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INTRODUCTION

Radiotherapy wasinitiated when Grubbe treated tumor
with X-raysin 1896, Afterwards, radioisotopes such
as Ra and Rn, were used for clinical?diagnosis and
treatment. Basi ¢ researches on the biological effects of
X-rays, y-rays, fast neutron, and so on discovered that
damages to mammalian cells induced by high-LET
irradiation were more serious than that by low-LET!.

Because of their low oxygen enhancement ratio
(OER) and highrelativebiologica effectiveness(RBE),
heavy ionscankill carcinomacellsefficiently®, among
which about 5%-20% was hypoxia. TherewasaBragg
peak along the energy deposition of heavy ions, so that
more dose could reach to the tumor while less to the
normal tissues?. Therefore, heavy ionbeamisbelieved
to play animportant rolein thefutureintheradiotherapy
for tumors.

The treatment with heavy ion beam has been
studied and put into clinical practice sincethe 1970sin
Americaand since 1994 in Japan. But in our country,
this research is still initsinitial stage. Thisis our
preliminary report onthedose--responseandfractionated
irradiation with 256MeV/u® Ar*** in human hepatoma
SMMC-7721cdls.

MATERIALS AND METHODS

Cell culture

The human hepatoma SMMC-7721 cell line was
obtained from the Second Military Medical
University®®. Thecellswereculturedin RPM1-1640
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medium (Gibco Inc.) supplemented with 10% calf, 100u
penicillinand 100 pg/ml streptomycin. Themediumwas
placed at 37°C inhumidified atmospherewith 5% CO2.
The cells were inoculated in the glass flasks with a
diameter of 35mm and density of 5x104cdlls/ml 2 days
beforeirradiation.

Irradiation
25MeV/u “°Ar'#* was accelerated by HIRFL. The
intensity of thebeam was2.1x106 iong/s.
Beforeirradiation, the medium was removed and
the cells were washed twice with D-Hank’ s buffer.
The flasks were enveloped with 4 um mylar
membrane. A part of cellswereirradiated at the dose
of 0.68 Gy, 6.8 Gy, 68 Gy, 680 Gy and 6800 Gy,
respectively. The others were irradiated with
tractionated dose of 68 Gy for 1, 2, 3 and 4 times,
respectively, at an interval of 2 hours. After
irradiation, each flask was added 2ml medium and
kept in 37°C incubator for 24 hours.

Analysis of samples

After washed with D-Hank’ s buffer, the cellswere
fixed for 4 hours and then stained with acridine
orange (0.01lmg/L, pH 6.8) for 10min and
differentiated with stilled water for about 5min.
Cells with micronuclei were counted under the
fluorescence microscope to obtain frequency of
micronuclei (FM). Afterwards, cells were washed
once with PBS (pH 6.8) and stained with Giemsa
(1:20, pH 6.8) for 8 min to gain number of cells per
mm? (NC).

RESULTS

Observation of cellular configuration

Under the florescence microscope, the null were
bright yellow while cytoplasm and nucleolus were
red. After irradiation, many typesof aberration were
observed, such as micronuclei, small nuclei, free
chromosomes, chromosome bridge, and so on
(Figure1).

Cdllstreated with 680 Gy and 6 800 Gy were dead,
but theremnants gppeared different. Theremnantsinduce
by 680 Gy were far smdler than controls and the nuclel
werebright ydlow andthecytoplasmwaslightydlow, while
those induced by 6 800 Gy changelittle in size, but the
nucleusand the cytoplasm could not bedistinguished. The
desth of theformer may becaused by the change of the
permenace ability of cellular membrane caused by
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the high dose, and shrinking of the cells. When fixed,
the nuclei were smaller than controlsbut not disperse.
Thedosefor the latter onewas even higher, and cells
died quickly after irradiation. So, the nuclear
membrane was broken, and the nuclei entered the
cytoplasm when fixed.

Figure 1 Abnormal nuclei and chromosome aberration induced
by 25MeV/u“Ari4*
a. micronuclei, b. free chromosome, ¢. chromosome bridge.

Dose-response

Asshown in Table 1, FM of the samples was
higher than the control, which was correl ated
positively with the dosage (r = 0.9952) while
NC was negatively correlated with dosage
(r = -0.9279). This is consistent with other
approaches®.

Response of fractionated irradiation

Asshown in Table 2, with theincrease of irradiation
times FM decreased and NC increased. The
correlation coefficient wasr = -0.9590 and r = 0.
9681, respectively.

Table 1 Dose-response of single irradiation with heavy ions

Dose Number of FM NC
(Gy) cells (%)

0 861 2.56 380
0.68 1952 4.27 391
6.8 2008 4.83 235
68 1960 5.62 207

Table 2 Biological effects of fractionation irradiation

Times of Number of FM NC
irradiation cells (%)
1 1960 5.62 207
2 971 5.13 213
3 974 2.47 250
4 1000 1.80 281
DISCUSSION

Thedamagesinduced by heavy ionswereintensified
with the increasing dose, but NC induced by 0.68
Gy was higher than that of the control, possibly
because very low dose can stimulate cell
propagation.

When thetimes of irradiation wereincreased, the
repair mechanism is activeted and the efficiency of
repair was enhanced. FM induced with four divided
doseswaslessthan that of control. Thismay be dueto
the high repair efficiency.

MF peaked when cells underwent one division
cycle after irradiation!®!. The time of adivision
cycle was about 24 hours because of the
delayed division induced by irradiation.
According to our approach, FM was not the
highest one (the data are not shown), but there
was significant correlation between MF and
dosage, MF and the times of irradiation.
Micronucleus was one kind of nuclear
structure, less than 1/5 of the normal nucleus,
forming fragmentsinduced by irradiation during
the cell division. Therefore, FM after one
division cycle represented the direct effects of
irradiation with heavy ion beam.

NC was closely correlated with FM, but NC
represented by the lethal effect more directly that FM.
Thecorreation efficient was-0.8870for singleone. Both
asthe endpoints of radiosensitivity, they reflected the
sameresults.
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