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INTRODUCTION
When interacting with living cells, ionising radiation causes a variety of

changes depending on exposed and absorbed dose, duration of exposure, interval of
exposure, and susceptibility of tissues. Interactions of ionising radiation with DNA
consist of the direct ionisation of DNA (direct effect) and its reaction with
surrounding water molecules (indirect effect), followed by DNA destruction by the
induced radicals. Majority of cellular DNA damage is estimated to be caused by
"OH, formed from the radiolysis of water. The most significant DNA lesions
induced by *OH are oxidised bases, abasic sites, DNA-DNA interstrand adducts,
DNA single and double strand breaks and DNA-protein cross-links. If DNA repair
mechanisms are inefficient, the damaged DNA strands that are copied during
replication lead to mutagenesis and carcinogenesis [1]. Because radiation-induced
cellular damage is attributed primarily to harmful effects of free radicals, molecules
with direct radical scavenging properties are particularly promising as
radioprotectors [1,2]. The best known radioprotectors are the sulfhydril compounds
(cysteine and cysteamine). However, most of them produce serious side effects,
and some are considered to be toxic at the doses required for radioprotection [3,4].
In the present study the radioprotective effects of cysteamine analogue amifostine
and hormone melatonin on human peripheral blood irradiated with y-rays were
investigated. As a sensitive biomarkers micronucleus assay and the analysis of
sister chromatid exchanges (SCE) were chosen.

MATERIALS AND METHODS
Peripheral blood sample (V=40 ml) was obtained from a healthy non-

smoking male donor (age: 25 years). Blood was collected by venipuncture into
heparinised tubes (Becton Dickinson, USA).
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Duplicate blood samples (V=5 ml) were pre-treated for 30 minutes with
amifostine (7.7 mM, Sigma), melatonin (2 mM, Sigma) and their combination.
Negative controls (untreated samples) were also included. After treatment with
radioprotectors, one blood sample from each experimental group was exposed to y-
rays from 60Co source (Alcyon, CGR-MeV). For this purpose, vacutainer
containing blood sample was mounted in an acrylic phantom (dimensions:
20x20x15 cm3), in depth of 5.5 cm and it was placed transversally to the axis of
irradiation. Radiation field was 15x15 cm2, and the distance between the surface
of phantom and source of radiation was 80 cm. Total exposure to radiation lasted
for 1.24 minutes, and the absorbed dose was 2 Gy. Other radioprotector-treated
blood samples were not irradiated, but they were handled in the same manner.
From each blood sample lymphocyte cultures for the cytokinesis blocked
micronucleus (MN) assay and the sister chromatid exchange (SCE) analysis were
established.

Cytokinesis blocked micronucleus assay was performed according to
standard protocol [5,6]. Incidence of MN was evaluated by scoring of 1000
binucleated cells per each experimental point. Total number of MN and the
numbers of cells having 0, 1, 2, 3 or more MN were recorded. Moreover, the
number of lymphocytes with one to four nuclei (MI to MIV) was evaluated on
1000 cells and nuclear division index (NDI) was calculated;
NDI=(lMI+2MII+3MIII+4MIV)/1000 cells counted in total. Statistical
significance of differences between observed frequencies of MN was tested by
using the Chi - square test. The level of statistical significance was set at p < 0.05.
The SCE analysis was performed according to standard protocols [7]. A total of
100 second division metaphases from each experimental point were scored for
SCE. The proliferation index (PRI) was calculated by analysing 100 cells as
follows: PRI=(Mi+2M2+3M3)/100, where M,-M3 represent the number of
lymphocytes in the first, second and third generation. Statistical analyses were
carried out using Statistica software (StatSoft, USA). Multiple comparisons
between groups were done by means of ANOVA. Post-hoc analysis of differences
was done by Scheffe test. The level of statistical significance was set at p < 0.05.

RESULTS
Our results confirmed radioprotective efficacy of both radioprotectors in

tested concentrations. A clear reduction in total number of MN in pre-treated
irradiated blood samples was observed. Moreover, a reduction in the number of
cells bearing more than one MN was also observed (Table 1). All decreases in total
number of MN were statistically significant compared to control irradiated sample.
However, differences in total number of MN recorded after treatments with single
radioprotectors and their combination were not statistically significant; indicating
that both agents showed similar radioprotective effects in vitro. Based on the
results obtained both radioprotectors in tested concentrations did not induce
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significant damage to genome of non-irradiated lymphocytes in vitro. Total number
of MN observed in samples treated with amifostine or melatonin was similar.
Although it was higher compared to value obtained for the control sample, this
difference was not statistically significant. On the other hand, treatment with
combination of both radioprotectors induced the same incidence of MN, as it was
recorded in control (Table 1). The values obtained for the nuclear division index
(NDI) are listed in Table 1, and indicated that y-irradiation slightly retarded the
progression of the lymphocyte through their cell cycles in vitro.

The results of SCE analysis also indicated radioprotective effects of
amifostine, melatonin and their combination in vitro. A clear reduction in mean
value of SCE in pre-treated irradiated blood samples was noted. All differences in
mean SCE number were significantly lower compared to control irradiated sample.
However, differences in mean SCE number recorded after treatments with single
radioprotectors and their combination were not statistically significant. Results
obtained on non-irradiated samples have shown that combination of both
radioprotectors induce a decrease of the SCE incidence, even compared to negative
control. However, this difference was statistically significant only when compared
to melatonin. These results indicate that both radioprotectors act synergistically to
reduce the amounts of free radicals and to lower the baseline DNA damage present
at the moment of blood sampling. Distribution of SCE in all samples analysed is
presented on Figure 1 and confirmed above mentioned observations. The results of
cell-cycle analysis also indicate that y-irradiation slightly retarded the progression
of the lymphocyte through their cell cycles in vitro, while both radioprotectors
tested modulated this effect (Table 2).

CONCLUSION
Based on the results obtained by using of both cytogenetic biomarkers it

can be concluded that amifostine, melatonin and their combination in vitro have
radioprotective effects on y-irradiated human peripheral blood lymphocytes, with
no significant genotoxicity. Melatonin, a hormone naturally present in the human
body, is of special interest as a radioprotector, compared to amifostine, which is
already in clinical use, but sometimes produce unwanted side-effects. The results
of present study indicate that combination of both radioprotectors act
synergistically to reduce DNA damage caused by y-rays. Therefore, maybe it could
be reasonable to use them in combination, by modulating the doses of amifostine to
achieve the best radioprotective effect with the lowest level of side effects.
However, it should be carefully tested in vitro and afterwards in vivo by
simultaneous use of the same and other cytogenetic and molecular biomarkers with
different radiation dose range and different concentration range of both
radioprotectors. .
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Table 1. Results of the micronucleus assay on blood samples irradiated with y-rays (2 Gy) after in vitro pre-treatment with
radioprotectors amifostine (7.7 mM), melatonin (2 mM), and their combination. Non-irradiated samples treated with the
same radioprotectors were studied simultaneously, and corresponding negative controls were also included.

Sample
No. of cells

without MN with MN

No. of cells with

1MN 2 MN 3 MN
SMN

No. of cells

MI Mil Mill MIV
NDI

IRRADIATED SAMPLES (absorbed dose = 2 Gy)

Amifostine

Melatonin

A + M

Control

959

967

970

927

41*

33*

30*

73*.T

33

31

26

57

6 [ 2 51* 109

2 | - | 35* | 112

4 1 - I 34*

16 - 89*'T

124

120

719

746

755

759

86 | 86

75 | 67

64 | 57

59 62

2.15

2.10

2.07

2.06

NON-IRRADIATED SAMPLES

Amifostine

Melatonin

A + M

Control

987

988

993

993

13

12

7

7

13

10

7

7

I - 1 1 3 57

1 | - | 12 | 92

| - I 7 | 148

| 7 | 105

804

748

715

752

64 | 75

79 i 81
i

54 i 83

63 1 80

2.16

2.15

2.07

2.12

MN - micronucleus; MI-IV represents the number of lymphocytes with one to four nuclei; NDI (Nuclear Division Index);
NDI=(1MI+2MII+3MIII+4MIV)/1OOO cells counted in total. * - significantly increased compared to non-irradiated
sample pre-treated with the same radioprotector; \ - significantly increased compared to other irradiated samples (p<0.05;
X2 - test).
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Table 2. Results of the SCE analysis in blood samples irradiated with y-radiation
after in vitro pre-treatment with radioprotectors amifostine, melatonin, and their
combination. Non-irradiated samples treated with the same radioprotectors were
studied simultaneously, and corresponding negative controls were also included.

Sample Mean SCE
(100 cells)

SCE
range

No. of celh
M, M2

i in
M3

PRI

IRRADIATED SAMPLES (absorbed dose = 2 Gy)
Amifostine
Melatonin

A + M
Control

5.00 ±1.65
5.16± 1.45
4.721 1.73
6.97 + 2.24T

2-9
3-8
1-9

3-16

23
22
25
28

60
67
58
52

17
11
17
20

1.94
1.89
L92
1.92

NON-IRRADIATED SAMPLES
Amifostine
Melatonin

A + M
Control

4.05+ 1.34
4.42+ 1.72
3.73 ± 1.54*
4.01 ± 1.40

1-8
1-9
1-7
1-8

22
19
17
15

62
59
65
64

16
22
18
21

1.94
2.03
2.01
2.06

For each sample mean SCE and standard deviations are listed. Mi, M2, and M 3 - number of cells in
first, second and third in vitro mitotic division. Proliferation Rate Index, PRI=(1M, +2M2. + 3M3)/!O0
cells counted in total. | - significantly increased compared to other irradiated samples. *- significantly
decreased compared to non-irradiated sample pre-treated with melatonin; (p<0.05; ANOVA, post-hoc
Scheffe test).

Distribution of SCE in irradiated (*) and non-irradiated samples

Figure 1. Distribution of SCE in blood samples pretreated with amifostine (A),
melatonin (M), and their combination (A+M). (*) Irradiated samples; (C) negative
controls.
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ABSTRACT
Radioprotective effects of amifostine and melatonin on human peripheral

blood irradiated with y-rays were investigated using the micronucleus (MN) assay
and the analysis of sister chromatid exchanges (SCE). Duplicate blood samples
were pre-treated with amifostine (7.7 mM), melatonin (2 mM) and their
combination for 30 minutes. Negative controls were also included. After treatment
with radioprotectors, one blood sample from each experimental group was exposed
to y-rays from a 60Co source. The radiation dose absorbed was 2 Gy. Pre-treated
irradiated blood samples showed a decrease in the total number of MN and in the
number of cells with more than one MN. Moreover, they also showed significantly
lower mean SCE values. Our results indicate that amifostine, melatonin and their
combination in vitro have radioprotective effects on y-irradiated human peripheral
blood lymphocytes, with no significant genotoxicity. Therefore, it may be
reasonable to use them in combination, adjusting the doses of amifostine to achieve
the best radioprotective effect with as few side effects as possible. Before
employment, this combination should be extensively tested in vitro and in vivo,
using the same and other biomarkers for different radiation dose and concentration
ranges of both radioprotectors.
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