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A new mechanism of anticancer drug: Analysis and identification of free radicals
derived from podophyllotoxin related compounds in the presence of Cu (I)
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VP-16 is a clinical anticancer drug for the treatment of a number of human cancers. Anticancer activity of VP-16
has been suggested to be due to a covalent enzyme-DNA complex between the drug and type II topoisomerase or
to involvement of free radical species, which in turn cause double-strand DNA breaks in cancer. Previously, we have
found that hydroxyl radical (-OH) is generated during a redox-dependent complex formation between Cu(Il) and VP-
16 in the presence of molecular dioxygen (Og), suggesting the -OH participation in the single- and double-strand
breaks of DNA. On the basis of results, we extended our investigation to look into the mechanism in detail, and VP-
16 and its related compounds were found to form both organic free radical species and -OH in the presence of Cu(I)
as detected by ESR and spin-trapping methods, respectively, their structures being analyzed by computer simula-
tion and molecular orbital calculation. Then, we examined the relationship between the free radical formations and

DNA-cleaving activities, and proposed a new mechanism of the free radicals-dependent DNA cleavage.
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BEBRORE QD) ICEBRLE- OV, MIELRMAEEUTICRT . Magnetic field : 3365+5 mT, power : 4
mW, modulation amplitude width : 0.1 mT or 001 mT, sweep time : 2 min, time constant : 003 sec, gain :
200-5000 ESRAX%Z M V¥ 3 2L —¥ 3~ ! Isotropic EPR Simulation ver. 22A (LABOTEC Co. Ltd) Z H\»7z 5,
SFEE (MO) 3H - #FEFY Y7V 7 FMOLDAZ FIWTZRZhOSTRET) V7 L, RBIEEERER,
MOPAC semi-epirical molecular orbital package program (ver. 7.0) % FI\V CaH L7zo DNAYIMTEER : ) ¥ 7B
(SA) R, 2V ¥ o EEEE R (pH 8), 03 ug pUCI9 DNA, SA, 2 mM Hz0z 25uM CuCl®JEIZ, VP- 16514,
R4, 03 ug ColEl DNA, VP-16, 50 uM CuCLONHIZRBZMA TRIG (37C, 1R D L {I1X305MH) L7z,
FTHO—AFNVERIKEEICL VBT L FA4 2V v 2R NVF AP Y—(CV) .2 mM SA, DEPD3 LK iZVP-
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1. BRS T HILOBRBEZORE

oY YU EBEER (pH 8) FIZBWT, SA, Hx0z, Cu(lD) B XUDMPO% KL &5 L SAHROERT ¥V
re Fuxy s YA ((OH) HEEHRE S, —F, VP-16, Cu() BLUDMPO: G & ¥5 L, VP-16H
EOmMEES D h VAR &7 (Fig. 2)
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Fig. 1 Structures of (2)SA, (b)DEPD and (c)VP - 16
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Fig. 2 ESR spectra of hydroxyl radical, SA radical and VP - 16 radical in CuClz and/or H202 systems
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Fig. 3 The resonance structures of dimethoxypyrogallol moiety in SA radical, DEPD radical or VP - 16 radical

Magnetic parameters of the radical

hyperfine coupling constant (mT)

radical a7’ al70CH; aHRING alg’ aHg
SA 0.1230 (6) 0.0712 (2)

DEPD 0.4650 (1) 0.1365 (6) 0.1365 (2) 0.0540 (1) 0.0200 (1)
VP-16 0.4320 (1) 0.1404 (6) 0.1404 (2) 0.0630 (1) 0.0200 (1)

Table 1 Hyperfine coupling constants (mT) of SA radical, DEPD radical or VP-16 radical.
Numbers in parentheses denote the number of equivalent protons.

2. DNAEIKES

ESRHEEICL D, VP-16B L USAIKBERENIC, ThENOFRT VA NI EOLBEFHREINMALZ, B
%HC, DNADYIEREZBZ ho/2L 5, VP-16B X USADBEIZKE L TUMIEEI LA Lz, SO0
R, ERL-EET Y VED, DNADOEIRIZES L TWwa Z LR SRz, (Fig 4)
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Fig. 4 (A) pUC19 DNA cleaving activity in SA/CuClz/H20; system
Concentration; 25 uM CuCly, 2 mM H202, 0.3 ug pUC19 DNA
(*: p<005vs0uM SA **:p <001 vs 0 uM SA)
Inset: ESR signal intensity changes of SA radical and hydroxyl radical in SA/CuCla/H20; system
Concentration; 20 uM CuCly, 2 mM H203z, 45 mM DMPO
(B) ColE1 DNA cleaving activity in VP - 16/CuClz system
Concentration; 50 uM CuCly, 0.3 g ColE1 DNA
(*:p<005vs 0 uM VP-16 **.p <001 vs 0 uM VP-16)
Inset: ESR signal intensity changes of VP - 16 radical in VP - 16/CuClz system
Concentration; 50 u M CuCly, 45 mM DMPO
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