
INTRODUCTION

Hydroxyl radical and lipid peroxidation, catalyzed by

transition metal ions through Haber-Weiss and Fenton reaction

in the course of the organisms' metabolic actions, would cause

oxidative damage to lipids, proteins and DNA, that could lead

to some degenerative diseases of aging and age-related

diseases, such as cancer, Alzheimer's disease and Parkinson

disease1,2. Chelation of transition metal ions could be important

to prevent or minimize these damages3,4. The antioxidants

chelating agents with transition metal ions (especially copper

ion and ferrous ion) to get stable complex and stabilize transi-

tion metal ions in low oxidation state could prevent the gene-

ration of hydroxyl radical, reactive oxygen species and oxidative

damage3,4. This is the so-called transition metal ions chelation

mechanism, which is one of the functional mechanisms of

antioxidant3-5.

2-[(o-Hydroxylphenylimino)methyl]phenol (OSAP) and

2-[(p-hydroxylphenylimino)methyl]phenol (PSAP), two

bioisosteres of the natural antioxidant resveratrol6,7, are

biologically interesting antioxidants and have showed excellent

antioxidant activity8,9. It is well known that resveratrol is a

famous and non-toxic natural antioxidant, so its bioisosteres
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2-[(o-Hydroxylphenylimino)methyl]phenol (OSAP) and 2-((p-hydroxylphenylimino)methyl)phenol (PSAP), two bioisosteres of the natural

antioxidant resveratrol, are biologically interesting antioxidants. In order to probe whether they exert their antioxidant effect through

metal ions chelation, the Cu(II) ion and Fe(II) ion chelating abilities of these compounds were measured by UV-VIS, fluorescence and

mass spectroscopy, respectively. From UV-VIS spectra, the binding constants of OSAP with Cu2+ and Fe2+ were determined to be 7.58 ×

103 and 2.22 × 103 M-1 by Benesi-Hildebrand method, while that of PSAP were found to be 6.20 × 103 and 2.08 × 104 M-1, respectively.

From fluorescence quenching spectra, the Stern-Volmer quenching constants of OSAP with Cu2+ and Fe2+ were assessed to be 6.06 × 104

and 6.70 × 104 M-1, respectively, while that of PSAP were calculated to be 8.45 × 104 and 1.43 × 105 M-1. In addition, mass spectrometry

studies showed that both OSAP and PSAP formed a 2:1 complex with ferrous when they were treated with Fe2+ in a 8:2 (v:v) methanol-

water solution, respectively. The above results demonstrated the relatively significant role of the transition metal ion chelation in their

antioxidant abilities.
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OSAP and PSAP have good potential to be new outstanding

antioxidants8,9. It would thus be interesting to explore if, transi-

tion metal ion chelation play an important role in the antioxidant

properties of OSAP and PSAP. In addition, a look at the structures

of OSAP and PSAP that they contain "metal ion-binding

motifs" and are thus expected to effectively bind transition

metal ions. So UV-VIS and fluorescenece spectroscopy, as

well as mass spectra, were employed to study their transition

metal ions chelating abilities through the respective chelation

of copper and ferrous ions.

EXPERIMENTAL

OSAP and PSAP were synthesized according to the lite-

rature8. All chemicals and solvents used were of analytical

grade. Methanol was distilled prior to use. The TU-1901 UV-

VIS spectrophotometer was used to evaluate the binding

constants. The fluorescence spectroscopy was scanned by the

RF-5301 spectrophotometer. The mass spectral studies were

done using BRUKER ESQUIRE HCT instrument.

Interactions between OSAP/PSAP with Cu2+/Fe2+

assessed by UV-visible and fluorescence spectrophotometer:

The chelation abilities with Cu2+ and Fe2+ were firstly investigated
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by UV-visible and fluorescence-quenching spectroscopy. Both

concentrations of OSAP and PSAP were dissolved to the

concentration 1.0 × 10-3 M in DMF-water solution (v:v = 7:3,

pH = 6.80 ± 0.15). Ferrous nitrate and copper nitrate were

dissolved to the proper concentration (in serial concentration)

in the same solution, respectively. After respective addition of

25 µL ferrous nitrate or copper nitrate solution into 500 µL

OSAP (and PSAP) solution, the mixtures were settled to the

volume of 1 mL and allowed to stand for 0.5 h (until the stable)

with intermittent shaking and the UV-VIS and fluorescence

spectra was scanned, respectively.

Interactions between OSAP/PSAP with Cu2+/Fe2+ assessed

by mass spectrometer 10 µM ferrous sulphate were respectively

treated with 30 µM OSAP and PSAP in a 8:2 (v:v) methanol-

water solution and the mixtures were allowed to stand for 0.5

h and then were evaluated by the BRUKER ESQUIRE HCT

instrument, respectively.

RESULTS AND DISCUSSION

UV-visible spectra studies on the interactions between

OSAP/PSAP and Cu2+/Fe2+: OSAP were titrated with increasing

amounts of Cu2+ and Fe2+ in DMF-H2O solution, respectively.

The titration was monitored by UV/visible spectra (Fig. 1).

Two absorbance bands were observed at 270 and 353 nm for

the OSAP and were generally ascribed to π-π* electronic transi-

tions from the conjugated benzene-Schiff base-benzene

system. In Fig. 1(A), as Cu2+ was added, the OSAP absorbance

peaks centered at 270 and 352 nm decreased in intensity while

the absorbance in the regions between 400 and 500 nm

increased in intensity, implying clean formation of the OSAP-

Cu2+ complex. In Fig. 1(B), as Fe2+ was added, the similar

phenomenon was also happened as that in the in Fig. 1(A),

suggesting clear formation of the OSAP-Fe2+ complex. The

results showed good transition metal ion chelation of OSAP.

A similar respective titration of PSAP with Cu2+ and Fe2+

was carried out in the same condition. The spectra for these

titrations were shown in Fig. 2. Two absorbance bands were

observed at 272 and 352 nm for the PSAP and were also

ascribed to π-π* electronic transitions from the conjugated

benzene-Schiff base-benzene system. In Fig. 2(A), as Cu2+ was

added, the PSAP absorbance peak centered at 352 nm

decreased in intensity while the absorbance peak centered at

272 nm and the absorbance in the regions between 400 and

450 nm increased in intensity, suggesting the firm formation

of the PSAP-Cu2+ complex. In Fig. 2(B), as Fe2+ was added,

the PSAP absorbance peaks centered at 272 and 352 nm

decreased in intensity, indicating effective formation of the

PSAP-Fe2+ complex. The results demonstrated that the transi-

tion metal ion chelation effectively made when PSAP treated

with transition metal ions (Cu2+/Fe2+).

The binding constants (Ka) were determined from their

UV/visible spectral data using Benesi-Hildebrand plots, involving

plots of the inverse of metal ion(Cu2+ and Fe2+) concentrations

against the inverse of changes in their respective absorbances

(1/∆A versus 1/[M2+]) as that in Fig. 310. Eqn. 1 was used to

calculate the binding constants from these plots:
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Fig. 1. UV-visible spectrophotometric titration of OSAP with (A) Cu2+ (B)

Fe2+. The concentrations of Cu2+(Fe2+) a→g (a→h) were: 0, 2.0,

3.0, 4.0, 5.0, 9.0, 14.0 × 10-5 (0, 3.0, 4.0, 5.0, 7.0, 9.0, 11.0, 12.0 ×

10-5) M, respectively
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Fig. 2. UV-visible spectrophotometric titration of PSAP with (A) Cu2+ (B)

Fe2+. The concentrations of Cu2+(Fe2+) a→h (a→f) were: 0, 1.0, 3.0,

5.0, 6.0, 7.0, 8.0, 10.0 × 10-5 (0, 6.0, 7.0, 8.0, 9.0, 14.0 × 10-5) M,

respectively

where (1/Ka∆A) was the slope obtained from the Benesi-

Hildebrand graph and (1/∆A) was the y-intercept. The binding
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Fig. 3. Benesi-Hildebrand plots for the titration of OSAP with (A) Cu2+

and Fe2+(B)

constants of OSAP and PSAP using the above procedure were

assessed. It was found that the binding constants of OSAP

with Cu2+/Fe2+ were 7.58 × 103 and 2.22 × 103 M-1 while that

of PSAP were 6.20 × 103 and 2.10 × 104 M-1, respectively,

indicating that both OSAP and PSAP could efficiently chelate

transition metal ions (Cu2+/Fe2+) and transition metal ions

chelation should be responsible for the antioxidant behaviour

of OSAP and PSAP as they have significant metal ion binding

constants.

Fluorescence studies on the interactions between OSAP/

PSAP and Cu2+/Fe2+ The fluorescence-quenching spectroscopy

was also employed to study their chelation abilities with

transition metal ions. Upon respective addition of transition

metal ions (Cu2+ and Fe2+) into the solution of OSAP and PSAP,

the fluorescence intensity decreased gradually as in Figs. 4

and 5.

Fluorescence quenching was described by the Stern-

Volmer eqn. 111-13.
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F

F
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where F0 and F were the steady-state fluorescence intensities

in the absence and presence of quencher (transition metal ions),

respectively, kq the quenching rate constant of the biological

molecule, c(Q) the concentration of quencher (Cu2+ or Fe2+),

τ0 the average lifetime of the molecule in the absence of

quencher. KSV was the Stern-Volmer quenching constant.

Accordingly, eqn. 2 was applied to determine KSV by linear

regression of a plot of F0/F against c(Q) and the Stern-Volmer

plots were shown in Fig. 6.

It was found that Stern-Volmer quenching constant KSV

of OSAP with Cu2+/Fe2+ were 6.07 × 104 and 6.70 × 104 M-1

while that of PSAP were 8.45 × 104 and 1.43 × 105 M-1,

respectively. The Stern-Volmer quenching constant data
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Fig. 4. Emission spectra of OSAP in the presence of various concentrations

of transition metal ion Cu2+(A) and Fe2+(B). The concentrations of

Cu2+(Fe2+) a→k (a→j) were: 0, 2.5, 3.0, 4.0, 4.5, 5.0, 6.0, 7.0, 8.0,

9.0, 10.0 × 10-5 (0, 3.0, 4.0, 5.0, 5.5, 6.0, 7.0, 8.0, 9.0, 10.0 × 10-5)

mol·L-1, respectively
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Fig. 5. Emission spectra of PSAP in the presence of various concentrations

of transition metal ion Cu2+(A) and Fe2+(B). The concentrations of

Cu2+(Fe2+) a→j (a→l) were: 0, 4.0, 6.0, 7.0, 10.0, 11.0, 12.0, 13.0,

14.0, 15.0 × 10-5 (0, 4.0, 5.0, 6.0, 7.0, 8.0, 9.0, 10.0, 11.0, 12.0,

13.0, 15.0 × 10-5) mol·L-1, respectively

suggested that there were relatively sensitive binding between

OSAP/PSAP and Fe2+/Cu2+, respectively, implying that OSAP

and PSAP have significant chelation abilities with transition

metal ions.
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Fig. 6. Stern-Volmer plots for the quenching of OSAP by transition metal

ion Cu2+(A) and Fe2+(B)

Mass studies on the complexation between PSAP and

OSAP with Fe2+: Further studies on the transition metal ions

chelation of OSAP and PSAP were carried out through

respective complexation of PSAP with ferrous ion that assessed

by mass spectrometer (Fig. 7), since that both the binding

constant and Stern-Volmer quenching constant of PSAP with

Fe2+ were the best. A 8:2 (v:v) mixture of methanol-water was

used as the solvent. For comparison, the complexation of

OSAP with Fe2+ was also determined by the mass spectra

(Fig. 8).

 

Fig. 7. Mass spectra of 30 µM PSAP with 10 µM Fe2+ in a mixture of 8:2

(v:v) methanol : water

Mass spectra of these species corresponding to the

formation of a 2:1 complex between PSAP (or OSAP) and

ferrous ion was observed in each case: a PSAP-Fe2+ complex

(m/z = 480, [PSAP-Fe(II)-(PSAP-H)]+, Fig. 7) when PSAP

was used and a OSAP-Fe2+ complex (m/z = 480, [OSAP-Fe(II)-

(OSAP-H)]+ when OSAP was used. A close look at both

the +MS and -MS patterns of the PSAP-Fe and OSAP-Fe

complex (Fig. 7) suggested that they fit well the above results.

This observation confirmed that PSAP and OSAP had good

transition metal ions chelation abilities and could quickly and

effectively form chelate complex with transition metal ions.

Conclusion

The transition metal ion chelation ability of OSAP and

PSAP had been confirmed by UV-visible, fluorescence-

quenching spectroscopy and MS-spectra. The binding

constants, Stern-Volmer quenching constants, as well as

complexation assessed by mass spectra implicated that the

superior antioxidant properties of OSAP and PSAP may be

ascribed to the transition metal ions chelation mechanism.
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