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The contribution of superoxide ion to the photofading of
dyes has been investigated. The involvement of superoxide
ion with singlet oxygen is important in the photofading of
Methylene Blue and Rose Bengale, but with indigo and
aminoanthraquinone dyes singlet oxygen without superoxide
ion is predominant.

INTRODUCTION

The photochemical formation of singlet oxygen from sen-
sitizers such as Rose Bengale {C.1. Acid Red 94) and Methy-
iene Blue (C.l. Basic Blue 9) is well known, and these sen-
sitizers have been used for many years as sources of singlet
oxygen {1]. The contribution of singlet oxygen to the
photofading of certain dyes has been studied. For example,
Griffiths and Hawkins have described the photochemical
oxidation of 4-arylazo-1-naphthols and analogous dyes (2],
and we have shown that 1-arylazo-2-naphthols indigo,
quinophthalone and aminoanthraquinone dyes undergo
self-sensitized or dye-sensitized photo-oxidation in solution
{3-6].

hv
ISens > 3Sens™ (1)
3Sens* + 30, > 'Sens + 'D, {2)

Srinivasan et al. [7], however, have recently reported that
superoxide ion also may be produced competitively with

singlet oxygen from an irradiated aqueous solution of Rose
Bengale.

3Sens* + 30, —Sens” + O (3)

We have examined the possibility that the photofading of
dyes takes place via a superoxide ion, and now report a
convenient technique for its detection, together with evi-
dence for the formation of superoxide ion in the photo-
fading of dyes.

EXPERIMENTAL

Generation and Detection of Superoxide lon

A solution of epinephrine (2.5 X 107 mol/l) and Methylene
Biue (Kanto Chemical Co. iInc., Guaranteed Reagent)
(1.0 X 107 mal/t}) in 200 ml of acetonitrile — 0.024N
HCI{9:1, vol./vol.}) was prepared. As in all subsequent irradia-
tion experiments, the solution was irradiated at 25 * 1°C
under aerobic conditions from outside the vessel with filtered
radiation {(A>520npm), using a UI-501 BOOW high-pressure
mercury-vapour lamp {Ushio Electric inc.). The formation of
adrenochrome {l1) indicated by a new absorption band
Anax = 480 nm, € = 4020), was determined by measuring
the absorbance at regular intervals.

Similarly, a solution containing epinephrine {0.0916 g
in suspension) and Rose Bengale (Kanto Chemical Co. Inc.,
Guaranteed Reagent) (1.0 X 107 mol/l) in 200 ml of
CH3CN—H,0 (9:1, vol./vol.) was irradiated and the absor-
bance of the new absorption band determined at regular
intervals.

Quenching Experiments with Superoxide lon

A series of solutions containing both epinephrine {25 X
10™ mol/t) and Methytene Blue (1.0 X 107 mol/l} in 200 ml
of acetonitrile—0.024N HCI {9:1, vol./vol.) was prepared.
EFach solution contained a different additive, viz. sodium
sulphite (6.0 X 107 mol/l), 26di-t-butyl-pcresol (25 X
1072 mol/t}, nickel dimethytdithiocarbamate (1.0X 107
mol/1), zinc dibutyldithiocarbamate (1.0 X 107 mol/l),
copper diethyldithiocarbamate (1.0 X 10™ mol/l), cobalt
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diethyldithiocarbamate (1.0 X 107 mol/l), 14-diazabicy-
clo[2,2,2] octane {DABCQ) (1.26 X 1072 mol/l), or super-
oxide dismutase (SOD) (0.76 mg, 2500 units/mg, Sigma
Chemical Co.}.

The solutions were irradiated and the rate of formation of
adrenochrome and the relative percentage fading of Methy-
lene Blue were determined spectrophotometrically.

Influence of Superoxide lon on the Photofading of Indigo
and Some Aminoanthraquinone Dyes
A solution containing epinephrine (2.5 X 10~ mol/l) and
indigo (2.5 X 107 mol/l) in 200 ml of acetonitrile—0.024N
HCI{(9:1, vol./vol.} was prepared and irradiated under the
same conditions as before, but the new absorption band,
indicating the formation of adrenochrome, did not appear.
Similar results were observed when a series of solutions
containing various aminoanthraquinone dyes (4.0 X 107°
mol/l} in place of indigo was irradiated.

RESULTS AND DISCUSSION

Generation of Superoxide lon in the Photofading of Rose
Bengale and Methylene Blue

It is well known that epinephrine (L-adrenaline) (1} is oxidi-
zed to give adrenochrome (I1) (Amax = 480 nm, e = 4020)
in the presence of superoxide ion generated by a chemical
method [B]. However, little oxidation of | to Il occurs
either with singlet oxygen or with air. This specific indicator
system has now been used to detect superoxide ion in the
photofading of various dyes.

HO o

o OH
HO (liH—-CHzNHMe 2.0

CH N

A solution of 1(2.5 X 107 moal/i) in 200m! of aceto-
nitrile—0.024N HCI (9:1,val./vol.) containing Methylene
Blue (1.0 X 10°% mol/l, Amax = 660 nm) does not absorb at
wavelengths around 480 nm. However, when it was irradiated
a new absorption band resulting from the formation of I
at about 480 nm was observed. (The rate of photofading
of Methylene Blue is retarded by adding I.) This absorbance
(Amax = 480 nm) increased with the time of irradiation (Fig-
ures 1 and 2). A solution of |, in the absence of Methylene
Blue or Rose Bengale, does not absorb at 480 nm either
before or after irradiation.

Similarly, when a suspension of epinephrine [0.0916 gin
200 mi of CH3CN—H,0 (9:1,vol fvol.}] containing Methy-
lene Blue or Rose Bengale (1.0 X 10™ *mol/l) in solution was
irradiated, the new absorption band based on || appeared.
The rate of growth of the absorption band in the neutral
suspension is much greater with Rose Bengale than with
Methylene Blue in acidic solution.

The generality of the photofading was examined using
other dyes, viz. indigo {C.I. Vat Blue 1; A, = 640 nm),
1,4-bis{methylamino)anthraquinone {C.l. Disperse Blue 14;
Amax = 596 and 643 nm), 1-methylamino-4-hydroxyethyl-
aminoanthraquinone (C.l. Disperse Blue 3; ?\max = 593 and
640 nm), 1,4-bis{p-toluidino}anthraquinone (C.I. Solvent
Green 3; A 604 and 640 rnm} and 1-amino4-
hydroxyanthraquinone (C.l. Disperse Red 15; Apax = 526
and 559 nm}. The results are illustrated in Figure 3. It is
known that all these dyes act as photosensitizers of singlet
oxygen [9,10], and also undergo decomposition themselves
by self-sensitized photo-oxidation caused by the singlet oxy-
gen [4,6,10,11]. However, when solutions of | containing
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Figure 1 — Effect of irradiation time on the absorbance of a
mixture of epinepfirine and Methylene Blue in acetonitrile—
0.024N HCI (9:1, vol./vol.} (A>520 nm)
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Figure 2 -- The formation of adrenochrome in the photo-

fading of a neutral solution of Rose Bengale (©) and an acid
solution of Methylene Blue (®), both containing epinephrine



these dyes were irradiated, there was little sign of the new
absorption band based on |l at 480 nm. Indigo and amino-
anthraguinone dyes therefore appear to have little or no
ability to generate the superoxide ion under photofading
conditions.
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Figure 3 — Formation of adrenochrome in irradiated solu-
tions of indigo (2.5 X 10°° mol/l) and various aminoan-
thraquinone dyes (4.0 X 1075 moal/t) in the presence of
epinephrine (2.5 X 10°° molfl} [solvent: acetonitrile—
G.024N HCI (9:1, vol.Nol.)]

Contribution of Superoxide lon to the Photofading of Methy-
lene Blue

Further evidence for the contribution of superoxide ion in
the photofading of Methylene Blue was obtained by guen-
ching experiments. In the presence of sodium sulphite
(SO3%7) or superoxide dismutase (SOD), both of which are
sensitive acceptors of superoxide ion [7,12], the rate of
formation of Il was retarded in the photofading of Methy-
lene Blue (Figure 4). In addition, the gquenching of super-
oxide jon by transition-metal [Ni{ll),Zn (1}, Cu{ll) and Co
{I11)] complexes of dialkyldithiocarbamic acid, and DABCO,
were examined. Figure 4 shows that the Ni(ll} complex,
which is known to be a very effective quencher of singlet
oxygen [9,10], also exerts a quenching action on superoxide
ion. The quenching of superoxide ion is also seen in the pres-
ence of the Co(lll} complex. The quenching action of the
metal complexes was increased by the presence of 2,6-di-
t-butyl-p-cresol, which is an effective radical-scavenger,
The complexes of Cuf{ll} and Zn{ll}), and DABCO, have no
quenching ability for superoxide ion,

The effect of epinephrine and the metal complexes on
the photofading of Methylene Blue was also examined. The
results, illustrated in Figure 5, show that photofading was
retarded in the presence of epinephrine alone. With a mix-
ture of epinephrine and Ni{il} complex, no significant photo-
fading occurred. The presence of a Cu(ll) or Co(lll) complex
increased the retarding action of epinephrine. With a mixture
of epinephrine and Zn(ll) complex, however, the rate of
photofading was accelerated. It is also noteworthy that the
photofading of Methylene Blue and Rose Bengale was
retarded by the presence of 3-carotene, an effective singlet-
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Figure 4 — Effect of additives on the rate of formation of
adrenochrome in the photofading of Methylene Blue solu-
tion (1.0 X 10~ mol/l} containing epinephrine (2.5X 1073
mol/l)

I
0-oms2, — 51 9. 3-—0 ] »—
Oﬁ\ =g~ ——n-——
o \::*-g‘::g i
\ \. 0 0\0_\—9-__
20 el —
&
- \n o\\.
o
g 401 \A\ \.\
B n
8. ~a
g \A\
8 60 A\A
a \A'——
801
100 v y - - - r
0 30 60 a0 120
{rradiation time,min
¢ No additive
o Epinephrine alone
& Epinephrine + Co(lil) complex (1.0 X 10™* mol/l)
& Epinephrine + Ni{ll) complex (1.0 X 107* mol/l}
a  Epinephrine + Zn{l1) complex {1.0 X 10™ mol/l)
o Epinephrine + Cu(l1} complex (1.0 X 107* mol/l)

Figure 5 — Effect of epinephrine (2.5 X 1072 moi/l) together
with metal-complexes on the photofading of Methylene Blue
(1.0 X 10°° mol/l} in acetonitrile—0.024N HCI (9:1, vol./
vol.)

oxygen quencher.

From these observations and earlier findings, therefare, it
is reasonable to assume that the involvement of superoxide
ion with singlet oxygen plays an important part in the
photofading of Methylene Blue and Rose Bengale, but that
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with indigo and aminoanthraquinone dyes the contribution
of singlet oxygen without supercxide ion is predominant.
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