Yy HAL R (Wuli Huaxue Xuebao)
Month Acta Phys. -Chim. Sin., 2009, 25(X):001-009 001

[Article] www.whxb.pku.edu.cn

IR ERHISE B B FNSE A A1 IR

K% B B FEAAAR] ! P I F !
Wk 15 ! FRAE 2 EH
C R RFEMRFE SRR, Bl 200092; 2 [FEKRFIFER, Bl 200002)

WEE:  KGRRSA)RPREIVCHRA E B4 R, BA 2R ST  SERYTRURMBUE 1E . AF5RE AEOEN b
BRSO, 58T AL 266 nm WO RN 20 N /KGRI CHIERFDGAL2:AT . SEEAE 3R, 45 266 nm
FIBOEIEF T SA Pl EA O FHES, BTN 0.21, JEBHH B SCRE . FZEAE &R R H, B SA el B
ARG T 55 O, 256 Bl S0 E 7 B 2L, A T BER IS ANM. SA SGr s 7= AL W PR ES 7 A B L mT LU
FEFA R R B H 3, A5 pK, S 2.95. A SO A LML SA, 245 T HA 390 nm FEAEIR UL SA* , M5
SO Ak SA 1)) I i e H ﬁﬁ 2.28x10° dm®+mol™+s™, Pk—HIAUE T SA fctﬁﬁ&arrﬁmﬁ [RIE & 1 SA Al B
%% 266 nm WOGHUE AL UM A =4 ARCSAY), A vl iﬁkﬁ%% F(0,). X ELE R R KR AE i —FI T AE )
By 25 PR L T R,

XKEIFE: KR, BOOLR, SR, BT PUBENE
FESES: 0641

Photoionization and Photoexcitation Mechanisms of Salicylic Acid
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Abstract: Salicylic acid (SA), the active ingredient of aspirin, is effective in various medical treatments such as
cosmetology and anticancer therapy. We investigated the photophysical and photochemical behavior of SA using 266
nm laser flash photolysis. Results demonstrate that SA can be photoionized and photoexcited by 266 nm photons to
give SA*" and *SA”". SA is highly photosensitive and can be photoionized via a monophotonic process with a quantum
yield of 0.21. Under the aerobic conditions we find that in cells, hydrated electrons easily combine with oxygen to
generate O3", which can kill cancer cells. SA* * can be converted into neutral radicals by deprotonation and its pK,
value is 2.95. SA also can be oxidized by SO;" and the rate constant is 2.28x10? dm*+mol™-s™, which further confirms
the photoionization ability of SA. In addition, SA can be excited to *SA", which then generates 'O,". This research
provides introductory theory for the potential of SA to be used as an anticancer drug.
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Fig.1 Transient absorption spectra of SA after
photolysis at different time
The spectra were recorded at 0.1 s (H), 0.2 ps (O), 5.0 ps ()
following 266 nm laser pulse excitation of Ny-saturated aqueous

solution containing 5.0x10™ mol- L™ SA.
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Fig.2 Transient absorption spectra of SA recorded at
different saturated solutions
The spectra were recorded at 0.1 s following 266 nm laser pulse
excitation of N,-saturated (), N,O -saturated (O )and of O.-saturated
(%) aqueous solution containing 5x10™ mol-L™ SA.
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Fig.3 Transient absorption spectra of K,S,0; and SA
after laser photolysis
The spectra were recorded at 0.1 s (H), 0.2 s (O), 5.0 ws (%)
following 266 nm laser pulse excitation of Ny-saturated aqueous
solution containing 0.05 mol L™ K5S;05 and 5.0x10™ mol- L™ SA .
Inset shows the spectra recorded at 0.1 s (H), 0.5 ws(O), 5.0 ws ()
of Ny-saturated aqueous solution containing 5.0x107 mol- L™ K,S,0.
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Fig.4 Absorption—-time profides of K,S,05; and SA at
390 nm (a), 480 nm (b), and 390 nm-Px480 nm (c)
after laser photolysis
N-saturated aqueous solution containing 5.0x107 mol - L™ K,S,0, and
5.0x10™" mol+ L™ SA excited by 266 nm laser pulse. 390 nm—Px480 nm
represents the set up and decay curve of SA obtained by subtract 460
nm from 390 nm. P, a coefficient in the special software for laser flash
photolysis, means the absorbance (OD) ratio between 390 nm and 480

nm at nearly O s following 266 nm laser pulse.
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w

constant with concentration of SA
N,-saturated aqueous solution containing 5.0x107 mol - L™ K,S,0, with
1.0x10™, 2.0x10™, 3.0x10™, 4.0x10™ and 5.0x10™ mol- L™ SA excited
by 266 nm laser pulse
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Fig.6 The OD, values of SA vs pH values at 390 nm
after laser photolysis
The OD, values of the O,-saturated aqueous solution containing 5.0x
10 mol-L™ SA at different pH at 390 nm after 266 nm laser photolysis.
OD, means the maximal OD value at nearly 0 s following 266 nm

laser pulse.
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Fige.7 UV spectra of SA aqueous solution in
different pH
SA aqueous solution
The pH values in SA aqueous solution are 11 (a), 7 (b), 4 (c), 2 (d) and
1 (e), respectively. To avoid the curves overlap, the concentrations of
SA in different pH values are slightly different.

Fig.8 The dependence of the OD, values with the
corresponding laser intensity at 680 nm after 266 nm
laser photolysis of the N-saturated SA aqueous
solution
N,-saturated aqueous solution containing 5.0x10™ mol - L™ SA
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Fig.9 Transient absorption spectra of SA in
acetonitrile recorded at different saturated solutions
The spectra were recorded at 0.1 s following 266 nm laser pulse
excitation of Ny-saturated () and O,-saturated (O) acetonitrile
containing 5.0x10™ mol-L™ SA.
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Fig.10 Absorption—time profiles of SA recorded of
Nsaturated (a), O,saturated (b) and N,—0(c)
acetonitrile solution at 440 nm
Transient absorption curves of SA were recorded following 266 nm
laser pulse excitation of N,-saturated (a), O.-saturated (b), and No—O,(c)
acetonitrile solution containing 5.0x10™ mol+L™ SA at 440 nm.
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Fig.11 The apparent decay rate constants of the
excited triplet state of SA at different concentrations
of SA acetonitrile solution

The apparent rate constants for the decay of the excited triplet state of
SA are obtained by subtract transient absorption curves of SA recorded

for O,-saturated acetonitrile solution from N ,-saturated acetonitrile

solution at 440 nm.

1), 2 BT ORI k Bl SSA” FY R
B AN °SA™ B B IR R, 05 3.93x
10° F1 2.16x10° dm?+ mol ™"+ s~ 19,

3 &

WO S, SA 7E 266 nm HOGHEH T
RAT BFHL B, AR R . LR B AR
SA* [ H 3t AR IS4 E 390 nm 4k, SA* i T T
AP A 3, H pK=2.95. G HLE R T
3y 0.21. A AT 7R AR SAFTERI S5, SA S
B RKEHRTES O, 4554 A T H
L 03", SA YL & I 24 i R BB 75 & A i
AL O3 F 'O, P2 A& I i A D 5 5 1) 3% Pk
P2, WSCALF R B N SR R T SA 1Y
Al BRI,

References

1 Zhou, Y. W.; Chen, L.; Lan, C. X. West China Journal of
Pharmaceutical Sciences, 2008, 23(5): 572  [JE#e3C, B TH,
TR ARG, 2008, 23(5): 572]

2 Ammar, H. O.; Ghorab, M.; El-Nahhas, S. A.; Kamel, R. Int. J.
Pharm., 2006, 327: 81

3 Kapetanovic, I. M.; Bauer, K. S.; Tessier, D. M.; Lindeblad, M. O.;
Zakharov, A. D.; Lubet, R.; Lyubimov, A. Chem. Biol. Interact.,
2009, 179: 233

4 Hsu, C. S.; Li, Y. B. Biochem. Biophys. Res. Commun., 2002, 293:
705

5 Spitz, G. A.; Furtado, C. M.; Mauro, S.; Zancan, P. Biochem.
Pharmacol., 2009, 77: 46

6 Jiang, M. C.; Liao, C. F.; Lee, P. H. Chem. Biol. Interact., 2002,
282: 671

7 Zhao, P.; Wang, M.; Zhang, S. P.; Shao, S. C.; Sun, X. Y.; Yao, S.
D.; Wang, S. L. Sci. China Ser. B-Chem., 2008,38(7): 618 [#X T,
OB RIBGE, BRELE, PG, BEEE, . hERE B
i#: 1k, 2008, 38(7): 618]

8 Lu,C.Y.;Han,Z. H.; Cai, X. C.; Chen, Y.L.; Yao, S.D. Sci.
China Ser. B-Chem., 2000, 30(5): 428 [T, ThHiHNE, S5 =H,
FARTIES, WhEAE, B E R B 4 k2%, 2000, 30(5): 428]



No.X A BSEKEIR G B DGO PR 007
9 Fang, H.J.; Dong, W. B.; Zhang, R. X.; Hou, H. Q. Acta Phys. - Q.; Ma, X. X.; Yao, S. D.; Lin, N. Y. Prog. Nat. Sci., 2000, 10(2):

10

11

12
13

14

15

Chim. Sin., 2006, 22(6): 761 [ 5E7, #3CH, R1HS, #4747,
YIERL 2243, 2006, 22(6): 761]

Chu, G. S.; Song, Q. H.; Wang, Z. Y.; Ge, X. W.; Zhang, Z. C.;
Wang, W. F.; Yao, S. D. Acta Phys. -Chim. Sin., 2000, 16(3): 232
[ T, SRR, E8 S B2, SR, 00, whIEAE. Yy
fh22E48, 2000, 16(3): 232]

Cheng, L. L.; Zhao, P.; Wang, M.; Zhu, H.; Zhu, R. R.; Sun, X. Y;
Wang, S. L. Acta Phys. -Chim. Sin., 2009, 25(1): 25  [F24&4#,
B E ELR L RERRD, ANBET, T, Mk
#iZ, 2009, 25(1): 25]

Lu, C. Y.; Liu, Y. Y. Biochim. Biophys. Acta, 2002, 1571: 71

Lu, C. Y.; Wang, W. F; Lin, W. Z.; Han, Z. H.; Yao, S. D.; Lin, N.
Y. J. Photochem. Photobiol. B, 1999, 52: 111

Fu,H. Y.; Wu, G. Z.; Long, D. W.; Liu, Y. D.; Wang, W. F.; Yao,
S. D. Acta Chim. Sin., 2006, 64(6): 483 {3, S L,
I, XDRAR, TS0, PhEE. fh22%4k, 2006, 64(6): 483]

Song, Q. H.; Li, Q. X.; Sun, H. H.; Xu, Y. P.; Chen, C. X; Yu, S.

17

18

19

20

173 [RERAE, 2400, NBT, 2Rl F, RNTE, AT 58, 2%,
W, Mog=s. AARIAEER, 2000, 10(2): 173]

Lu, C. Y.; Wang, W. F.; Lin, W. Z.; Han, Z. H.; Pan, J. X,; Yao, S.
D.; Lin, N. Y. J. Photochem. Photobiol. B, 1999, 49: 61

Cheng, L. L; Wang, M.; Zhao, P.; Zhu, H.; Zhu, R. R.; Sun, X. Y.;
Yao, S. D.; Wang, S. L. Spectrochim. Acta, Part A, 2009, 73: 268
Gao, Y. H,; Chen, J. F.; Zhuang, X. J.; Wang, J. T.; Pan, Y.; Zhang,
L.M.; Yu, S. Q. Chem. Phys., 2007, 334: 224

Wang, S. L.; Sun, X. Y.; Zhang, C. J.; Wang, M.; Li, M. Z.; Liu, S.
H.; Ni, Y. M.; Yao, S. D. Sci. China Ser. B-Chem., 2002, 32(3):
278 [TEME, M, sk, T B 28308, XU, R,
WeSAAE. R R B B b7, 2002, 32(3): 278]

Sun, X. Y.; Zhang, C. J.; Wang, M.; Wang, S. L.; Ni, Y. M.; Yao,
S. D. Sci. China Ser. B-Chem, 2002, 32(2): 148  [#MF, it
A E G EM e, GO, PhEE. R ERE B Bk, 2002,
32(2): 148]



