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Abstract

2,2-Azo-bis(2-amidinopropane) dihydrochlorid (AAPH) is probably the most extensively employed water soluble free radical source.
In the present work, we show that it readily forms a 1:1 complex with pyranine. The complex present a red shifted absorption spectra and a
reduced fluorescence yield, without significant changes in the fluorescence band shape. These changes are associated to a decreased val
of the phenolyc K5 in the complex. Time resolved fluorescence measurements reported a short lived component (due to the complexed
pyranine) and a long lived component, due to free pyranine, whose lifetime decreases when AAPH concentration increases. The complex
formation was quantitatively evaluated from the changes elicited in the absorption spectra. The formation of this complex is extremely
dependent of the medium ionic strength. In 10 mM phosphate buffer, pH 7.0, the association constant of the process

PY" 4+ AAPH?** — (compley 2

is 730+ 70 M1,
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1. Introduction that this simple scheme can not be a priory applied to this
system, due to a strong interaction between both compounds
,2-Azo-bis(2-amidinopropane) dihydrochlorid (AAPH) that leads to complex formation. This complex formation
is probably the most extensively employed water solu- could affect both pyranine photophysics and the free radi-
ble free radical sourcgl-6]. The popularity of AAPH cal production rate and/or behaviour of the primary radicals.
is due to the fact that under mild conditions (10mM at In the present work, we present data regarding the effect of
37°C), it produces free radicals at a very convenient rate AAPH upon the absorption and fluorescence spectra of pyra-
(0.75pM min—1), and that this rate is nearly independent of nine and evaluate, from these data, the association constant
the presence of additives, in particular redox active metals between both compounds.
[7,8]. The radicals produced in the thermolysis of AAPH
react with a wide range of compounds, in particular phe-
nols, and the mechanism has been represented by a simplé- Experimental
reaction scheme such as that giverSicheme 1
This simple set of reactions constitute the basis of several Pyranine (Sigma) and AAPH (Wako) were employed
procedures devoted to evaluate antioxidant capacities tha@s received. Absorption spectra were recorded in a
employ AAPH as an “ideal” free radical sourf8. As part Hewlett-Packard 8453 diode array spectrometer. Fluores-
of a systematic study on the reactivity of hydroxyaromatic cence spectra and fluorescence intensities were measured in
compounds towards peroxyl radicals, we have studied theFluorolog Spex spectrofluorimeter (excitation 460 nm, slits
reaction between AAPH derived radicals and pyranine (see1.25mm; emission 510nm, slits 2.5mm). Time resolved
Scheme 2 In the course of this investigation, we concluded experiments were carried out in an Edinburgh Instruments
OB 900 time-correlated single photon counting fluorimeter
* Corresponding author. Fax:56-2-6812108. employing an hydrogen filled lamp. Analysis of fluores-
E-mail addresselissi@lauca.usach.cl (E. Lissi). cence decays were carried out by a least-squares iterative
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Fig. 1. Pyranine absorption spectra measured at pH 5.7 (—); pH 7.0 (---);
pH 8.5 (--).
0502 conclude then that the band centred at 460 nm is due to the
Pyranine deprotonated pyranine, while the bands located at 370 and
400 nm are mainly due to the protonated spefid3.
" Changes in pyranine photophysical and photochemical
»HN | | /Hz properties due to complex formation have been previously
| N reported for alkylpiridinium iong12,13] methyl viologen
2HN NHp [10] and liposome forming amphiphild$4]. The presence

2,2'-azo-bis(2-amidinopropane)

Scheme 2.
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convolution method based on the Marquardt algorithm, us- o
ing the analysis routine provided by Edinburgh Instruments 0.6 1 =
(Edinburgh, UK). All measurements were carried out at o °
room temperature (2Z°) in phosphate buffer, 10 mM, pH 0,5 o
7.0. o ©
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3.1. Change in pyranine absorption spectrum with AAPH 02 °© B
concentration ’ © F
° H
Pyranine absorption spectra show bands centred at 370, ' P
400 and 460 nm whose relative importance is pH dependent
0,0 ;

(Fig. 1). The spectrum shows an isosbestic point at 416 nm
that allows a simple two state treatment of the data. In fact,

of an excess AAPH (10 mM) also drastically changes the
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the change in the intensity at 460 nm can be employed to
obtain the pyraninekd,. The type of plot obtained is shown

in Fig. 2 From this plot it is obtained agy, = 7.4, in good
agreement with previously reported valyé®,11] We can

Fig. 2. Effect of AAPH addition (10 mM) upon theKp of pyranine
(50pM): (0J) absorbance of the sample measured at 460 nm in absence
of AAPH; (O) data obtained in presence of AAPH.
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absorption spectra of pyranine (M), even after sub-  figure shows that AAPH addition increases the intensity
straction of the absorbance due to the presence of AAPH.of the band at 460 and decreases those of the bands lo-
This is shown inFig. 3A, where are shown spectra ob- cated at shorter wavelengths. These data allows to conclude
tained at pH 7.0 in absence and in presence of AAPH. This that
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Fig. 3. (A) Effect of AAPH addition (10 mM) upon pyranine absorption spectra at pH 7.0: (—) spectra in absence of pyranine; (---) spectra in presence

of AAPH after substraction of the absorbance due to the free AAPH; (B) Effect of AAPH addition (10 mM) upon pyrapik@ fliiorescence spectra
at pH 7.0: excitation, 416 nm; emission, 510 nm; (—) in absence of AAPH; (---) in presence of AAPH.
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(i) there must be an interaction between ground state pyra-for the interaction of pyranine with several short chain alkyl

nine and AAPH molecules; pyridinium ions.
(ii) the effect of AAPH is similar to that observed when the The similarity between the changes observed in presence
pH of the solution increases. of AAPH and those elicited by an increase in the solution

pH can be explained if thel, of the complexed pyranine

In order to evaluate the characteristics of the pyra- . L
nine/AAPH association, spectra were taken at a fixed pH 'S lower than tha_t qf the fre_e molecule. This is supported by
. the data shown ifrig. 2 This figure shows that thekp of

(7.0) and at several AAPH concentrations. The absorbance

at 460 nm steadily increases with the AAPH concentration, the pyranine is displaced towards_ lower values in presence
X of AAPH. Those results would indicate that the main effect
reaching a plateau at AAPH ca. 6 mM. If these changes are

associated to a simple complexation, process such as of the complexation is to favour the deprotonation of the
' pyranine molecule. This is compatible with the- 2harge

Pyranine+ AAPH <« complex (1)  of the AAPH ion.

The apparent association constant evaluated by the pro-
The absorbance at a given wavelength (i.e. 460) can be recedure described corresponds to the ratio between the total
lated to the complex formation through (3— and 4-) pyranine and the complex (mostly involving

deprotonated pyraniné-ig. 2)). In this case

(A—Ap)t = (Acomplex— Ap~t complex—2)

+(Acomplex— A0) K THAAPHI T (2) K = o ea T raningd ) AAPH (2]

(3)

whereA is the absorbance in absence of AAPH @@ghplex This association is at least partially promoted by the oppo-
the absorbance of the totally associated pyranine. A plot of site charge of pyranine and AAPH. This is evidenced by
the left hand side oEq. (2)against the inverse of the AAPH  the large effect of increasing the solution ionic strength by
concentration provides the valuelobs the ratio betweenthe  NaCl addition. In fact, 100 mM NaCl decreases the appar-
ordinate and the slope. This type of plot is showrfFig. 4. ent association constant value to 180, while at 1 M NaCl the
The linearity of the plot indicates that the association can be absorption spectra of pyranine barely changes up to 10 mM
represented by a simple process such as indicated.iil), added AAPH.

and provides an association constant value o520 M. From the apparent value of the association constant cor-
This value implies that half of the pyranine is complexed responding to the process representedEy (3) and pyra-
when the AAPH concentration is ca. 2mM. Furthermore, it nine Ka, it can be obtained the equilibrium constaki:)

is interesting to note that this association constant is very corresponding to the process

close to that reported by Rosenbluth and co-workE2sl 3] ]
AAPH(2+) + pyraning(4—) <> complex(2—) 4)

a5 The value oKy obtained by this procedure is 7370 M1
at the ionic strength of a 10 mM buffer phosphate solution.

30
3.2. Change in pyranine fluorescence with AAPH

concentration
25 -

Pyranine fluorescence spectra show a single band located

7, 20 at 510 nm. The position of this band is independent of the
< pH and the excitation wavelength. Also, the fluorescence
< 45 yield is also independent of the pH (in the 5-8 range) and of
| the excitation wavelength. This indicates that a fast equili-

10 bration between protonated and deprotonated species takes

place in the excited state. A monoexponential decay of the
fluorescence intensity takes place with a lifetime of 5.4 ns.
This value is close to previously reported dgta,13] Since
the (K, of phenols in the excited state are usually consider-
ably smaller than that of the ground state spefi&§ under
our experimental conditions only the excited{4species
[ABAP]" /(mM) has to be considered. This is compatible with the fact that
at pH 7.0 the behaviour of excited pyranine is wavelength

0 . , , , : ,
0 1 2 3 4

Fig. 4. Change in pyranine absorbance at 460 nm elicited by AAPH ad- ; ; [roipe
in ndent and th iven excitation wavelength, th
dition. Data are plotted asd(— Ag)~! vs. the inverse of AAPH concen- depe dent and that, at a given excitatio avelength, the

tration. A is the absorbance of the sample, akgdis the absorbance prior fluorescence spectra is pH independent up to very low pH
to AAPH addition. values (data not shown).
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35 Table 1
Lifetimes measured in presence of AAPHW! pyranine, pH 7.0)
AAPH (mM) Component Lifetime (ns) Amplitude (%)
0 1 54 100
1 1 5.0 93
2 0.8 7
2 1 43 85
IS 2 0.5 15
[=
=] 4 1 3.6 73
2 2 0.54 27
ko)
7 1 3.1 55
2 0.52 45

changes in the intensity of the adsorbed light. UpgoF ~
20, the plot is nearly linear, with a slope of 990#
A linear Stern—Volmer plot can arise if

0 10 20 30 40 50 (i) the ground state complex is frozen after excitation and
[ABAP)/ mM non-emissive;
(i) the ground state complex dissociates after excitation
Fig. 5. Stern—Volmer's plot for the quenching of pyranine fluorescence by and there is a dynamic quenching thereafter;

AAPH at pH 7.0. Pyranine: BM; excitation, 416 nm; emission, 510nm. iy there is a compensation of effects. For example, there is
an small emission from the complexed pyranines, and
dynamic quenching of the excited pyranines that were

Addition of AAPH readily reduces pyranine fluorescence uncomplexed at the moment of the excitation.

intensity without changing the fluorescence band shape
(Fig. 3B). Data obtained at pH 7.0 are plotted, according In order to test these possibilities, we have carried out
to the Stern—Volmer equation, iRig. 5. These data were time resolved fluorescence measurements. The results ob-
obtained by excitation at the isosbestic wavelength to avoid tained are given iTable 1 These data show that there is a
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Fig. 6. Change in the lifetime of the long living component of pyranine fluorescence with AAPH concentration. Lifet)naes plotted ag o/t (where
7o is the lifetime in absence of AAPH) against AAPH concentration.
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long component whose lifetime and percent contribution de- when AAPH is employed as a free radical source in presence
creases when AAPH concentration increases. Furthermore pf negatively charged polyaromatic compounds.
in presence of AAPH there is a considerably shorter com-
ponent, of nearly constant lifetime, whose relative contri-
bution increases when AAPH concentration increases. TheAcknowledgements
difference between the value measured at low AAPH con-
centration (0.8 ns) and the values measured at higher AAPH This work was supported by FONDECYT (Project
concentrations (0.5ns) is not considered significant due t01000022) and a Ph.D. CONICYT fellowship (A.P.).
the large error of the former value resulting from its small
contribution to the initial intensity (7%).

Possibilities (i) and (i) can be disregarded under our References
experimental conditions. If the excited state is frozen and
non-emissive, the slope of the Stern—\Volmer plot should cor-
respond to the ground state association constant. The differ-
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incompatible with the lifetime measurements carried out in
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