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Abstract

A kinetic study on the effect of the therapeutic anti-oxidative drugs 4- and 5-aminosalicylic acids (ASA) in a Vitamin B2 (riboflavin
(Rf))-photosensitised process was performed. Employing Rf 0.01-0.02 mM and ASA 0.5-1 mM both in the excited singlet and triplet
states of the pigment are quenched by ASA with rate constant values slightly lower than the diffusional ones. From the latter states singlet
molecular oxygen and Rf are generated and subsequently scavenged with the concomitant degradation of ASA, mainly by means of
superoxide radical anion. As a consequence, the photodegradation of the vitamin is impeded due to the electron transfer process from Rf
to ground state dissolved oxygen.
© 2002 Elsevier Science B.V. All rights reserved.
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1. Introduction intermediary of ASA in the presence of Rf as a visible-light
sensitiser, to our knowledge, has not been investigated. This

A natural daylight-absorbing pigment of particular in- is the aim of the present kinetic and mechanistic study,

terest is Vitamin B2 or riboflavin (RfScheme ) which employing the visible-light transparent 4- and 5-ASA.

has been postulated as a possible sensitiser for the photo-

oxidative degradation of numerous relevant natural sub-

strates present in different classes of living organi$tjs

Rf produces the highly reactive speciea(bxg) with a . - ] ] .

quantum yield of 0.48 in MeOlf2]. Also innumerable cases 4-Aminosalycilic acid (4-ASA) and 5-aminosalycilic

of (O,*~)-mediated reactions towards different substrates (3-ASA) acid, riboflavin (Rf), sodium azide (NaNand

of biological and environmental interest, sensitised by Rf, SUPeroxide dismutase (SOD) were purchased from Sigma

have been reportdd]. Nevertheless, the scavenging action (USA)- In all cases, the solvent employed was the mix-

of oxygen active species by certain biologically-relevant turé of water-MeOH 1:1 (v/v). Water was triply distilled

endogenous or externally added compounds can either in-@"d MeOH (HPLC quality) was provided by Sintorgan

hibit or promote photodamage in natural media. In this (Argentina). _ _ _

context, an important class of these potentially interactive ~Ground state absorption spectra were registered in a

Rf, in humans, may be the externally administered drugs Hewlett-Packard 8452A d_lode array spectrqphotometer.

namely aminosalicylic acids (ASAScheme ) [4-6]. The The laser flasfh photolysis app.aratqs,.the tlmg-resolved and

antioxidant action of ASA operates by different mecha- statlonar.y fluorimeters and the |rrad'|at|0n devices for static

nisms, including the scavenging of activated electrophilic Photolysis have been already descritygd

forms, such as peroxy radicals, hydroxy radicgfs and The Rf-sensitised photo-oxygenano_n rates of A_SA

02(*Ag), this one recently demonstrated in vitro in our lab- (0-4mM) and Rf (0.02mM) were determined by evaluation

oratory[8]. Nevertheless, the potential properties, as a redox of the initial slopes of oxygen consumption versus irradiation
time, employing an specific oxygen electrode (Orion 97-08).

"+ Corresponding author. Teks54-358-4676439: Ar_1aerob|c photo_—decompo_5|_t|_on rates of Rf were de_ter-
fax: +54-358-4676233. mined by evaluation of the initial slopes of Rf consumption
E-mail addressngarcia@exa.unrc.edu.ar (N.A. Garc (decrease of absorbance at 446 nm) versus irradiation time.

2. Materials and methods
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When the system ASA/Rf/oxygen (air)B-MeOH was
illuminated with light of wavelength higher than 400 nm,
spectral changes were observed in the UV/visible absorption
spectrum of the mixture, with simultaneous oxygen con-
sumption. No changes in the rate of oxygen consumption
could be observed in the presence of the knowgml@g)
guencher NaBl 2mM [10], whereas, in the presence of
1 mg/100 ml superoxide dismutase (SOD), an employed su-
peroxide radical anion scavend&fi—14] the rate of oxygen
consumption was slightly increased.

Comparative irradiations of Nsaturated aqueous solu-
tions of Rf in the presence of ca. 0.05mM 4- and 5-ASA
showed a decrease in the rate of Rf consumption, as moni-
tored by the evolution of the 445 nm absorption band. This
fact suggests a process of electronic excited singlet and/or
triplet Rf (*Rf* and3Rf*, respectively]15] represented by
processes (2) and (5) iBcheme 2being kg and 3kq the
respective quenching rate constants.

The quenching of Rf fluorescence (process (2)), was de-
tected through time-resolved methods and evaluated through

Scheme 1. Chemical structures of 4- and 5-aminosalicylic acids and the classical Stern—\Volmer treatment. THQI values are

riboflavin.

3. Results

shown inTable 1

The lifetime of 3Rf* markedly decreases in the presence
of ASA in the mM concentration range (process (5)). As
before, a Stern—\Volmer treatment of the triplet quenching,

Results are interpreted and discussed on the basis ofyielded the bimolecular rate constaﬁl@l (Table 1.
Scheme 2!Rf* and3Rf* represent the excited singlet and

triplet states of Rf.

The transient absorption spectrum of Rf, immediately
after the laser pulse is similar to the reported one for the Rf

Scheme 2. Possible reaction steps in a riboflavin (Rf) photosensitised process in the presence of 4- and 5-aminosalicylic acids RaSA)aRd R

@ kd3_ g
Rf _*L 1Rf* _ISE, 3R (5) ASA_ Rf* + ASA
My © -
1kg| ASA FaUn
(6) O2( 35g) 02(1Ag)
Rf + ASA or Py ket
(8) :
Rf* +02(3Xg-) > 02 +Rf
(9)
kslASA
P2
(10) .
0,(1Ag) +ASA > 0, (3zg)+ASAandlor P3
kt1
(11 -
0,(1ag) +Rf  —» 0,(3%g)+P4
ktz

represent hypothetical photoproducts.
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Table 1

Rate constantskf,) for the quenching of glAg), for the quenching of
excited singlet riboflavinlfq) and for the quenching of excited triplet Rf
(3kq) by 4- and 5-aminosalicylic acids (ASA) all ind®@—MeOH 1:1 (v/v)

Compound &, x 10 Tkq x 10° Skq x 10°
Ms)™t +10% (Ms)™! + 5% Ms)™! + 10%
4-ASA 3.0 3.0 5.0
5-ASA 20.G° 5.7 5.7
aRef. [8].

neutral triplet state in MeOHlL6]. The corresponding spec-
tral trace recorded at 405 after the laser pulse, under iden-
tical experimental conditions as the formerly described, but
in the presence of 5mM 5-ASA, possesses a shape simila
to those habitually identified with the presence of the well
known Rf radical anion (Rf") [2,16,17]

4. Discussion

Experimental evidence indicates the participation in the

photoprocesses of reactive oxygen species generated directly

or indirectly by 'Rf* and/or 3Rf*. In spite of the high

value—close to the diffusion limit—of the rate constant for
the interaction'Rf*/ASA (*kq, process (2)), concentrations
of ASA, much higher than those employed in our photol-

ysis experiments, are necessary to prevent Rf triplet state

population.®Rf* in solution generates both,3Ag) and
O2°*~ upon visible light irradiation with reported quantum
yields of 0.48-049 and 0.009, respectivilyl8]. Hence, in
comparative terms, the direct generation g O by elec-
tron transfer fron?Rf* to O, must be considered negligible.
Regarding the participation of—‘@lAg) as responsible for
oxygen consumption, in a previous pap8f, we demon-
strated that ASA are merely physical quenchers gﬁ@g)

in H20, with overall rate constants for process (10) in the
order of 10—-10° (Ms)~1 (Table J). In other words, neither

spectral changes nor oxygen uptake should be observed as
a consequence of process (10), in a Rf-sensitised irradiation 8]

of ASA.

On the other hand, although Rf has been reported as a

chemical quencher of £ Ag) with k;,= 6 x 10’ (Ms)™1
[2], under work conditions most of the reactive oxygen

species generated should be physically scavenged by ASA

given thatk,[ASA] > k,[Rf]. Furthermore, the experi-
ments in the presence NgMonfirm the above postulations.
The predominance of a given process will depend on the
competition between £and ASA for the quenching GRf*.
Employing literature information for the involved rate con-
stants and @3 >_g) concentration[19-21] it arises that

process (5) is the preferred form #Rf* deactivation, and

considering the previous discussion, oxygen consumption

in the Rf-sensitised photo-oxidation of ASA should be as-
cribed to a @*"-mediated mechanism. Nevertheless, the re-
sults of the experiments of stationary photo-irradiation in the
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presence of SOD constitute, in principle, evidence against
this proposition: kinetic inhibition in a & ~-mediated re-
action has been frequently interpreted as a confirmation of
the said mechanism. Nevertheless, a relatively high value of
2.7 x 10° (M s)~1 for the rate constant of interaction with
02(*Ag) has been reportef@2] for SOD in HO. This ar-
gumentation suggest that, under work conditions, a slow in-
crease in the rate of oxygen uptake in RffASA/SOD solutions
is not sufficient evidence to discard a pure*O-mediated
reaction. Furthermore, the direct evidence fot Rfenera-
tion under photo-irradiation, strongly implies the formation
of O2*~ working in an air-saturated solution. A rate constant
value of 14 x 10° (M s)~1 has been recently reported for the

rgeneration of @~ from Rf*~ [18] (process (8)), a reaction

that at the same time regenerates ground state Rf, a crucial
step in living organisms in which it is well known thap©
is a key intermediate in the oxygen redox chemi$®y].
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