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Abstract

Design of compounds that can protect efficiently against γ-rays irradiation is a great challenge. An ionizing event can cause
variety of DNA damage scenarios leading to mutagenesis, cell death. 2-(1-Naphthylmethyl)-2-imidazoline (naphazoline, NP) is
a drug belonging to the vasoregulator class, which was shown to be a very interesting compound in radioprotection. In order to
highlight the NP radioprotective activity, a comparison of its ability to protect DNA against either γ-irradiation or radicals generated
by Fenton’s reaction was made. Results show that NP inhibits efficiently the generation of DNA single-strand breaks and that NP is
a potent radioprotector and also an hydroxyl radical scavenger. To cite this article: C. Prouillac et al., C. R. Biologies 329 (2006).
 2006 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Résumé

Étude in vitro de l’effet radioprotecteur vis-à-vis de l’ADN par la naphazoline. Les rayonnements induisent de nom-
breux dommages, notamment au niveau de l’ADN. La 2-(1-naphthylméthyl)-2-imidazoline (naphazoline, NP) est un composé
α2-adrenergique possédant une activité radioprotectrice intéressante chez la souris. Afin de mieux comprendre l’activité radio-
protectrice de ce composé in vitro, nous avons réalisé une étude comparative de l’effet protecteur de l’ADN à la fois contre les
rayonnements gamma et les radicaux issus de la réaction de Fenton. Les résultats obtenus montrent que la NP empêche efficace-
ment la formation des coupures de l’ADN. La NP est un radioprotecteur potentiel ainsi qu’un antioxydant dès la concentration de
500 µM. Pour citer cet article : C. Prouillac et al., C. R. Biologies 329 (2006).
 2006 Académie des sciences. Published by Elsevier SAS. All rights reserved.

Keywords: γ-irradiation; Naphazoline; α2-Adrenergic; Hydroxyl radical; DNA damage; Fenton reaction; Radioprotection

Mots-clés : Irradiation gamma ; Naphazoline ; α2-Adrenergique ; Radicaux ; Fenton ; Radioprotection ; Lésions ADN
* Corresponding author.
E-mail address: rima@chimie.ups-tlse.fr (G. Rima).
1631-0691/$ – see front matter  2006 Académie des sciences. Published b
doi:10.1016/j.crvi.2006.01.002
Gamma irradiation may interact with biological
medium to cause damage, either directly by disrupting
critical molecules (such as enzymes, DNA or RNA), or
indirectly by producing free radicals such as hydroxyl
radicals [1]. The design of compounds that can protect
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Fig. 1. 2-(1-Naphthylmethyl)-2-imidazoline hydrochloride (naphazo-
line).

efficiently against γ-irradiation is a great challenge.
2-(1-Naphthylmethyl)-2-imidazoline (naphazoline, NP),
a drug belonging to the vasoregulator class, is a very in-
teresting compound used in therapeutics as a peripheric
α2-adrenergic agonist [2]; see Fig. 1 for its structure.
Several years ago, NP was reported to have a good
radioprotective effect even at low dose [3]. Further,
NP appears to be, in vivo, an efficient protector agent
against ionizing radiation with a Dose Reduction Fac-
tor (DRF) equal to 1.5, when it is injected at 30 mg/kg,
15 min before irradiation [4].

Laval et al. have demonstrated that the association
of NP with amifostine (WR-2721, S-2-(3-aminopropyl-
aminoethyl)-phosphorothioic acid), the most effective
radioprotector currently known, enhanced the radiopro-
tective activity on γ-irradiated mice without increasing
the toxicity of each compound [4]. Phosphorothioates
are known to protect tissues or cells by free-radical
trapping, hydrogen-atom donation and induction of hy-
poxia [5]. The mechanism of radioprotection of NP is
still unknown. The aim of this work was to get a fur-
ther insight into this unexpected activity of NP against
γ-irradiation via in vitro experiments. In order to high-
light the NP radioprotective activity, a comparison of its
ability to inhibit DNA strand breaks produced, either by
γ-irradiation or Fenton’s reaction [6], was performed.

First, in order to observe the protective effect of
NP against γ-ray-induced DNA damage, solutions of
0.5 µg of �X 174 plasmidic DNA (4361 bp, Amer-
sham Pharmacia Biotech Inc) in 30 µl phosphate buffer
5 mM (pH 7.4, NaCl 10 mM) were submitted to vari-
ous γ-radiation doses (60Co γ-rays at 25 ◦C; 50 Gy/h)
aerobically in the absence or in the presence of different
concentrations of 2-(1-naphthylmethyl)-2-imidazoline
hydrochloride (Sigma Aldrich) (0.5, 1, 5, 10 mM).
The doses applied in these experiments were similar
to those involved in cellular tests (4, 5, 7 Gy) [7].
The supercoiled (Form I) and open circular forms
(Form II) of DNA were separated by electrophoresis on
an 0.8% agarose gel containing 25 µl ethidium bromide
(10 mg/ml) after addition of 10 µl of bromophenol blue
Fig. 2. (A) Agarose electrophoresis gel pattern of �X 174 DNA ex-
posed to γ-rays (7 Gy) in the presence or in the absence of NP. Lane 1:
Untreated DNA, lane 2 γ-irradiated DNA (7 Gy), lanes 3, 4, 5, 6:
γ-irradiated DNA (7 Gy) in the presence of NP (0.5; 1; 5; 10 mM).
SC: supercoiled form; RF: relaxed form. (B) Percentage of DNA SSB
generated by different doses (� 0, � 4, 5, 7 Gy) of γ-rays in
the presence or in the absence of NP (0.5; 1; 5; 10 mM). All the sam-
ples are taken in triplicates and values are expressed as mean ± S.D.
Drug + irradiation vs. untreated control; ∗p < 0.05; ∗∗p < 0.01.

(75% glycerol, 24.95% Tris buffer, 0.05% bromophe-
nol blue) in each sample. The number of single-strand
breaks per mole of DNA generated by γ-irradiation was
calculated from the relative percentage of forms I and II.
The Student’s t-test was used to determine effect of NP
on the protection of DNA.

As shown Fig. 2A, γ-rays induced the formation of
single-strand breaks (SSB), which increased with the
dose. The yield of single-strand breaks (SSB) was eval-
uated around 18.67 ± 0.99, 26.05 ± 0.33 and 24.61 ±
0.75% for 4, 5 and 7 Gy irradiation respectively (signifi-
cantly different, drug+ irradiation vs untreated control).

From Fig. 2B, we could observe that the control
�X 174 contained mostly supercoiled DNA and only
a small amount of the relaxed form evaluated to 3.13 ±
1.23%. The addition of NP in the reaction medium in-
duced a decrease of the amount of single-strand breaks
after γ-irradiation (Fig. 2). This effect increased with
the concentration of NP. At a concentration of 5 mM,
NP inhibited almost of the SSB formation. NP protects
efficiently DNA against γ-rays.

The ability of NP to inhibit the deleterious effect of
OH radical on DNA was investigated. For this purpose,
Fenton reactions were performed. Indeed, the Fenton
reaction allows us to simulate the indirect effect of γ-ra-
diation called radiolysis of water, which leads to the
production of •OH. Hydrogen peroxide and Fe(II) can
produce hydroxyl radicals according to the following re-
action:

Fe2+ + H2O2 → Fe3+ + OH• + OH−

Aerated aqueous solutions of DNA (16.7 µg/µl) in
phosphate buffer 5 mM (pH 7.4, NaCl 10 mM) were
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Fig. 3. (A) Agarose electrophoresis gel pattern of �X 174 DNA ex-
posed to OH• generated by Fenton reaction in the presence and ab-
sence of NP (0.5; 1; 5; 10 mM). Lane 1: untreated DNA, lane 2: DNA
exposed to OH•, lane 3: DNA treated with NP 10 mM. DNA exposed
to OH• and treated by NP: lane 4: 0.5 mM, lane 5: 1 mM, lane 6:
5 mM, lane 7: 10 mM. SC: supercoiled; RF: relaxed form. (B) Percent-
age of DNA SSB generated by Fenton’s reaction in the presence or in
the absence of NP at various concentrations (0.5; 1; 5; 10 mM). All
the samples are taken in triplicates and values are expressed as mean
± S.D. **Drug + Fenton reaction vs. untreated control; p < 0.01.

treated with freshly prepared NP solutions (0; 0.5; 1;
5; 10 mM final concentrations) and then with freshly
prepared Mohr salt solution (0–100 µM final concen-
trations) in the presence of equimolar amount of ethyl-
enediaminetetraacetic acid (EDTA). Hydrogen peroxide
was finally added (final concentration: 0–100 µM). The
reaction mixture was kept at 37 ◦C for 12 min. Fen-
ton’s reaction was stopped by addition of desferroxam-
ine mesylate solution (final concentration: 0.18 mM).
The supercoiled and open circular forms of DNA were
separated by 0.8% agarose gel electrophoresis [6,8].

As shown in Fig. 3, •OH radical generated induced
the formation of SSB whereas 10 mM NP does not. In
these conditions 53.80 ± 0.77% of supercoiled DNA is
converted into the relaxed form by the •OH radicals at-
tack, whereas 10.06 ± 0.87% of relaxed form is present
in untreated DNA (Fig. 3). This difference is significant.
Addition of NP in the reaction medium induced a dras-
tic decrease of the yield of SSB starting at 0.5 mM.
At this concentration, around 46% of the formation
of SSB was inhibited. This inhibitory effect increased
with the concentration of NP. The maximum effect was
reached at 5 mM, when DNA was almost completely
protected. At this concentration, the amount of single-
strand breaks corresponds to 9.14±0.94% of the whole
plasmidic DNA as in non-treated DNA (difference not
significant). This concentration of NP is fairly realistic
and is similar to that used for other radioprotectors such
as verbascoside [8] to protect DNA against hydroxyl
radical attack.

This result accords with the radioprotective effect of
NP observed on γ-rays irradiated DNA and mice. More-
Fig. 4. EPR investigation of the OH radical scavenging by NP at vari-
ous concentrations. Percentage of the signal intensity of DMPO/OH•
adduct produced in the presence of NP by comparison with a control
without NP. Insert: signal of the DMPO/OH• adduct.

over, all of these experiments strongly suggest that NP
acts as an •OH radical scavenger and so this property
may partly contribute to the inhibition of the indirect
effect of γ-rays. To confirm this last assumption and
to evaluate the capability of NP to scavenge •OH radi-
cals, electron-spin resonance spectrometry studies were
performed by using 5,5-dimethyl-2-pyrolidine-1-oxide
(DMPO, 150 mM, Sigma Aldrich) as a spin trap [9].
Hydroxyl radicals were generated by Fenton’s reaction
as described above. All reactions were carried out in
phosphate buffer 5 mM (pH 7.4, NaCl 10 mM) in a final
volume of 100 µl. In each experiment, reactants were
added in the same order: EDTA (100 µM), hydrogen
peroxide (100 µM), NP (0; 0.5; 1; 5; 10 mM), ferrous
sulphate solution (100 µM) and DMPO (150 mM). ESR
measurements were performed on a Bruker EFP 300e
spectrometer at room temperature. The intensity of the
signal obtained at different concentrations of NP, was
compared with the signal of DMPO/OH.

In the absence of NP, an ESR signal corresponding
to DMPO/OH• (aN = 14.85, aH = 14.85) was detected
(Fig. 4). Addition of NP at various concentrations (0.5,
1, 5, 10 mM) induced a drastic decrease of the ESR
signal attributed to OH radicals. This effect increased
with the concentration of NP to raise a plateau at 5 mM
(Fig. 4) as in DNA radioprotection experiments. This
result confirms that NP is a potential antioxidant.

Radical trapping is one of the most-known mecha-
nisms of chemical radioprotection. However, one phys-
iological mechanism of radioprotectors known is the
induction of hypoxia in different tissues. For example,
the 5-hydroxytryptamine is described as a radioprotec-
tor, one of the mechanisms of action of which is tissue
hypoxia as a consequence of vasoconstriction [10]. The
reduction of oxygen tension of the blood-forming or-
gans decreases the sensitivity of these organs towards
radiation. NP possesses peripheric α-adrenergic prop-
erty that induces hypertension. This pharmacological
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activity is effective when NP is administrated at high
doses as in in vivo tests of radioprotection [3,4]. Our
study shows clearly that NP has also antioxidant prop-
erties at high concentration. The activity of NP as radio-
protector may result from a combination of both radical
scavenging efficiency and vaso-constrictive property.

Conclusion

In conclusion, this work points out for the first time
that NP may act as an antioxidant, thus preventing the
deleterious effects of γ-radiation. Moreover, this effect
can be increased by the cationic charge of NP at phys-
iological pH, which can facilitate interactions with cell
membranes and anionic proteins in the serum.
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