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] olFZEBA| O] FUlehe A7E Btk WA zA
2 24X7F Fof] 05, 1, 2, 5 Gy TollA2] o} EZEAAE(%)
2 747} 316310504, 3.935+0.665, 544610766, 9.090+
1.3230]51om, 48417k Foll= 27t 649010.993, 9.678+
1.527, 13.170 £1.947, 19.472+3.1800]¢)c}. —Lg]x 724)7F 2
e ZH7 19.644 14231, 23.208+3.632, 30.018 +4.627, 38.061
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Table 1. Mean Apoptotic Rate (%) according to Time Interval
after Irradiation in Each Radiation Dose (One-way ANOVA)

Dose Mean apoptotic rate after irradiation (hr), n"=11
Gy) 24 48 72

0 1.761 3.563 11.098
05 3.163 6.490 19.644
1 3.935 9.678 23.208
2 5.446 13.170 30.018
5 9.090 19.472 38.061

n:number of sampled persons
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Fig. 1. The time and dose dependence of radiation-induced
apoptosis in peripheral lymphocytes are shown. All means
were significantly different from the control at the level of p
value 0.05 when using the Student's t-test and one-way
ANOVA.
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+58450|9c} WAL ZA F 24, 48, 72 BB R|7bolA] WA

Aleko] Az} Zv)dtel] uld} O} EZELEAARL EAISH o

Ju] A A(p<0.05) Z7FsltH(Table 1, Fig. 1).

2. WARME 220 M2 WARMEAL =
OIEZEAAEO| Bi5}

WA 24 & 2447 Fell 05~1, 12, 2~5 Gy 7+
9 O}EEZEAAFY Z7H= 1 71€77h Zhzt 1544, 1511,
12142 2 4% 4oiql 25 Gyxeh wlind A A% el
05~1, 1~2 GyollA| ] & 7]e715 Blon, 4847 %2
7NE7e 27 6376, 3492, 2.1008 24A)7-3} u}ﬂﬂz}i
0.5~1 GydlA 714 & 71278 BYch el 1247k
L 7Zbz7) 7128, 6.810, 2.681%2 24X 7k} 4847 ol A9} 7EL
o] 0.5~1 GyollAl 7Ha £ 71-e7|& HYrKTable 2).

3. DNA fragmentation assay
A zA el 23k AEAES 7)de] AE IAL 7] el

o5t Felsly] sisted W gZel 2, 5, 10 Gye] #A4

Table 2. Slope according to Time Interval after Irradiation in
Radiation Dose Interval

Dose Slope according to time interval after irradjation, n'=11

Gy) 24 hours

48 hours 72 hours
05~1 1.544 6.376 7.128
1~2 1511 3.492 6.810
2~5 1.214 2.100 2.681

n:number of sampled persons

M 1 2 3

Fig. 2. Agarose gel electrophoresis pattern of genomic DNA
from peripheral lymphocytes. The cells were irradiated with
different doses of radiation and incubated for 24 hours.
Genomic DNA was isolated and separated on 1.5% agarose
gel. DNA stained with ethium bromide and visualized under
UV light. Lane 1~3; 0, 2, 5 Gy, M; 100 bp DNA ladder
marker.
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Fig. 3A. Electron microscopic finding of lymphocytes without
irradiation at 72 hours after blood sampling. (Uranyl acetate
and lead citrate, original magnification x5,300).

Fig. 3B. Electron microscopic finding of lymphocytes at 72
hours after 5 Gy radiation to the sampled blood. Many
lymphocytes showed chromatin clumping with peripheral
crescents and some nuclear fragmentation (arrow). Extensive
cytoplasmic blebbing (arrowhead) was also noted (Uranyl
acetate and lead citrate, original magnification %5,300).

9 tHFig. 3).
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—— Abstract

Radiation-Induced Apoptosis of Lymphocytes in Peripheral Blood

Yoon Kyeong Oh, M.D.”", Tae Bum Lee, M.S.T, Taek Keun Nam, M.D.*",
Keun Hong Kee, M.D."T and Cheol Hee Choi, M.D."#

‘Department of Therapeutic Radiology, "Medical Research Institute, TDepartment of Pathology,
§Department of Pharmacology, Chosun University Medical School, Gwangiju, Korea

Purpose : This study quantitatively evaluated the apoptosis in human peripheral blood lymphocytes using
flow cytomeiry, and investigated the possibility of using this method, with a small amount of blood, and
the time and dose dependence of radiation-induced apoptosis.

Materials and methods : Peripheral blood lymphocytes were isolated from the heparinized venous blood
of 11 healthy volunteers, 8 men and 3 women, with each 10 ml of blood being divided into 15 samples.
The blood lymphocytes were irradiated using a linear accelerator at a dose rate of 2.4 Gy/min, to deliver
doses of 05 1, 2 and 5 Gy. The control samples, and irradiated cells, were maintained in culture
medium for 24, 48 and 72 hours following the irradiation. The number of apoptotic cells after the in vitro
X-rradiation was measured by flow cytometry after incubation periods of 24, 48 and 72 hours. We also
observed the apoptotic cells using a DNA fragmentation assay and electron microscopy.

Results : The rate of spontaneous apoptosis increased in relation to the time interval following irradiation
(1.761£0.161, 3.563:20.564, 11.0982.849, at 24, 48, and 72 hours). The apoptotic cells also increased in
the samples irradiated with 05, 1, 2 and 5 Gy, in a radiation dose and time interval after irradiation
manner, with the apoptosis being too great at 72 hours after irradiation. The dose-response curves were
characterized by an initial steep increase in the number of apoptotic cells for irradiation doses below 2
Gy, with a flattening of the curves as the dose approached towards 5 Gy.

Conclusion : The flow cytometric assay technique vyielded adequate data, and required less than 1 mlL of
blood. The time and dose dependence of the radiation-induced apoptosis, was also shown. It is sug-

gested that the adequate time interval required for the evaluation of apoptosis would be 24 to 48 hours
after blood sampling.

Key Words : Lymphocyte, Blood, Radiation, Apoptosis
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