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ABSTRACT Complexation of aluminum (III) with cyanidin, a natural antho-
cyanidin molecule, has been investigated in methanol and buffered solutions of
pH 3.0 and 4.0. Electronic absorption spectroscopy was performed to character-
ize the stoichiometry and stability of the complexes formed. In investigated
solvents, aluminum bonded moderately to cyanidin requiring large mole
ratios of the components (up to 200) for the access of complexation. Molar
ratio plots showed the formation of only one complex with stoichiometry
aluminum (III):cyanidin of 1:1 in both investigated media. Semiempirical calcu-
lations, performed in the Austin Model 1 parameterization, enabled the deter-
mination of the structural features of free compounds as well as complex
structural modifications caused by chelation of Al(III).

KEYWORDS aluminum (III), complex formation, cyanidin, electronic spectra, semi-
empirical calculations, stability constants, stoichiometry

INTRODUCTION

Because of the remarkable array of biologic and pharmacologic activities,
physiologic effects, possible industrial applications, and constantly increasing
commercial interest, flavonoids, especially anthocyanins and flavones, have
attracted the attention of many researchers during the past decade.[1–7]

Together with chlorophyll and carotenoids, flavonoids represent the main
pigments in the plant world. These molecules are aromatic secondary plant
metabolites, which belong to the class of plant polyphenolics. Structurally
they are heterocyclic p-electron systems built upon a C6H5 (A)–C3–C6H5 (B)
flavone skeleton in which oxygen is the heteroatom. A group of flavonoids is dif-
ferentiated in several classes according to the degrees of oxidation and unsatura-
tion of the heterocyclic C ring.[8]

Anthocyanidins and their glycosylated forms, anthocyanins, represent one of
the most important and the most widely spread classes of the flavonoids. These
pigments as the most intensively colored are responsible for the existence of
most red, blue, and purple colors in flowers and fruits.[9–12] The natural environ-
ments of anthocyanin pigments are cell vacuoles that are essentially aqueous,
slightly acidic, or neutral.[8,13] Except in strongly acidic medium, which is not
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characteristic to the natural environment, the flavylium
chromophore, responsible for the color of these mol-
ecules, is highly unstable and poorly colored.[13] The
stability of the structure of these molecules in vivo, con-
ditioning the stability of their color, is partially
improved by glycosidation and acylation but also very
dependent upon possible metal complexation, copig-
mentation, and self-association reactions.[8,9,13–21]

Metal complexation reactions play important and
multiple roles in biologic systems. They are a very sen-
sitive and powerful color stabilization mechanism
developed in higher plants.[22–26] Accumulation of
metals in peripheral tissues, enabled by these reactions,
reduces the possibility of their migration to ecosys-
tems[4,5] and also protects plants from pathogens and
plant eaters. By chelating metal ions, anthocyanins, fla-
vonoids generally, prevent the metal-mediated gener-
ation of free radicals and accordingly may protect the
very important biologicly active molecules from oxi-
dative stress.[27] Metal complexation reactions are also
very often used for colorimetric purposes in the detec-
tion of metal traces in solutions.

Anthocyanidins and anthocyanins possess one or
more structural features that can be involved in com-
plexation reactions with metal ions. The current paper
presents in vitro study of the cyanidin–aluminum (III)
complex formation in acidic aqueous buffered
solutions, pH 3.0 and pH 4.0, and in methanol.
Cyanidin (Scheme 1) is, in terms of frequency and
abundance, the most common anthocyanidin in
nature,[28] which hydroxyl functions enable complex
formation with trivalent aluminum. Cyanidin is used
as a model compound because its aglycon form does
not exist in nature. Using the aglycon form of
cyanidin, apart from glyco and acyl moieties, the com-
plexity of the complex structure could be reduced and

consequently the semiempirical calculations much
facilitated.

The aim was to establish the possibility of
compelexing in acidic medium to determine the stoi-
chiometric composition and the stability of the com-
plexes formed, as well as structural modifications
caused by chelation of aluminum (III) ions.

MATERIALS AND METHODS

Materials

Cyanidin chloride (Pfaltz and Bauer, USA),
AlCl3 . 6H2O (Fluka, Switzerland), acetic acid (Merck,
USA), sodium chloride (p.a.; Merck, USA), sodium
hydroxide (Merck, USA), methanol (Uvasol; Merck,
USA), and hydrochloric acid (Merck, USA) were used.
The aluminum chloride hexahydrate was used as
received, and the purity of cyanidin was checked chro-
matographically according to the literature data.[29]

Solutions

Acetate buffered solutions pH 3.0 and pH 4.0 of
constant ionic strength, adjusted by sodium chloride
(5 � 1021 moldm23), were used. The solutions were
obtained by mixing acetic acid (c ¼ 5 � 1022

moldm23) and sodium hydroxide (c ¼ 1.5 moldm23).
Stock solution of cyanidin, c ¼ 1 � 1023 moldm23,
prepared in methanol with the addition of one drop of
0.1% HCl, was left to equilibrate in the dark for 1 h.
This solution was diluted to the original concentrations
(c ¼ 5 � 1025 moldm23) by addition of the buffers
and methanol. During all the measurements, the
cyanidin concentration was kept constant. The stock sol-
utions of the aluminum chloride hexahydrate,
c ¼ 1 � 1022 moldm23, prepared in corresponding
buffers and in methanol, were diluted to fit different
metal:pigment mole ratios.

Electronic Spectra

The complexation of cyanidin and aluminum was
studied by spectroscopic measurements. Electronic
spectra of free and complexed cyanidin in different
media were recorded on a Cintra GB-10UV-Vis spectro-
photometer. Quartz cuvettes (Puy Unicam, England) of
10-mm optical pathlength were used. Each spectro-
scopic measurement was repeated three times.SCHEME 1 Structural Formula of Cyanidin.
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pH Measurements

An Iskra MA 5730 (Kranj, Slovenia) pH meter with a
Sentek (Essex, England) combined electrode was used
for the pH measurements.

Theoretical

The stability constant values and the composition of
the complexes formed were obtained by molar ratio
method and by Nash method.[30] Jobb’s method of
continual variations could not be used because of the
large molar ratios required for monitoring the
reaction. Because the ligand molecule, cyanidin,
absorbs in the same region as the complex formed,
absorbance measurements in each applied method
were performed away from the wavelength of absorp-
tion maximum (at lpH3 ¼ 567 nm, lpH4 ¼ 563 nm,
and lMeOH ¼ 581 nm), where the differences between
absorbance values were the biggest.

Semiempirical Calculations

Taking into account the size of the molecules under
investigation, the corresponding computer effort, and
numerous literature data,[31–38] it is possible to
conclude that among all semiempirical methods, the
AM1 (Austin Model 1) method[39] is the most appropri-
ate to determine the structure of the flavonoid com-
pounds and to reproduce experimental data, particularly
electronic or vibrational spectra. The geometry optimiz-
ation has been performed at the restricted HF AM1
level[39] and implemented in the Hyperchem program
(version 7.5).

RESULTS AND DISCUSSION

The obtained spectroscopic results confirm the com-
plexation of cyanidin in methanol and also in acidic
environment (pH 3.0 and pH 4.0), which generally is
not the most favorable one.

Chosen pH values are close to an average, physio-
logic, pH value of the plant tissue[40,41] so the
obtained results could give better insight into the pro-
cesses of biological relevance in vivo. The pH interval
in which the reaction was monitored was limited due
to some reasons. The pH values below pH 3.0 were
not investigated because they are not characteristic to
natural media.[40,41] On the other hand, complexation
reaction could not be monitored at higher pH values

because of the strong hydrolytic properties of
aluminum ion, which, at the concentrations used in
the experiment, precipitated due to the formation of
various types of aluminum hydroxo and acetate
complexes.[42]

Aluminum (III) is an octahedrally hexacoordinated
ion that can bind one, two, or three molecules of biden-
tate ligand with the formation of 1:1, 1:2, and 1:3 com-
plexes, respectively. In the investigated systems, it
bonded moderately to cyanidin requiring large mole
ratios of the components, especially in the pH 3.0
solution, for the access of complexation. In the visible
range of the spectra, free cyanidin exhibits an absorp-
tion band of cationic transformation form positioned
at lmax(pH3.0) ¼ 516 nm (Fig. 1, curve 0) and
lmax(pH4.0) ¼ 518 nm (Fig. 2, curve 0). The addition
of aluminum to the buffered solutions results in the
appearance of new, batochromically shifted bands that
can be attributed to the metal complexes formed.
Figures 1 and 2 present some of the spectra of the com-
plexes formed at different aluminum–cyanidin mole
ratios. The spectra cross clear isosbestic points
(lis ¼ 519 nm, Fig. 2; and lis ¼ 516 nm, Fig. 3),
which in both cases indicate fairly simple flavylium
cation–aluminum equilibrium that involves only two
species: free and complexed cyanidin molecule. By
the positions of the new bands (lmax(pH3.0) ¼ 551 nm
and lmax(pH4.0) ¼ 553 nm) and from the very well-
known[13] complex structural equilibrium, which is gen-
erally established between colored (flavylium cation
and anhydrobase) and colorless (pseudobase and
chalcone) transformation forms, it is possible to
conclude that these bands correspond with some of
the anhydrobase transformation forms of cyanidin
molecule. Because these pigment transformation
forms are not characteristic to acidic environment, it
is quite possible to presume the ability of the small,
hard, charged aluminum (III) ion to deprotonate flavy-
lium chromophore even in acidic buffered solutions
and make the molecule adopt some of its anhydrobase
forms that are normally characteristic to higher pH
values. The earlier investigations[15] assumed that the
anthocyanidin (anthocyanin) molecules preferentially
enter complexation reactions not in acidic but in
neutral or weekly alkaline aqueous solutions in which
they adopt some of the anhydrobase structural forms.

To be able to compare the obtained results, the com-
plexation was also investigated in methanol, which is
well-known as a good complexing medium. In
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methanol, complex formation also results in spectral
modifications with the appearance of a new band bato-
chromically shifted. Figure 3 presents electronic absorp-
tion spectra of equilibrated cyanidin–aluminum (III)
solutions in methanol. The isosbestic point at

lis ¼ 547 nm also indicates simple equilibrium in the
system.

The complex formation between cyanidin and
aluminum (III) proceeds most probably by proton
detachment from the cyanidin molecule and can be

FIGURE 2 Electronic Spectra of Equilibrated Solutions of Cyanidin (c 5 5 3 1025 mdm23, I 5 5 3 1021 moldm23, T 5 2088888C) in pH 4.0

Buffer at Different Aluminum–Cyanidin Mole Ratios (Indicated on Spectra by numerical values).

FIGURE 1 Electronic Spectra of Equilibrated Solutions of Cyanidin (c 5 4 3 1025 moldm23, I 5 5 3 1021 moldm23, T 5 2088888C) in pH 3.0

Buffer at Different Aluminum–Cyanidin Mole Ratios (Indicated on Spectra by numerical values).
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accounted from the Eq. (1):[30]

mAl3þ þ nH5C()½AlmðH5�yCÞn�
3m�yn

þ nyHþ
ð1Þ

where m and n are the numbers of aluminum ions and
cyanidin molecules bound in the complex structure,

and y is the number of Hþ ions detached from one
cyanidin (C) molecule upon complex formation.

The corresponding stability constant value is:

g ¼
½AlmðH5�yCÞn�

3m�yn
½Hþ

�
ny

½Al3þ�m½H5C�
n

ð2Þ

FIGURE 3 Electronic Spectra of Equilibrated Solutions of Cyanidin (c 5 5 3 1025 mdm23, I 5 5 3 1021 moldm23, T 5 2088888C) in Methanol

at Different Aluminum–Cyanidin Mole Ratios (Indicated on Spectra by numerical values).

FIGURE 4 The Changes of the Absorbance Values of the Complex (Measured at l 5 581 nm) versus Aluminum (III) Concentration in

Methanol.
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When the pH value is constant, Eq. (2) is transformed
into Eq. (3) giving rise to stability constant b:

b ¼
½g�

½Hþ
�
ny ¼

½AlmðH5�yCÞn�
3m�yn

½Al3þ�m½H5C �
n

ð3Þ

Equation (3) shows that the stability constant value b
is the relative one, and in the case the complexation
reaction proceeds without proton detachment, it
equals b ¼ g. By the molar ratio method,[30] Eq. (3)
may transform into Eq. (4) which correlates all the par-
ameters in Eq. (3) with the spectroscopically obtained

FIGURE 5 Relative Absorbance Values, log (Ax/(A02Ax)
n), verses Aluminum Concentration in the pH 4.0 Buffer: (A) n 5 1; (B) n 5 2.
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results:

log
Ax

ðA0 �AxÞ
n ¼ m log cAl3þ þ logb ð4Þ

where (Ax) and (A02Ax) represent absorbance values
that correspond with equilibrium concentrations of
the complex and ligand, respectively. A0 is the absor-
bance value of the horizontal part of the curve that
presents the dependence of the complex absorbance
values verses aluminum (III) concentration. Figure 4
presents such dependence in methanol. The horizontal
part of the curve, reached in each medium at certain
aluminum concentrations, corresponds with the com-
pletely complexed cyanidin molecule. For certain
number of ligand molecules and metal ions bound in
the complex structure (n and m values, respectively),
Eq. (4) gives linear dependence of log Ax/(A02Ax)

n

verses log cAl3+ with an intercept that equals log b.
Figure 5A, 5B presents molar ratio plots for the com-
plexation in the pH 4.0 buffer solution taking n ¼ 1
and n ¼ 2, respectively, and m ¼ 1 in both cases.
From Fig. 5A it is evident that only the n ¼ 1 value
gives the linear dependence indicating 1:1 stoichi-
ometry for the complex formed. The same stoichi-
ometry is also obtained for the complexation in pH
3.0 buffered solution and in methanol. Quite similar
results are also obtained by the Nash method, which
gives the same stoichiometry for the complexes
formed in buffered solutions and methanol. The total
dominance of 1:1 species in both solvents could be
expected as the experimental data was possible to
collect only at a considerable excess of aluminum
(III). Relative stability constant values, obtained by
both methods, are listed in Table 1. From Eq. (3),
which can also be presented as logb ¼ loggþ pH, it
is evident that the more pH increases, the more the
complex is stable, and consequently at pH 4.0 the

stability constant value is greater than at pH 3.0
(Table 1). These findings go along with what is generally
observed in the large majority of the cases. The calcu-
lated constant values are the relative ones, and our
results, as well as the literature data, have not been cor-
rected for the ligand dissociation. The fact that the
difference between two stability constant values in
buffered solutions (�0.9) almost corresponds with the
difference in pH values (1.0) confirms the assumption
that the complex formation mechanism proceeds with
the detachment of Hþ ion. The question, which
possibly can arise from the obtained result, is whether
or not the proton detachment is a consequence of the
cyanidin deprotonation and the bond formation with
aluminum (III) on the same oxygen atom. The answer
to this question is probably yes. The known fact is
that a large majority of compounds with phenolic
(OH) groups enter complexation reactions upon
hydroxyl group (or groups) deprotonation and metal
binding on the same oxygen atom. The main driving
force for binding metal ions in such complexes is
larger binding energy in the complex compared with
binding energy of Hþ ion. We suppose that the same
reason stands also for complex formation between
cyanidin and aluminum (III).

Although the experimental results and calculations
do not precisely indicate the structure of the com-
plexes formed, the existence of one catechol unit in
the B ring of cyanidin (Scheme 1), the strong
affinity of aluminum to this structural feature, and
the obtained 1:1 stoichiometry implicate the for-
mation of chelate structure complex, [Cy Al]þ, with
the participation of catechol C-40–C-30 unit as a che-
lating site. This assumption is consistent with the fact
that the hydroxyl group at C-40, due to conjugation
effect, undergoes deprotonation first followed by
the deprotonation of the hydroxyl group at C-30.[13]

Consequently, it is possible to predict the formation
of the chelate complex structure. The results are
also consistent with the literature data concerning
complexation of some synthetic and natural antho-
cyanidin molecules.[43] Because the complexation
constant b is the relative one, it is possible to
presume that there is more than one Hþ ion that
detaches.

The constant values calculated by both methods
agree rather well with the data[44] referring to the depro-
tonation constant values (varying from pK ¼ 4.3 to 5.6,
I ¼ 0.5 moldm23, and T ¼ 258C) of more than 20

TABLE 1 Stability Constant Values and Stoichiometric Ratios

of the Components for the Cyanidin–Aluminum (III) Complex

Formation Calculated by Nash and Molar Ratio Methods

Nash method

Molar ratio

method

Complexing

medium log b n log b n

pH 3.0 2.74 1 2.91 1

pH 4.0 3.64 1 3.80 1

Methanol 4.32 1 4.44 1
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differently substituted cyanidin derivates and the depro-
tonation constant values of the flavylium transform-
ation forms of six anthocyanin molecules in water
(pK0 ¼ 3.50 to 4.85).[45] Somewhat bigger stability
constant value in methanol (Table 1) goes along with
the change of the relative permittivity value of the
solvent. The solvatation process in methanol is much

less pronounced compared with water, so the complexa-
tion is probably driven by stronger electrostatic forces.
The stability constant values in methanol (Table 1)
are also rather consistent with the data[36–39] referring
to the complexation of aluminum (III) with differently
substituted flavones, molecules structurally very similar
to anthocyanidins.

FIGURE 7 Geometry Optimized Structure of Complex I (pH 4.0) (Water Molecules have been Omitted).

FIGURE 6 Comparison of Calculated and Experimental Electronic Spectra of Free Cyanidin at pH 3.0. The Vertical Lines Represent Some

of the Theoretical Band Positions Calculated by AM1 Method for Optimal Cyanidin Conformation.
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Considering the fact that the dissociation constant
values of hydrogen atoms in phenolic groups are not
known, it is possible to suppose that chelate complex
is bearing one positive charge, [Cy Al]þ. Positive
charge of the cyanidin cationic form presented in
Scheme 1 does not point to ionic character of

cyanidin. It denotes only the center of the positive
charge of the chromophore[8–10,13] and cannot be
taken into account in calculating complex charge.
This also goes in favor of the assumption that upon
deprotonation of cyanidin molecule, aluminum binds
on the same oxygen atom. Binding on the oxygen

FIGURE 9 Comparison of Calculated and Experimental Electronic Spectra of Complex II (in methanol). The Vertical Lines Represent

Some of the Theoretical Band Positions Calculated by AM1 Method for Optimal Complex Conformation.

FIGURE 8 Comparison of Calculated and Experimental Electronic Spectra of Complex I (pH 4.0). The Vertical Lines Represent Some of

the Theoretical Band Positions Calculated by AM1 Method for Optimal Complex Conformation.
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atom that is bearing the positive charge (Scheme 1)
would not be possible as the aluminum is also posi-
tively charged.

Semiempirical calculations enabled the determi-
nation of the structural features of free cyanidin and
structural modifications caused by aluminum (III)
binding. The geometry optimization performed at the
restricted HF AM1 level[32] provides the opportunity
to describe the electronic spectra of both free and com-
plexed cyanidin molecule.

Conformation search is performed to determine
stable conformers of cyanidin. Optimal structure is
used for further investigations. The geometries of the
free and complexed molecules are fully optimized
without restriction. The results of the energy minimiz-
ation show that free cyanidin and complexes formed
can adopt several conformations. The almost planar
conformation of free cyanidin is realized with
minimum energy and consequently is the most stable
one as the B ring is not much distorted in response to
orientation of hydroxyl group in C-3 position. The elec-
tronic spectrum of free cyanidin at pH 3.0 (in its
cationic form) and the spectral positions of the calcu-
lated transitions for optimal conformation are rep-
resented in Fig. 6. Calculated electronic transitions
(vertical lines) are relative to the values of oscillator
strengths. It is evident that the theoretically calculated
transitions, especially those with minimal energy,
maximal wavelength, are in rather good agreement
with the experimentally obtained spectrum. This can
validate the chosen semiempirical method, which
reproduces the experimental results rather well.

The complex model obtained by the AM1 calcu-
lations indicates the formation of chelate complex in
which cyanidin bonds to aluminum with the loss of
two protons and the breaking of the hydrogen bonds.
Although the experimental results do not directly
indicate the loss of two protons, the theoretical model
does so by calculating chelate complex structure as
optimal configuration, the one that is obtained with
minimal energy.

For energy minimization purposes of each complex
structure solvent, molecules are coordinated to
aluminum in order to obtain proper metal coordi-
nation. Geometry optimized structure of the 1:1
complex formed in the pH 4.0 buffered solution
(complex I) is presented in Fig. 7. For clarity, water mol-
ecules are omitted from Fig. 7. The experimental elec-
tronic spectrum of the complex I is presented in

Fig. 8, and the spectrum of the 1:1 complex formed
in methanol (complex II) is presented in Fig. 9.
Obtained electronic transitions (vertical lines), calcu-
lated by taking into account the pigment as well as
metal structure, are relative to the values of oscillator
strengths and are rather consistent with the absorption
coefficients of the experimental spectra.

Molecular features calculated for optimal confor-
mations of free and complexed cyanidin indicate that
the structural modifications caused by the chelation
of aluminum (III) are mainly localized on the C ring
and on the chelating sites of the B ring. Bond lengths
and valence angles of free cyanidin and complexes
I and II are reported respectively in Tables 2 and 3.
The main changes occur on O-1–C-2, C-2–C-3, and
also on C-3–C-4, C-4–C-10, and C-9–C-10 bonds
in the C ring (Table 2). The changes are also evident
on possible chelating sites, C-30 –C-40 as well as on
the C-2–C-10, C-20–C-30, and the other bonds in the
B ring that decrease upon complexation indicating

TABLE 2 Bond Lengths Calculated by AM1 Method for Optimal

Conformations of Free Cyanidin and Complexes I and II

Bond

length (Å)

Free

cyanidin Complex I Complex II

O(1)–C(2) 1.241 1.367 1.364

O(1)–C(9) 1.373 1.357 1.361

C(2)–C(3) 1.494 1.353 1.361

C(3)–C(4) 1.391 1.348 1.348

C(4)–C(10) 1.405 1.344 1.344

C(5)–C(10) 1.433 1.343 1.347

C(5)–C(6) 1.387 1.344 1.344

C(6)–C(7) 1.417 1.342 1.342

C(7)–C(8) 1.405 1.342 1.342

C(8)–C(9) 1.396 1.342 1.342

C(9)–C(10) 1.417 1.343 1.343

C(2)–C(10) 1.510 1.357 1.357

C(10)–C(20) 1.364 1.348 1.339

C(20)–C(30) 1.394 1.340 1.341

C(30)–C(40) 1.416 1.351 1.353

C(40)–C(50) 1.408 1.352 1.365

C(50)–C(60) 1.362 1.342 1.347

C(60)–C(10) 1.376 1.351 1.353

C(4)–H(4) 1.106 1.103 1.103

C(3)–O(3) 1.375 1.359 1.217

C(5)–O(5) 1.362 1.361 1.360

C(7)–O(7) 1.357 1.360 1.360

C(30)–O(30) 1.378 1.355 1.360

C(40)–O(40) 1.364 1.212 1.217

C(50)–O(50)

O(30)–Al 1.820 1.805

O(40)–Al 1.830 1.799
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the delocalization of the p bond between two plains.
The magnitudes of the bond orders correspond with
the bond lengths. Bond angle values (Table 3) also
change upon complexation. The majority of these
values change in the range of 1 to 58. The biggest
changes occur on the C-40–C-30–O-30 bond angle
values, which are reduced approximately 128 and 108
upon formation of complexes I and II, respectively.
These changes can be caused by the deprotonation of

the hydroxyl groups, which happens upon chelation
of aluminum.

The presence of aluminum also causes steric hin-
drance and consequently induces some changes in
torsion angle values. The new torsion angles, C-20–C-
30–O-30–Al and C-50 –C-40–O-40–Al, formed upon
aluminum chelation, indicate that aluminum is
coplanar with the B ring in the complex. Table 4 lists
some of the main torsional angles of free cyanidin
and complexes I and II.

CONCLUSIONS

The study of complexation of aluminum (III) with
cyanidin in aqueous buffered and methanol solutions
was performed using electronic absorption spec-
troscopy and quantum chemical calculations.

The results indicate the total dominance of the 1:1
species in both solvents. The complex formed in
methanol is somewhat more stable compared with the
complexes formed in acidic buffered solutions. The
existence of one catechol unit in the B ring of
cyanidin, the strong affinity of aluminum to this struc-
tural feature, and the obtained 1:1 stoichiometry impli-
cate the formation of chelate structure complex.

The theoretical treatment, performed in the AM1
parameterization, fairly reproduces the experimental
results. Considering the cyanidin molecular structure
and the results of the semiempirical calculations, it is
possible to implicate catechol C-30–C-40 group as the
one with the predominant chelating power.

Knowing that glycosidation and acylation of
cyanidin molecule in vivo almost always proceeds via
the substituents in the A and C rings, it is quite
possible to presume that the results obtained in vitro,
pointing to complexation via C-40–C-30 group, fairly
represent the possible complex formation of these mol-
ecules in vivo.
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