduals located at 1400-1999m and at 2500-9999 m, and
a third comparison group of persons not in the city ATB.

&

il

Liebow , Warren # & (f DeCoursey! |, K& LU
Fu ¢ T T, BOBE 2B e BLUALIECL
AERESEORLCED 3BHEEROMEEECS
WTHIS LT A, #O#, Robinson * Engle ? & & (f
Dakes & Lushbangh * (3, Wf0iC &0 R GTEMEA £ 2
HhAceoBAOEEEERZ20 TOREETELERY
L 7-. Oakes &5 k£ ¢f Lushbaugh O ¥ L ZiEH T2, 5
R hEo TRAERE L ST AIT 200,
FORE, RARLEOFENELO TR, WEO
A ER SR TR EOMICERLMERTH S LD

AL,

WEET, RIBHRMHEEREO ABOBALCMT 2HE
PR, BEHII>w it bhTtsy, RAOE
WMy 2GR ERESh T v,

L8 - Buo RREEEI0EL el o b, BF
TAWEFEMNELZHERTE 22322520102
AMEEIT G- .

h&

1951 S 1963 E TOILB T iR ABCC Iz & 11 3
I, FERBEOMREAIEL > L2208 FOS T
B E R TE L. CoRRBEIE, FRLSEROH Y
61400m @Iz ABERE, FLUNEBLE LTS
51999 m T L2500m A 59999 m * THEMIZWA 2
DR, HEURBIETRCO LD 5 AL THEK
shiTwa,



Survivors within 1400 m from the hypocenter ATB were
designated as index cases and an attempt was made to
select a matching control subject for each from the more
distal and not-in-city groups. Criteria for matching were:
Death +12 months of index death; and age at death
matches index case =10 vears. A control subject was
selected if hath of these minimum requirements could be
met. The match for age at death was quite good for
selected control cases with 42.9% in Hiroshima and
13.5% in Nagasaki being matched to the same year of
age. Matching the Nagasaki cases was more difficult
because of the smaller numbers of control cases available
for selection. Matching within 3 years of age at death
was possible for 82.5% of Hiroshima controls and 69%
of Nagasaki controls. Only one subject differed from the
index case by as much as 10 years of age, Including the
age-matched controls the entire sample consisted of
406 subjects from the Hiroshima and Nagasaki autopsy
population.

Al cases with adequate histologic sections available of
either testis were utilized in the study. An histologic
section was considered adequate if testicular tissue of
1 em® or more was available. Adequate histologic sections
were available for 85% of the Hiroshima selected cases
and for 89% of the Nagasaki cases distributed as follows:
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1400-1999 72 15
2500-9999 76 16
Not-in-city AP 47 (6 15
Total At 283 66

In order to assess the possibility that permanent histo-
logic testicular changes had occurred in proximally
exposed survivors, 6 histologic parameters were defined.
Each of these categories was divided into 5 degrees of
severity of change, from 0 through 4.

Category 1 Generalized Atrophy

00 Normal spermatogenesis.

1 Slightly reduced spermatogenesis, 50%-100% of tubules
have meiotic prophase chromosomes.

[34]

Moderately reduced spermatogenesis, 10%-50% of
tubules have meiotic prophase chromosomes.

3 Severely reduced spermatogenesis, 1%-10% of tubules
have meiotic prophase chromosomes.
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4 Complete absence of spermatogenesis, no meiotic
prophase chromosomes identified.

Category 2 Tubular Wall Thickening
0 ‘Normal'- Least observed thickness.
1 Minimal thickening.

2 Slight thickening.

W

Moderate thickening.

4 Severe thickening.

Category 3 Tubular Sclerosis

0 Less than 3% of tubules sclerotic.
1 3%-10% of tubules sclerotic.

2 10%-25% of tubules sclerotic.

3 25%-50% of tubules sclerotic.

4 50% or more of tubules sclerotic.

Category 4 Interstitial Fibrosis

0 ‘Normal - Least observed interstitial fibrous tissue.
I Minimal fibrosis.

2 Slight fibrosis.

3 Moderate fibrosis.

4 Severe fibrosis.

Category 5 Interstitial Cell Hyperplasia

0 ‘Normal'-Least ohserved number of interstitial cells.
I Minimal increase,

2 Slight increase.

3 Moderate increase,

4 Marked increase.

Category 6 Vascular Hyalinization

0 No arteries identified to show medial hyalinization.
1 Rare small arteries show medial hyalinization,

2 A few small arteries show medial hyalinization.

3 Moderate numbers of small arteries show medial
hyalinization.

4 Many small arteries show medial hyalinization.
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Although an attempt was made to select histologic
parameters which were independent marphologic variables,
it is apparent that some categories are partially inter-
dependent. For example, grade 4 tubular sclerosis, in
which 50 % or more of tubules are sclerotic and hence
show no spermatogenesis, would be at least grade 2
generalized atrophy. Except for these two categories,
however, there appeared to be relatively little morpho-
logic interrelationship in the definition of the categories.

The sample of cases to be studied was prepared and
presented for histological grading in such a manner that
neither the exposure status nor the age of the subject
was known until the final histologic classification of each
case had been completed. Histologic classification was
done independently by both pathologists for all cases
except for category 6, vascular hyalinization which was
conjointly determined for each case.
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+1 agreement between
independent readings

HEhAT o + 1 LR o &R

Category %% | Generalized atrophy ot LEDE-2 1 93 %
Category 574 2  Tubular wall thickening  #I#FAFRRE 96 %
Category w4 3 Tubular sclerosis 0 R (E 95 %
Category 1 4 Interstitial fibrosis Tl e 85%
Category %% 5  Interstitial cell hyperplasia [zt ... 81%
Category 73 6  Vascular hyalinization LA R TR Caonjointly scored

Agreement between the independent scores of a numerical
difference not exceeding 1 was considered satisfactory
agreement.  The score of one ohserver was arbitrarily
selected for subsequent analysis if the difference between
given scores was t1. [f the difference between scores
was more than +1, a joint reading was done and a final
numerical score agreed upon by the two ebservers, again
without knowledge of exposure status or age.

The initial agreement between the independent scoring
was good.
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Figure 1 Seminiferous tubnles showing generalized atrophy, grade 2, and tubular wall thickening, grade 2. Meiotic pro-

=1

phase chromosome configurations are seen in some tubules, bul not in others. Only rore spermin are idenlified.
320, Aulopsy
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Figure 2 The tubules show tubular wall thickening, grade 2, interstitial fibyosis, grade 2, and inferstitial coll hyperplasia,
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grade 1. %320,
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Figure 4 Higher power field of same tissue as Fr'iun' 4. There is absence of spermatogonia and sertoli cells in the sele-
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Figure 5 The interstitium shows grade 2 interstitial fibrosis and grade 2 interstitial cell hyperplasia, The generalized atrophy
score was () in this testis. %320,
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Figure 6 Hﬁline vascular change in the interstitium of a testis which had o vascular hyalinization score of 3. %320,
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Figure 7 Two small arteries show hyalinization. From a testis with vascular hyalinization seore of 2. 640, 62.AH.006
B7 zoodxr@ReRFRteRns. FEE2onFR Tk r s >xn. x o0 . [IININMG

RESULTS

The two independently determined histologic change
scores were compared for change category, 1 to 5, to
determine whether the paired scores would suggest an
intrinsic separation of ‘normal’ and ‘abnormal’ histology
which would minimize observer disagreement. No natural
separation was found, and so it was decided to consider
scores (0 and | in each category as ‘normal’ and scores
2. 3 and 4 as showing definite change from normal.
Histologically. score 0 was considered ‘normal” and score
| was designated when only minimal changes were
present, hence this division into two groups was considered
justified from an anatomic as well as a statistical point of
view. A comparison of data from the three categories
greater than 1400 m from the hypocenter was made for
each city. Figure 8 and chi-square tests(Yates' correction)
reveal no significant differences among the comparison
groups not-in-city ATB, those located at 2500-9999 m,
and those located at 1400-1999m from the hypocenter.
There is, however, apparent age dependence in Hiroshima
for three of the histologic parameters (Figure 9). These
are tubular wall thickening (0.1>P>0.05}, tubular
sclerosis (P<0.001), and interstitial cell hyperplasia
(0.05>P>0.01), The former two parameters are posi-
tively correlated with increasing age, while the latter is
negatively correlated with increasing age.
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FIGURE 9 HISTOLOGIC CHANGE BY AGE AT DEATH

49

HIROSHIMA
N

Generalized Atrophy
E8 VEVE-3

FE U R E @ P O B A9 AL

Tubular Wall Thickening
HIHA SRR

Tubular Sclerosis
HITRE A RE (E

A S AN R A A N A
S R R AR SR A SASA RS

0.1>pP>0.05

Interstitial Fibrosis

fia} T A A

N NN

Interstitial Cell Hyperplasia
I T A4 e e

Vascular Hyalinization
L% B T- B AL

The Nagasaki data were handled similarly, although the
small numhber of cases in each age control category
would make less likely the recognition of real differences.
There were no noteworthy differences among Nagasaki
control inspection or with

categories apparent on

chi-square tests.

Because of the lack of significant differences between the
Hiroshima and hetween the Nagasaki control groups, the
control data were pooled for each city for comparison
with the subjects located within 1400 m from the hypocenter.

The Nagasaki and Hiroshima data for exposed cases were
not pooled for analysis, since, although the distanbe cate-
gories were known with equal reliability, the radiation from

the two bombs differed somewhat, The gamma radiation air

dose in Hiroshima at 1000m from the hypocenter was
about one-quarter of the gamma air dose for Nagasaki,
while the neutron air dose in Hiroshima was about five
times higher than that in Nagasaki.' Also, the greater
overwhelm the

numbers of Hiroshima cases would

combined cities data.
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Radiation Changes The Hiroshima subjects within 1400 m
from the hypocenter (index cases) are compared with the
pooled controls in Figure 10, Calculation of probability
values for each histologic category by chi-sguare test using
age-adjusted data shows that there are no suggestive(P<0.1)
differences between index and control subjects in the
categories of generalized atrophy, tubular wall thickening,
interstitial [ibrosis, or interstitial cell hyperplasia. Evidence
of a distance effect is present in the categories of tubular
sclerosis (0.02>P>0.01) and vascular hyalinization
(0.01>P>0.001)

A similar comparison between proximally exposed Nagasaki
subjects and pooled controls is also shown in Figure 10.
There are no statistically suggestive differences (P<0.1)
between the comparison groups in any histologic category,
Tubular sclerosis appears increased in the Nagasaki
proximally exposed survivors, but the P-value of 0.25
cannot be considered statistically suggestive.

FIGURE 10 HISTOLOGIC CHANGES
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To further evaluate the relationship between radiation
exposure and changes in testicular histology, a comparison
was made between those proximally exposed Hiroshima
survivors who received an estimated® whole body radiation
dose of 300rad or more, the remainder of the group
within 1400 m, and the corresponding combined control
subjects.  Although the dosage estimates, which include
adjustments for shielding, may be in error by a factor of
2 or more because of uncertainty about the Hiroshima
bomb’s radiation yield, these dose estimates provide a
reasonably reliable basis of comparative evaluation. Of
the 69 autopsied survivors who were within 1400 m
from the hypocenter 25 had a radiation dose estimated at
300rad or more. Most of the subjects (17/25) had
symptoms of radiation sickness shortly after the
bombing (Table 1). 1f an observed higher proportion of
subjects within 1400 m exhibit histologic changes related
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TALG, EHSHEIHERS 300 radll ErHEFEER D
BRI REE S S D o 400 m AN S E b &
Uithicstio+ axtBEBOILES 2T L - 2. Bz
WTDMBET L ThAZOMERREL, LHEOKIE
OHAREER TR EL LD CBERMA 2 52 011
FNLETCHDE LB bNEH, AL DEEHTY S M
FEodRRE S G S, B kD 1400 m ARG 10 Vv 2269 A )
Wiy 5 525 A 12300 rad L EO RO IZ 2 5 & i b
BEENS, ZNoOMNBEEOKZH(17.725) THIRA
BB MARAER BB L A (F1 ), MR & gL T,
1400 m s 0 M 6 S8 (R L MR O & 5 LAY B
ftamrEnilardautRvohsdt+hid, 1400m

TABLE 1 SIGNS OR SYMPTOMS OF RADIATION SICKNESS, PROXIMALLY EXPOSED
HIROSHIMA SURVIVORS WITH 300+ rad ESTIMATED DOSE

#1

No sighs o srmptoms BIEE B IEIRIR G L st s e 5 g Eo S s S s

Epilation only BT O & .

Bleeding only (purpura, petechiae, ete,) didio & (SEBE, SARMMTE) . "
Epilation and bleeding BB & & U ML Lo e vae s eaesnnneens
Epilation and oropharyngeal lesions BE & & O RS EFT2E
Bleeding and oropharyngeal lesions (HIil & & UF 1% 0 o 55 2
Epilation, bleeding, and oropharvngeal lesions B 6, Ml & & OF COREMIMER & ..
TTOEAL FE ... vanermensnynssnsmsastssessrannssesssssensesesssssssanesnta st s asnss rhressass seamt saermasinn 4e8amtvaiass srns rnrssrrats

to exposure compared with combined control subjects.
then it would seem reasonable that the contrast would be
accentuated by the division of the group within 1400 m
into high and low dose subgroups and that the proportion
would be lowest for the combined controls whose exposure
to ionizing radiation was negligible or nil, intermediate
for the subjects within 1400m with low dose estimates
and highest for the high dose group. This pattern is
observed (Figure 11)for tubular selerosis(0.01>P>0.001),
Significant or suggestive variation between the three
exposure groups appears for tubular wall thickening
(0.01>P>0,001), and vascular hyalinization{0.1>FP>0.05)
but in the former comparison the significance is due
primarilv to an unusually lew proportion of subjects
within 1400 m and low dose subjects with change. 1In
the vascular hyalinization contrast, both high and low
dose subgroups had similar proportions of subjects with
change, more than twice that for the combined control group.

HEEG5UR 300 rad Bl ko5 B BEMER R (2 45 1T B BROSRRLERIR & 1 L EER

Lo - W o~ N %

25

KL s s tHBRRoOFVBELEVEBIATS L
ko TENOLZFIR-20HbN0, ElEo# &L,
WA RSN T AEENFAAERTCHLY
BEl iz rREe, WOOmEflEo 7 RiERo s o
AhMETRL, BERoLoREERTTHB I EE
isht, BMFORKSR, Ccokd L@@ AT
(0,01>P>0.001 )4z & 5 h ke (FLL) . #EHS % B jE E
(0,01> P >0.001) &5 F ML TR (01> P>0.05)
ZonT 30BN EEE 2w L ERNS
Apshid, ToHEBEOLBICEFTIABEGELL
T00m Fif T s & FIEHMBFEOP TELETT EOD
BEFEFICLAVI L CHEANS 5. MEMTFRICI
SV T OB T, SRR ERREFECELERT S
NDOFEIERA LT, MERO 2B LTHS £
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FIGURE 11 HISTOLOGIC CHANGE BY DISTANCE AND DOSE
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A similar analysis for Nagasaki subjects reveals suspicious
patterns for tubular wall thickening and tubular sclerosis,
but the numbers of subjects were too small to rule out
chance as a possible cause of the observed variation.

Fractionation of the Hiroshima data inta age groups for
twbular sclerosis and vascular hyalinization reduced the
numbers of subjects to the point that significance tests
failed to detect evidence of real index vs control group
difference by age heyond the 1% level of significance.
However, the observed patterns of difference in each

age group resembled the combined ages experience.

Following the histological grading and assignment of
exposure categories, some testicular histologic sections
were reviewed with knowledge of the radiation exposure
or lack of it, to determine whether qualitative changes
could be demonstrated in tissue from the irradiated group.
No qualitative differences were found between testes of
irradiated and nonirradiated individuals. It was concluded
that any changes which might he present were quanti-
tative in nature.

Interrelationships Between Age at Death and Change,
and Between Types of Change The histological cate-
gories of tubular sclerosis (category 3). and interstitial
5) both
significant (P<0.05) age variation in the psoportion of

cell hyperplasia (category show statistically
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The

proportion of subjects showing tubular sclerosis changes

subjects with histologic grades of 2 or more.

=2 increased with age, while the proportion of subjects
with interstitial cell hyperplasia scores >2 decreased
with increasing age.

Tubular wall thickening, category 2, showed an apparent
positive correlation with increasing age, but a chi-square
test for significance was only suggestive (0.1 >P>0.05),
The term tubular wall thickening is used in place of the
more usual designation of basement membrane thickening,
because of the complex ultrastructural morphology of the
tubular wall, which consists of two cellular layers, and
two noncellular layvers.” Tubular wall thickening, as

determined in the present study by light microscopy,

SN, MMEFHELOELPE2ELD Erthsn g H
DIEBFERLE L LRLAEDY, 2B FoBME
Alatd E S TN REOLFELERIEC I ORTET
L.

SH 2 OMBEERIEF L, FEHEOMITEDHEME T L
A, HEEOHNA 2HEMIE TR E NARE -
TELZW(0.1>P>0.05). MURFEEIE, 2008 E
k2o G, HELREREORES S
T520T,0 HLEBRBEZLE V) RO EEEL D (LM
WEEREE & v ) HEE R WV L AR TR0 SRR R
HIZE - TRBH 6N MMERICE R, MR oM )

TABLE 2 CORRELATION COEFFICIENTS BETWEEN SCORES FOR FAIRED TYPES OF CHANGE
WITH INFLUENCE OF AGE REMOVED

#2

Tl O ME & I L CENEMA G b 2 & o a1 I o FH B 17 5

First type of paired types of change
Haghbe®m 1l nElL

Second type of paired types of change
MafLtm2nEL

2 3 4 5o 6
1 Generalized atrophy o A Y +0.233% +0.068  0.117* —0.063 —0.047
2 Tubular wall thickening #¥1HAESEIEAL i +0.079 +0.153* +0.012 —0.037
3 Tubular sclerosis #AURFEE(L | —0.016 +0,025  —0.004
4 Interstitial fibrosis MEEEE 0076 +0.073
5 Interstitial-cell hyperplasia MM 05058 . . +0.057

6 Vascular hyalinization

DEMTFR oo

Interpretation:

LR

+ LOO0 =Perfect direct relatinnship between paired scores, 1. 000=&12 frh 4 2= SN 255 % 4 BROME» 5 5.
0.000 = Absence of any relationship between paired scores.

0.000=H#l4& & b4 B @AM 2 ME S,

~1.000 = Perfect inverse relationship between paired scores, = L.000=#L7 & b 2= 3 RGN 2 Fe & G PR S 5.

* P<,001 that the coefficient =0,000
L R

appeared to result from widening of either or both of
the noncellular layers. No other categories showed

statistically suggestive age dependent changes.

In studying the effect of the presence of change in one
histologic parameter upon the likelihood of change in
another category, the possible dependence of change on
age had to be considered, even though age-dependence
was statistically demonstrable (P<0.05) for only two of
the six types of change being studied. The absence of
statistical evidence of age dependence does not rule out
the possibility that dependence of a Jow order of magnitude
exists, and il such were the case, false correlations
Multiple
regression analysis was used to estimate correlation
coefficients, with age effects removed, between final
scores for each of the 15 possible combinations of the
types of change taken in pairs (Table 2). This method of

between types of change scores might appear.

Friiunthr—folkRkizlae0tBEhha. 20
fonsrdficiz, FERCREFETAERERESLES S

fatsh ik 6MaZiko s b, HItFENCEROBES
RLBAOE 2T ELP A (PS005), 512
OMBEMNF A — 5 —OELHF, loFHIzEITEE
e LTREERIET P EL»&HEHT A, T0%
o+ 2EMmoREOEELER LTSRS %
Aot EMOBEAGEHENCER I ALTE, &
(CHBEOREFHI LV I THREEZEET S LIETE
v, L, 2ok tErsEE, EROELOH
liEomeBoEMME b ohsrs Lk, &
ki 221200 b &0 lMolie, 2ER
R BEHT & B TR O Eho 84 &0k
AR R R L (£ 2). ZOBIFHEIIES T,



analysis has also permitted a reexamination of the age- HEER OV TRIAS N A EROMELERT+ 5

dependence of change reported. Briefly, this analysis LR BIFOREEEHTE LROL BN O A

indicates: < & 5
The previously observed dependence of the presence AT LTI, FMIY TRIFS AR
of a type of change upon age is considerably less than N, 3OMOVFRAIOBROEEVIZE T

the dependence of the degree of change of one type

' x o & Rl A AT z b |
observed upon the degree of ChﬂﬂgE UbSEI‘\’Ed fis any BIE J-DU?C"):EJJJ HhkE F‘fﬁﬁmﬁf *&li

of the other types. The age effects were all very close FATEQRFFIDES, L2A3EoroHEOE
to and did not differ significantly from zero; A,
Of the 15 possible paired combinations of change, the Flelicowtolblakin 5 &, S8mMEH, M

only significant correlations of scores were ohtained
for the three paired combinations of generalized atrophy,
tubular wall thickening and interstitial fibrosis, all AREOHEMEEY, WFhiBECHE TS - &
three being highly significant (P < 0.001); (P<0.001).

W& & & R BEHAMGED 3 2o MRl o

TABLE 3 CORRELATION COEFFICIENTS BETWEEN SCORES FOR PAIRED TYPES OF CHANGE
WITHOUT THE INFLUENCE OF A THIRD TYPE CHANGE

£3 FEI0T(koBEs L wEEOMl& S b 2 EME MO HEMEG

Correlation between paired scores with

Paired types Third type influence of third type change removed
Change Change B30BEOBEELRI L2 BEOMA
Hasho (L BIOE (L & b 2 SR (L0 00 4
General atrophy
and tubular wall thickening Interstitial fibrosis
£t LDE-3 R R LR TH1 50 e +0.576 P<0.001
General atrophy
and interstitial fihrosis Tubular wall thickening
G B AT & AR e AT A 2 AR 10123 0.05>P=0.01
Tubular wall thickening
and interstitial fibrosis General atrophy
07 B AR - T ME A eSOk 3] +0,215 P<0.0D1
Generalized atrophy and tubular wall thickening scores Ge i By E G & A BEIE I RPN (2 1L, eRaY
are rfaore c‘lc‘rsely. re]a'ted than are general}zed .atrophy W L T BB (2 R R AR b S R o
and interstitial fibrosis or tubular wall thickening and
% i s - Al il S fi 4 Y
interstitial fibrosis (Table 3). The partial correlation B D@k sBMEA S5 (L3). BRAyEH e i
hetween generalized atrophy and interstitial fibrosis is i s OMORBEMILEETHS (0.055> P>

significant (0.05>P>0.01) while the other partial corre-
lations are highly significant (P<0.001). However,
these relationships only ‘explain’ a minor portion of the (P<0.001). LA'L, ZChA6OMEIZL- TIHAT
total observed variation in the scores for each type of DU T OFUE - S 5 W ABERD HF D
histologic change. In other words, the observed
associations between scores assigned to a patient for
these three types of histologic change are not large WE IMOMBFENERIZ>VT, holREIE
enough to be able to predict one score for any patient 26 RAFGEOBIZED S A S MR L, &
on the basis of another known score even though the ) )

associations are too large to be considered due entirely MeBERSBAENIEELY, Eto LA b
to chance. ANELO B THRTE 50 SHEMEm S E 2w,

0.01), 24, 2OftoGHMESHECHETH S

— M ATHE | TE3 2+ 840, METNE 2



It is interesting that only one (a 60-year-old man) of the
15 Hiroshima proximal cases 60 years of age or more
ATB had any record of radiation sickness including
epilation (Table 4). This is in marked contrast to the
findings in the proximally exposed subjects under 60
years of age ATB. The incidence of recorded radiation
symptomatology in these individuals was 27/54 (50%).
The difference in the incidence of radiation signs or
symptoms is statistically significant at the 5% level as
determined by chi-square. It therefore appears possible
that men over 60 years of age may have a different
biological response to radiation than their juniors,

JBEF 16058 L) L Td - AEB O EMHSEISHO 5 &
1l & FREL SO BEMAEKESE L Cuvioi2Bug
FEVI (A ). ST R OF B ATE0EE L o) 3E A R i 1
MEHEOMELFLOHBELLTVE., Zhoonlli:
DUVWT FUER S B EER o IR B 1127 754 (50% ) T
btz BOAEREIRE 2GR MBI IZ2 5 h S0
F, A4 2EHECHIMIZS YDA TCEETH 5.
LA T, 60aEL) Loy B F o) B 126 4 5 ey
RIgld, 0@ ToHELIERE S TN &2,

TABLE 4 INCIDENCE OF ACUTE RADIATION SYMPTOMS OR SIGNS
BY AGE AT TIME OF BOMB HIROSHIMA

4

Within 1400m i

50 HERSE O 85 1) 0 SR ST R AEAR £ 2 (R, IR

Acute Radiation Sickness

Age Subjects B e R
i + 8% 1 —

s HEHY Number # %
<30 6 3 50.0
90-44 20 10 50.0
60-549 28 14 50.0
60+ 15 1 6.7
Tatal & GY

There are two types of biological response differences
which eould account for the fact that only one subject in
the older age group had a record of radiation symptoms:
The older individual is less likely to develop acute
radiation signs or symptoms than younger subjects,
given similar exposures to radiation; The older individual
is more likely to suceumb to radiation exposure sufficiently
large to produce acute sickness than is his younger
counterpart.

The incidence of radiation symptoms is, as might be
expected, related to magnitude of dose. This relationship
for subjects under 60 years of age is demonstrated in
Table 5. It can also be noted that 21 (52 %) of the 40
younger subjects with dose estimates had received 300 rad
or more while 4(31%)of the 13 subjects 60 years or
older had such high doses. Although the age distribution
difference between the two dose groups is not signifi-
cant (P>0.3), the patterns revealed in Table 5 are
consistent with a loss of older subjects in the high dose
group and in the group with symptoms. This observation
is consistent with the second proposed biological response
difference. The validity of this reasoning using Hiroshima
and Nagasaki data cannot be established, since data on
mortality by exposure and age for the first few weeks
following exposure are not available.
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TABLE 5 SYMPTOMS BY ESTIMATED WHOLE BODY DOSE AND AGE AT TIME OF BOMB
HIROSHIMA

#£5 2 AR B £ URREFERMoER, LB

Within 1400 m # %

Estimated Dose Age ATB - Suhje;r;.w:. " Recorded Symptoms i £F LRI

e E R At 1 B O o B H Number ¥ %
<300 rad < 19 T 368
610+ 9 1 1,1
300+ rad <GB0 21 17 81.0
6+ 4 t] [IR1]

Unknown <l 14 3 21.4
L 60+ 2 0 0.0

DISCUSSION E %

The testes of proximally exposed atomic bomb survivers
who died within the first 2 weeks of the Hiroshima
bomb showed marked changes of incipient atrophy as
Most of the germinal
epithelium had sloughed from the hasement membrane,
many spermatogonia had pycnotic nuclei and Sertoli cells
were prominent.

early as 4 days afterward.’'

Many spermatocytes were in mitosis,
but the numbers of spermatids and spermatozoa seemed
diminished.

The testes of survivors who were heavily irradiated and
died in the third and subsequent weeks had changes
indicative of severe testicular atrophy. All testicular
specimens [rom these patients showed atrophy of the
germinal epithelium, and some showed thickening of
wbular basement membranes. Hyvaline changes in blood
vessels were found in a few of these individuals.
Hypophyseal ‘castration cells' were identified in those
dying after the first 2 weeks. The degree of hypospermia
as determined by clinical sperm counts in epilated and
well nourished survivors some 10 weeks after the bomb
was elosely correlated with distance from the hypocenter.'
The hyaline deposits seen in the walls of small blood
vessels in the testicular interstitium were very similar to
the changes of vascular hyalinization, category 6 of the

present investigation.

Clinical sperm counts were not available for the subjects
of this autopsy study, but category 1, generalized atrophy.
showed no significant dilferences hetween index( <1400 m)
survivors and the other comparison groups. Since all of
the subjects within 1500 m from the hypocenter listed by
the Joint Commission report' showed marked testicular
atrophy, it may be inferred that most of the proximally
exposed subjects of the present report had transient
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testicular atrophy, from which they partially or completely
recaovered prior to death. Most of the presently studied
survivors who were within 1400 m from the hypocenter
ATB died after a survival of 12 years or more, and all

survived a minimum of 6 years after the bomb.

The individuals reported by Robinson and Engle® and by
Oakes and Lushbaugh? who received large whale body

doses of ionizing radiation accidentally, showed severe
acute testicular atrophy with gradual return of function
alter several years as measured by recovery of histologic
changes and sperm counts. Animal experiments show a
similar decrease in spermatogenesis after irradiation, the
degree of diminution heing a function of radiation dose,
with subsequent gradual partial or complete recovery.’

The best available estimates of radiation air dose for
unshielded atomie bomb survivors show that those exposed
in Hiroshima at 1000m received 450rad whole body
dose, and those at 1500 m received 30rad.* Nagasaki
survivors at the same distances received 920rad and
120 rad respectively.

The range of radiation dose indicated above, even if in
error by a factor of 2, is certainly adequate to result in
severe transient testicular at[‘Up]’!}'.?'B It is reasonable
to suppose that the increased incidence of testicular
tubular sclerosis in survivors within 1400m from the
hypocenter is due to incomplete recovery of seminiferous
tubules following an episode of acute atrophy shortly
after exposure.  Whether the proximally exposed male
survivors suffered resultant decreased fertility correlated
with the histological changes cannot be determined from
the data available.
index and control cases with generalized atrophy(category 1),
indicates that a decrease in fertility, if present, would

The similarity in the proportions of

probably not have been marked.

The significantly increased prevalence of hyaline vascular
changes (category 6) in the testes of proximally exposed
survivors in Hiroshima is interesting since similar changes
were found in Hiroshima survivors as early as 3 weeks after
exposure.’  The long-term vascular changes are nearly
identical histologically to those which occurred in survivors
dying in the first weeks after exposure. These hyaline
changes differ in appearance from those occurring in
The
vascular walls are not as thick, and there is apparent
The quantity of ionizing radiation
received by the proximal survivors was of course much

dermal vessels affected by radiation dermatitis.”
lack of fibrosis.

less than that required to produce radiation dermatitis.
Atomic bomb survivors have not been shown to have
hyaline vascular changes related to radiation in tissue
other than testis,
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Aging Changes Two histological categories, tubular
sclerosis and interstitial cell hyperplasia, showed statisti-
cally significant age-dependent changes. Category 3,
tubular sclerosis, showed an increasing proportion of
tubular sclerosis with age in Hiroshima subjects, while
the proportion of subjects with interstitial-cell hyperplasia
decreased with age. These data are in agreement with
Sniffen’s report of increased tubular sclerosis with

advancing age."

An interesting feature of the observed relationships
between the presence of change and age at death is
that the age effect upon the presence of any type of
change is considerably less than is the presence of any
one of the remaining types of changes. When multiple
regression analysis is used 1o separate age effects from
correlations between scores for pairs of histologie types
of change, the estimated age effect is invariably close to
zero. This would suggest that the histology of testicular
tissue varies widely for subjects of a given chronological
age and it is reasonable that in such a situation, the
histologic pattern of a given specimen would be more
highly associated with the presence of change than
would chronological age.

While the association between scores for each of the
15 pair combinations of the six types of change is invari-
ably many times greater than age association with either
of the scores; in only three cases is this association
between Lypes of change significantly greater than zero.
These are in descending order of degree of association:
generalized atrophy and tubular wall thickening: tubular
wall thickening and interstitial fibrosis: generalized
atrophy and interstitial fibrosis. However, even for
these most closely related types of change, the observed
correlations only explain a minor portion of the total
observed change score variability. Therefore, while the
presence of tubular wall thickening, for example, is
associated with an increase in the prevalence of gener-
alized atrophy, an individual's general atrophy score (or
even the presence of this type change) cannot be predicted
with any accuracy from the tubular wall thickening score,
The variations of histologic appearance of testis for a
given chronological age of the subject may explain why
the testis of senile subjects is known to show great
individual variation in histologic appearance and why
there is little agreement about age-dependent interstitial
cell changes in the literature,'" "' Sniffen'” commented
on the marked histologic variation, and indicated there
was probably no decrease of interstitial eells with age.
Sargent and MacDonald,"" however, using a semiquanti-
tative method, have reported decrease in the number of
interstitial cells with advancing age. These investigators
also noted the wide variation in testicular histology at

19

MWBEE 2-o0M8PN S HEH, + 2 b & M0
b3 kO TR SRl L R I L AR RN E RS
WH A, BB EE T, Mo LR
EHizEH LA, MEMRMEOLEFRIIEMSE & 812
EFLA. ZofEE, FheAED Iooh TSt

HEHF 5 i</ Sniffen OFE" & —HA 5.

Zfb EFECERGEMG & o M THEEFE VL, &5 E(bIC
LT, EHORELIYL OB tothsr 1o
HEAeEOEBO AP ENKEVZ ETHE, #HIC
L2l b o dRME M (2 & 6 h 2 0B A 5 il o
B EEMA 520 IZ 2 ERAVGHIT A2 T4 - 28,
HEsNsEMOBBEIV YO IZEL - 20 2 AL,
7] — & & s o0 o R o [ C SRR IR o0 IR 4 A S
BT bEmMLTWVWA. 2LT, 20&5 58RI E-T
it, 56 nlAoMMiRiiEREmSs D& A ton e
OHICENFEAMEE L > ILBLEEL NS,

CfimZEizonTolnEsGEbEtnzhshizay
2 PR Ao BIAR L, AEMIE &l e RO BMEED &
WsfEesmus, ZoMEIF L) e HERIZE D -
3ot Tths . MEoBmuELSRRIZIENS
ERDEHIZE D (1 2R EMH L AMEEREILE, 2 H
KN RENT I AR AEGE, (3) A RRAYVEHA & (L A0 HE BE.
LavL, e alEoss o0 LolsT
B i, ZHHHEMMEEE LOFE O ZEBo I {
SEMBAT ST ELY LAado T, Ak alE, AME
WEAMIE O 7 6 AR EHTORAE O LR MRS S S
A AT IR @ BRI A 6, R0 B RO (H
AV nEkoFLEEZ ) ESHE D EEICTFUT A2
LT iu., F—EBEGBOSSECRAUHMEOEY
BoHbhiEZEIlE-T, EMFoSAMMERIZAS
SEAZIFEY R ZMAAFHEHE R, AR
LAMEMBEoBERIZoOV T - EEALVAIZD
WTHETES LR 5.0 Sniffen " &, MECERC
hzuErba s LAWMEL, EMICE THEMIE
WPl F Ll GnwThadsH Lii~%. L& L, Sargent
¥ MacDonald " 1%, FRBOHEIZRENKE,
MmesicEE s MERMBEEoM LS ERELE. Chb
OWEHIE, A—ERC R BB RRA b~



any given age. Since interstitial cells are generally
held to secrete androgens, the gradual fall in urinary
androgen excretion with increasing age'” tends to support
the reduction in interstitial cell numbers with age.

Although the proportion of subjects showing tubular wall
thickening tended to increase with age, chi-square analysis
did not confirm a statistical significance. Larger numbers
of subjects might allow statistical confirmation of this
trend toward increased tubular wall thickness with age,
or it is possible that Japanese differ in this respect from
Caucasians, in whom tubular wall thickening has heen
reported to oceur with age‘]‘q

SUMMARY

Testicular tissue of autopsied atomic bomb survivors was
examined for evidence of radiation and aging changes.
Survivors within  1400m  from the hypocenter were
compared with distally and nonexposed subjects using
several histologic parameters. Statistical tests showed
significant differences in the prevalence at death of
tubular sclerosis and vascular hyalinization between
Hiroshima survivors within 1400 m from the hypocenter
and comparison groups. Very significant(0.01<P<0.001)
differences in seminiferous tubular sclerosis were found
between survivors within 1400 mwho received an estimated
whole hody radiation dose of 300rvad or more, the
remainder of the group within 1400m , and the other
comparison groups. Also, significant age dependent
changes were found. A smaller proportion of Hiroshima
survivors within 1400 m aged 60 years or more at the
time of the bomb had recorded signs or symptoms of
radiation sickness than did their younger counterparts.
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