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Summary

The anticlastogenic effect of the aminothiol agent S-2-(3-aminopropylamino) cthylphosphorothioic acid
(WR-2721) against X-rays was assesscd by in vivo mousc micronuclecus assay. The frequency of
micronuclei in the bone marrow of adult male Swiss mice treated with WR-2721, at a radioprotective
dose of 200 mg/kg or 400 mg/kg body weight, 15 or 30 min before exposure to a sublcthal dose of 6 Gy
X-rays, was determined 24 h after X-irradiation. The protective cffect of WR-2721 against X-ray-
induced clastogenicity was shown in the erythropoietic system. WR-2721 administration prior to X-ray
exposure was found to decrcase the number of micronucleated polychromatic erythrocytes clevated by
X-irradiation. The protection against the clastogenic activity of X-rays by WR-2721 was lcast cvident
when the thiol had been administered in the lower dose of 200 mg/kg body weight, 15 min before
X-irradiation, and was most cffective when giving WR-2721 in the higher dose, 400 mg/kg body weight,
30 min prior to exposure of mice to X-rays. Thus, the radioprotective effect of
S-2-(3-aminopropylamino) ethylphosphorothioic acid against genotoxicity by X-rays appcared to depend
on the dose given and the time intervals between WR-2721 administration and X-irradiation of mice.
A novel clinical application of the drug could be in its use to protect against radiation-therapy-induced
genotoxic damage to normal cells.
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Introduction manifested by the induction of micronuclei
predominantly  from  acentric  fragments  of

In recent years, the mammalian bone marrow  chromosomes (Krishna et al. 1992).
micronucleus assay has become prominent among Chemical protectors have received
genotoxicity tests. It provides direct measurement of  considerable attention as adjuvants in cancer radiation
the frequency of structural and numerical chromosome  treatment.  Among  radioprotective  chemicals,

aberrations. This assay is based on an increase in the
number of small chromatin bodies, i.e. micronuclei in
polychromatic erythrocytes by different physical and
chemical agents (Schmid 1975, Heddle and Salamone
1981, Almassy et al. 1987, Mavournin et al. 1990,
Krishna et al. 1992, Garewal et al. 1993, Hayashi et al.
1994, Salamone and Mavournin 1994).

The genetic material damage is accepted to be
the primary effect of cytotoxicity induced by ionizing
radiation (Saran and Bors 1990, Brooks et al. 1993,
Natarajan 1993, Phillips and Morgan 1993, Savage
1993, Szumiel 1994). It is known that X-rays are a
clastogen. The clastogenic activity of X-rays is

S-2-(3-aminopropylamino) ethylphosphorothioic acid
(WR-2721, Amifostine, Ethiofos, Ethyol, Gammafos,
YM-08310), structurally similar to cysteamine is
particularly effective in moderating radiation-induced
cellular injury (Utley et al. 1981, Nori et al. 1987,
Stewart 1989, Weiss et al. 1990, Grdina et al. 1991,
Schuchter et al. 1992, Van der Vijgh and Peters 1994).

The aim of the present investigations was to
assess the modulatory effect of
S-2-(3-aminopropylamino) ethylphosphorothioic acid
on the clastogenic activity of X-rays by determining the
frequency of micronucleated erythrocytes in the mouse
bone marrow.
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Material and Methods

Experimental Animals

The adult male Swiss mice (Animal Breeding
Unit, Cracow) employed in the experiments weighed
between 27 and 30 g. All mice were acclimatized for at
least one week prior to irradiation. They were
maintained under constant environmental conditions
with a 12/12 hour light/dark cycle. They were fed
standard granulated chow and given drinking water
ad libitum.

Chemicals and Treatment

S-2-(3-aminopropylamino)  ethylphosphoro-
thioic acid (WR-2721) obtained from the Institute of
General Chemistry, Warsaw Agricultural University
(Poland) was dissolved in aqua pro injectione (Polfa,
Poland). The solutions were freshly prepared directly
before treatment of the animals. The intraperitoneal
route of administration was used in all experiments.
The injected volume of the thiol agent analyzed was
200 ul per mouse.

Exposure to X-rays

The mice were whole-body X-irradiated using
TUR Roentgen apparatus (Germany). During
exposure to X-rays, the animals were placed in a well-
ventilated acrylic box. Irradiation conditions: 250 kV,
10 mA, filters — 0.5 mm Cu and 0.5 mm Al, exposure
rate of 1.23 Gy/min, while the target distance was
448 mm.

Doses and Sampling Intervals

WR-2721 was injected in a single dose of
200 mg/kg or 400 mg/kg body weight. The drug doses
represent approximately one-third and two-thirds of
the LD, respectively. The mice were given a single
sublethal dose of 6 Gy X-rays. The thiol compound was
administered alone, and 15 or 30 min prior to exposure
to X-rays. The animals were treated with the
aminothiol agent and/or X-irradiated always at about
10.00 a.m. The doses of the aminothiol administered in
the present investigations and the time intervals
between WR-2721 administration and X-irradiation
coincide with those most often used in radioprotection
(Yuhas 1970, Milas et ai. 1982, Shaw et al. 1988, Grdina
et al. 1991, Van der Vijgh and Peters 1994). The
control material consisted of untreated mice, and those
injected with aqua pro injectione alone. The animals
were killed by cervical dislocation at about 24 h after
the thiol agent treatment and X-irradiation, and bone
marrow samples were withdrawn.

Bone Marrow Preparation and Staining

Both femurs were removed from each mouse.
The proximal and distal ends of the femurs were cut off
and the bone marrow cells were gently flushed out with
foetal calf serum (Gibco Ltd., United Kingdom). The

bone marrow cells were dispersed by gently pipetting
and collected by centrifugation at 1000 rpm for 5 min
at 4 °C. The cell pellet was resuspended in a small
volume of foetal calf serum and bone marrow smears
were prepared (two slides per mouse). The slides were
coded to avoid observer bias. After air-drying, the
smears were stained by the May-Griinwald/Giemsa
combinations (Schmid 1975, Pascoe and Gatehouse
1986). With this method polychromatic erythrocytes
(PCEs) stain reddish-blue and normochromatic
erythrocytes (NCEs) stain orange while nuclear
material is dark purple in color.

Slide Analysis

The number of micronucleated polychromatic
erythrocytes (MNPCEs) among 2000 PCEs per mouse
(1000 PCE:s per slide) and the number of PCEs among
400 erythrocytes per animal (200 /PCEs + NCEs/ per
slide) were determined. The slides were examined
using a light microscope (Carl Zeiss, Germany).

Statistical Evaluation

Differences in the incidence per animal of
MNPCEs per 1000 PCEs and of PCEs per
100 erythrocytes (PCEs + NCEs) were compared by
an analysis of variance and Duncan’s new multiple
range test.

Results
MNPCEs per 1000 PCEs
The frequency of micronucleated

polychromatic erythrocytes of the bone marrow of mice
treated with WR-2721 and/or X-irradiated is presented
in Table 1. In comparison to the controls, the number
of MNPCEs was increased in all remaining groups of
animals. In mice which had received an injection of
WR-2721 before X-irradiation, the frequency of
micronuclei was found to be decreased, in comparison
to those exposed to X-rays only. The number of
MNPCEs appeared to depend on the dose
administered and the time intervals between WR-2721
administration and exposure of mice to X-rays. The
most effective reduction in the number of micronuclei
was obtained when WR-2721 was injected at the higher
dose, 400 mg/kg body weight, 30 min before
X-irradiation, and the least effective decrease of the
frequency of MNPCEs was observed after
administration of the lower dose of WR-2721,
200 mg/kg body weight, 15 min prior to exposure of
animals to X-rays. In mice receiving the aminothiol
alone, without subsequent X-irradiation, the frequency
of micronuclei was dose-dependently increased in
relation to the controls. There were no differences in
the number of micronucleated polychromatic
erythrocytes between the untreated control group of
mice and that injected with aqua pro injectione only.
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PCEs per 100 (PCEs + NCEs)

The number of polychromatic erythrocytes in
the bone marrow of mice administered WR-2721
and/or exposed to X-rays is given in Table 1. As
compared to the controls, the number of PCEs was
decreased in all the experimental groups. In mice
treated with the aminothiol prior to X-ray exposure,
the percentage of PCEs was increased in relation to
those exposed to X-rays only. The number of PCEs
was dependent on the dose given and the time intervals
between WR-2721 administration and X-irradiation of
mice. The largest number of PCEs was found when

Table 1

administering the aminothiol at the higher dose,
400 mg/kg body weight, 30 min before X-irradiation,
and the smallest number of polychromatic erythrocytes
was observed after the WR-2721 injection in the lower
dose of 200 mg/kg body weight, 15 min prior to X-ray
exposure. In mice given WR-2721 alone, without
subsequent X-irradiation, the percentage of PCEs was
dose-dependently decreased in comparison with the
controls. Differences in the number of PCEs between
the untreated control group of mice and that treated
with aqua pro injectione alone, were not found.

Results of experiments with WR-2721 and X-rays in the mouse bone marrow micronucleus assay

Group Number of MNPCEs PCE:s per 100 Significantly different
per 1000 PCEs (PCEs + NCEs) (p<0.05) from groups
1. WR-2721 (200 mg/kg, —15 min) 61.83+6.77 23.46+3.47 3,4,56,7,89
+ X-rays (6 Gy)
2. WR-2721 (200 mg/kg, —30 min) 58.67+6.19 24.54+5.52 4,56,7,89
+ X-rays (6 Gy)
3. WR-2721 (400 mg/kg, —15 min) 55.75+4.68 27.62+5.67 156,789
+ X-rays (6 Gy)
4. WR-2721 (400 mg/kg, —30 min) 52.50+4.37 29.01+5.36 1,2,5,6,7,89
+ X-rays (6 Gy)
5. X-rays (6 Gy) 74.67+11.15 14.08 +4.46 1,2,3,4,6,7,8,9
6. WR-2721 (200 mg/kg) 7.43+1.40 53.21+4.93 1,2,34,57,89
7. WR-2721 (400 mg/kg) 11.50+2.78 46.92+7.37 1,2,3,4,5689
8. Aqua pro injectione 4.18+1.25 59.25+3.75 1,2,3,4,5,6,7
9. Untreated control 417+1.19 39.10+4.43 1,2,3,4,5,6,7

Data are expressed as means + S.D. from 5-7 mice.

Discussion

In the present study, the modulatory effect of
the aminothiol agent WR-2721 on the clastogenic
activity of X-rays was shown. The radioprotection by
WR-2721 against the clastogenicity observed in the
mouse bone marrow at 24 h after X-irradiation with a
sublethal dose of 6 Gy was dependent on the dose
applied and the time intervals between WR-2721
administration and exposure to X-rays. The most
effective anticlastogenic effect of WR-2721 was
obtained when injecting the thiol drug at the higher
dose of 400 mg/kg body weight, 30 min before
X-irradiation, and the least one was observed after the
aminothiol administration at the lower dose of
200 mg/kg body weight, 15 min prior to X-ray

exposure. Moreover, the protective effect of WR-2721
against the radiation-induced suppression of mitotic
activity in the erythropoietic system was stated. The
number of PCEs was reduced after X-irradiation only,
but in mice pre-treated with the thiol agent, the
percentage of polychromatic erythrocytes was found to
be higher 24 h after X-ray exposure of mice. However,
when applied alone, in the protective doses against
X-ray-induced radiotoxicity, WR-2721 appeared to be
genotoxic and cytotoxic. It was demonstrated that in
mice which had received an injection of the thiol
compound, the frequency of micronuclei was increased
and the number of PCEs was reduced.

Cellular endpoints following irradiation are
primarily the result of the induction, processing and
manifestation of DNA damage. Ionizing radiation
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causes a variety of different types of damage to DNA,
but DNA double-strand breaks are the most
deleterious lesion induced by irradiation of mammalian
cells. Moreover, DNA double-strand breaks appear to
be the most important lesion responsible for the
production of chromosomal alterations, such as
aberrations and micronuclei (Greenstock 1986,
Natarajan 1993, Phillips and Morgan 1993, Savage
1993). Ionizing radiation is a very efficient inducer of
micronuclei, which are accepted to be a biological
indicator of cellular damage (Almassy et al. 1987,
Jagetia 1990, Uma Devi and Sharma 1990, Ludewig et
al. 1991, Morales-Ramirez et al. 1994).

It is accepted that, under physiological
conditions, S-2-(3-aminopropylamino) ethylphosphoro-
thioic acid itself is unable to mediate radioprotection.
WR-2721 may be considered as the pro-drug, because
its mechanism of action requires conversion by alkaline
phosphate to the active free thiol, WR-1065. This
compound can be further oxidized to the symmetrical
disulphide, WR-33278, or can form mixed disulphides
with endogenous thiols or proteins. Thus, the degree of
protection afforded by WR-2721 is dependent on its
pharmacokinetics and metabolic fate of its metabolites.
The cellular thiol/disulphide status at the time of
irradiation appears to play an important role in the
tissue resistance to ionizing radiation (Shaw er al. 1988,
1994, Livesey et al. 1990). Although the mechanisms of
radioprotection by WR-2721 have not yet been
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In conclusion, the results of the present study
clearly demonstrate a  dependence of the
anticlastogenic effect of S-2-(3-aminopropylamino)
ethylphosphorothioic acid against X-rays assayed by
the mouse bone marrow micronucleus test, on the
doses of WR-2721 and the time of administration in
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