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1. WARMEAL % AlZH 20l M2 OFEZEAIASO|
3
449 Yoz e wx YTTE Peld F WA

= ZABIA] ki 24, 48, T2AI7E BRE vkt ohe RAIEA
715 olgdle] FAZ OfETEZEALEFHTEEFADS
AP O} EZ B2 8(%)EA L Fro] ZH7F 1.761+0.161,
356310564, 11.098+2.8490|Q)om & A7+ Azl whe} =}
WA o} EZERX| o] sl A7e ik A=A
T 24A7F Tl 05, 1, 2, 5 Gy TollA o}EZEAAE(%)
2 7}7} 3.163+0.504, 3.935+0.665, 5.446+0.766, 9.090+
1.3230]9l 0w, 48X|7F Zoll= 77k 649010993, 9.678*
1527, 13.170 +1.947, 19.472+3.1800]%]t}. 183 7247+ &
o= 7ZH7h 19.644+4.231, 23.208+3.632, 30.018+4.627, 38.061

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
0.5 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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+5.8450] 90tk WA ZA 224, 48, 72 BE A 7bl|A] wRA

ko] A STl wel ofEZEA LSS FAITE L

oJu] QJAI(p<0.05) Z7Fsllch(Table 1, Fig. 1).

2. WARMEF FZH0)| [HE WAIMZEAL =
OIZZEA|AZO| B35}

WA 2A & 2427 Fof] 05~1, 1~2, 2~5 Gy 7+
o] ofEZEAAEO ZUh= 1 71E7I7) 47 1544, 1511,
12142 2 A% 99l 2~5 GyHr} vjad] & A3 o9l
05~1, 1~2 GyollAl T 2 72715 H3lom, 4847k %9
718715 47t 6376, 3492, 2.1002 24X+ upzlA 2
05~1 GyollAl 7k 2 71e718 H9ick zela 1247 %
= ZH7; 7.128, 6.810, 2.681 % 24X 743} 48A|7F Zol|AQ} 7
o] 05~1 GyollA 7} 2 712715 H3Ark(Table 2).

3. DNA fragmentation assay
WA zEAG o3 AZADY F1he] AE 34 7Ae
N HAe7] SIste] Wx YTl 2, 5, 10 Gyel WA

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

Dose Slope according to time interval after irradiation, n"=11
(Gy) 24 hours 48 hours 72 hours
0.5~1 1.544 6.376 7128

1~2 1.511 3.492 6.810

2~5 1214 2100 2,681

n:number of sampled persons

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 x5,300).

AchFig. 3).
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—— Abstract

Radiation-Induced Apoptosis of Lymphocytes in Peripheral Blood

Yoon Kyeong Oh, M.D."", Tae Bum Lee, M.S.", 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,
§D(—:'partment of Pharmacology, Chosun University Medical School, Gwangju, Korea

Purpose : This study quantitatively evaluated the apoptosis in human peripheral blood lymphocytes using
flow cytometry, 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 0.5, 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-irradiation 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£0.564, 11.098+2.849, at 24, 48, and 72 hours). The apoptotic cells also increased in
the samples irradiated with 0.5, 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 yielded adequate data, and required less than 1 mL 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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