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Abstract-Benoxaprofen, a non steroidal antiinflammatory drug is known to be highly phototoxic. Upon 
irradiation at 3OOnm. benoxaprofen is shown to enhance the cleavage of QX 174 DNA in buffered 
aqueous solution (pH 7.4). A linear relationship between the number of single strand breaks and the 
irradiation time is found. In deaerated solutions, these breaks are three times greater in the presence 
than in the absence of benoxaprofen. In both cases the rate of cleavage decreases in the presence of 
air. The fate of DNA damage increases with the drug per base pair ratio up to approximatively 0.2 
and then decreases at higher ratios. Other NSAIDs, naproxen, ketoprofen. diflunisal, sulindac and 
indomethacin have been tested as photocleavers of DNA by using the same experimental conditions. 
A comparison of the efficiency of cleavage of all these drugs (including BNP) was obtained at drug 
concentrations such that the light absorbance was the same. Benoxaprofen, naproxen, ketoprofen and 
diflunisaf induce single strand breaks. Sulindac and indomethacin do not cause breaks, and they can in 
some conditions even act as screening agents. The most efficient of the series are naproxen and 
ketoprofen. In the presence of oxygen, at the same concentrations as above, the efficiency of benox- 
aprofen, ketoprofen and diflunisal is decreased while that of naproxen is increased. This suggests that 
all these compounds do not interact with DNA by the same mechanism. In the case of BNP, the 
mechanism of photoinduced DNA cleavage is discussed in detail. It is shown that the photoactive agent 
is the decarboxylated derivative of benoxaprofen, as the photodecarboxylation of benoxaprofen is much 
faster than the photocleavage of DNA. 

The use of non steroidal antiinflammatory drugs 
(NSAID)I in the treatment of rheumatism and osteo- 
arthritis has been largely developed in the last 
decade. Severat of these agents exhibit undesirable 
side-effects by increasing sensitivity of the skin to 
sunlight [l-3]. Among these compounds, benox- 
aprofen, 2-(4-chlorophenyl)-cmethyl-5-benzox- 
azole acetic acid, has been one of the most studied. 
After exposure of patients to sunlight, this drug was 
found to induce erythemea. weal and flare reactions, 
and itching, stinging and burning sensations in the 
skin; some patients even developed onycholysis [4- 
151. These adverse effects have been attributed to 
phototoxicity rather than photoallergy [ 16,171. 

Simultaneously with erythemeas apparition, a 
mast cell degranulation [18, 191 and an increase of 
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Ei Abbreviations used: NSAID, non steroidal anti- 

inflammatory drugs; BNP, benoxaprofen, Z-(4- 
chlorophenyl)-cr-methyl-5benzoxazole acetic acid; NP, 
naproxen, d-2-(Gmethoxy-2-naphtyl) propionic acid; KP, 
ketoprofen, 2-(3-benzoylphenyl) propionic acid; DF, 
difiunisal, 2-hvdroxv-5-f2,4 difluorophenyl) benzoic acid; 
SL, su~inda~,~-fluo~o-2-methyl-l-~[4~(me~h~l s~~nyl)phe- 
nyI]methylene]-l-~-indene-3-acetic acid; IND, indometh- 
acin, I-(4-chlorobenzoyl)-5-methoxy-2-methyl-l~-indole- 
3-acetic acid; EtBNP, 2-(4-chlorophenyl)-S-ethyl benzox- 
azole: SSB, single strand breaks; S. mean number of SSB 
per DNA mole&e; bp, base pair: UV, ultraviolet: HPLC. 
high performance liquid chromatography; O.D., optical 
density. 

the histamine level were observed+ Since mast cell 
degranulation is known to be modulated by phospho- 
lipids alteration, many investigations on BNP pho- 
tosensitized cell-membrane damage in vitro have 
been made [12,19-211. In uitru photohemolys~s 
experiments using various methods have shown that 
the phototoxic activity of BNP may be directed 
mainly against cellular membranes uia radical and 
singlet oxygen formation. However, whether singlet 
oxygen is formed has been a point of controversy 
[20,21]. The very reactive species so generated may 
also damage other biological targets, such as nudleic 
acids. As recently reviewed, DNA alterations 
mediated by phototoxic drugs have been investigated 
for several drugs belonging mainly to phenothiazines 
and tetracyclines series [22]. Here, we report on the 
photosensitized cleavage of bacteriophage t$X 174 
DNA by BNP. The influence of various parameters 
(irradiation time, presence of oxygen, substrate con- 
centration) on the cleavage efficiency has been deter- 
mined. 

This study was extended to the other non-steroidal 
antiinflammatory drugs, such as naproxen (NP), 
ketoprofen (KP), diflunisal (DF), sulindac (SL), and 
indomethacin (IND), whose in uiuo and in uitro 
phototoxic or non-phototoxic properties were 
already known [3,23-251 (Table 1). 

MATERIALS AND METHODS 

Benoxaprofen was a gift of Eli Lilly (France) and 
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Fig. 1. Electrophoresis gel pattern showing the influence of irradiation time on the photocleavage of 
C$X 174 DNA mediated by BNP in deaerated phosphate buffered solutions at 300 nm. BNP (45 LIM 
final concentration, O.D. = 0.6) to DNA base pair ratio was 2.4. Lanes 1 to 7, control samples, DNA 
irradiated alone for 0 min (l), 5 min (2), 10 min (3). 15 min (4), 20 min (5), 25 min (6). 30 min (7). 
Lanes 8 to 13, treated samples, DNA irradiated in the presence of BNP for 5 min (8), 10 min (9). 15 min 

(lo), 20min (ll), 25 min (12), 30min (13). DNA migration is from top to bottom. 
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Fig. 2. Changes in QX 174 DNA irradiated in the presence 
of BNP (45 KM) in deaerated solution in function of the 
irradiation time. Disappearance of form I (0), appearance 
of form II (0) and III (A). Controls: DNA irradiated 

alone, form I (0) and form II (W). 

was received as pills. The pills were extracted with 
chloroform and the product was recrystallized twice 
from methanol and then sublimated. Its purity was 
checked by chromatographic and spectrometric 
methods. For ketoprofen (Specia, Paris, France), 
naproxen (Syntex, Puteaux, France), diflunisal, 
sulindac and indomethacin (Merck, Clermont, Fer- 
rand, France), pure samples were kindly provided 
by the manufacturers and were used without further 
purification. 

Supercoiled QX 174 DNA (MW = 3.6 x 10hD, 

5386 base pairs), form 1, purchased from Pharmacia 
(Guyancourt, France), was used after dilution in 
5 mM phosphate buffer (pH 7.4) containing 10 mM 
NaCl (final concentration: 14 nM in DNA molecule 
or 75.4 PM in bp). The amount of contaminating 
form II DNA was less than 60/c, and no linear form 
III DNA was detected in our preparations, as 
checked by agarose gel electrophoresis and micro- 
densitometry. All preparations were made using 
bidistilled water. 

Irradiation conditions. Samples were prepared 
from a mixture of 10 ,uI of buffered aqueous solutions 
of DNA, lO/~l of BNP at a fixed concentration in 
phosphate buffered solutions, and 20 ~1 of phosphate 
buffer (0.2 M, pH 7.4). The mixture was placed in 
5 mm i.d. glass tubes. For experiments in deaerated 
conditions, the buffered solutions with or without 
BNP were deaerated by bubbling with argon and 
then the tubes containing the mixtures were flushed 
with argon and capped. All the concentrations indi- 
cated in the text are final concentrations unless other- 
wise stated, and reported optical densities (O.D.) 
were obtained in a cuvette with the same pathlength 
as the irradiation tubes. Irradiations were carried out 
in a Rayonet RPR 100 reactor equipped with 16 UV 
mercury lamps with an output at 300 2 1.5 nm. The 
lower wavelengths are cut out by a Pyrex filter which 
absorbs 95% of the light intensity at 280 nm. Samples 
were placed in a merry-go-round apparatus and 
illuminated at an average temperature of 35-40”. 
Light energy (2.4 x IO’“quanta/l/sec) was moni- 
tored by actinometry. Irradiation times were 30 min 
unless otherwise specified. Following irradiation, 
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Table 1. Structure of NSAIDs compounds tested as DNA breakers under 
irradiation 

Benoxaprofen (BNP) “1$,&y 

CH D~CH(CH3)CozH 

v 

&;;;Co,, 

Jm Naproxen (NP) CH,O’ 

8 
Indomethocin (IND) 

Ketoprofen (KP) 
,COzH 

F-OH 

F 
Diflumsal (DF) 

Time (min) 

Fig. 3. Influence of the irradiation time on the mean number 
of SSBs per DNA molecule (S). photosensitized by BNP 
(0) or EtBNP (+) or without photosensitizer (0) in dea- 

erated solutions. 

10 ~1 of a mixture composed of 2.50 mM Tris buffer 
(pH 7.2), 75% glycerol. and 0.05% bromphenol blue 
was added to each sample. 

Electrophoresis. After irradiation samples (20 ~1) 
were analysed by electrophoresis on a 0.8% agarose 
gel in Tris-borate buffer (89 mM Tris. 89 mM boric 
acid, 25 mM EDTA, pH 7.4) incubated in a solution 
of ethidium bromide (2 mg/ml, 100 ~1 for 200 ml of 
the previous solution). Electrophoresis was per- 
formed with a Pharmacia apparatus (GNA-200) with 
a power supply at 25 mA for 1.5 hr (gel size = 
20 X 20 cm). 

After migration, DNA forms were detected by 
fluorescence using a 254 nm UV lamp. Photographies 
were taken with an apparatus equipped with a red 
filter. The negative films were scanned with a Hoefer 
Scientific densitometer GS300. The coefficient 1.47 
was used for decreased stainability of form I DNA 
vs form II and III [26]. 

c 
Sullndac(SL) 
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RESULTS 

Strand breaks photoinduced by benoxaprofen 

Strand scissions on double stranded DNA are 
readily quantified by following the conversion of 
supercoiled CpX 174 DNA (form I) to its circular 
relaxed (form II) and linear (form III) forms by 
neutral agarose gel electrophoresis. Data shown on 
Figs 1 and 2 indicate that the DNA cleavage observed 
after irradiation at 300 nm in the absence of oxygen 
at pH 7.4 is greater in the presence of BNP (45 PM, 
2.4 BNP molecules/base pair) than in the absence 
of BNP. Upon increasing the irradiation time, the 
percentage of form I decreases while the percentage 
of form II increases. In experiments performed with 
BNP, a small amount of the linear DNA form, form 
III, can be detected after 5 min of irradiation. In 
some experiments, small amounts of slowly migrat- 
ing material is detected and we attribute this to a 
dimer form of DNA similar to that proposed by 
Decuyper et al. [27], in the case of DNA breakage 
induced by photoexcited promazine derivatives. 
Since the major product of photodegradation of the 
supercoiled form of QX 174 DNA is the relaxed 
circular form II. the photoactivation process goes 
mainly through single strand breaks. In these con- 
ditions and when the percentage of the detected form 
III is below lo%, it is possible to quantify S, the 
mean number of breaks per DNA molecule, by using 
the following equation [28]: 

S = In lo/I 

where I,, is the initial concentration of DNA form I 
and I the form I concentration after irradiation. As 
shown in Fig. 3. it is clear that the number of single 
strand breaks increases linearly as a function of time 
between 0 and 20 min. S is three times greater in the 
presence than in the absence of BNP in anaerobic 
conditions. 

In contrast. aerobic conditions decrease the DNA 
cleavage for irradiations performed with or without 



410 T. ARTUSO et al. 

Time (min) 

Fig. 4. Changes in QX 174 DNA irradiated in the presence 
of BNP (45 PM) in the presence of oxygen in function of 
the irradiation time. Disappearance of form I (0). appear- 
ance of form II (0). Controls: DNA irradiated alone, form 

I (Cl) and form II (m). 
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Fig. 5. Influence of the irradiation time on the mean number 
of SSBs per DNA molecule (5) photosensitized by BNP 
(0) or without photosensitizer (Cl) in aerated solutions. 
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Fig. 6. Influence of the drug by base pair ratio on the mean 
number of SSBs per DNA molecule (S), photosensitized 

by BNP in deaerated solutions. 

BNP (Fig. 4). The number of SSBs is decreased by 
a factor of 3 or 4 respectively (Fig. 5). It thus appears 
that BNP is a more efficient DNA photosensitizer in 
the absence than in the presence of oxygen. 

It should be noted that while DNA has a very 
weak absorption at 300 nm, some SSBs are observed 
in the absence of drug, both in aerobic and anaerobic 
conditions. These cleavages may be attributed both 
at the high sensitivity of the technique used to study 
the DNA cleavage and to the high dose of irradiating 
light delivered in our sample (-36 kJ/m’ in 30 min). 
Recently, Boullard et ul. have shown by the same 
electrophoretic technique that similar high doses of 
UV light at 290 nm and 313 nm may promote SSBs 
in DNA [29]. 

The influence of drug per base pair ratio on the 
number of SSBs was investigated in deaerated solu- 
tions by varying the DNA concentrations (from 3.5 
to 0.74 nM). The BNP concentration was unchanged 
in order to assure the same absorbance in all samples. 
As shown in Fig. 6 the DNA damages increase by 
changing the BNP/bp ratio up to approximatively 
0.2 and decrease beyond that range. A similar effect 
has also been described for photochemical DNA 
damages induced by other compounds such as dau- 
nomycin [30] and flavines [31]. 

Comparative studies on DNA cleavage efJiciency of 
various non-steroidal antiinf7ammatory drugs 
NSAIDs 

By using the same experimental approach as that 
described above for benoxaprofen, other NSAIDs 
known to be phototoxic in vitro like naproxen (NP), 
ketoprofen (KP) or NSAIDs known to have little or 
no phototoxic effects like diflunisal (DF), sulindac 
(SL) and indomethacin (IND) [23], have been tested 
for their potential ability as photoactive DNA clea- 
vers. 

We found that in the absence of irradiation none of 
these antiinflammatory drugs induce DNA damage. 
These various drugs have very different UV spectra 
(Table 2). So to compare the photoactivity of these 
NSAIDs, DNA cleavage experiments were per- 
formed by irradiating DNA drug solutions of the 
same optical density at 300nm (O.D. = 2, 
pathlength 5 mm). As shown in Table 3, propionic 
acid derivatives, namely BNP (0.148 mM), NP 
(5.4 mM), and KP (1.6 mM) are photoactive as seen 
by breaks on supercoiled @X 174 DNA. The most 
efficient are NP and KP. DF (1.5 mM) is also pho- 
toactive while SL (3.3 mM) and IND (0.77 mM) do 
not induce photocleavage and can even (in some 
conditions) promote photoprotection. In the pres- 
ence of oxygen, the efficiency of BNP, KP and DF 
decreases while that of NP increases significantly 
(Fig. 7). Taken together, these results suggest that 
these compounds do not interact with DNA via the 
same mechanism. 

DISCUSSION 

BNP, a phototoxic antiinflammatory drug, can 
promote DNA strand breaks in conjunction with 
light. Several mechanisms might be involved in the 
cleavage processes. Oxidation reactions via a radical 
or a singlet oxygen pathway are often proposed. 
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Fig. 7. Electrophoresis gel pattern showing the influence of six antiinflammatory drugs (O.D. = 2) on 
the photocleavage of @X 174 DNA in aerated solutions. Lanes 1 and 2 control samples: DNA alone 
(1) and DNA irradiated alone (2). Lanes 3 to 8, DNA irradiated in the presence of drug: BNP, 0.148 mM 
(3); NP. 5.4 mM (4); KP, 1.6 mM (5); DF, 1.5 mM (6); SL, 3.3 mM (7); IND, 0.77 mM (8). All solutions 

are irradiated for 30 min. 

Table 2. Absorption characteristics of NSAIDs compounds in phosphate buffer (pH 7.4) 

Drug BNP NP KP DF SL IND 

Lrx (nm) 305 317, 330 260 306 286, 328 320 
E,,, x lo-> (/cm/m01 dm’) 29 1.52, 1.76 16 2.9 16.2, 13.5 7.1 

Table 3. Relative percentage of forms I. II and III after irradiation of QX 174 DNA in the presence 
of six antiinflammatory drugs in deareated or non aerated solutions for 30 min 

Lane 
Drug 

1 2 3 4 5 
BNP NP KP 

D”F S:. 8 
IND 

Form I Aerated 98 78 35 0 0 46 90 77 
Deareated 98 64 7 0 0 35 90 79 

Form II Aerated 2 22 60 44 40 54 10 23 
Deareated 2 36 82 80 20 65 10 21 

Form III Aerated 0 0 5 22 27 0 0 0 
Deareated 0 0 11 20 26 0 0 0 

The concentrations of the drugs have been chosen in such a manner that all drugs have the same 
absorbance. Lanes 1 and 2, control samples: DNA alone before and after irradiation. Lanes 3 to 8, 
DNA irradiated in the presence of drug: BNP (3), NP (4). KP (5), DF (6). SL (7). IND (8). Values 
given in this table are calculated from three independent experiments. Data in aerated conditions 
correspond to densitometric analysis of electrophoresis shown in Fig. 7. 

It is already known that in aqueous solutions, in 
the absence of DNA, BNP undergoes a photo- 
chemicai decarboxylation via a radical mechanism 
(321: 

R-CHCOOH2 RCI-12CH3 + C02. 
I 
CH:, (EtBNP) 

In the presence of oxygen and light, singlet oxygen 

and superoxide anion have been detected [33]. The 
HPLC monitoring of BNP decarboxylation per- 
formed in the same conditions as those used for the 
anaerobic DNA cleavage studies, but in the absence 
of DNA indicates that all BNP was photode- 
carboxylated within one minute. The rate of this 
reaction was seen to be enhanced by the addition of 
DNA. It is thus clear that the photoactive species in 
the currently studied BNP-mediated photocleavage 
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of C$X 174 DNA is the decarboxylated derivative of 
BNP (EtBNP). We found that EtBNP. prepared in 
situ by irradiation of BNP in anaerobic conditions 
before DNA addition, was able to generate SSBs. 
under the same experimental conditions as used for 
BNP, to give the same amount of DNA cleavage. 
Further, as can be seen in Fig. 3 the DNA break 
efficiency observed for BNP was reproduced with 
pure EtBNP (isolated after BNP irradiation and 
purified by recrystalhzation from methanol). In the 
absence of oxygen. EtBNP is photochemically stable. 
Such stability can be compared to that of 2-(4- 
chlorophenyl)benzoxazole which undergoes dehal- 
ogenation with very low quantum yield (8 - 4. lo-‘) 
upon anaerobic irradiation at 300 nm in ethanol [34]. 
Thus, BNP mediated DNA cleavages do not seem 
to be related to the formation of radical species 
derived from BNP or EtBNP. 

Since molecular oxygen decreases the efficiency of 
the photocleavages, both in BNP experiments and 
in controls, it appears that an oxidation reaction 
based on generation of activated oxygen species 
(singlet oxygen or superoxide anion) is not the main 
process involved in the BNP/DNA photoreaction. 
Such a situation is interesting since most pho- 
tosensitized reactions of DNA have been found to 
be oxygen dependent [35]. Nor should such a process 
be compared anymore to the behavior of BNP in 
DNA breaks generated by BNP activated leucocytes 
under UV radiation [36]. It has been proposed in 
this case that the oxidative DNA breaks observed 
do not result from a photo-activation of BNP but 
rather from the sensitizing effect of UVA on poly- 
morphonuclearleucocytes [37]. 

Our experimental data are in favor of an oxygen 
independent mechanism, like energy transfer or elec- 
tron transfer to or from nucleobases. Drug pho- 
tosensitization reactions by energy transfer are 
known to occur in uitro. for example between DNA 
and aflotoxin B-12 [38] or griseofulvine [39]. Electron 
transfers have been reported between DNA and 
photoexcited states of antitumor drugs of the Adri- 
amycin@ class [40] or phenothiazine derivatives [41]. 
With out current results on DNA cleavage by 
NSAIDs, we are unable to distinguish between the 
two possible mechanisms of DNA degradation. 

The comparison of the efficiency of the six dif- 
ferent antiinflammatory drugs tested in the present 
work indicates that the propionic acid derivatives are 
the most active with respect to photocleavage of 
DNA. These data are in agreement with the pre- 
viously described photohemolysis of human red 
blood cells as well as growth inhibition of Cundidu 
albicans showing that these propionic acid deriva- 
tives are the most phototoxic in vitro [23]. 

DF, slightly or not phototoxic according to in vitro 
conditions, can also promote DNA breaks, but with 
a lower efficiency. SL or IND, which are not pho- 
totoxic, are also not photoactive in the DNA cleav- 

age. In fact. these two compounds can play the role 
of photoprotecting agents since DNA cleavage may 
be less efficient in the presence than in the absence 

of these drugs. Ljunggreen has indicated a similar 
effect in the inhibition of photohemolysis by IND 
(23). IND has been shown to decrease the erythemal 

response in UV irradiated guinea-pigs and so it has 
been proposed as a sunscreening agent [42. -I.?], that 

is in agreement with the absence of photochemical 
reactivity [44]. 

As a final point, it should be noted that the order 
of DNA cleavage efficiency of the three derivatives 
of propionic acids (KP > NP > BNP) is different to 
that obtained in photohemolysis experiments 
(BNP > KP > NP). This order does not correlate 
with the order of the photochemical reactivity of 
these compounds (KP > BNP > NP) but might be 

related to the variable affinity of the substrate (the 

drug itself or its photoproducts) for the targets 
(membrane or nucleic acids). So. no extrapolation 
of the current results in vitro to in vivo can be made. 
For example, it is known that KP is not phototoxic 
in uivo [24], while we have shown it to have signiti- 
cant in vitro photoactivity toward DNA cleavage. 

CONCLUSION 

Some non steroidal antiinflammatory drugs con- 
taining a propionic acid subunit photosensitize the 
cleavage of double stranded DNA. These data. 
obtained in vitro, cannot be extrapolated to in viva 
drug behavior, since many other factors (metab- 
olism, cell penetration, membrane uptake, .) also 
mediate the metabolic properties of these NSAIDs. 
However the experiments performed here with puri- 
fied macromolecules might be considered a useful 
screening method to initiate detection of potentially 
photoactive molecules able to promote damage to 
nucleic acids. 
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