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Table 1. Patient characteristics and elapsed time

BB BB R 106 B9 100445

case stage _age treatment weeks after the
(FIGO) (year) volume(cm®) last exposure

1 IB 54 4478 0% 3,9 12

2 1A 56 5080 0,3 6,9 12, 24
3 IB 4 4455 0,3 6, 12, 24

4 IIA 42 4838 0,369 12, 24
5* IB 46 4613 3,6 9 12

6* 1B 35 4230 0, 48

7 1B 35 3878 0

8 IB 46 5080 24

9 IB 33 4830 24

10 1A 62 4320 52

11 A 41 4848 104

12 IB 49 4658 104

13 IB 44 5190 156

14 IB 53 4785 208

15 IB 45 4140 208

16 IIA 55 - 4500 208

17 IB 51 4935 260

18 IB 48 4800 260

19 IA 46 3773 260

20 1B 44 3780 520

* These patients had carcinoma of endometrium, others had carcinoma of uterine cervix

# means 1 day after radiation therapy

65, 95, 125, 4F7A] AEHA FHFFE
A=t 2 99 B 27 A AmE
19, 243, 52F, 104%F, 156F, 2085, 260%F ¥
520} A4 33 cH(Table D).

2. ME DJMEIY 3 harvest

w %<& RPMI 1640(Gibco, USA) <l 56°Col A
30E3 dA e $eo} YA (Fetal Bovine Se-
rum, Gibco, USA) 10%$} NaHCO; §-<4& pH7}
6.8°14 7.2 WAt £ 8(12¢/L) Frtstx PSN
Antibiotic mixture® 1% ¥ %7} HEE H7}13g
T}

AgrAMige d7d 15ml &3 @@
(Costar, USA)oll ¥} %< 45mi¢} H¥E 0.5mi¥
Yol ¥ 50mlofl M EEYE £FEF =2 M typed
phytohemagglutinin(Gibco, USA)-& 0075 ml 37}
3led Wl k7] (CO, Incubator, Napco, USA) oAl 37
°C, 5% CO; R E3F%F7] FeistolA 4543
WFs o FFAYEA A EEY Coleemid(10
ug/ml, Gibco, USA)E 0.05ml ¥ & 3413 B¢
o wigstch

ol BuUw NP#HE Y4 £2 7] (Beckman,
USA)dl ¥3 1,000rpmo 2 10837 94 83
% 42d4¢ AAsD o971l A% (hypotonic
solution) 2 24 0075M2] KCl £9& test tube
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mixer(Scientific Industries, USA) & ¢] &3} 10
mlE AMA3] TFIFEA & )& 37°C F2
Wi 1087 A A 1,000rpme 2 887 9
AR F A3A¢ AAsz asigen
ngNe 2 F4 velma W x4 (glacial acetic
acid) € 3d) 19} ¥ &2 E¥F AL AE3Y
o 2AGLE AL H Ao et AP en
test tube mixerE ©]&3 EFHUA FFol
10ml € @7AA MM Arisgch @ 48 =
ol Y ¥ 1,000 rpmo 2 8% THA] AAR
A5t FFAE Y F 593 ie=m A
Eol Add Eeln dAEE F A5 do] gold
WA 23 WA 33 A& wEsR
27l Bud d4REFA G FEd9
FAEEH & F¥] A=} HEE FEIS
A A% F Pasteur pipet® ©] %3t AAF cell
pelletE Fo} gl 4239 4593 2 4L gL
Z542 g FHA slide glass(Corning, USA)
el o 50cm FO|2HE FA LY HoxH
slide glass 9ol 1% HAEE F F Z7FNA
AZAZAY. $43) Az2Y I slide glassE Gie-
msa &9 (BDH, Germany) 2.2 @3¢t}

3.

g

0jgd Z#E Y scoring

448 BEL dn Ao 100v &2 BEst
AA EgEyd Agste AEE Fob 1,000
W2 Gojste] @astdch o] of gAY At
4670 AF7t HeAd 4R E FAda =T ¢
A dxe A4 G434 Feirt G4 o]
Ao EXRE ¢ vz &d49 AFIAE o
AR ¥ AT A5 39 AZH{A

B AgdMe B9 @A 3ez D 944
A, centric £ acentric R G4 1glm A &
AR NEg AZAT ke g A g A

ol A7t BolE polycentric @A = &
FHE FHAY FEAN 12 A JFAF D
HAAE #FY Aoz rFsgd. IAEA[11]
(1986)914 A1 vz D G444 == R 94
A 7ol FNE A fragmentE excess A G4
AdA A=At BFAee ALY e H4T
1007} ool H=& ERE AH&Ah

4. Parameter % =2A{HHH

Agd BUR gAY =25 E Ydr 3,
Qdr ¥ % Qdra & AsATt Ydrd #ZE
T d47F 9T D 444 2 R 444 &
2ttt Qdr2 D 43 € R dAAE Ze o
B7Fe HFE D 444 2 R G4 Foln
Qdrae D g4, R 44 2= A g4A & Ze
dst7Fe HE D 44 € R €44 FE
g3} Ydr @3 ApE RS #AE st
7] $18 3FHH 260F71A & AR A6 &
AEQ BFUE EHEIRL AHEE AL 2 co-
mponent exponential 2.4-& o] &35

HT g

% 808971 9| metaphased] e AEE #IE
27} 15%%) 1223709 AFAA EAF YAt
#ZHAYG. A2 #FE EFFHA £
FAA ol Fe R&ELS Fig 104 By uieh 7o
D 944, R 444 2 A 4449 #FE F
FE 27} 124570, 4778 2 7977R 2N R 4 A ¢
2 AGAFE D FNA 2 38% L 64% At
& Az Ul D HAE Ze AXQ De
60071, 27191 D M A& & N X (2 D)= 15974,
M D H4AE e AEE D)ve 7T, 4749
FAXNE = ATE 267, 549 D gAAS
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Table 2. Number of unstable chromosome aberration & cells with unstable aberration

KA B GIE | 198 F13k 1995

Case |elapsed | cells No cells No. cells with aberration No. Aberration

No. |time® |scored | D+R {D+R+A| 1D | 2D | 3D | 4D R A D R A
1 0 303 26 35 23 3 - - 1 i1 29 1 12
3 161 27 36 17 7 1 2 - 19 42 - 20
9 295 29 41 22 5 2 - 1 15 38 1 22
12 172 19 29 13 3 3 - 1 17 28 1 25
2 0 198 24 40 19 2 1 1 2 19 30 2 23
3 123 15 20 12 2 1 - - 5 19 - 5
6 241 34 51 25 4 2 2 5 27 47 5 43
9 149 16 31 12 3 1 - - 15 21 - 16
12 54 5 8 4 - 1 - 1 4 7 1 4
24 135 15 21 13 2 - - 1 11 17 1 11
3 0 189 52 69 39 7 5 = 1 24 68 1 28
3 122 27 33 15 8 3 1 - 10 44 - 12
6 166 36 45 26 10 - - 1 14 46 1 16
12 64 14 15 7 6 1 - - 4 22 - 6
24 165 27 32 19 4 1 1 2 12 34 2 16
4 0 88 20 21 14 3 3 - 1 5 29 1 7
3 394 84 117 53 13 7 8 2 54 132 2 91
6 233 37 57 22 8 7 - 2 30 59 2 48
9 137 21 24 14 6 - 1 3 5 30 3 10
12 100 15 22 9 3 2 1 - 14 25 - 28

: 24 264 36 40 21 8 4 3 2 18 61 4 36
5 3 111 22 26 15 5 1 (* - 7 33 - 11
6 42 7 9 3 3 1 - - 3 12 - 5
9 72 12 14 5 5 1 1 - 3 22 - 4
12 200 25 36 14 5 5 1 2 18 43 2 33
6 0 460 73 82 48 11 9 2 5 56 105 5 96
52 168 7 9 5 1 - - 1 6 7 1 6

7 0 339 38 69 | 22 9 4 UL 2 28 61 2 4
8 24 472 22 50 16 1 3 1 2 34 31 2 41
9 24 107 4 6 1 3 - - - 2 7 - 2
10 52 241 20 37 i1 5 1 - 2 23 24 2 29
11 104 223 9 18 9 1 - - - 11 11 - 11
12 104 180 9 9 9 - - - - 1 9 - 1
13 156 108 2 3 2 - - - - 2 2 - 3
14 208 239 3 11 2 1 - - - 8 4 - 9
15 208 214 14 15 12 - - - 2 3 12 2 3
16 208 213 8 9 7 - 1 - - 3 10 - 4
17 260 225 4 5 3 - - - 1 4 3 2 4
18 260 211 11 14 10 1 - - - 3 12 - 3
19 260 205 6 1 5 1 - - - 5 7 - 9
20 520 306 3 3 2 - - - 1 - 2 1 0
Total 8089 878 1223 | 600 159 71 26(2) 4 553 1245 47 797

* 5 Dicentric,

# weeks



Fig. 1.
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Microscopic appearance(X1000) of

chromosome aberrations.

A. Two dicentric chromosomes(solid ar-
row heads), and two acentric fragment
pairs(open arrow heads) are seen

B. Ring chromosome(arrow head)

Ze Q%G D)E 2712 1 D7t 7H8 Bsirh 4

= 19013 438 SN 2AHA gt
WALA A g F 1dolul 1 DE 52370, 2 DE 14974,
3D 6978, 4D 270, 5D 2% 1D} U Wiz
B Zzb 28%, 13%, 5%, 04% k. wtA 1d
A3 £ 1D 7778, 2 D 1074, 3 D 2742 1 Do
HE w2 B 2hz} 12%, 2.6% 4ok Wk 1de
AN 2 D AR ddHezr AA F2TE
HAFAG. 2 g7 At Ao e BUtA
Aol NIz AEF D G4, R g4 4
A @A 9 A4 Table 26 A3 7123t h

WAL A EBF 24A3t0] s de 61
#7219} Ydr 2t 0.10614 0372 74 A7ke] Aol &
BYcH(Table 3). 598 #AoA 24F7A F7
Hog FHo| shEstArh WA NEF 357}
e 14 45 AQdsty EF 3 FE 2Y
HA3 3FAAE AF AF Y Ydr go] 2H=
FAHL P& BAFUT 3FEEH 4F7AA
AQlel we} BRAo g oFze) E7E HolA T
ZA2 3t Aol AH(Fig. 2). 19 &A= Ydr 3ol
AE AF 01094 257 F 02622 Fratsch
o] 829 gF £ AEA 1350/mm*A A 36

= =

Table 3. Ydr at various times* after radiation therapy

0 3 6 9 12 24 52 104 156 208 260 520
0.10* | 0.26° 013" | 017" 0.11° | 0.04" | 0.02® | 002 | 0027 | 0.01%
0.16* 015 | 022% | 0.14% | 015 | 013 0.05% 0.07° | 0.06"
0.37° 0.36° | 0.28° 034* | 0223 0.05* | 0.03"

0.34 0.36' | 026* | 0.22* | 025* | 0.25°
0.30° | 029° | 031° | 0.2¢°
0.24° 0.05°
0.19 0.07°
0.07°
0.23 0.29 0.26 0.20 0.23 0.15 0.08 0.05 0.02 0.05 0.04 0.01
+0.105| + 0.087 | + 0.031| + 0.084 | + 0.075| + 0.084 | +0.42 | + 0.007 +0.023 | +£0.071

* weeks # indicates case number
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Fig. 2. Change of Ydr by time interval in five

patients
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Fig. 3. Change of the mean of Ydr by time
interval. The vertical bars represent
one standard error.

Gyg ¥& AN dRfFF7t 360/mm’e2
ZasAxn Ag7k Bd AFA A 689/mm’
2 78t og A9 e FFE B
BE $A49 HE gL 297ARA ARAH
et FA8 gasA 2719 AF & P 7
%2 0052 "ol F 5d7A Hi£3A FAH
A ch(Fig. 3). 221} 59 2 10do] Ad A=
Ydr 3t 002, 006, 0.03 2 0012 HAHAABE
&7 A AFARL Al #2EE g 0.001
A 0006 B} ¥A ekt 3A BEAL 2
component exponential =9-& A& J 1 1 4L
Ydr = 0.259 X exp(—0.0429 T) + 0.0560 X exp
(—0.00106 T) 1} (Fig. 4). WatA Ydr 749
717 OE 23 5F7F AL F2He] w3ty

Y = 0.2591 x exp(-0.0429 T)
+ 0.0560 x exp(-0.00106 T)

T T T T

Ydr

0.01 t 1
¢} 40 80 120 160 200 240 280

Time after RT (weeks)

Fig. 4. Regression curve of change of Ydr by
time interval. The decline in Ydr was
described by two superimposed ex-
ponential curves representing two ly-
mphocyte populations with different
efficiencies in eliminating dicentric ch-
romosome. The vertical bars represent
one standard error.
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Table 4. Qdr at various times* after radiation therapy

0 3 6 9 12 24 52 104 156 208 260 520
120%% | 156 1341 | 153! 130 | L11® | 100® | 133% | 1257 | 1.10%
133 127 | 147 | 131° | 133 | 120 1.00" 1.00® | 1.10%

137 163° | 1313 134° | 1.33° 125 | 1.17*

1.50 168 | 165' | 157* | 167" | 1.86
150° | 1715 | 1.83° | 1.88°
1.51° 1.148
1.66 1.508
1.75°

142 152 154 151 155 149 122 1.06 1.00 119 1.17 1.00
+0.165| + 0.160 | + 0.181 | £ 0.241 | +0.235| + 0.230 | + 0.113 | + 0.078 +0.172 | £ 0.075

* weeks ¥ indicates case number

Table 5. Qdra at various times* after radiation therapy

0 3 6 9 12 24 52 104 156 208 260 520
0.86'* | 117! 0.95' | 100 0.70° | 056" | 0.67 | 036 | 1.007 | 1.00%
0.807 0.95* | 098 | 068 | 1.00* | 0.86 1.00" 0.93% | 0.86"
1.00° 1.33° | 131° 147 | 1.13° 111 | 064"

143 121* | 107" | 138 | 114* | 083¢
127° | 133 | 157° | 0.94°
1.35° 0.89°
0.97 0.88°

117

1.06 119 111 115 111 0.93 0.80 0.78 0.67 0.80 0.83 1.00
10267 | £ 0.145 | +£ 0.155} + 0404 | £ 0.214 | + 0.215| + 0.329 | + 0.311 +0.392 | £ 0.181

* weeks ¥ indicates case number

£ 16F ¢ 651F 2 viepst) Qdr 3ol 1022 BEHH MAE2A 0|4 $
Qdrel BEEe AEF 1Y, 3F, 6F, 9F, 12F Sl XU Qdra A S X8 AF2E
2 24F A 27} 142, 152, 154, 151, 1.55, 149 3%, 657, 955, 12 71K 247} 1.06, 119, 1.11, 1.15,

24 151 AF2 AR A @AYl dRFA L1124 110852 A9 9AsA FRAFHUTH
FAH QG (Table 4). o] F Hade] 525 R (Table 5). ol F HFghL Lasdte] 525, 1043,

HFHLS 117 52 242 oA Anuyg Qe 1565, 2085, 2605, 52059 747} 0.80, 0.78, 0.67,
F2& YR oH A plateaud B g oH(Fig. 5). 0.80, 0.83, 1.002.2 081 AFAH(Fig. 6).
1045 o1F #FD 1098 BAF 499 BA:
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Fig. 5. Change of mean of Qdr by time inter-
val. The vertical bars represent one
standard error.
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Fig. 6. Change of mean of Qdra by time inter-
val. The vertical bars represent one
standard error.
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ABSTRACT

It is good method to use frequency of chromosome aberration in lymphocytes for a biological
dosimetry in cases of accidental exposure to radiation. But in cases of past exposure, biological
dosimetry is limited because the frequency of aberration decreases by time after exposure. To
provide a basic data for estimation of past radiation exposure, the changing pattern of frequency
of unstable chromosome aberration by time interval after exposure was studied.

Observation was made on peripheral lymphocytes of 41 blood samples from 20 patients treated
for uterine cervical carcinoma and endometrial carcinoma. The patients received 50.4 Gy radiation
to whole pelvis. Elapsed times after the completion of radiation therapy were 1 day, 3, 6, 9, 12,
24, 52, 104, 156, 208, 260 and 520 weeks. All the blood sample were microcultured. The Ydr, Qdr
and Qdra were calculated from frequency of unstable aberration.

Ydr did not decrease for 3 weeks after radiation therapy, and thereafter, decreased very rapidly
and reached 0.05 at two years after radiation therapy and decreased very slowly until 5 years
after radiation therapy. Relationship between unstable chromosome aberration and time interval
after radiation therapy was described as

Ydr = 0.259 X exp(—0.0429 T) + 0.0560 X exp(—0.00106 T) (time in weeks)

Qdr remained constant at 1.51 until 24 weeks after radiation therapy and then decreased to
1.17 at 52 weeks. Therafter, it did not change. Qdra remained constant at 1.10 for 12 weeks after
radiation therapy and decreased to 0.81 at 52 weeks. Thereafter, it remained constant.

Two superimposed exponential Ydr disappearance rate suggests that it is possible to calculate
the past exposure dose. When the elapsed time after exposure is short, Qdr and Qdra are useful
papameters for biological dosimetry for past radiation exposure.

Key Words : Biological dosimetry, Past exposure, Chromosome aberration, lymphocyte



