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Biological Dose Assessment for X-ray Irradiation in Vitro
(Chromosomal Analysis)
Shon Jong Gi, Hwang Yoon Fill, Joung Young Hwa,
Hwang Inchul*, Hwang In Kyung ¥ M.D
Dept. of Radiation Oncology, Pusan National University Hospital,
department of Health Science, Kosin University*,
College of Medicine, Pusan National University T

The absorbed dose within reasonable short time after irradiation can be estimated by the biological approach and
the biological dosimetry is very useful especially when physical dosimetry is not available like and radiation
accidents. Several biclogical indicators were used in bioclogical dosimetry of these, cytogenetic techinque counting
the frequency of chromosomal aberrations in lymphocyte has prevailed in recent study, which can estimate average
observed dose irradiated volume not only in case of acute whole body but also in case of past exposures. In this
study the frequency of chromosomal aberrations were observed in peripheral lymphocytes irradiated with X-ray
ranging from 25cGy to 800cGy and then absorbed radiation dose was calculated.

The vield of cells with unstable chromosomal aberrations (dicentric chromosomes and ring chromosomes) was
2% at 25cGy, 2% at 50cGy, 12% at 100cGy, 24% at 200cGy and 50% at 400cGy and 80% at 600cGy and 100% at
800cGy, respectively Ydr value, which reflects average dose to the whole body in case of acute whole-body
exposure, was 0.02 at 25cGy, 0.02 at 50cGy, 0.10 at 100cGy, 0.24 at 200cGy, 0.52 at 400cGy, 150 at 600cGy, 2.70 at
800cGy respectively.  The relationship between radiation dose(D) and the frequency of dicentric plus ring
chromosomes per cell(Y) was expressed at Ydr = -527 X10° D+5.00 X 10 °DA(r=0.9982).

Qdr value, which may estitmate absorbed dose were 1.00 at 25cGy, 1.00 at 50cGy, 1.00 at 100cGy, 100 at
200cGy, 1.04 at 400cGy, 1.87 at 600cGy 2.70 at 800cGy respectively. To compare the estimated Qdr with the real
Qdr obtained the author surveyed on fraction of homogenous partial-body irradiation of 180cGy, 540cGy and 720cGy
therapeutically Qdr value in vivo was 1.02, 1.26 and 2.03 respectively. The estimated dose calculated from the
equation Ydr/1-e " was 168¢Gy, 513cGy and 706cGy respectively, which was very close to the acutal dose
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A 100cmol A (FZAFoF 10em X 10em) £% 200cGy 4
AFgE 25cGy, 50cGy, 100cGy, 200cGy, 400cGy,
600cGy, 800cGy e A %S 747t 18] &ALt

WAL Z2AE B & °E”‘—“1iﬂ DNA <&74¢] 352
go] 283 dojd F JYEF T 7T F25F
of 1A7F R#g oy /‘ﬂi‘ﬂﬂ A2 o] FaATh

2. X B 2 Harvest

AR ZAE B AE 03nE 15m SeEfok 2%
(fetal calf serum, Gibco, USA), Imé 2.9% L-glu-
tamine(Gibco, USA), 1m¢ penicil linstreptomycin(Gibeo,
USA), 1m¢ phytohema glutinin(Gibco, USA), 82mé
RPMI 1640 medium with L-glutamin(Gibco, USA)=E
FAE WFd 67t B & wiFE&lel Hrhg
T 37C BB 482 7HEer wiokEtATh il
ZUrl 2A7 15EAd WEAIEA dAEA
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/mgo] HEE H7betAT

Hjoko] B 3 wjFAE 1000rpmoE 1087 YA
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£ 10mE H7pste] 1287 37CY 4L FxAA
w Fat At

ol ThA] 100rpm e 1087 fAEH & § 1A
o} (methanol: acetic acid =3:11) &2 33k} 4T A
1587 ¥4 283 F o] getd WA v
sto] LA AT

A eto s pYAE T el A -20TelA

3}
oo} WE nAY F *&Z%“% AR Fe
2= 1ec

Al 5
AREL Z EFs vlg 03 SFol= 9o ¥
ojmd F F7| Fo MM HEZAATE LA 5}
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o= 1287 443 F Fr)Fe Azt

3. M ScoringY =4

Gy FELS Fu % (American optical, USA)3}e]

A 1000 &2 BHEAN AELEEZF7](cell mitosis

4571 54
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metaphase)oll s1@3tE AXE Zol 1,000 2 s}
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A we o ool4e) By AMAel ) MEE 3
dich ol DA HAA] Azl WAE 4%
1

1= %
o wiAer] st 2 BRECE i*}% WAL
= AE Bdol g 73S sk
methphase YITFAE] £ H2@ 5074 o H=
2 2y Aso #aAsH
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TAEe] wiE, e wE HE2RE, Ydrit 2
Qdrzre Fatg e, gMAelde] FeER linear-
quadratic mode(Y=aD+ D2)9] #Ald #dtc e
72t @ A7 SAS(Statistical analysis system)E ©]
g3he] H) A8 87229 (non-linear regression) 2.
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AII‘.
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600cGy, 800cGyoll Al 2%, 2%, 12%, 24%, 50%, 80%,
100%% 800cGyoldell A= 100%2 E3ez 5
o, dicentric@ A, ring@MA L IMA fragment
pairTE AFF7tl mE S FAE B rh(table
)

—

¢

Mako] Fvbel whgl 2% metaphased W79 A
x dAA ol ¥ x(dicentricB M A, ringg MA)=
F7hak =, 100cGyolddl A d48 S718 Bl

100cGyv) 2ol = G4 fragment pair?} dicentric

R R R B D a7 h=

2 200cGy7tAE & AER he] dAH o)
o] d& Wlm7} Ekoul, 200cGyoldolAdE 1709
Yot AET 270l A 8AAA AAA 0]FE A A
_ 7} vdebgth(table 2) 23X ringg A= 100cGy

o] ol A gt F&o] 7hEdkTh

A% Wgtel] W& dicentricg M A Q) FFRNEE B¢
Gy, 50cGy, 100cGy, 200cGy, 400cGy, 600cGy, 800cG
vyl A Z+zF 0,02, 0.02, 0.08, 0.20, 0.44, 1.18, 1.540] %
oo, ringg A T HNEE 100cGyolstol e 1
BubA] @kt 100cGyalA 0.02, 0.04, 0.08, 0.32, 1.16
o] Att.
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hH @A fragment pair?] HEHIEE 0,002, 0.0
8, 0.24, 052, 1.32, 2.589] % t}.(table 3)

X-Aoll o3 dAl JEA FF F5FE ¢ F 3
T AREAN Ydrgk2 25cGy, 50cGy, 100cGy, 200cGy,
400cGy, 600cGy, 800cGydlA Z+ZF 0.02, 10.02, 0.10,
0.24, 0.52, 1.50, 2.70°] A t}.(table 4)

WAt JAaA ol NEY #AE Y=aD+ B
D28 #AZ REE + e, table 304 AlAE
A8E HAY ARNS o A 25dG9NA, B
AAA 2 AMA fragment pairel WG o g2 77
0.000713, -0.00095, -0.0015°1% 3, BF2 16x10-6,
2.88x10-6, 512x10-6°]Att. o|d ringF A Ul
g aghol Folal, A fragment paird] thet o
ol SR Ugton, A FIG A 13y
A x7Hge] E=A vEgTh £ AN de-
dicentricE A A o} ringGAAE 3 W2 HE 13
a @ B> Ydr=-527x10-4D+5.00 X 10-6D2&
vHebskoh.(fig 3)

¢l Qdratd #HEd 2594
g 2549 A FFANA ool e AEY

2 UeEgeEA 25cGy, 50cGy, 100cGy, 200cGy,
400cGy, 600cGy, 800cGyolA Z+zF 1.00, 1.00, 1.00,
1.00, 1.04, 1.87, 27022 #A&F o] 800cGyolA Ydrat
% Qdratd ZopAlE Ag & F AATh(table 4) 1
2 Qdr=Ydr/l-e-Ydro 2 F% expected Qdrgt-&
Zkzk 1.01, 1.01, 1.05, 1.12, 1.28, 1.93, 2.802.2 ‘}Elwt
o}

AAFEFY ANEEHORZ A AIwF R4
ZANEE HAAZRE #S5E AU Qdrate AR
o] 180cGy, 540cGy, 720cGyd W Z+z} 1.02, 1.26,
20301 em, o] FEL IA 7|E€d Ydrd Qdrite
A dYstd 73 FAHAFE Z7Z 168cGy,
513cGy, 706cGyZ ULHEFStT.(table 5, fig 5)
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Table 1. Total Unstable Aberration by Various Radiation Doses

Radiation No. of cells No. of cells with Total aberration
“dose (cGy) scored dicentric and ring(%6) dicentric ring fragment
0 50 0(C 0 0 0 0
25 50 10 2 1 0 0
50 50 10 2 1 0 1
100 50 5 (12) 4 1 4
200 50 12 ( 24) 10 2 12
400 50 25 ( 50) 22 4 26
600 50 40 ( 80) 59 16 66
800 50 50 (100) 77 58 129

Table 2. Distribution of Dicentric & Ring Chromosome by the Number of Aberration Cells

dose total number of aberration cell
(cGy) aberration 1 2 3 4 5 6 7 8

25 1 1

50 1 1
100 5 4 1
200 12 10 2
400 25 18 6 0 1
600 40 8 18 8 6
800 50 0 0 029 7 5 bH 4

Table 3. The Probability of Unstable Aberrations

Dose dicentric ring fragment dicentric and predicted vcline(Y)”
(cGy) ring

25 0.02 0 0 0.02 0.0

50 0.02 0 0.02 0.02 0.05
100 0.08 0.02 0.08 0.10 0.06
200 0.20 0.04 0.24 0.24 0.15
400 0.44 0.08 0.52 0.52 0.62
600 1.18 0.32 1.32 1.50 1.46
800 154 1.16 2.58 2.70 2.70
% Y = -0.000527D + 0.000005D° + 0.064673 (r=0.9982)
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Table 4. The Expected Qdr Values from in Vitro Ydr

Dose (cGy) Ydr real Qdr expected Qdr

25 0.02 1.00 1.01

50 ' 0.02 1.00 1.01

100 0.10 1.00 1.05

200 0.24 1.00 112
400 052 1.04 _ 1.28
600 1.50 1.87 1.93
800 2.70 2.70 2.89

¥ 1) Ydr = dicentric G A + ring GNAF / & B2 A
2) Qdr = dicentric A + ring A5 / aberration G AT
3) Expected Qdr = Ydr/ 1-e "“(r=0.9928, p=0.000)

Table 5. Dose Estimation from Qdr in Vivo

Patient Qdr values ' estimated dose actual dose
Number (cGy) (cGy)

I 1.02 168 IR0

2 1.26 513 540

3 - 2.03 706 720

% Qdr = Ydr /1-e "
dose= a qdr''+ b €™+ ¢

r=09348 a=-66365 b= 118483 ¢ = 2409.2

A B

Fig 1. Microscopic appearance(X1,000) of apparantly normal adult male chromosome

at metaphase(A) and aberration with chromosome fragment pairs(B)(lower midle corner).
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Fig 2. Microscopic appearance( X 1,000) of aberration cell

upper corners:A), ring chromosome(lower corner:B).

AR 0005277040 000C4E0°40 0646733
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Dose

Fig 3. Ydr values to estimated dose to
whole body with solid line in
for Y=-5.27 X 10-4D+5.00 X 10-6D2(r=0.9982)

EYPQ= 02874 + 10401 * REALD
Conelation: r= 29206

Expected &

08 12 18w 24 18

Real

32

with third dicentric chromosomes(left and midle,

"0, Regression
85% eonfid.

Fig 4. Correlation relationship with expected Qdr

& in real Qdr
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Dose=4638 5 0drl+11908.3 ¢ 42402

Odr

Fig 5. Dose estimation from in vitro Qdr values
solid line drawn according using equation Qdr =
Ydr/(1-e-Ydr)
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