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Abstract: To study the anti-tumor activities and the related mechanisms of dicumarol, the CCK-8 method was
used to identify anti-tumor activities of dicumarol. HepG2 cells were used to explore the anti-tumor mechanisms
by measuring several physiological and biochemical indexes. The results show that dicumarol can significantly
inhibit the growth of HepG2, Hcce-9810 and MDA-MB-231 cell lines in a dose-dependent and time-dependent
manner, with HepG2 cells showing the greatest sensitivity to dicumarol (with an 1C, value of 3.19 + 0.68 umol-L*
at 48 h). Dicumarol arrested the cell cycle at S phase and down-regulated the expression of anti-apoptotic protein
Bcl-2 while promoting the expression of the pro-apoptotic proteins Bax and cleaved caspase-9. Dicumarol signifi-
cantly decreased the levels of glutathione (GSH) and superoxide dismutase (SOD) in HepG2 cells, and increased
the levels of malonaldehyde (MDA) and reactive oxygen species (ROS). Dicumarol also down-regulated the
protein levels of NAD(P)H quinone oxidoreductase 1, 3-phosphoinositide-dependent protein kinase 1, and hypoxia
inducible factor-1a under hypoxic conditions. The above results show that dicumarol can inhibit the proliferation of
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HepG2 cells and induce cycle arrest and apoptosis. Dicumarol may down-regulate the expression of HIF-1o by
inhibiting the activity of NQO1 and PDK1, which leads to the accumulation of ROS, thereby generating oxidative

stress and inducing apoptosis in HepG2 cells.
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Figure 1 Effects of various concentrations of dicumarol on three different human cancer cells at different time (24, 48 h). n = 3, x £s. "P<

0.01 vs control group at the indicated time
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Figure 2  Effect of dicumarol on apoptosis morphology of
HepG2 cells determined by Hoechst 33258 staining (200x). a:
Control group; b, ¢, d: 2, 4, 6 umol-L™* dicumarol treated group. The
cells shown by the white arrow are apoptotic cells. The white bar

shows 200 um. n=3,x+s
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Figure 3  Effect of dicumarol on cells apoptosis in HepG2 cells
determined by using the flow cytometric analysis. A: Characters
(a: control group; b, ¢, d: 2, 4, 6 pmol-L* dicumarol treated group)
represent different concentrations of dicumarol; B: Statistical
analysis of the total apoptosis rate of HepG2 cells treated with
dicumarol for 48 h. n = 3, x + 5. “P<0.01 vs control group
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Figure 4  Effect of dicumarol on cell cycle in HepG2 cells deter-
mined by using the flow cytometric analysis. A: Characters (a:
control group; b, c, d: 2, 4, 6 umol-L* dicumarol treated group)
representdifferent concentrations of dicumarol; B: Statistical analysis
of cell cycle distribution of HepG2 cells treated with dicumarol for
48 h.n =3, x £s. “P<0.01 vs control group
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Table 1 Effect of dicumarol on glutathione (GSH), malonalde-
hyde (MDA), superoxide dismutase (SOD) content in HepG2
cells. n = 3, x . "P<0.05, “P<0.01 vs control group

Group GSH/% MDA/% SOD/%
Control 100.00 +£8.20 100.00+£0.80  100.00 +0.80
2 pmol-L* dicumarol 81.39 +15.78 124.97 + 9.41 71.22 +2.44"

4 pumol-L* dicumarol  73.50 + 13.45 149.62 + 19.93™ 68.23 +2.29"
6 pmol-L* dicumarol 64.90 + 8.85" 189.89 + 25.30™ 66.87 + 1.92"
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Figure 5 Effect of dicumarol on the ROS level in HepG2 cells
determined by flow cytometry. A: Characters (a: control group; b,
¢, d: 2, 4, 6 umol-L* dicumarol treated group) represent different
concentrations of dicumarol; B: Statistical analysis of ROS produc-
tion of HepG2 cells treated with dicumarol for 48 h.n = 3, x % s.
"P<0.01 vs control group
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Figure 6 Effect of dicumarol on the levels of apoptosis-related proteins and oxidative stress-related proteins. A: The levels of apoptosis-re-

lated proteins were measured by Western blot; C: Cells were treated with different concentrations (2, 4, 6 umol-L™) of dicumarol for 48 h,
and treated with 200 pmol-L* CoCl, for 24 h, then measured by Western blot; B, D: Quantification of protein levels relative to -actin.
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FHH, 20 B A A 43 A SR R e R AR R R 5 — A

AIE, 38 H 250755 S 40 T A TR A O A R IR
L R AR XA 3 R FE ) 40 B T 9 A
A ARSI SR IR B OR, WA & AT HepG2 41 il &
A= S SABE A, BH Lk T 20 A RN G2 1 .

ROS 78 41 il 4 K < o 4k 98 T A [ 0 A5 % R 41
S v 24545 B EAE A, SODLGSH Fll MDA #2 AL it
J& 22 G5 1) 2B L AH B 4, KT AT R AL AR T B 4R
H1 5 (¥ 68 7 WL A i i S A 0 P R ML A S AL 45
PRS0, Lewis SRS, XA 2 AT fg i i 40 i)
NQOL i 5 Jif i gz 20 o A S84k Bk, I 2 ek 1 A 51
BT A S AR . DuZEIAE TR B, XL
5 152 T B 0N B i A i b R R A KT, 9 B2k
A= AR [ M SR I T e 4 G XU R S 4l
Jf B M B . AP R TP AR R R, 5
HepG2 41l it 4 SOD K GSH 7K F- F&1ik, MDA /KT F1 =,
T -5 E04H H S8 A 380 5 B 2R A, ROS 7K P A il 45 2R
WK, X E R AT 5 HepG2 41 il 4 ROS 7K1 {2 2
Thim, Xt — 0 RPN T & 0 (88 B R HepG2 41
S IR 5T 47, AT S ROS @ %, 51 AC4n i T,

PDK1 5 NQOL 7£ 2 i Jed 4t fd i ey 23K, FLAE il
JE AR T R R R 2L R T A
i34, NQOL 5 HIF-1a [H 5 E % VI R o ST HF
LR W, NQOL G 5 HIF-1a JE i & & 4, Mifi BH 1k
HIF-1o (1) B AARES . e 20 i AE SR A8 254 T, HIF-1a 3
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7T, /K1 HIF-1o 7] LA ] ROS (132 B2 B 75, 6
HE G . PDKL &2 HIF-la RIS EE NiFEA,
I AR T PISK/PDKI/AKT i 5 . 1% 38 I 1) 57
T, T DA ) P 24 i P o 2 R A 7K ST A8 g i
A AU AR O FE SR B R =, 8 iR ROS X I i At 1 451
. AW FUIRE, XWE % o]l 0 PDKL B S
PE, 51 U9 5 40 il SKOV3 Al A2780 2 Fih 2 1 27 i 2t
A5 AL 45 $5 BT Warburg 248 30 ROS 7= 4= Ailigs S 41 i
PR T2, AT A 200 ) A P g A BT, R S IG5
R, WA . —J7 T A] Gesd i | PDKY, {75 AT
I 4 i HepG2 241 i rh Bl 19 i ik 4% 40 1], “Warburg 2%
N S8 HepG2 41 il ROS FH 1. 5 — J5 T, WA
7R A AEIE I H NQOL, I i HIF-1a 1)3R1X, 5
OV BOE PDKL. 5 1, i1 T NQOZL i (1) # #1] . SOD
HTGSH S5 1A A Bl v 1 PRI, 1681540 i K &= 1 ROS
R, FHMDA S BN Z, MR S BRI ZH, BUE
TERRLARTE T 5 s, AT 51 HepG2 48 i I T2
IR, HE A 275 5 HepG2 411 ¥ T 1R AT RE /& XU
BRI AMEE R . AW IS R NE E R R
SO A T B 25 e R SR AL TR SRR, E %R
I — P R A2 b B EE R R L.

e Bk SRR 0 A SCHEAT S50 B0, B A S
0 STt 2, VKT RIS ot AT SR VT A, BRI, SR TR .

FIZEHS: CH N AR FAH KRR, TEEEA
FLs
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