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SUMMARY

Microscopic and photographic studies were
conducted in 1972-73 at ABCC in Hiroshima on
the morphology of superficial blood vessels of
A-bomb survivors to determine whether the
somatic effects of radiation still existed 30 years
after the A-bomb. Control curves representing
the relationship- between age and score values
assigned to morphological changes of the minute
blood vessels of the fingernail fold, labial
mucosa, and lingual mucosa, which could be
regarded as an index of aging, were obtained.
These were compared with similar curves
obtained from A-bomb survivors with the aim of
evaluating the effect of radiation on the aging
process of these vessels.

The late somatic effects of irradiation which
were demonstrated 10 years after the A-bomb in
a previous study (1956-57) were found to persist
in the current study (1972-73) conducted 30
years after the A-bomb though not as pronounced
as in the earlier study. A significant effect was
observed only in the fingernail fold of those
exposed to 100 rad or more under the age of 10
at the time of the bomb. A statistically
significant difference was not observed for labial
mucosa and lingual mucosa because the number
of cases available for scoring was small, but a
trend was observed for abnormalities of these
two sites to be higher in frequency in the 100+
rad group under the age of 10 ATB than that of
the control group.

No significant difference was observed between
the control and exposed with regard to radiation
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effect on the aging process using the relationship
of score values to age as an index of aging. This
is in accord with results of studies of A-bomb

survivors which suggested that radiation _induces. _

life shortening attributable primatily to cancers,

but not 2 general acceleration of the aging .

phenomenon,

INTRODUCTION

A previous study of capillary morphology to
determine the nonspecific somatic effects of
radiation was conducted in 1956-57 approxi-
mately 10 years after exposure to the atomic
bomb.'? At that time, 435 selected subjects
were examined at ABCC in Hiroshima to seek
morphological changes in four sites: fingernail
fold, labial mucosa, lingual mucosa, and bulbar
conjunctiva. In an attempt to quantify the
changes numerical values were assigned to those
items which were considered to represent
anatomic abnormalities of the superficial minute
vessels. That study revealed an increase in the
morphological abnormalities of fingernail fold
capillaries related to age in those exposed within
2000 m from the hypocenter. It is of interest
that 2 higher frequency of abnormalities was
observed also in the labial and lingual mucosae of
those exposed to 100 rad or more who were
under 10 years at the time of the bomb (ATB).

The findings of the initial study were reported
at the Symposium of Late Effects of Irradiation
on the Vascular System of the International
Congress of Radiation held at Evian in July
19'7’0,1 when the participants expressed their
hope that follow-up studies would be made in
order to evaluate the subsequent changes in the
aging phenomenon.

In the present study the changes in the capillary
morphology of A-bomb survivors were reevaluat-
ed to determine whether the radiation effect
observed in the earlier study could be still
detected, and whether the radiation would
accelerate nonspecific aging process in the
vascular system.

METHOD

Microscopic and photographic observations were
made on selected subjects of the Adult Health
Study (AHS) population seen in the ABCC
clinic between 12 October 1972 and 31 August
197334
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Morphological evaluation was attempted by
assigning numerical vaiues to important items in
accordance with the criteria used previously.l‘2
These were graded 0, 1, 2, or.3 according to
the degree and extent of such changes, and these
values were added to obtain the total score for
each individual.

The following nine items were selected to obtain
the total score of the morphological changes in
the superficial minute vessels of the fingernail
fold: dilatation, waving, tortuosity, branching,
clubbing, tangling, granularity, fine capillary, and
number of front loops per unit area,

For the evaluation of the labial and lingual
mucesae, the following six items using the same
criteriz as in the previous reports were selected:
dilatation, branching, granularity, fine capillary,
number of front loops per unit area, and loop
parallelism.

As listed in Table 1, none of abnormalities taken
individually are pathognomonic of aging or
radiation damage, but increase in morphological
abnormalities is generally accepted to be senile
or degenerative changes, or irreversible
changes.> ™"  When functional changes of long
duration, such as decreased blood flow, are
combined with morphological abnormalities or
vice versa, acceleration in degenerative changes
might well develop in this system. Therefore,
high score values are considered to represent
senile or degenerative changes. In view of the
distribution of scores in the control group, a
total score of 15 or more was judged to be
abnormal for the fingernail fold and 9 or more
for the labial mucosa and lingual mucosa, because
no gross morphological abnormality was demon-
strated among those with a score less than 15
and 9, respectively, in the previous study.

Sampling Plan. Study cases were selected from
the AHS population by simple stratified random
sampling on the basis of dose group.’?

Three groups each contfaining the same number
of cases as the selected index cases were ram-
domly selected on the basis of sex and age from
the AHS population scheduled for clinical
examination at ABCC during the period October
1972-August 1973. Those engaged in occupa-
tions or those with local or general physical
conditions considered to affect capillary morpho-
logy were excluded.’"?

RERF TR 2-77

BBV AHBEIC L AN T, BEELFEAILEE
BT, BENEHELES L2 Zh 5 O,
REZELROEEIZIELTO, 1, 23LE303HE
24th, ChEeOFFMEEMEL TEBEAQSEHT
i 1 % 187

HBESORELRM LTI ST 3 BENELOS
il kD 3401, kD9 HE, T %65,
W, ARk, Edh, Ak, BEEHIGE, B, W
PR E, #AEMES & UBMELYL- Y OfE
B EBAA.

REHES L UETHREOFEIZ> v TE, MEO
BEZNFEEEUEEEH T, 18, Su, #

CORURMLE, MR, MAETAL 0 ORES Y

B UERHORTED 6 BHEHEBA X,

RILTLAEE L, BAOBERAOBE MBS -
REAHRENFEMERTIE L VA, I OBEN
BEEoMing, —BRrEASE~3BTHEELS S
WA HEEETHELELIGNE. ™ iR
D& I ERMOBREEELABRBARE L&A -
EE, BIVBHEELE LB, COMER
IZBITHELoREFBZ 205EF 055, L
P2 oT, BFEEI/AF GV &, EAMEE ZLET
HELEZRTLOEELSATWS. HFRECHG
S AN FHTH, & RMEERESC
BLE, OFMEELUETHETINLOBES %
EEELL. CREIMAOB/ECEBEF 2N +Fh
BHL U9 RkMOBECIMALEEEHEE IR
ool Tdhib.

MREQHM, MESRB SR AREAES LR
PoOBRBY CETOARRELERBRARIIL
THAL.

19726F10A — 19734 8 AO HAMIZABCC ¢EfE s N T
VBERRZ I TFES AR ARBERATSEEAL S5,
HEBOABEELZRY, CheRBO=>0Ey
ETRHOLI IS L UEBIICEES SIS L
. BHIMEOHRBIBELIRIETLEELI SN0
ERFESLIURIMNS 2 VELHNBTOED S
hE3BERBRHILAE. V2



TABLE 1 MORPHOLOGICAL CHANGES OF THE FRONT LOOPS OF SUPERFICIAL BLOOD VESSELS IN THE AGED
el INRNIZ K B FTEMEIE O N RES 2 &1 5 BBMZEL

Year Author Site Morphological Changes in the Aged References
1946 Roth® nail fold t Tortuosity “Peripheral Vascular Disease™ Ed. by
t+ Difference of caliber between arterial & E. V. Allen et al. Saunders Co.
venous limbs 148-178
| Number of front loops
} Blood flow
1948 Braasch & Nickson®  nail fold t Branching, * Plexus distortion Radiology
t Distortion of papilla ’ 51,719-27
Mean number of morphological changes
on a total basis:
Students: 15-30 1.22 .
Aged: 63-97 207
Radiologists: 21-30 1.33
41-50 1.89
6177 2,94
1954 Mendelowitz” nail fold 4 Number of front loops “The Digital Circulation™
t Difference of caliber between arterial & Grune & Stratton,
venous limbs New York
1 Blood flow .
1956 Gibson et al® nail fold Normal patterns are classified into A, B, J. Neur. Ment. Dis 123, 219-31
C, & D types
1961 Wakano® labial & lingual mucosae + Number of front loops J. Osaka University Dental School.
t Morphological abnormality 6,263-302
| Pararellism of loops
gingival mucosa | Number of front loops
t Morphological abnormality
I Caliber of limbs
1965 Fukushiro ™ nail fold High incidence in morphological abnormality I. Jap. Dermatol. 75, 659-77
1970 Kato et a1'! nail fold t Tortuosity 1. Jap. Coll. Angiol.
T Crossing 0, 8995
{ Number of front loops 19,
12
1971 Tsuya et al Morphological abnormality (Score values J. Jap. Coll. Angiol,
on a total basis) 11,3747
nail fold Normal range <15
labial & lingual mucosae Normal range <9
1970 Laws et al'> digital artery Intimal thickening (50+ years of age) Br. J. Radiol.
tortuosity associated with destruction 40, 74047

of elastica

Note: t increase

1 decrease

LL~T UL 393y



Group 1: Exposed to 100+ rad (index cases)

Group 2: Exposed to 1-99 rad, matched by
sex and age in 5-year intervals to Group 1

Group 3: Exposed to less than 1 rad, matched
by sex and age in 5-year intervals to Group 1

Group 4:- Not in city at time of bomb,
matched by sex and age in 5-year intervals
to Group 1

Technique. Photographs were taken of three
sites, fingernail fold, labial mucosa, and lingual
mucosa. These were examined using a technique
similar to that of the previous study so that
detailed comparative analysis might be made
between the first (1957) and the second study
(1973).1%  Microscopic observation was made
at X39 magnification and photography at X3
magnification. Only the photographs were used
for scoring and not the microscopic observations.
The score value may be less sensitive in the
current study as both photographic and micro-
scopic observations were used in the previous
study.

Of the 435 subjects examined in the previous
study only 195 (30/102 males & 165/333
females) belonged to the AHS population. All
of these cases available during the current study
period were selected for examination. However,
the desired follow-up study was found not to be
feasible.

RESULTS )

Of the 1494 cases selected for study, 120 refused
to participate in this study, and thus micro-
scopic and photographic observations were
made on 1374 cases. Table 2 shows the
distribution of examinees by dose, sex, and age.

The examinees are equally distributed in the -

various dose groups by age and sex. The refusals
would not, in any way, bias the study. On the
other hand, z large number of photographs were
unreadable because they were taken by a
technician inexperienced in capillary photo-
graphy. In all, the number of photographs
found satisfactory for analysis was 833 (61%) for

the fingernail fold, 556 (40%) for the labial

mucosa, and 474 (34%) for the lingual mucosa
(Table 3). Fortunately, the unsatisfactory photo-
graphs were randomly distributed among the
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TABLE 2 DISTRIBUTION OF EXAMINEES BY DOSE, SEX, AND AGE
#2 B, EHLUERINEBEESN

Dose Group in rad
Age Total Sex Combined Male Female
NIC <1 199 100+ Total NIC <1 199 100+ Total NiC <1 199 100+ Total

<40 141 32 32 39 38 62 12 17 14 19 79 20 15 25 19 79
4049 457 110 113 128 106 192 48 49 51 44 265 62 64 77T 62 265
50-59 285 77 69 69 70 112 36 24 26 26 173 41 45 43 44 173
60-69 316 83 85 79 69 122 28 32 32 30 194 55 53 47 39 194
70+ 175 41 43 49 42 79 23 15 22 19 96 18 28 27 23 9%

Total 1374 343 342 364 325 567 147 137 145 138 807 19¢ 205 219 187 807

TABLE 3 DISTRIBUTION BY EXAMINATION SITE AND SEX OF ELIGIBLE CASES
IN GRADING CAPILLARY FINDINGS

#3  BAMTHR &ML LS & CENERES

Total Male Female
Dose Group
Total Eligible*® % Total  Eligible % Total  Eligible %
Fingernail Fold
NIC 343 212 61.8 147 85 578 196 127 64.8
<1 342 204 596 137 5 54.7 205 129 62.9
199 364 223 613 145 79 54.5 219 144 65.8
100+ 325 194  59.7 138 75 54.3 187 119 63.6
Total 1374 833  60.6 567 314 554 807 519 64.3
Labial Mucosa
NIC 343 145 423 147 63 429 196 82 418
<1 342 136 398 137 50 36.5 205 86 42,0
1-99 364 142 350 145 52 359 219 90 411
100 + 325 133 409 138 57 41.3 187 76  40.6
Total 1374 556  40.5 567 222 39.2 8G7 334 414
Lingual Mucosa
NIC 343 130 379 147 56 38.1 196 74 378
<1 342 116 339 137 38 27.7 205 78 33.0
199 364 118 324 145 43 297 219 75 34.2
100 + 325 110 33.8 138 45 326 187 65 34.8
Total 1374 474 345 567 182 321 807 292 36.2

*Eligible cases meagn those who were graded because of satisfactory photographs.
HEHE L, BHBEMNEECHREEALLOEVI.

four study groups. It is not likely to bias the Do EESRLERSTHAERIIBI LTV EE

results in any significant manner. Group 3 and A65Nh3. S3MEIFIHL] rad EROBRL S
Group 4 were cornbmeq and used as the control GEEREASHEENTLADT, HEELLT
group, both groups being exposed to less than S 7

1 rad. SR

The relationship between the two-score classifi-

cation based on the same criteria as the previous A OO BT & Rl U B M1 2T 0 22 T 1 2 K53 B 0D




study was analyzed for the fingernail fold
(< 15 vs 154), labial mucosa (< 9 vs 9+) and
lingual mucosa (< 9 vs 9+).1'2 In the previous
study it was demonstrated that those with a
score of 15+ in the fingernail fold and 9+ in
labial and lingual mucosae presented gross
morphological abnormalities.

Fingernail Fold. Of the morphological changes
in the superficial minute vessels of the fingernail
fold, 833 cases (314 males and 519 females) were
graded for the degree and incidence of abnor-
malities of the evaluated items (Table 4). The
relationship between the two-score classification
(< 15 vs 15+) was found to be significantly
higher in females (60.7%) than in males (49.4%)
at the 2% level. However, no significant dif-
ference by sex was noted in the relationship
between the score classification and dose group.
Therefore, to examine the relationship of the
two-score classification to dose, data were
analysed with both sexes combined because
the number of cases was not very large.
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TABLE 4 PROPORTION WITH SCORE 15+ FOR FINGERNAIL FOLD BY SEX AND DOSE
#4 e & URENIRTE O FHEIST 0BE

S Total Control 1-99 rad 100+ rad Significant
ex

Number % Number % Number % Number % Level
Male 314 494 160 46.3 79 48.1 75 58.7 NS
Female 519 60.7 256 594 144 63.9 119 59.7 NS
Total 833 56.5 416 54.3 223 58.3 194 59.3° NS

The proportion with score 15+ by age and dose
groups for the fingernail fold is shown in
Table 5. The relation between radiation dose
and score classification was found to be signifi-
cant (P=0.3) in only the young age group who
were under the age of 40 at time of examination
(ATE) or under the age of about 10 ATB. The
proportion with score 15+ (67.3%) of the two
groups combined exposed to 1 rad and over
with a total mean dose of 165 rad (gamma of
122 rad and neutron of 43 rad) was significantly
higher than that (40.0%) of the control group.
Table 6 shows the mean values by the three age
groups and the three dose groups, and the results
of analysis of variance. Comparison of mean
score values (Table 6A) with three age groups
showed an evident increase in the control,
starting from a low mean score of 13.4 at 27-39
vears of age and thereafter increasing sharply to

#5612, BMKSOFFELSTOHEFERE LT
BEMMIREATY 3, REGREFHEEARS &
DR, IR0 ERE, T4 b b RERI08E
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TABLE 5 PROPORTION WITH SCORE 15+ FOR FINGERNAIL FOLD BY AGE AND DOSE

#£5 EBHrIUERNBIKSOFRMELY OSE
Total Control 199 rad 100+ rad fomii

Age ATE Sl}g;lﬁfant

Number % Number % Number % Number % ve
27 -39 89 55.1 49 40.0 26 73.1 23 60.9 P.025
40 - 59 462 54.3 229 54.1 125 56.0 108 52.8 NS
60 + 282 _ 60.6 147 58.5 72 56.9 63 69.8 "NS
Total 833 56.5 416 54.3 223 58.3 194 593 NS

TABLE 6 SCORE FOR FINGERNAIL FOLD CAPILLARY & TWO-WAY CLASSIFICATION DESIGN

#6

TEMUR &8 0 AR & X U EED R i

A. Mean and standard deviation of score for fingernail fold capillary by dose and age
AL BE B & OUR AR S0 TR TVER 36 AT MK o) T30 1 & & O BEEER 2 (SD)

Total Control 1-99 rad 100+ rad Significant
Age ATE Level
Mean SD N Meamn SD N Mean SD N Mean  SD eve
27-39 8% 15.0 6.7 40 134 7.0 26 165 6.0 23 16.0 6.7 NS
40— 59 462 16.0 7.1 229 154 7.0 125 161 6.8 108 16.9 7.6 NS
60+ 282 17.0 6.8 147 162 6.3 72 16.6 7.4 63 174 6.1 NS
Total 833 16.1 7.0 416 15.6 7.0 223 163 69 194 17.0 7.0 P.05
B. Results of analysis of variance of two-way classification design
B, “aAfBEC L2 0EIFOER
Item Sum of Square DF Mean Square F-ratios
Age effect eliminating dose effect 199.66 2 99.83 2.05 NS
Dose effect ignoring age effect 299.01 2
Dose effect eliminating age effect 317.78 2 158.89 327 P04
Age effect ignoring dose effect 180.89 2
Interaction 98.85 4 24.71 51 NS
Between cells 597.52 g8 - 74.69
Within cells (error) 40065.48 824 48.62
Total 40663.00 832

reach the plateau values of 15.4 - 16.2 after 40
years of age. These curves for the control
population were used as the coatrol values for
subsequent comparative study. As shown in
Table 6B, the effect of radiation on score value,
excluding the effect of age group, showed a
significant difference at the 4% level for both
sexes combined. However, the effect of age
group on the score value, eliminating the effect
of dose group, was found not to be significant
because the number of cases in the young age
group was small in comparison with the older
age group.
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TABLE 7 PROPORTION WITH SCORE 9+ FOR LABIAL MUCOSA BY SEX AND DOSE
#7 HEFIUVHERNOBEEOREHEItOEHE

S Total Control 1-99 rad 100+ rad Significant
ex .
Number % Number % Number % Number % Level

Male 222 41.0 113 37.2 52 40.4 57 49.1 NS
Female 334 40.1 168 39.3 90 444 16 36.8 NS
Total 556 40.5 281 384 142 43.0 133 42.1 NS

TABLE 8 PROPORTION WITH SCORE 9+ FOR LABIAL MUCOSA BY AGE AND DOSE

#8 H#By & UHEHOEEOSEME IS OIS

Age ATE Total Control 199 rad 100+ rad Sig[:iﬁ(l:am

Number % Number % Number % Number % ve
27 -39 61 371.7 26 34.6 19 26.3 16 56.3 NS
40 — 59 318 399 159 37.1 86 46.5 73 384 NS
60+ 177 424 96 41.7 37 43.2 44 43.2 NS
Total 556 40.5 281 38.4 142 43.0 133 42.1 NS

TABLE 9 MEAN AND STANDARD DEVIATION OF SCORE FOR THE LABIAL MUCOSA BY DOSE AND AGE
#£9 RESLUERIOSKEDFERENs & CEBRE

Total Control 1-99 rad 100+ rad
Age ATE Significant
N  Mean SD N  Mean SD N  Mean sD N - Mean SD Level
27-3% 61 6.8 4.2 26 6.1 4.3 19 64 4.1 16 85 4.0 NS
40-59 318 7.2 49 159 6.9 5.0 86 74 4.7 73 1.6 5.0 NS
60+ 177 7.5 5.1 96 74 43 37 7.5 5.3 44 1.7 54 NS

Total 556 1.3 49 281 7.0 4.9

142 7.3, 48 133 178 5.0 NS

Labial Mucosa. For the Iabial mucosa, 556
cases (222 males and 334 females) were available
for morphological evaluation (Table 7). The
proportion with score 9+ appears to be slightly
higher in the 100+ rad group in comparison
with that of the control group for males.
However, no significant difference was observed
in the relationship between score and dose group.
When the relationship of dose was compared by
age group, the proportion of score 9+ in the
100+ rad group (56.3%) was higher than that in
the control group (34.6%)} for the young age
group under 40 ATE or less than 10 ATB, but
the difference was not significant (Table 8).
Both comparisons of the proportion with score
9+ and of mean score values of three age groups
showed no significant dose related difference
(Tables 8 & 9).
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TABLE 10 PROPORTION WITH 9+ FOR LINGUAL MUCOSA BY SEX AND DOSE

#10 M LCHEFE THEOFEHE 9+ 0 %le

Sex Total . Control 1-99 rad 100+ rad Significant
Number % Number % Number % Nurmber % Level
Male 182 28.0 94 266 43 209 45 3738 NS
Female 292 274 152 276 15 24.0 65 30.8 NS
Total 474 27.6 246 27.2 118 22.9 110 336 NS
TABLE 11 PROPORTION WITH 9+ FOR LINGUAL MUCOSA BY AGE AND DOSE
F=11 E@h L UERIE THIEOFEWN 9+ 0 El 4
Age ATE Total Control 199 rad 100+ rad Significant
Number % Number % Number % Number Level
27 -39 50 14.0 22 9.1 16 12.5 12 25.0 NS
40 - 59 274 30.3 139 30.2 72 236 63  38.1 NS
60+ 150 27.3 85 27.1 30 26.7 35 28.6 NS
Total 474  27.6 246 272 118 229 110 33.6 NS

TABLE 12 MEAN AND STANDARD DEVIATION OF SCORE FOR LINGUAL MUCOSA BY AGE AND DOSE

R12 FEdE L UBLNE THEOTHFREE S & CREERSE

Total Control

1-99 rad

Age ATE 100+ rad Significant
N  Mean SD N  Mean sSD N  Mean sD N  Mean s§D Level
27-39 50 43 3.0 22 3.6 2.7 16 4.3 2.7 12 53 37 NS
40—-59 274 5.7 45 139 5.6 47 72 5.1 4.2 63 6.6 6.0 NS
60+ 150 5.8 43 8 5.8 44 30 54 4.0 35 6.0 4.5 NS
Total 474 56 43 246 55 44 118 5.1 39 110 6.3 4.5 NS

Lingual Mucosa. For the lingunal mucosa, the
proportion with score 9+ increased with dose in
the young age group less than 40 ATE or less
than 10 ATB. However, no statistically signifi-
cant relation was noted in dose, sex, or age
(Tables 10 and 11). The results of analysis of
mean score were also insignificant (Table 12).

DISCUSSION

As described in our previous report, we studied
with a capillary microscope the superficial
minute vessels of the fingernail fold, labial
mucosa, and lingual mucosa in 435 young atomic
bomb survivors approximately 10 years after
exposure to the atomic bomb."'? In that study
the effects of radiation were evaluated by
selecting important abnormalifies considered to

STHME. & FHETE, RIE0%ERGS 2 R
B 10 RO B EBBOMME I+ OREE, B
Beiizmmirs, Ual, S8R, 823580
BT 5 SN ERECED S Ll b o4 (H10
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represent the senile or degenerative morpholo-
gical changes.®™13

The present study was made approximately 30
years after exposure to the A-bomb for the
purpose of following up the radiation effects
observed in the previous study.

There have been many reports indicating that'

the morphological and functional abnormalities
in the vascular system increase with age. This
tendency was also observed in the current study
with respect to the superficial blood vessels of
fingernail fold, labial mucosa, and lingual mucosa.
However, the differences that were observed
are not statistically significant.

In the previous study. (1956-57), significant
effects of irradiation were demonstrated in the
superficial minute véssels of the fingernail fold,
labial mucosa, and lingnal mucosa of those
exposed to 100+ rad under the age of 10 ATB,
but in the present study (1972-73) a significant
effect was observed only for the fingernail fold.
A similar tendency for increased abnormalities
was observed in the labial mucosa and lingual
mucosa although without significance.

The regression analysis was made for the various
sites by studying first the relation of the scores
to age and individual dose, and second, the
relation of mean values to three age and dose
groups. The slopes indicating the relation of
scores to dose were compared between the
control and exposed but no definite difference
could be observed to demonstrate any effect of
irradiation on aging. !516

As the morphological abnormalities observed
10 years after the A-bomb can be considered
irreversible late changes, the results of the current
study conducted 30 years after the A-bomb
suggest that radiation-induced late capillary
changes still persist with minima! recovery.
Physiologically, these changes may induce in-
sufficient microcirculation and create a body
burden. The significance of these results should
be further pursued in relation to aging and
pathological changes observed in the RERF Life
Span Study sample.

The results of studies made heretofore on
A-bomb survivors have suggested that radiation
induces life shortening attributable primarily to

11
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cancers but not a general acceleration of the EHMICMBREREEES 3D TR LI &N

aging phenomenon. The findings of the present TEshTwad., ZEEOZERE, MBCP+T32
study are consistent with this tentative conclusion . - - ’
with Iespect to aging. mgiﬁlﬂﬁﬁnm&—ﬁ‘fét@'(’?) ‘5-
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