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Synergistic antitumor effects and mechanism of apigenin and tanshinone I
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Abstract: Objective To evaluate the synergistic anticancer effects of the combination of apigenin (Api) and tanshinone II A (Tan I1a),
and investigate the mechanisms of pharmacological effects and their potential applications as an anticancer therapy in clinics. Methods
MTT assay were used to determine anticancer effects of the combination of Api and Tan I1a on BGC823, MCF7, and SMMC7721 cells.
AV-PI dual stain and PI staining method were used for detecting the effect of the two drugs combination on BGC823 cell apoptosis and
cell cycle. Expression of p53, BAX/BCL-2, cyclin B1 and D1 proteins were determined by Western blotting. Circular dichroism
method and DNA melting point method were explored to detect interaction among the two drugs and DNA. S180 tumor xenograft mice
model was used to evaluate the antitumor effects of the two drugs combination. Results Tan IIa combined with Api exerted
synergistic inhibitory effects on the proliferation of BGC823 and other tumor cells with the CI of 0.28. After tumor cell treated by
combination of Tan Ila and Api, the tumor cell apoptosis was significantly enhanced and the value of BAX/BCL-2 in cells was
up-regulated (P <0.01); The levels of cyclin B1, D1 protein were changed and cell cycle arrest was increased which mainly blocked in
S phase. The interaction among the two drugs and DNA was in two different ways, leading to the curves of thermal denaturation of
DNA changed significantly. Furthermore, the combination of Tan I1a and Api showed a stronger inhibitory effect on tumor volume and
weight in S180 mice model than monotherapy, which was similar to cyclophosphamide therapy but less side effects. Conclusion Tan
I1a combined with Api exerted synergistic antitumor effects. The two drugs interacted with DNA in different ways and aggravated the
cell cycle arrest, which were the key mechanisms of their synergistic antitumor effects.
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1 Api(A) 71 Tan IIx (B) RUZEHIT
Fig.1 Structures of Api (A) and Tan I1a (B)
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N SMMC7721 4 i i A BR 2 AR AT
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CL 2% BALB/c /MR 30 X, MERESF:, 6 FE,
18~22 g, MgEJMF L RZFSLRwSHYHL, 31
AAGIES SCXK (B) 2016-0029.
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58 R (HABMES AR R (&
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1.4 Y5

Tan I, (L5 150814). Api (L5 151205),
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99%), W H A ZRFAVBHEARAF; M
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(CT-DNA) WHEILHEZEEHIRAH .
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2.1 YHREEEFE

BGC823. MCF7. SMMC7721 44y 5 F &
10% 54 I35 ) DMEM 53755, F 5% CO2. 37 C
RFEM R TR, L1 D 3 AR, 3~4d B0 1 IR,
FEAR 1~2 RE R a] - 5 2.

2.2 MTT AN E4HRatEE

PL 1 X 10%4LE) % FE 73 7% BGC823. MCF7.
SMMC7721 4Rt T 96 FLEHF, WHE 24 h J54>
B Tan IIx (12.5. 25, 50, 100 200 pmol/L)-
Api (6.25. 12.5. 25. 50, 100 umol/L). “£#2/E (30
nmol/L), W¥H 48 h f53 LKiFrdk, PBS Pl 1 Ik,
FIIA 100 pL % 0.5 mg/mL MTT FIFC I 5 975
5 4 h, 3 L3, IO 100 upL DMSO, 7653 i#
Ji FBEARSCHAT R, AR 570 nm, SH K
630 nm.
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KFH Annexin V-FITC T3R5 &M E Tan 1la
A1 Api XF BGC823 4HuIfE I8 T-1FH . BGC823 4H
HILL SX105/4LIVH FEHM T 6 cm 5 FR1ILF, 15 EH
24 ho 5N Tan Ma (50 pmol/L). Api (100
umol/L), W7 48 h 5 EEA M, H PBS ¥k 2 X,
JIN 100 uL %5 2 pL Annexin V-FITC (&5 47, T
VK EREYCHEE 10 min, 400 SGEREAGI .
2.5 ZAREEEAGN

FATE L& ¥) DMEM fsrfilis 772 504 BGC823 4
JLLA 5 X 105/4LI) % FEHERT T 6 cm HISFILAT, B E
18~24h Ja, FERFE, SRl 10% FBS
FRFERLAHI K Tan Ia (50 pmol/L)+ Api (100 pmol/L),
55 24, 48. 72 h 5, 1200 r/min &0 5 min, Y
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HE, BN 2 mL B4R 75%48F, T4 C
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200 pg/mL RNase A« 0.1% TritonX-100), =G
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2.6 DNA Z&9Hh

KA~ (CD) VElE 25 DNA 456
. 73 AIFE CT-DNA H I Tan 114 (25, 50+ 100
umol/L). Api (50, 100. 200 pmol/L), L CT-DNA
(100 pmol/L) A XTI, LLEc 2545 2 DNA
FHIE CD B . KA 1-810 [ — (34

132 CD EIRE, {4 FH AT A 80 N ek fOos =
() Ox HEV, 15 G AR A 1T em AT FEIILEL 500 nm/min
F93# 235~400 nm ) CD ik, W a1 0.5 s,
BRAETEFEN 2 nm, T Rt 2 K5 B shit B FME.
2.7 DNA = 7HT
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20) 37 °C, M 1~2 h. MA—HiT 4 CHET
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4. TanIlx (30 mg/kg) 4H. Api (60 mg/kg) 4.
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B, CTX DUBAKER. S48 2454 /MR ig 0.5 mL
FARIZEY, 1 R/, FELE 10 do FERICEZA/NR
. 10d J5, FRE/NRARE R E A, B
Sl =2k b2 i S AN == 9 Bl NG N B =4 8
RN, BCFSAEE MR EAR
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3.1 Tanllx 5 Api XT4RBEIE5EAYS.NE

Wil 2-A Fr7n, Tan lla F1 Api X} BGC823 il
BRI 27 A e M . 45 F Api (200 umol/L),
PIAEIEF AN (45.018.9) %; 4T Tan Ia (100
umol/L), 4HAFIE R A (46.548.7) %; Tan 114 (100
umol/L) 1 Api (200 pumol/L) BEH, ZHAAfEis%EA
(10.6£1.6) %, Api (25 pmol/L) 5 Tan I, (12.5
pmol/L) It XS 4 Jifd () 5 1 5 S AZ A 4 . Apis
Tan IIa ) ICso 23524 190, 102 pumol/L; EXFIRT,
Api. Tan Ia ) ICso 73519 25+ 12.5 pmol/L; BXH

A CIxt R
1201 22 % A2
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BB Tan 115
100- = E= Api+Tan lls
BN 4
p 80
Ha
B
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g
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20
0 ; N
Api/(umol-L1) — 100 200
Tan I/(umol- L") — 50 100

L EE/(nmol- L") —

SxR4L e "P<0.05

"P<0.05

i, Api Tan 1a FIHUMIRTE SRR T 8 fF. Wl
P 2-B it 7, Api(25 pmol/L) 5 Tan ITA(12.5 pmol/L)
f*) CL{E N 0.28,

WK 3 fizs, Tan Ha. Api X MCF7 40 i i 25
P2 EA MR . 44T Api (50 umol/L), 4l
TR (72.015.1) %; 45T Tan 114 (25 pmol/L),
YIMIAEE RN (39.8+8.4) %; Tan IIx (50 pmol/L)
1 Api (25 umol/L) BEFH, ZHMAAER FI%E] (14.1+
3.2) %. TanIlx (50 umol/L) F1 Api (12.5 umol/L)
XA I S A A 2 . Tan s (50 pmol/L)
Al Api (25 umol/L) BXFI Y CI{EM 0.31,

WK 4 fror, TanIas Api XF SMMC7721 #Hi i
BRI R A EA I . 25T Api (50 umol/L),
MAFIE RN (86.242.3) %; 44T Tan la (25

B
0.9:
0.8
0.7
0.6

CI 1

0.5+
0.4
0.3
0.2
0.1

0_
Api/(umol-L™") 12.5 25 50 100 200
Tan Ix/(pmol- L) 6.25 12.5 25 50 100

“P<0.01, FIH

**P < 0.01 vs control group, same as belows

B2 Api5 Tan 11, 3t BGCS823 4HREIETEAISLNG (A) #1 CI{E (B)

Fig. 2 Effect of Api and Tan IIa on proliferation of BGC823 cells (A) and CI value (B)
A - B
2 %KW 1.2
1007 M Api
gzﬁ;ﬂé&n 10N 1.0+ 7%
80
§ o ; 0.8+ %
e T 0.6
.
2 40 7 /
§ / 0.4 /
4 é 0.2 %

0 . : :
Api/(umol- L") — 50 100
Tan Iy/(pmol-L™") ~ 625 125 25 50
HAZEE/ (nmol- L) — 30 _ _ _ - B

Api/(umol- L") 12.5
Tan II/(umol- L")  6.25

100

&3 Api 5 Tan Il ¥ MCF7 {ABEEAISMT (A) 1 CL{E (B)
Fig. 3 Effect of Api and Tan Il on proliferation of MCF?7 cells (A) and CI value (B)
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100 - B XN Api
B Tan 11,
wx E==SApitTanll,
e 0.4- 7/
| %
;i 60 03 %
4 o
i_%; 40 S 02 %
g /
_
20 0.1 %
Api/(umol L) - = 125 25 50 100 200 Api/(umol-L 1) 12.5 25 50
Tan II/(umol- L") — - 6.25 12.5 25 50 100 Tan I/(umol- L") 6.25 12.5 25

AW/ (nmol- L") — 30 _ _ _ _ _

4 Api 5 Tan Ilx ¥ SMMC7721 {RBEIETERISAE(A) #1 CI{E (B)
Fig. 4 Effect of Api and Tan I on proliferation of SMMC7721 cells (A) and CI value (B)

umol/L), 4HMIAEIEH A (68.5+6.1) %; Tan Ila (50
umol/L) A Api (25 pmol/L) BXFH, HAEIERT
B3] (27.0£2.6) %. TanIla (12.5 pmol/L) 1 Api
(25 pmol/L) BRI XTI B PE S EAZREAH Y o Tan
I (25 pmol/L) AT Api (50 pmol/L) ft) CI{E N 0.25,
RG], Tan 1A A1 Api BRATX 2 F g
Y 2 A R BUMEER . T Tan I A1 Api Xt 3
Fht M b EH TR AR Z R AN K, JE SR 5T R
BG823 itk Xt 5.
3.2 Tanllx 5 Api ¥ BGC823 HB AT HIZ N
W1 5 Fr7s, Tan a1 Api BCHI, 4590
2% (Q4) A 39.0%, i1 Tan Ia 40 (14.7%) F
Api 41 (29.8%); MHHT- 5FIHT- R A (Q2+

Q4) N 65.4%, T Tan a2 (27.6%) F1 Api 41
X i

PI

Annexin V-FITC

(41.9%). RKPHHPEZMHEL, Tan s 1 Api B
F B R 3k BGC823 4 id T .

WK 6-A. B fin, HXTIEZHLLEL, Tan Ilas
Api BB E TR BT EA BCL2 Ri&, L
PR T E A BAX 3R (P<<0.01); HHphes 2y
AL, B4 BCL2 Bt RIS R EIFK, BAX &
HEIEEZETE (P<0.01). BCL2/BAX & /H 514
M) “ o FIF9%7, BCL2/BAX F&ARAR HEAH i
P, THE A8 T2} 52 o Tan IIa A1 Api BXFHIS,
BCL2 KIAMEL, BAX KiATHaE, (L4,

fRPH T8 H pS3 /& BAX R BCL2 [ty B
H, 1k 6-C fiwn, SRS, Tanlla. Api Y
BETHEMI ps3 Fik (P<<0.01); SHphZAZh4]
bR, BRH4H ps3 sEARIAREFE (P<0.01).

7z ot iR
B8 Api (100 pmol- L)

Tan 115 (50 pmol-L™)
[0 Api+Tan Il

kk

k3

FTH/%

£ 08T e~

QI-RIE  Q2-MEMAET: Q3-IEH Q4-F AT
Ql-necrotic Q2-late apoptotic Q3-normal Q4-early apoptotic
5 Api 5 Tan Ila Xf BGC823 4R A T-HIS2MH
Fig. 5 Effect of Api and Tan Il on apoptosis of BGC823 cells



¢ $ % Chinese Traditional and Herbal Drugs 35 514 5522 #] 2020 11 A * 5793 -
Api/(umol' L") — 50 50 100 - —
Tan I15/(pmol- L") - 25 — - 25 50
BCLZB- - 2.6X10¢
BAXM¢ 20X 104
pS3 [N 5 < 0
GAPDH 13.7X10%
A B C
337 701 " 1001
30 7 |
% it N ## 801
ﬁ 25+ % WL - “
XN Bt £ 40, . % 60
¥ o / st : N / %/ I 40-
N B ER TN P P
S| o« m o O m o, | "
Api/(umol-L™") - 50 50 100 - - - 50 50 100 - - - 50 50 100 - -
Tan Il,/(umol-L™") - 25 - - 25 50 - 25 - - 25 50 - 25 - - 25 50
EXMBALE: "P<0.05 TP<0.01; SXIMSCRAHLLE: #P<0.01, FIF
"P<0.05 *P<0.01vs control group; P < 0.01 vs corresponding experimental group, same as bellows

6 Api 5 Tan Ilx ¥ BGC823 4ffl BCL2 (A). BAX (B) #0 p53 (C) EHFRILMEN
Fig. 6 Effect of Api and Tan I1a on expressions of BCL2 (A), BAX(B) and p53 (C) protein in BGC823 cells

PLESERRH, Tan 11 A1 Api 7775 B [F 4098
Ve, H5 p53 15 5@ EAH.

3.3 TanIlh 5 Api %f BGC823 £MAfE HARY R

WK 7 o, %5°F Tan IIa 24 h i, SxHEAH
(54.17%) AHEL, Gi AL &5t 52.77%, 48 h It}
BANZE 57.14%, 72 h IFEGINZE 60.72%; 24 h i,
LT HRZE.(9.15% ) A EE, Go/M B4R & N 8.40%,
48 h I B & R R A 2.90%, 72 h I AR 2] Go/M
gHff; 24, 48. 72 h B, S HA4HM 5 EE A 38.83%~
39.95%, HXFHEA (36.67%) MHLEE BEAAL.
IR UL Tan I K40 BARH A 7E Gy 1.

5 Tan UAAF, 457 Api 24 h i}, SxHEA
(54.17%) LS G H4guM 5 EEPE 2 41.22%, 48 h
R 47.19%, 72 h IFPER 38.47%; 24 hif, 5
KR (9.15%) bL#, GoyM HA4HfL &5 b A2
21.41%, 48 h i 4 20.24%, 72 h B} _EFF2 53.71%:;
24 h B, S HgNfE 5N 37.38%, 48 h K% %
32.57%, 72 h INFPEZE 7.82%. k45 F K Api ¥
2 S S BE AE Go/M

Tan s 5 Api BRHT, JAMARHAEINE 2. 24 h
i, G HIg0p 5 EE AN 54.17%F% 2 49.56%, S H4
o 7 BN 36.67% % 25 23.57%, Go/M HAZH M 9.15%
HINZ 26.78%, ULAAAIARKAE T Go/M HARH . 48 h

i, Gy #4005 LA 49.56%38 N ZE 69.58%, S
gHf LA 23.57%PFKE 2.87%, Go/M HH41HE
26.78% ETH & 27.54%, TiEIZHILE Go/M I ZEAth
FIERAET G IR . 72 h I, Gy BI40H0 5 EL A
69.58% K2 36.73%, S HHANAE &7 LA 2.87%38E 1
% 58.14%, Go/M HAAHHIM 27.54%FF (K2 5.13%,
VLA R AT S WIBH AR o

2% b, Tan A F 40 ARG ZE G ;s Api %
41 B JE IR T Go/M ;. Tan 1A 5 Api BXHIES,
G M R AR 2 AR s ) R ABE 24 h SR PH T
Go/M #, 48 h [HiT G AN Go/M 3, 72 h BH¥
T S i,

I ) 24 L R 52 81 P A R A, 2 A i S
BHYRFES, B ER KPR AE U . Cyclin BT 2 51
AR E HA Go #A ) MBI, 4Rt A M S
Cyclin BT 7K-Fyk/>, R0k 24 #IRE AT GoM 1,
Cyclin Bl /K P10, Cyclin D1 255 %40 i & 31
M Gy 1) S Bk, it S #iJ5, Cyclin D1
AP, DR 2 BB /E G A, Cyclin DI /K
SEHE TN Wi 8 Fir, Api BUZE 24 5, 4L Cyclin
Bl EARIEEZEIN (P<0.01), #R4IEAL
Go/M HABH - Tan 11 S5 2 )5, 4HMI A Cyclin D1
EAXRIBREFEWIN (P<0.01D), FRMMPIHME G
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0536100150 260" 70— [HHH]]H]GZ
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. 41220
Gl: 41.22 Q8¢
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Sy ). -
50 100 150 200 0 50 100 150 200
Tan 1T, 48h TanIl, 72h

) o g - 04
50100 150 200 )
Tan 11, 24h

A%

50 100 150 200 ( 50 100 150 200
Api+TanIl, 48h ApitTanII, 72h
b
| G1: 69.58% )((
S: 2.87%180] N
2 27 540
2: 27.54p,

0

7507100150 200
Api+Tanll, 24h

Gl: 36.73%
wS: 58.14%

i2: 5.13%

I
{M{VP‘%

PI

A o /%

I 24h 48h 72h 24h 48h 72h 24h 48h 72h
Api (100 pmol-L™")  Tan I, (50 pmol-L™')  Api-+Tan Il

7 Api55 TanIIx %475 24, 48. 72 h Xt BGC823 ¢HAEEHARI 220
Fig. 7 Effect of Api and Tan Ila on cell cycle of BGC823 cells at 24,48, 72 h

A
40+
35

Api/(umol- L") = 50 50 100 - -
304
Tan IL/(umol Ly = 25 — — 25 50 '&25
1 [+ < 10° £ )
) 5220-

i e

Dl 3.4x10* I 5
HE

10
5
0-

Api/(umol- L) -

Tan II/(umol- L") —
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