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INTRODUCTION
Radiotherapy was initiated when Grubbe treated tumor
with X-rays in 1896[1]. Afterwards, radioisotopes such
as Ra and Rn, were used for clinical?diagnosis and
treatment. Basic researches on the biological effects of
X-rays, γ-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[2].
        Because of their low oxygen enhancement ratio
(OER) and high relative biological effectiveness (RBE),
heavy ions can kill carcinoma cells efficiently[3], among
which about 5%-20% was hypoxia. There was a Bragg
peak along the energy deposition of heavy ions, so that
more dose could reach to the tumor while less to the
normal tissues[4]. Therefore, heavy ion beam is believed
to play an important role in the future in the radiotherapy
for tumors.
        The treatment with heavy ion beam has been
studied and put into clinical practice since the 1970s in
America and since 1994 in Japan. But in our country,
this research is still in its initial stage. This is our
preliminary report on the dose--response and fractionated
irradiation with 25MeV/u40 Ar14+ in human hepatoma
SMMC-7721 cells.

MATERIALS AND METHODS
Cell culture
The human hepatoma SMMC-7721 cell line was
obtained from the Second Military Medical
University[5]. The cells were cultured in RPMI-1640

medium (Gibco Inc.) supplemented with 10% calf, 100u
penicillin and 100 µg/ml streptomycin. The medium was
placed at 37  in humidified atmosphere with 5% CO2.
The cells were inoculated in the glass flasks with a
diameter of 35mm and density of 5×104cells/ml  2 days
before irradiation.

Irradiation
25MeV/u 40Ar14+ was accelerated by HIRFL. The
intensity of the beam was 2.1×106 ions/s.
         Before irradiation, the medium was removed and
the cells were washed twice with D-Hank’s buffer.
The flasks were enveloped with 4 µm mylar
membrane. A part of cells were irradiated 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  incubator for 24 hours.

Analysis of samples
After washed with D-Hank’s buffer, the cells were
fixed for 4 hours and then stained with acridine
orange (0.01mg/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
mm2 (NC).

RESULTS
Observation of cellular configuration
Under the florescence microscope, the null were
bright yellow while cytoplasm and nucleolus were
red. After irradiation, many types of aberration were
observed, such as micronuclei, small nuclei, free
chromosomes, chromosome bridge, and so on
(Figure 1).
         Cells treated with 680 Gy and 6 800 Gy were dead,
but the remnants appeared different. The remnants induce
by 680 Gy were far smaller than controls and the nuclei
were bright yellow and the cytoplasm was light yellow, while
those induced by 6 800 Gy change little in size, but the
nucleus and the cytoplasm could not be distinguished. The
death of the former may be caused  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 controls but not disperse.
The dose for the latter one was 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/u40Ar14+

a. micronuclei, b. free chromosome, c. chromosome bridge.

Dose-response
As shown in Table 1, FM of the samples was
higher than the control, which was correlated
positively with the dosage (r = 0.9952) while
NC was negat ively  corre la ted  wi th  dosage
(r = -0.9279).  This is  consistent with other
approaches[6].

Response of fractionated irradiation
As shown in Table 2, with the increase of irradiation
times FM decreased and NC increased. The
correlation coefficient was r = -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
The damages induced by heavy ions were intensified
with the increasing dose, but NC induced by 0.68
Gy was higher than that of the control, possibly
because very low dose can s t imulate  cel l
propagation.
         When the times of irradiation were increased, the
repair mechanism is activeted and the efficiency of
repair was enhanced. FM induced with four divided
doses was less than that of control. This may be due to
the high repair efficiency.
        MF peaked when cells underwent one division
cycle after irradiation[6]. The time of a division
cyc le  was  abou t  24  hours  because  o f  the
de layed  d iv i s ion  induced  by  i r r ad ia t ion .
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  t imes  o f  i r rad ia t ion .
M i c r o n u c l e u s  w a s  o n e  k i n d  o f  n u c l e a r
structure, less than 1/5 of the normal nucleus,
forming fragments induced by irradiation during
the cel l  d ivis ion.  Therefore ,  FM af ter  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.
The correlation efficient was -0.8870 for single one. Both
as the endpoints of radiosensitivity, they reflected the
same results.

REFERENCES
1 Manuel Lederman MB, FRCR. The early history of radiotherapy: 1895-1939.

Int J Radiat Oncol Biol Phys, 1981;7(5):639-648
2 Ritter MA, Cleaver JE, Tobias CA.  High-LET radiations induce a large pro-

portion of non-rejoining DNA breaks. Nature, 1977;266(5603):653-655
3 Zhu RB, Liu Y, Luo ZY. Radiobiology.1st ed, Beijing: Science Press, 1987:

572-592
4 Lu ZL.Application of accelerator in medicine. Trends Nucl Phys, 1989;6(1):

38-42
5 Dong RC, Zhou RH, Lu FD. The establishment and biological study of human

hepatoma SMMC-7721 cells. Second Military Med Univ, 1980;1(1):5-9
6 Midander J, Revesz L. The frequency of micronuclei as a measure of cell

survival in irradiated cell populations. Int J Radiat Biol, 1980;38(2):237-242

      272                              ISSN 1007-9327      CN 14-1219/ R         WJG      June 1998     Volume 4   Number 3


