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INTRODUCTION

The homeostasis of free radical and transition metal ion
and Fenton reaction have important influence on aging'>. Many
age-related diseases such as atherosclerosis, Alzheimer's and
Parkinson diseases, are diagnostically related with free radical
and transition metal ion that would cause oxidative damage to
lipids, proteins, nucleic acids and carbohydrates'”. Generally,
the dynamic equilibrium system of antioxidant defence is
launched to maintain the homeostasis of free radicals and
transition metal ion and Fenton reaction'. However, some
exogenous antioxidants are also demanded to keep these
homeostasis balance, since that only endogenous antioxidant
defenses are not entirely efficient. The exogenous antioxidants,
which possess of good antioxidant activities and transition
metal ion chelation ability, could efficiently reduce the
cumulative effects of free radicals and oxidative damages and
maintain the transition metal ion homeostasis modulation and
Fenton reaction'”. Therefore, in the last years considerable
attention has been devoted to design and synthesize many kinds
of antioxidants. Antioxidants are currently fabricated as the
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To investigate whether the coumarins antioxidants 1-14 may exert their antioxidant effect through transition metal ion chelation, the |
copper and ferrous chelating properties with coumarins were studied. It was found from fluorescence spectra that the binding constants K, |
of coumarins 1-14 were in the range of 1.25 x 10° to 4.46 x 10° M™', which indicated that the transition ion chelation play an important role
in their antioxidant abilities. The interaction of coumarins 1-14 with bovine serum albumin was also studied by fluorescence spectra, |
since that the interaction of drugs with bovine serum albumin may have important influence on the drugs' pharmacology and pharmaco- |
dynamics. The results showed that the probable mechanism of the coumarins 1-14 interaction with bovine serum albumin was a static |
process and the binding constants K, were 5.96 x 10* to 5.22 x 10° M"', demonstrating a strong binding between coumarins 1-14 and
bovine serum albumin. In addition, the binding numbers of coumarins 1-14 with transition metal ion and bovine serum albumin were |
determined to be 1, respectively, suggesting that each unit of coumarins 1-14 can bind with a unit of transition metal ion and a unit of |
bovine serum albumin. All the results may provide important information for the rational design of other analogous new antioxidants and |
|
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drug candidates to counter the diseases of carcinogenesis,
atherogenesis, drug-associated toxicity, efc.*

In our previous work, coumarin antioxidants 1-14 (Fig. 1)
have been demonstrated to have good antioxidant activities,
it would thus be very interesting to investigate if, transition
metal ion chelation play an important role in their antioxidant
abilities. In addition, previous study indicates that factors such
as protein binding may weaken the antioxidants absorption
and bio-availability and even mask their antioxidant activity®’.
So itis also important to study the interaction of coumarins 1-
14 with protein. Serum albumin, one of the most abundant
carrier proteins®, plays a significant role in the transport and
disposition of endogenous and exogenous drugs and ligands
present in blood. Of many kinds of serum albumins, bovine
serum albumin has been considered to be one of the most
extensively studied of this group of proteins, particularly
because of its structural homology with human serum albumin.
Therefore, bovine serum albumin is herein chosen as our model
protein to investigate the interaction of coumarins 1-14 with
protein. The present work involves is to evaluate whether the
coumarins antioxidants 1-14 may exert their antioxidant effect



2266 Zhang et al.

Asian J. Chem.

through transition metal ion chelation and may the interaction
of coumarins antioxidants 1-14 with bovine serum albumin
have important influence on their pharmacology and pharma-
codynamics.
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1 R1=H, R2=NH2

2: R1 =OCH2Ph, R2=NH2

3: R;=OCH,Ph, Ry=NHPh

4: R1 =H, R2=p'NH'CGH4'N02

5: Ry =OCH2Ph, R2=p-NH-CsH4-N02
6: R1 =H, R2=O'N02'p'NO2-CGH3'NH
7: Ry=OCH,Ph, R,=0-NO,-p-NO,-CHy-NH
8: R1 =H, R2=O'CGH4NH2

9: R1 =OCH2Ph, R2=O'CGH4NH2

10: Ry=H, Ry=p-OH-Ph

11: Ry=H, Ry=p-OH-Ph

12: R,;=OCH,Ph, Ry=p-OH-Ph

13: R1=H, R2=OH

14 R1=OCH2Ph, R2=OH

Fig. 1. Synthetic route of coumarins 1-14

EXPERIMENTAL

4-Schiff base-7-benzyloxy-coumarins 1-14 were synthe-
sized according to the literature’. 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 the radical activity. The fluorescence spectros-
copy was scanned by the RF-5301 spectrophotometer.

Fluorescence spectrum studies on transition metal ion
chelation: At room temperature, the coumarins 1-14 and
transition metal ions were dissolved in DMF-water (v:v =7:3)
to the proper concentration, respectively. After addition of Fe**
or Cu** solution (in serial concentration) to the coumarins
solution respectively, the reaction mixture was allowed to stand
for 0.5 h (until the stable) with intermittent shaking and the
fluorescence spectroscopy was scanned.

Fluorescence spectrum studies on interaction of
coumarins 1-14 with bovine serum albumin: At room
temperature, the coumarins 1-14 and bovine serum albumin
were dissolved in DMF-water (v:v =7:3) to the proper concen-
tration, respectively. After addition of bovine serum albumin
solution (in serial concentration) to the coumarins solution
respectively, the reaction mixture was allowed to stand for 0.5
h (until the stable) with intermittent shaking and the fluore-
scence spectroscopy was then scanned.

RESULTS AND DISCUSSION

Chelating abilities to transition metal ions: To investi-
gate whether compounds 1-14 may exert their antioxidant

effect through transition metal ion chelation, their chelating
properties with Cu® and Fe** were studied by fluorescence
quenching/enhancement spectroscopy. Upon addition of Cu**
or Fe?* into the solution of compounds 1-14, the fluorescence
intensity decreased or increased gradually (Figs. 2 and 3).
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Fig. 2. Emission spectra of the representative compounds 1(A) and 11(B)
in the presence of various concentrations of transition metal ion
Cu. The concentration of 1 and 11 were 5.0 x 10* and 5 x 107?
mol L™, respectively. The concentrations of Cu** 111 (1—8) were:
0,1,2,4,8,12,16,20,24,28,30 x 10° (0, 3,4,5,6,8,9, 11 x 109
mol L', respectively

800 -+
600 -

400 -

Intensity

200 -

400 450 500 550 600
Wavelength (nm)



Vol. 25, No. 4 (2013)

Transition Metal Ion Chelating of Some Coumarin Antioxidants 2267

800+

600

Intensity

400+

200+

400 450 500 550 600
Wavelength (nm)

Fig. 3. Emission spectra of the representative compounds 1(A) and 13(B)
in the presence of various concentrations of transition metal ion
Fe”. The concentration of 1 and 13 were 5.0 x 10™* and 5 x 10° mol
L', respectively. The concentrations of Fe** 1—11 (1-10) were:
0,2,3,6,8, 10,13, 15, 17,20,25 x 10° (0,2, 3,4,5,6,7, 8,9, 10
x 10™) mol L™, respectively

As shown in Figs. 2 and 3, the fluorescence intensity
of compounds 1-5, 8 and 14 gradually increased with the
consecutive addition of Cu®* [as that shown in Fig. 2(A)],
respectively, while the fluorescence intensity of compounds
6, 7 and 10-13 decreased with the addition of Cu** [as that
shown in Fig. 2(B)]. In addition, the fluorescence spectroscopy
that compounds 1-4, 7, 8 and 12 chelating with Fe** were
similar with the phenomenon shown in Fig. 3(A), while the
fluorescence spectroscopy that compounds 5, 6, 10, 11, 13
and 14 chelating to Fe** was similar with that shown in Fig.
3(B). Also, compound 9 displayed important chelation with
Cu”™ and Fe*, though their fluorescence intensities did not
regularly alter as that shown in Figs. 2 and 3. The above results
implied that compounds 1-14 have important chelating abilities
with transition metal ions.

The fluorescence spectroscopy was then analyzed and
described by the Stern-Volmer eqn. (1) and the modified Stern-
Volmer eqn. (2)°'".

F, F, 1 1
FoF A K@ T @
0 a’ra a
where, F, and F were the steady-state fluorescence intensities
in the absence and presence of transition metal ions, respec-
tively, c(Q) the concentration of Cu** or Fe**, AF the difference
of fluorescence intensity in absence and presence of transition
metal ions at the concentration c(Q), f, was the fraction of
accessible fluorescence, T, the average lifetime of the mole-
cule without any additives and the fluorescence lifetime of
the biomolecule is 10* s.

From the Stern-Volmer plots (Fig. 4), the values of bimole-
cular quenching/enhancement constant K., Stern-Volmer
quenching/enhancement constant (Ksv) and binding constants
(K.,) can be determined”'" (Table-1). In addition, it was important
to note that the values of K., Ksv and K, of compound 9 could
not be calculated due to its irregular altering fluorescence
spectroscopy.

As can be seen in Table-1, K. were in the range of 1.42 x
10'-3.920 x 10" M.s!, while Ky and K, were within the
ranges of 1.42 x 10°-3.920 x 10° M and 1.25 x 10*-4.46 x
10° M, respectively. Obviously, compound 4 showed the best
chelating abilities to Cu®* and Fe**, with the binding constants
K. 4.46 x 10° and 3.85 x 10° M"', while compound 6 and 3
demonstrated the lowest chelating to Cu®* and Fe™, respec-
tively, with the binding constants K, 1.25 x 10 and 1.59 x 10?
M. The order of chelating to Cu** was listed as follow: 4> 10
>12>13>2>8>14>5>11>3>1>7> 6, while the order
of chelating to Fe** was: 4>10>6>2>11>5>8>7>13
>14>12>1 > 3. Based on the above observation, it could be
summarized that the benzyloxy group in 7 position of coumarin
and the hydroxyl and hydrazino groups in benzene had
important influence on their transition metal ion chelation
ability. The above results suggested that compounds 1-14 have
important chelating abilities with transition metal ions and the
transition metal ion chelation may play an important role in
their antioxidant abilities. In addition, the binding numbers of
coumarins 1-14 with Cu* and Fe** was found approximately
to be 1 (Table-2), respectively, according to the eqn. (3)*'". It
suggested that each unit of coumarins 1-14 should bond with
a unit of transition metal ions Cu® and Fe**.

)

L =1+k,7,c(Q) =1+K_c(Q) 1 _

F a0 ‘ M log[FOF Fj=logKA +nlogc(Q) 3)

TABLE-1
VALUES OF K, (M), K,.( M's") AND K,( M) OF COUMARINS 1-14 BINDING WITH TRANSITION METAL IONS
Entry K./Cu™ K./Fe" K /Cu*" K JFe K/Cu> K/ Fe*

1 2.03 x 10° 1.40 x 10° 2.03 x 10" 1.40 x 10" 1.36 x 10° 2.44 x 10°
2 7.25 x 10° 8.45x 10° 7.25 x 10" 8.45 x 10" 5.45 x 10° 1.25 x 10*
3 2.69 x 10° 3.01 x 10° 2.69 x 10" 3.01 x 10" 3.04 x 10° 1.59 x 10°
4 3.92 x 10° 3.82 x 10° 3.92 x 10" 3.82 x 10 4.46 x 10° 3.85x 10°
5 2.52 x 10° 2.39 x 10° 2.52 x 10" 2.39 x 10" 3.57 x 10° 1.19 x 10*
6 4.61 x 10° 2.1 x 10* 4.61 x 10" 2.1 x 10" 1.25 x 10° 3.53 x 10*
7 4.72 x 10° 411 x 10° 4.72 x 10" 4.11 x 10" 1.37 x 10° 7.30 x 10°
8 1.25 x 10* 1.79 x 10* 1.25 x 10" 1.79 x 10" 4.28 x 10° 1.10 x 10*
9 - - - - -
10 4.29 x 10* 3.75 x 10° 429 x 10" 3.75 x 10 1.51 x 10° 2.67x 10°
11 6.09 x 10° 3.49 x 10° 6.09 x 10" 3.49 x 10" 3.43x 10° 1.23 x 10*
12 1.09 x 10* 2.39 x 10° 1.09 x 10" 2.39 x 10" 1.63 x 10* 247 x 10°
13 4.24 x 10° 4.84 x 10° 4.24 x 10" 4.84 x 10" 9.62 x 10° 3.78 x 10°
14 2.18 x 10° 2.96 x 10° +2.18 x 10" 2.96 x 10" 3.78 x 10° 2.81x 10°




2268 Zhang et al.

Asian J. Chem.

1754 (A)

1.50

F/F

1.25 1

1.00

0 5 10 15 20 25 30
C (Cu2*)/107® mol/L

60

40 -

Fo/F-Fo

20 1

0.0 0.2 0.4 0.6 0.8 1.0

¢! (Cu?*)/10% mol L

Fig. 4. Stern-Volmer plots (A) and modified Stern-Volmer plots (B) for
the fluorescence spectra of 1 by transition metal ion Cu**

Interaction of compounds 1-14 with bovine serum
albumin: It is important to investigate the interaction of the
drugs with bovine serum albumin. The interaction of drugs
with bovine serum albumin may have important influence on
the drugs' pharmacology and pharmacodynamics. Antioxidants
are currently forged as the drug candidates to counter some
diseases, such as carcinogenesis, drug-associated toxicity,
inflammation and atherogenesis'*', so the determination and
understanding of coumarins antioxidants 1-14 interacting with
serum albumin are important for the rational design of this
kind of new drugs. Fig. 5 showed that the fluorescence intensity
of compounds 1-3, 5-8 and 12 gradually increased with the
consecutive addition of bovine serum albumin [Fig. 5(A)],
respectively, while that of compounds 4, 9-11, 13 and 14
decreased with the addition of bovine serum albumin [Fig.
5(B)]. The fluorescence quenching/enhancement spectroscopy
was also analyzed and described by the Stern-Volmer eqn. (1)
and the modified Stern-Volmer eqn. (2) and the values of K,
Ksyv and K, were determined (Table-2).
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Fig. 5. Emission spectra of the representative compounds 3(A) and 10(B)
in the presence of various concentrations of BSA. The concentration
of 3 and 10 were 3 x 107 and 5 x 10* mol L"', respectively. The

concentrations of BSA 1—11 (1-8) were: 0, 1,2, 5,7, 9, 11, 12,
13x107(0,2,3,4,5,6,8,9x 107) mol L, respectively

It can be seen from Table-2 that the values of K. were in
the range of 2.27 x 10"-2.16 x 10" M s, which was much
greater than the value of the maximum scatter collision quenching/
enhancement constant™'’ 2.0 x 10'° M s”', indicating that the
probable mechanism of compounds 1-14 interaction with
bovine serum albumin was a static process. The Stern-Volmer
quenching/enhancement constant Ksv were within the range
of 2.27 x 10°-2.16 x 10° M™" and binding constants K, were in
the scope of 5.96 x 10%-5.22 x 10° M. The results implied
that coumarins 1-14 have strong binding to bovine serum
albumin. Since that strong binding can decrease the concen-
trations of free drugs in plasma, whereas weak binding can
lead to a short lifetime or poor distribution, thus it can be
concluded that the concentrations of coumarins 1-14 in plasma
is low and they may have long duration of drug action. Evidently,
compound 10 displayed the strong interaction with bovine
serum albumin, with binding constants K, 5.22 x 10° M, while
compound 14 demonstrated the lowest, with binding constants
K.5.96 x 10* M. The order was shown as follow: 10 >3 > 11
>8>7>12>6>1>4>9>13>2>14 > 5. Therefore, it
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could be concluded that the structure of the coumarins 1-14,
such as the benzyloxy group in 7 position of coumarin and
the different sub-positions of hydroxyl and hydrazino groups
in benzene had significant influence on the interaction of com-
pounds 1-14 with bovine serum albumin. The binding num-
bers of coumarins 1-14 with bovine serum albumin was deter-
mined to be 1 (Table-2), according to the eqn. (3)°"'". It indi-
cated that each unit of coumarins 1-14 should bind with a unit
of bovine serum albumin.

TABLE-2
BINDING NUMBERS OF COUMARINS 1-14 AND THEIR VALUES
OF K,(M"), K,.(M".s") AND K, (M"") THAT BINDING WITH
BOVINE SERUM ALBUMIN (BSA)

n/ n/ n/
Entry K,/BSA K.,/BSA K./BSA Cu* Fe* BSA
1 339x10° 3.39x10® 3.80x 10° 1 1 1
2 7.12%x10°  7.12x10% 251 x10° 1 1 1
3 1.60 x 10° 1.60 x 10" 4.34 x 10° 1 1 1
4 448 x10° 448x10° 3.51x10° 1 1 1
5 522x10°  522x10% 596 x 10* 1 1 1
6 6.85%x10° 6.85x10° 544x10° 1 1 1
7 497 x10° 4.97x10° 6.44 % 10° 1 1 1
8 231x10° 231x10°% 7.14x10° 1 1 1
9 256%x10° 2.56x10% 3.18x 10° - - 1
10 216 x10°  2.16x 10" 522 x 10° 1 1 1
11 3.12x10°  3.12x10° 742x10° 1 1 1
12 326x10°  3.26x10"° 5.62x10° 1 1 1
13 4.60x10° 4.60x 10"° 2.87x10° 1 1 1
14 227 x10° 227x10% 242x10° 1 1 1
Conclusion

In conclusion, transition metal ion chelation abilities of
coumarins 1-14 have been studied by fluorescence spectroscopy.
The results indicated that these coumarin derivatives may exert
their antioxidant effect through transition metal ion chelation
and the transition metal ion chelation play an important role
in their antioxidant abilities. In addition, the interaction of these

coumarins 1-14 with bovine serum albumin has been also
investigated and the results show that the probable mechanism
of the interaction of coumarins 1-14 with bovine serum albumin
was a static process and coumarins 1-14 have strong binding
ability to bovine serum albumin. All the above results may
provide important information for the rational design of other
analogous new antioxidants and drugs.

ACKNOWLEDGEMENTS

This study was supported by the Guilin Scientific Research
and Technological Development Project (No. 20120108-6;
20110106-2), the Fund of Guangxi Key Laboratory of Func-
tional Phytochemicals Research and Utilization (No. FPRU
2011-6) and the Guangxi Department of Education Research
Projects (No. 200911MS281, 200911 MS282).

REFERENCES
1. A.R. Hipkiss, Mechan. Age. Develop., 126, 1034 (2005).
2. B. Halliwell and J.M.C. Gutteridge, Free Radicals in Biology and
Medicine. Oxford University Press, Oxford (1999).
3. C.A. Perez, Y. Wei and M. Guo, J. Inorg. Biochem., 103, 326 (2009).

4. Y.K. Tyagi, A. Kumar, H.G. Raj, P. Vohra, G. Gupta, R. Kumari, P.
Kumar and R.K. Gupta, Eur. J. Med. Chem., 40, 413(2005).

5. Y. Zhang, B.Q. Zou, Z.F. Chen, Y.M. Pan, H.S. Wang, H. Liang and
X.H.Yi, Bioorg. Med. Chem. Lett., 21, 6811 (2011).

6. K.M.Riedl and A.E. Hagerman, J. Agric. Food Chem., 49,4917 (2001).

7. M.J.TJ. Arts, G RM.M. Haenen, L.C. Wilms, S.A.J.N. Beetstra, C.G.M.
Heijnen, H.P. Voss and A. Bast, J. Agric. Food Chem., 50, 1184 (2002).

8. C.V. Kumar and A. Buranaprapuk, Angew. Chem. Int. Ed. Engl., 36,
2085 (1997).

9.  M.R. Eftink, in ed.: T.G. Dewey, Fluorescence Quenching Reactions,
Biophysical and Biochemical Aspects of Fluorescence Spectroscopy,
New York: Plenum Press, pp. 1-44 (1991).

10. J.R. Lakowica and G. Weber, Biochemistry, 12, 4161 (1973).

11.  J.R. Lakowicz, Principles of Fluorescence Spectroscopy. New York:
Plenum Press, p. 698 (1999).

12. B.N. Ames, M.K. Shigenaga and T.M. Hagen, Proc. Nat. Acad. Sci.
USA, 90, 7915 (1993).

13. A.A. Horton and S. Fairhurst, Crit. Rev. Toxicol., 18, 27 (1987).

14. H.L. Wang, Z.Y. Yang and B.D. Wang, Transition Met. Chem., 31, 470
(2006).



