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The photobiological properties of 6-methoxy-2-naphthylacetic acid (6-MNAA) were studied using a
variety of in vitro phototoxicity assays: photohemolysis, photoperoxidation of linoleic acid, photosensi-
tized degradation of histidine and thymine and the Candida phototoxicity test. 6-MNAA was phototoxic
in vitro. 6-MNAA reduced nitro blue tetrazolium (NBT) when irradiated with l � 300 nm in deoxyge-
nated aqueous buffer solution (pH 7.4). NBT can be reduced by reaction with the excited state of 6-
MNAA subject to interference with molecular oxygen. The photohemolysis rate was inhibited by the
presence of 1,4-diazabicyclo[2.2.2]octane (DABCO), sodium azide (NaN3) and reduced glutathione
(GSH). Photoperoxidation of linoleic acid and photosensitized degradation of histidine and thymine
were significantly inhibited by sodium azide and reduced glutathione. 6-MNAA was phototoxic to C.
albicans, C. lipolytica and C. tropicalis. A mechanism involving singlet oxygen, radicals, and electron
transfer reactions is suggested for the observed phototoxicity.

1. Introduction

Nabumetone (NB) (1), 4-[6-methoxy-2-naphthalenyl]-2-
butanone, is a phototoxic non-steroidal anti-inflammatory
drug recommended for the treatment of osteoarthritis or
rheumatoid arthritis (Carryl 1995; Lister et al. 1993). NB
is 35% metabolized by the liver to the active derivative 6-
methoxynaphthylacetic acid (6-MNAA) (2) (Dahl 1993).
Adverse skin reactions have been reported in 3–9% of
patients undergoing treatment with NB (Kaidbey and
Mitchell 1989; Canudas et al. 2000).

Recently, studies on the intermediates generated from the
photoexcitation of NB and its photosensitizing activity
using a variety of in vitro phototoxicity assays have been
published. These studies suggest that NB can induce photo-
sensitizing reactions by a type II photodegradation mechan-
ism (Martı́nez and Scaiano 1998; Canudas et al. 2000).
6-MNAA is the most important and active metabolite able
to reach the skin (Dahl 1993). Its photophysical and photo-
chemical properties have been reported in order to under-
stand the phototoxic effects of NB. Alcohol (3) and alde-
hyde (4) have been reported as photodegradation products
under aerobic conditions. The photodegradation of 6-
MNAA via decarboxylation has been reported to occur by
a new mechanism that involves the formation of a non-
decarboxylated benzylic radical intermediate that is trapped
by O2, with subsequent loss of CO2. From these reports it
is clear that reactive intermediate species may be formed
following the photoexcitation of 6-MNAA to the excited
singlet and that these species are capable of initiating the
adverse photobiological effects (Bosca et al. 2000).
In the present paper we deal with a variety of in vitro
experiments that support the mechanism proposed for the
photodegradation of 6-MNAA and show that, like NB, it
is an efficient photosensitizer. We studied the in vitro
phototoxicity of 6-MNAA under aerobic and anaerobic
conditions, using in vitro tests: photoinduced hemolysis of
erythrocytes, induced photoperoxidation of linoleic acid,
photosensitized degradation of histidine and thymine,
photosensitized reduction of nitro blue tetrazolium (NBT)
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and the Candida phototoxicity test. The effects of additives
on photoinduced hemolysis, photoperoxidation of linoleic
acid and Candida assays, will help to confirm type II and/
or type I mechanisms for the photosensitizing process.

2. Investigations, results and discussion

Erythrocytes are a convenient model system for studying
damage to cellular membranes. Here, photoinduced mem-
brane damage by 6-MNAA was investigated in intact hu-
man red blood cells (RBCs). Irradiation of a suspension of
RBCs in buffered aqueous solutions (phosphate 0.05 M,
pH 7.4) (PBS) in the presence of 6-MNAA (1.0� 10�5 M)
led to hemolysis of erythrocytes both aerobically (air and
O2 enriched atmospheres) and anaerobically (Ar enriched
air atmosphere). 50% of photoinduced hemolysis was ob-
tained with 34 min of irradiation under an air atmosphere,
while only 24 min were required to observe the same de-
gree of hemolysis under an O2 enriched atmosphere. 6-
MNAA induced photohemolysis also occurred when the
samples were bubbled with argon before adding the RBCs
and 50% hemolysis was obtained after 27 min irradiation.
Hemolysis was enhanced under O2 or Ar enriched atmo-
sphere as is shown in Fig. 1. Since the presence of oxy-
gen markedly enhances induced photohemolysis our re-
sults are in agreement with the previous study of the
involvement of oxygen in the photodegradation of 6-
MNAA (Bosca et al. 2000). In all the samples more than
95% of photoinduced hemolysis was observed after
55 min irradiation. Dark controls revealed less than 1%
hemolysis. No lysis was observed when cells were irra-
diated for 50 min in the absence of the drug. The mechan-
ism of photodynamic reactions in photoinduced membrane
damage can be probed with reagents which reveal whether
singlet oxygen, radicals or superoxide are involved. Thus,
the photohemolysis studies were repeated in the presence
of additives. We found that sodium azide and gluthathione
(GSH) showed nearly total inhibition of drug-induced
photohemolysis. The presence of 1,4-diazabicyclo[2.2.2]-
octane (DABCO) increased the observed photoinduced he-
molysis. The presence of 75% deuterium oxide in the
PBS solutions slightly increased hemolysis. The results
are shown in Fig. 2. The protection factor obtained for
sodium azide and GSH showed nearly total inhibition of
drug-induced photohemolysis (data not shown). A prob-
able mechanism of photoinduced hemolysis caused by ra-
dical species (type I mechanism) photogenerated from 6-
MNAA is strongly suggested as GSH (radical trapping)
showed total inhibition of hemolysis. The fact that the ad-
dition of sodium azide (a singlet oxygen quencher) exerts

nearly total inhibition of photoinduced hemolysis suggests
a type II mechanism (Quintero and Miranda 2000). Incu-
bation of pre-irradiated (1 h, 3 h and 6 h) solutions of 6-
MNAA in PBS with red blood cells in the dark failed to
induce hemolysis (data not shown). Irradiation of the
same pre-irradiated solutions of 6-MNAA at a concentra-
tion of 10�5 M in PBS with red blood cells sensitized the
hemolysis which was low for solutions that have been
pre-irradiated for long times (Fig. 3). A sample of 6-
MNAA pre-irradiated for one hour had a lower concentra-
tion of photoproducts than a sample pre-irradiated for 6 h.
This indicated the absence of toxic and phototoxic photo-
products of NB involved in the damage to the cellular
membrane. Standard tests for assessing the intermediacy
of superoxide were used, comparing the results of photo-
induced hemolysis experiments performed in the presence
and in the absence of superoxide dismutase (SOD). In the
presence of SOD, erythrocytes were protected under aero-
bic conditions and showed nearly 60% inhibition of hemo-
lysis (Fig. 2). The effect of SOD involves the ability of
NB (3� 10�5 M) to act as an electron transferring photo-
sensitizer, which was tested using NBT as an electron ac-
ceptor in aerated phosphate buffer solution at pH 7.4
(Beauchamp and Fridovich 1971). The photoreduction of
NBT was observed as a function of irradiation time by
monitoring the increase in absorbance at 560 nm due to
the appearance of the formazan product (Moore et al.
1998; Auclair et al. 1978). Control experiments showed
that no reduction occurred when NBT solutions were irra-
diated in the absence of sensitizer or when the sensitizer
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Fig. 1: Photohemolysis of RBCs (3.3� 106 cells ml�1) sensitized by 6-
MNAA (10�5 M) under aerated, oxygen and argon enriched atmo-
spheric air Fig. 2: Photohemolysis of RBCs (3.3� 106 cells ml�1) sensitized by 6-

MNAA (10�5 M) under oxygenated conditions in the presence of
additives (10�5 M)

Fig. 3: Photohemolysis of RBCs (3.3� 106 cells ml�1) sensitized by pre-
irradiated solutions of 6-MNAA (10�5 M)



and NBT solutions were maintained in the dark. The re-
duction occurred in an air-saturated solution, but at a low-
er rate when an O2-saturated solution was employed under
identical conditions. The reaction occurred rapidly in a
N2-saturated solution (Fig. 4). Thus it appears that reduc-
tion of NBT photosensitized by 6-MNAA is probably a
reaction of the excited state of 6-MNAA with NBT sub-
ject to interference with molecular oxygen.
Lipid photoperoxidation can be related to damage pro-
duced in the cell membranes and can be responsible for
the induced photohemolysis results observed for 6-MNAA.
When aerated PBS solutions of linoleic acid were irra-
diated in the presence of NB (2.5� 10�6 M), significant
amounts of dienic hydroperoxides were detected by ab-
sorption at 233 nm (Miranda et al. 1992) (Fig. 5). The fi-
nal concentration of hydroperoxides after 120 min of irra-
diation without additives was calculated as 1.32� 10�5 M
on the basis of the extinction coefficient (e ¼ ca. 31000). In
the presence of the additives GSH and DABCO, nearly 80%
of the photoperoxidation reactions induced by 6-MNAA
were inhibited. In the presence of sodium azide (an effi-
cient singlet oxygen quencher) the photoperoxidation was
inhibited by 50%. These results suggest that the phototoxi-
city mechanism of 6-MNAA probably involves the reac-
tion of singlet oxygen and radicals, respectively, with cel-
lular membrane components, as they are important in the
photosensitized peroxidation of linoleic acid under aerobic
conditions as well as in the observed induced photohemo-
lysis. The histidine photodegradation assay is a test to ob-

serve photosensitized damage of cellular proteins that in-
volves the attack of singlet oxygen on histidine to yield an
oxidized addition compound. 6-MNAA (2� 10�4 M in
PBS) photoinduced oxidation of histidine by reaction with
singlet oxygen after 40 min of irradiation (Fig. 6). The
presence of GSH, as a radical scavenger, did not protect
against the photoinduced oxidation of histidine, while
complete protection was observed in the presence of so-
dium azide (Lowell 1993).
The possible damage to DNA photoinduced by 6-MNAA
was investigated by two in vitro assays (Gupta 1973; Jiang
et al. 1990; Jiang et al. 1992). The thymine photodegrada-
tion assay is used to predict possible damage to DNA
bases. Singlet oxygen generated during the photodegrada-
tion of 6-MNAA reacts with thymine yielding thymine
hydroperoxides. The formation of peroxides by the reac-
tion of thymine with singlet oxygen, can be observed in the
thymine assay when solutions of 6-MNAA were irradiated
separately. The concentration of hydroperoxides is shown
in the Table. The formation of thymine hydroperoxides dur-
ing irradiation of thymine and a solution of 6-MNAA to-
gether was completely inhibited by the presence of GSH.
Marked (60%) thymine hydroperoxide inhibition was ob-
served in the presence of sodium azide. Oxidative species
other than singlet oxygen can be involved in hydroperox-
ide formation. The Candida albicans phototoxicity test
can also be used for quantitative estimation of reactions
involving DNA damage (Daniels 1965; Kavli and Volden
1984). This test can show injury to cell constituents like
the nucleus. When exposed to irradiation in the presence
of test drugs, dose-dependent inhibition of yeast growth
around the discs was seen with NB and 6-MNAA. The
use of 8-MOP as a positive control was included (Knud-
sen 1985). PBS/30% ethanol and piroxicam (PRX) never
inhibited growth, either on irradiated or non-irradiated plates.
When exposed to radiation (l > 300 nm) for 15 min, dose-
dependent inhibition was seen with 6-MNAA and 8-MOP in
C. albicans, C. tropicalis and C. lipolytica. 6-MNAA did
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Fig. 4: Photoreduction of NBT (5.0� 10�5 M) sensitized by 6-MNAA
(3� 10�5 M) in aqueous buffer solution, pH 7.4. Experiments in
triplicate, the arithmetic mean is reported

Fig. 5: Comparative concentrations of dienic hydroperoxides induced by
6-MNAA with and without additives after 120 min of irradiation

Fig. 6: Percentage of l-histidine consumed after 40 min of irradiation
alone, in the presence of 6-MNAA and in the presence of additives

Table: Peroxide concentration (1� 10�5 M) induced by 1 h
irradiation of 6-MNAA, thymine and a mixture of 6-
MNAA þ thymine with and without additives

Without additive Sodium azide GSH

6-MNAA 0.24 0.28 0.98
Thymine 0.03 0 0.02
6-MNAA þThymine 0.82 0.33 0



not inhibit growth of C. lipolytica on irradiated or non-
irradiated plates; nevertheless, C. albicans and C. tropica-
lis were sensitive to NB with 15 min of irradiation
(Fig. 7). When exposed to radiation for 1 h, dose depen-
dent inhibition was seen with NB, 6-MNAA and 8-MOP
on the three Candida sp. samples. The diameter of inhibi-
tion on C. albicans on the discs after 1 h irradiation was
twice the diameter observed at 15 min of irradiation for
6-MNAA and 8-MOP. C. tropicalis and C. lipolytica were
less sensitive than C. albicans to all the compounds tested
at 1 h irradiation time (Fig. 8). All the compounds showed
only a little toxic effect in non-irradiated plates but the
phototoxic effect was greater in irradiated dishes (data not
shown). Doubling the irradiation dose from 1 h to 2 h did
not increase the phototoxic potency of the compounds
tested. Only C. tropicalis was killed by 2 h of irradiation
(l > 300 nm). We note that the best results were observed
for a 1 h irradiation time, in which the inhibition diam-
eters of yeast growth reached their maximum value. 6-
MNAA was more potent against the growth of all three
Candida sp. than NB at 1 h irradiation time and the val-
ues obtained were comparable with those of 8-MOP under

similar conditions. The use of UVB in our experiments
shows that it is feasible to carry out the Candida photo-
toxicity test for drugs that have important absorption at
l > 300 nm. The use of 8-MOP under these conditions
results in a good approach to the positive reference.
The results obtained suggest that 6-MNAA is able to in-
duce damage to biological components. Photosensitizing
peroxidation of membrane lipids, proteins and possible da-
mage to DNA bases by 6-MNAA can be explained by type
I and type II mechanisms. Our results agree with photoche-
mical and photophysical studies on 6-MNAA where both
mechanisms were proposed (Bosca et al. 2000).
The results obtained may be useful to understand the
photosensitizing properties of NB, as 6-MNAA is its major
metabolite.

3. Experimental

3.1. Chemicals

Nabumetone (Relifex1) was provided by SmithKline Beecham and was
extracted and characterized according to the procedure already outlined
(Canudas et al. 2000). 6-Methoxy-2-naphthylacetic acid was synthesized
from 60-methoxy-20-acetonaphthone (Aldrich) according to the procedure
reported previously (Bosca et al. 2000). The purities of NB and 6-MNAA
were 99% (GC-MS, Fisons HRGC 8000), 1H NMR (Jeol Eclipse 400 MHz),
TLC (general purpose silica gel on polyester) and UV-Vis spectrophometry
(Varian Cary 50). Reduced glutathione (GSH), linoleic acid, nitro blue te-
trazolium (NBT), bovine superoxide dismutase (SOD) and piroxicam
(PRX) were purchased from Sigma. 8-Methoxypsoralen (8-MOP), NaN3,
sulfanilic acid and 1,4-diazabicyclo[2.2.2]octane (DABCO) were purchased
from Aldrich Chemical Company (Milwaukee USA). All analytical and
HPLC grade solvents, thymine, histidine and xylenol orange were obtained
from Merck (Darmstadt, Germany). Human red blood cell (RBC) concen-
trate was supplied by QUIMBIOTEC, C.A. (Venezuela). Phosphate Buf-
fered Saline pH 7.4 (PBS) was used for in vitro assays.

3.2. Irradiation conditions

In all the photosensitization experiments, irradiation was performed using
an OSRAM HQL 450 W medium pressure Hg lamp located inside a Pyrex
immersion-well photoreactor (Applied Photophysics parts no. 3230 and
3307) for l � 300 nm irradiation. A merry-go-round modified apparatus
was used to make sure that all samples received the same quantity of radia-
tion. For the photoinduced hemolysis, lipid photoperoxidation, histidine
and thymine tests, the samples (2–3 ml) were irradiated at a distance of
10 cm in quartz cuvettes of 1 cm optical path and monitored by UV-Vis
measurements of optical density (OD) using a Cary 50 VARIAN instru-
ment. The photon flux incident on samples was 1.9� 10�4 J � s�1 � cm�2

as measured previously (Canudas 2000). The temperature inside the samples
during irradiation was between 25 and 28 �C.

3.3. Candida growth inhibition

The yeasts tested were: C. albicans, C. lipolytica and C. tropicalis pro-
vided by the “Lorenzo De Montemayor” Fungi Collection at Simón Bolı́-
var University. For the test, a modification of the methods described by
Daniels (1965) and Knudsen (1985) was used. In order to avoid toxic re-
sponse due to the solvent, the drugs were dissolved in a solution of PBS
(pH 7.6) and 30% v/v ethanol, using concentrations according to the dose
required to observe normal growth. NB and 6-MNAA were tested at a
concentration of 10 mg/mL and 8-MOP and PRX at a concentration of
5 mg/mL, respectively. The three Candida species from a 24 h growth on
Sabouraud-dextrose agar were dissolved in saline solution (0.83% p/v
NaCl) to achieve a concentration of approximately 3� 108 cells/mL
(McFarland Standard Nº 1) and 100 mL of each of these solutions were
spread on plates of Sabouraud-dextrose agar (4 plates for each species).
Filter papers (Whatman No 1, 5 mm diameter) were placed on top of the
spread plates at a distance of 2 cm from each other. 5 ml of each of the
tested compounds and the solvent alone was added to each filter, and the
filters were put in the refrigerator for 3 h to permit diffusion of the drugs.
The prepared plates were covered with a Pyrex filter (l > 300 nm) and
irradiated for 15 min, 1 h and 2 h at a distance of 10 cm from a medium
pressure mercury lamp (Osram HQL 450 W). The photon flux incident on
samples was 1.8� 10�4 J � s�1 � cm�2 as measured previously (Canudas
2000). Dark controls were performed to exclude toxic effects of the drugs
themselves. After irradiation, the plates were incubated in the dark at
30 �C for 48 h. The results were observed as growth inhibition around the
disc, and the diameters were measured. The procedure was carried out
3 times with each sample, and the mean values were calculated.
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Fig. 7: Dose response relations for C. albicans, C. tropicalis and C. lipoly-
tica tested with PBS/30% ethanol solutions of NB (10 mg/ml), 6-
MNAA (10 mg/ml), 8-MOP (5 mg/ml), PRX (5 mg/ml) and PBS/
30% ethanol alone after 15 min of irradiation

Fig. 8: Dose response relations for C. albicans, C. tropicalis and C. lipoly-
tica tested with PBS/30% ethanol solutions of NB (10 mg/ml), 6-
MNAA (10 mg/ml), 8-MOP (5 mg/ml), PRX (5 mg/ml) and PBS/
30% ethanol alone after 1 h of irradiation



3.4. Hemolysis assays

Red Blood Cells (RBCs) were prepared by diluting samples of out-of-date
(no more than 20 days from the date stated) packed human erythrocytes in
PBS at pH 7.4 until the resultant suspension had an OD of 0.4–0.8 at
650 nm. An OD value of 0.5 corresponds to 3.3� 106 cell�ml�1. For the
hemolysis experiments the RBC suspensions with 6-MNAA 1� 10�5 M
were irradiated and the percentage hemolysis was determined by measur-
ing the decrease in OD at 650 nm, since the OD is linearly proportional to
the number of intact RBCs (Giuffrida et al. 1995; Kagan et al. 1992). Simi-
lar experiments were carried out without irradiation and with pre-irradiated
solutions of 6-MNAA (1� 10�5 M). Experiments were performed under
aerobic and anaerobic conditions. In the case of anaerobic conditions the
PBS solution was enriched with Ar by bubbling prior to the addition of
RBCs. The photohemolysis test was repeated with solutions of 6-MNAA
in the presence of DABCO (1� 10�5 M) and NaN3 as 1O2 quenchers and
GSH and SOD as radical scavengers. Experimental details were similar to
previous work (Canudas et al. 2000). The experiments were repeated three
times and the average (arithmetic mean) is reported.

3.5. Lipid peroxidation assays

Duplicate solutions of linoleic acid (1� 10�3 M) in PBS containing 6-
MNNA (1� 10�5 M) (Tween 20 was used as a surface active agent) were
irradiated for two hours at 34 �C. The reaction was monitored by UV-Vis,
observing the appearance and subsequent increase of an absorption at
233 nm, due to the conjugated dienic hydroperoxides derived from linoleic
acid peroxidation (Miranda et al. 1992). The controls used were solutions
(1� 10�3 M) of linoleic acid and of the drug which were irradiated under
identical conditions, as well as not irradiated. The test was repeated in the
presence of (1� 10�5 M) NaN3 and DABCO and GSH. The concentration
of conjugated dienic hydroperoxides was calculated taking into account
their molar absorptivities (e ¼ ca. 31000).

3.6. Photoreduction of NBT sensitized by 6-MNAA

Buffered aqueous solutions (PBS, pH 7.4, flushed with gas: oxygen or Ar as
required, for 10 min) with 50 mM of 6-MNAA containing NBT (5.5� 10�5

M) were placed in quartz vessels of 1 cm path length. The vessels were stop-
pered and irradiated at a distance of 10 cm from the light source. Photoreduc-
tion of NBT was followed as a function of the irradiation time by determin-
ing the increase in absorbance at 560 nm (Moore et al. 1998).

3.7. Photosensitized degradation of histidine

Mixtures of PBS solutions of 6-MNAA (1) (5� 10�4 M) and l-histidine
(3� 10�4 M) were placed in quartz vessels of 1 cm path length, irradiated
for 1 h and incubated for 30 min in the dark at room temperature. The same
solutions were irradiated in the presence of GSH and NaN3 (1� 10�5 M).
Separate solutions of 6-MNAA and l-histidine alone were irradiated analo-
gously. Identical solutions maintained in the dark were used as controls.
The photodegradation of l-histidine induced by 6-MNAA was measured by
determining the histidine levels in the irradiated samples by a colorimetric
reaction using phosphate buffer, sulfanilic acid, sodium nitrite, sodium car-
bonate and ethanol as reagents (Figuereido et al. 1993). The absorbance
was read at 530 nm.

3.8. Photodegradation of thymine

PBS solutions of 6-MNAA (3� 10�4 M), thymine (1� 10�3 M) and mixtures
of these solutions were irradiated for 1 h with and without GSH and NaN3

(1� 10�5 M). Controls were kept protected from light. The formation of
thymine peroxides was measured by UV-Vis as reported (Jiang et al. 1992).
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