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SUMMARY

The cytotoxicity of colchicine for the peripheral
blood lymphocytes of 151 Hiroshima atomic
bomb survivors and their controls was deter-
mined. No radiation effect was found, but
modest age-related changes for the initial number
of viable cells and for the cytotoxicity of colchi-
cine were observed.

INTRODUCTION

The question examined in this study was whether
or not the lymphocytes from persons who were
previously exposed to excessive radiation from
the Hiroshima A-bomb are inordinately sensitive
in vitro to the toxic effects of colchicine. Chro-
mosomal aberrations persist in the peripheral
blood lymphocytes of A-bomb survivors in direct
relationship to the amount of radiation exposure.’
The possibility exists that other forms of latent
injury may have rendered lymphocytes excessively
susceptible to certain cytotoxic agents. Colchi-
cine, a microtubular poison, is toxic to the
lymphocytes, especially those from individuals
with chronic lymphocytic leukemia.?™

MATERIALS AND METHODS

The study sample consisted of 155 Adult Health
Study (AHS) participants in Hiroshima. Subjects
for the study were chosen at random from the
daily roster of scheduled examinees without
knowledge of their radiation exposure histories.
The sampling scheme was designed to maintain
rough balances among age, sex, and radigtion
exposure categories.
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A 5 ml aliguot of fresh venous blood was mixed
with 100 International Units of heparin and then
was diluted with an equal volume of balanced
salt solution (BSS(—)). The lymphocytes and
granulocyies were separated according to a
modified Béyum technique®  Briefly, 5 ml
aliquots were carefully layered over 3 ml of 6.4%
Ficoll-9,7% Conray mixture in conical centrifuge
tubes, The samples were centrifuged at 400g
for 20 minutes at 4C. The ring of mononuclear
celis (90%-95% lymphocytes) suspended between
the serum and Ficoll-Conray interface was
collected with a fine-tipped Pasteur pipette. The
lymphocytes were washed twice with BSS(-) by
means of centrifugation at 400g for 10 minutes
at 4C. The cells were counted, resuspended in
culture medium (RPMIi640 with 10% fetal
calf serum), and separated into six aliquots of
0.9 ml, each with a total cell count of 1 X 10°
cells. An additional 0.1 ml of culture medium
was added to two cultures which then served as
controls. One tenth ml of colchicine in culture
medium in concentrations of 10.0 pgfml and
1.0 pg/ml were added to the remaining four
tubes so that the final colchicine concentrations
in duplicate tubes were 1.0 pgfml and 0.1 pgfml.

Cell viability was determined immediately in
each culture tube by examining 200 cells for
trypan blue dye exclusion. The cultures then
were placed in a2 5% CO, incubator at 37C.
Following incubation for 24 hours the number of
viable cells in a total count of 200 cells again was
determined by means of trypan blue exclusion
for each of the three duplicate sets of tubes for
each subject. The average value from the two
tubes was used to measure response in terms of
either the loss of viable lymphocytes or the
number of vizble cells remaining. Preincubation
lymphocyte viability results were analyzed by
age, sex, and radiation exposure groups. All
viability results following incubation with both
concentrations of colchicine were analyzed by
age and radiation exposure groups.

RESULTS

Studies were completed on 151 of the sample of
155 persons. There were 43 men and 108
women. The age distribution according to
radiation dose is shown in Table 1.

Initial lymphocyte viability as measured by
trypan blue exclusion showed no statistically
significant differences by sex or radiation dose
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TABLE 1 NUMBER OF COMPLETED STUDIES CLASSIFIED
BY AGE AND DOSE

#1 GREBEUGEMCABMLARERTH

T6S

Age at time of examination

Dose in rad Total
049 50-64 65+

0 21 21 18 60

1-49 12 9 10 31

5099 4 9 6 19

100+ 16 11 14 41

Total 53 50 43 151

(Tables 2 and 3). The mean numbers of initial
viable lymphocytes for males and females differed
by 0.7 cells per 200 counted. The maximum
difference in the mean number of initial viable
lymphocytes for the various exposure groups
was 0.5 cells per 200 counted.

There was a statistically significant tendency for
those persons over age 65 to have a reduced
initial number of viable cells (Table 4). A 95%
confidence interval for the average difference
in initial lymphocyte viability between subjects
65 years or more and those between 50 and 64
years was 2.0+ 1.1 cells per 200 counted.

The overall cytotoxicity of the two concen-
trations of colchicine, irrespective of age, sex, or
radiation dose, is shown in Table 5. After 24
hours an average of 92% of the control cells was
viable. The viability of the lymphocytes
incubated in 0.1 pgfml of colchicine was 89%
of the preincubation number. Lymphocyte
viability for 1.0 pg/ml colchicine was 87% of the
preincubation number. These values represent a

HEABATRS oL (R2RU3). RTOER
Y Y AREOEHEIE, Bl il Tk, MR
200G~ N0 THEOEFH /. BWNOEFY >4
ROLHBOBEBER O KEE, Mk
20{A LA N05ETH -

5L L ADBWOEFRBRAAPEVEV I
HITIHE LA S 2 (F4), 6BELLLEOMR
BEHN—MBEOHREOMOEWN ) » 1 BREFD
HEHEDB%IEHEM 12 RAR00@EELN2.0
1.1 TH 7.
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A, 0dpg /ml @INLEFCEMATHEEL A
Uy RBROEFEHTIERENOBREO%TH /.
1.0pg /ml DN FrE2MiiBEn K
DERNBHBHOMBBOGTI%TH 4. I hE

TABLE 2 INITIAL LYMPHOCYTE VIABILITY BY SEX
#2 M EAZRWO) CSHROEFD

Sex Number of Mean viable
persons studied lymphocyte count™*
Male 43 196.8 2.4 SD
Female 108 196.1 *3.1

No statistically significant difference #HstmizHEaE£2L
*Mean of the total number of viable cells per 200 lymphocytes
counted in the preincubation tubes as determined separately for

males and females.
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TABLE 3 INITIAL LYMPHOCYTE VIABILITY BY
T65 RADIATION DOSE
#3 T ORIABEINCEIRENO
Yo EFD

65 * Number of Mean viable
Dose in rad persons studied lymphocyte count®
0 60 196.0 *3.05D
149 31 1964 2.4
50-99 19 196.4 +2.5
100+ 41 196.5 *3.1

No statistically significant difference #itmricEE2EZ% L
*Mean of the total number of viable cells per 200 lymphocytes
counted in the preincubation tubes for all individuals in each

radiation exposure category.
EHHBRUHNOEEH OV /SIR200E L~ ) OEHFRIRE RO T,

TABLE 4 INITIAL LYMPHOCYTE VIABILITY BY AGE
F4 ERUCEZEVOYSROERR

Age Number of persons Mean viable
in yeass studied (F) lymphocyte count*
049 53 196.8 £2.6 §D
50-64 50 197.1 *2.5
65+ 43 195.1 +3.1

*Mean of the total number of viable cells per 200 lymphocytes
counted in the preincubation tubes for all individuals in each

age category. P<0.05 Faiqg=7.6

BEMBNOEHMO Y > AROFEL Ly 0 EFEREKD T,
P<0.05 F 5 =7.6

TABLE 5 LYMPHOCYTE VIABILITY FOLLOWING 24-HOUR INCUBATION WITH AND
WITHOUT ADDED COLCHICINE FOR ALL PERSONS IN STUDY
#5 LSHEHABFOILEFCEMIAABEEMIZVBED
ABFHIERE DY P RO LR D

. %
Incubation Colchicine No. of Mean viable % Viability
.. persons lymphocyte R
time in hours pgfml ] . Viability ¥s
studied count
24 hr control
0 - 151 196.3 2.9 98- -
24 - 151 1849 8.6 92 100
24 0.1 i51 177.2 9.9 89 96
24 1.0 151 173.5 *11.1 87 94

*Mean of the total number of viable cells per 200 lymphocytes counted in each tube for all individuals
in each incubation group.
BHIERUHNDY Y AR00EY - 8 o ETFRERaE B O Ty,
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TABLE 6 LOSS OF VIABLE LYMPHOCYTES DUE TO 24-HOUR INCUBATION WITH 1.0 ug/ml
COLCHICINE BY AGE AND T65 DOSE IN RAD

#6 1.0p /ml @InbeF o 2MAL2ABMBRIZLDS 1) v SEROB D
ER R UT 658 ( rad ¥4 ) B
Age 0-49' Age 50-64 Age 65+
T6S Dose Mean loss* Mean loss* Mean loss*
in rad Number viable Number viable Number viable
studied (F) lymphocytes studied (F) Iymphocytes studied (F) lymphocytes
1] 21 10.1%10.2 21 14.5% 9.7 18 9.9t 7.1
1-49 12 11.2+ 8.9 9 15.6%10.2 10 14.2% 8.0
50-99 4 5.3 6.7 9 10.6% 5.3 6 11.3% 6.6
100+ 16 77+ 14 11 12.6% 2.0 14 12.010.4

*Mean difference between the number of viable lymphocytes per 200 cells counted in the 24-hour
control tubes and the tubes containing 1.0 pgfml of colchicine. Fq;;39=1.08 Pooled SD=18.78
1.0pg /ml @INEF > EMAABELNLEVBEOUBBIERBEOMBNIUALL VOERFY v 1 HY
OFTHER. Fe=108 7k L -REREE=18.78

TABLE 7 LOSS OF VIABLE LYMPHOCYTES DUE TO 24-HOUR
INCUBATION WITH 1.0 ug/ml COLCHICINE BY AGE

#7 10pg /mi @IV FrEM2TEELALED
ERIEAEY » RO I[HR
Age Number of persons Mean loss* of
in years studied (F) viable lymphocytes
049 ' 53 9.2 *8.8SD
50-64 50 13.6 *8.9
65+ 48 11.6 8.2

*Mean difference between the number of viable Iymphocytes per
200 cells counted in the 24-hour control tubes and the tubes
containing 1.0ug/ml of colchicine. P<0.05 F5y453=3.22

1.0pg /ml OAREF > M ABEEME 2B E0AURMBRED

#Ra200M G 4 D D ETEY » AR OTHER.

loss of 4% and 6% of the cells due to the presence

of 0.1 pgfml and 1,0 ugfml colchicine, respectively.

Table 6 shows the mean loss of lymphocytes by
radiation exposure for the three age groups with
1.0 xgfml of colchicine in the cell suspension for
24 hours. The number of cells rendered nonviable
for each subject represented the difference in
mean counts of viable cells between the 24-hour
tubes without added colchicine and the 24-hour
tubes containing 1.0 ggfml of colchicine per
200 cells counted. No significant differences in
the rtesults for the wvarious radiation exposure
groups in each of the age categories were
observed. The pooled standard deviation is
£8.8. Classifying the data this finely makes
the statistical test very insensitive to differences
between groups.

P<0.05 Fpug=3.22

bbb, 0.1pg /ml BULl.0xg /mi @2 AL
FURMzEoT, 2RFN, ARAOD4%RT 6%
AiELEEVIZETH B,

6T, 1.0pg /ml 3 N F & I0Z T2AR
PR L B A0 =->OERBEO BB R
Mot NBROFEHFARERL L. EHRAOIKEE
Hilfakiy, TheFrEMAR VT 240 ISR L
RSl /ml @M EF bl AT 240
BELABESOMIE00E L 2 N oFH il
HnLeEhT. ZFEBTORBHEHGERIOBR
CHEsBIRB M2k T ML FER
#3888 THE. HHEMISLALLIAEHUED
BT aEHMBREDFIER IRV LKL
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Lymphocyte responsiveness to incubation with

1.0 gg/ml of colchicine for the 049 age group

was reduced in comparison to the other age
groups for all radiation doses combined (Table 7).
Significant differences were observed, however,
only for persons in the 50-64 age group in
comparison with those in the 049 age group.
A slight reduction in viability for subjects age
50-64 was observed in comparison to those 65 or
more. No significant age related changes were
found for either the cells which were incubated
without colchicine or with low concentration of
colchicine.

DISCUSSION

The incubation of peripheral blood lymphocytes
from A-bomb survivors and their controls resulted
in several findings of possible importance. The
first was that the number of cells in circulation
which were not considered viable as determined
by trypan blue was slightly increased in older
persons (Table 4). The meaning of this obser-
vation is uncertain, but it is interesting to
speculate. Several studies now have shown that
the number of lymphocytes in circulation
decrease with age®'®  Other studies have
indicated that there is a drop in the total number
of T lymphocytes in circulation in persons
aged 60 or more.!! The mechanism for the
reduced number of lymphocytes in circulation in
older persons is not known. It is likely that
increased lymphocyte destruction or sequestra-
tion are the major mechanisms involved, but
failure or impairment of regenerative mechanisms
also may play a role. It is quite possible that
membrane damage to longlived lymphocytes
due to increased “‘wear and tear”, some
autoimmune mechanism, or possibly microtubular
dysfunction is responsible. Loss of membrane
integrity due to any of these mechanisms could
lead to the occurrence of an increased number of
circulating lymphocytes with poor membranes.
Such mechanisms would be consistent with the
theory of immurnologic aging.!*'?

The other finding in this study of possible
importance is that of a slightly increased
cytotoxicity of colchicine to the lymphocytes of
older persons (Table 7). The only significant
difference occurred for the 50-64 age group in
comparison to the 049 age group. The sensitivity
of circulating lymphocytes in the 65 or more age
group was also greater than that of the 0-49 age
group, but the change was smaller and was not

0—498E#HoL.0pg /ml OalbFrEIIE THERE
LAZEO) Yo RIS, EOBRMRRLC
FOTLH, MOFHTELHREBLT, BPLTWE
(F7).LALEAFS, 0—4%E ERlE L gl -
BEON—MEERBLLOLFE L EAHEsNL.
o LI EDEWMT L L A eI, S0—6ED
EMBOEFHCHOTrERIIBEENLL., oL
CF U EMAGVTESL AR XEREED
INeFrEMLTHEELABEOMBVTRIZE
EWIIMETIEELEEE D shid 1.
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CkoT, HEEEZESTBY v AR EMLEEZ S
ELBNE. ZOES LRFRREFHMBOEE
E—HTELDTHS. B0

EKHERNBEELZ G shaB_OMEE, FHROS
WADY YRz LT Ol e FrOMREEEER
PETFHMLTWRENIIETHE(ET).FE
LENFSH SO, 0—9BOERBLEEL B
SON—MEOERTL I TH o, BNl Log
BEOBRY > ROBZET 0 —VROERBD
FhihiEs-LA, TOERNEL, HFELY



significant. The fact that these age-related
findings occurred only following 24-hour
incubation with the higher concentration of
colchicine may give additional importance fo
the observations. ’

The mechanism of the agerelated colchicine
change is unclear. The peak years for total
lymphocytes in circulation in the AHS population
are between the ages of 50 and 60.!* This is
precisely the time when the greatest susceptibility
to colchicine was demonstrated. It is quite
possible that during this period of life there is
an increased population of cells in circulation
which is particularly susceptible to the cyto-
toxicity of colchicine. The increased removal of
these cells from circulation, or failure to
compensate for their loss, may occur only later
in life. A number of modalities of lymphocyte
function have been shown to be reduced in aged
humans.!> Blood levels of thymosin decline
with age.'® This may be related to the impaired
reactivity of lymphocytes from old individuals.

An increase in B cells or a relative loss of T cells
might be additional factors since colchicine
cytotoxicity is believed to be directed primarily
at B cells. Colchicine is a microtubular poison
and it is tempting to ascribe its effect through
some microtubular mechanism. This seems very
unlikely, however, since litile microtubular
assembly occurs in the resting lymphocyte.
Furthermore, it recently has been demonstrated
that calcium ionophore protects the lymphocyte
from the lethal effects of colchicine.!?

There was no evidence of any radiation relation-
ship for the cytotoxicity of colchicine. The
possibility that the cytotoxicity of colchicine
would be increased in the lymphocytes of the
more heavily exposed survivors, especially since
lymphocyte chromosomal aberrations are
radiation related, was not supported by this
study. There may have been several reasons for
this. Although the number of lymphocytes with
chromosomal aberrations is radiation related,
the actual fractional total number involved is
small.!  Another point is that the presence of
stable Iymphocyte aberrations may have no
bearing on cell function or integrity, especially
in the nondividing cell. Finally, colchicine
lymphocyte lethality is thought to be directed
primarily at B cells and there is no direct evidence
for radiation induced chromosomal or other
" ¢change in these cells.
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Increased cytotoxicity of colchicine, vincristine,
prednisolone, asparaginase and  cytosine
arabinoside for chronic lymphocytic leukemia
{CLL) lymphocytes has been observed but
colchicine has been found to produce the
maximum difference in cytotoxicity between
normal and CLL lymphc;cytas.'J The colchicine
sensitivity index for CLL lymphocytes has been
reported from 61%-98%. In contrast, the
colchicine sensitivity for normal lymphocytes
is only 0%-15%. It has been suggested that the
colchicine sensitivity test may be useful in the
diagnosis of early, low count CLL and in the
evaluation of patients during treatment.”

Radiation-induced acceleration of aging in man
has not been demonstrated. Although the
colchicine-lymphocyte studies show a modest
aging effect there is no evidence that the added
insult of previous radiation exposure either
increases or alters the age responsiveness to
colchicine. It is possible, however, that longer
incubation times and higher colchicine concen-
trations may provide better information,
especially since the total number of cells killed
with colchicine levels of 0.1 and 1.0 pgg/ml was
quite small.

By v S HERK(CLL)G Y » 7S8RIIHLT
aneFy, Er s )AFr, FLFzvrar,
TANSEF—¥, BULI YT FE/ ¥ PO
EEERAEMT A LFAHEEhTWAEHN, 2O
el INeF OBy rARERFEO Y ¥ Bk
CRIFTHBGBEOERY v B L AN R
Lz e AHBEL WS TEEY LAl
D) v IERD I N F i BB IEHIE6L % —
BUTH-r. ZNIZHL, EFY S 3oarke
FriidT IBREERI0OS%—15%THS. AL F
BRI IO 1& A MER K ORE T v /MR R
DBHRVERDPOAEOFMIEHTE S LR
TATWwS,7

Bemmitor FrompRETERSRTY LY,
TN Fr—) rARBREILE ST, b L LN
BEIHES ISR TV AN, BROMMMERC
EotTalbeF it ERRKIGAEMS 201
T+ AL WIERIEALV. LALaNS, 0.L1RT
1.0pg /ml OBEOILEF > THES R 3/
BN Pbhvisy, BEERLERL, 2L
vFrBESELThIEL YRR Gs RS S
L.
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