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Anti-proliferation Effect of Homoisoflavonoids Extracted from Polygonati
Odorati Rhizoma on A549 Cells

NING De-li*, LIU Jun, LI Min, LI Wen-jing, LI Li, ZHANG Hong-lian, SHUN Ji-kai
(College of Pharmacy, Qigihar Medical University, Qigihar 161006, China)

[ Abstract ] Objective: To study the anti-proliferation effect of homoisoflavonoids extracted from
Polygonati Odorati Rhizoma on human lung cancer A549 cells. Method: Ethanol was used as the solvent to extract
homoisoflavonoids from Polygonati Odorati Rhizoma; methylthiazolyldiphenyl-tetrazolium bromide ( MTT) method
was used to observe the proliferation inhibition rates of lung cancer A549 cells after being treated with
homoisoflavonoids (12.5, 25, 50, 100 mg-L™") for 6, 12, 24 h. Apoptotic rate and cell cycles were analyzed
through flow cytometer (FCM). And Western blot analysis was used to detect the expressions of apoptosis-related
(Caspase-3, the Bcl-2, Bak) and cell cycle-related ( p-Cde, Cde 2, p38) protein. Result; Compared with
normal group, A549 cells treated by homoisoflavonoids extracted from Polygonati Odorati Rhizoma were observed as
typical apoptotic cells. The results of MTT and FCM showed that homoisoflavonoids could significantly inhibit tumor
cell proliferation and induce apoptosis of A549 in a dose and time-dependent manner (P <0.05, P <0.01). And
the cell number in G,/M period was increased after being treated with homoisoflavonoids for 12 h (P <0.05).

Compared with normal group, the cells treated with 25, 50, 100 mg-L "' homoisoflavonoids, Caspase-3 and Bak
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were up-regulated, while Bel-2 was down-regulated significantly (P <0.01) ; p-Cdc 2 and p38 were up-regulated,
while Cde 2 was down-regulated (P <0.01). Conclusion: Homoisoflavonoids extracted from Polygonati Odorati

Rhizoma can promote the apoptosis of A549 cells and increase the proportion of cells in G,/M. The antitumor

mechanism of homoisoflavonoids is related to mitochondria-mediated apoptosis and p38 MAPK pathway.
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EATRFICET (AR A T 2) o, FZ ATl
H O gk A BOH W . OB RES R B, B AT
R IR = 5 8 R 26 16 B #) (homoisoflavonoids ) H.
A B A A B B 9 5 RN R AR AR 2 R
P2 HEERE AL W (flavonoids ) J2 4 A4 TR R AR
WY R 2 2 IR W Y S T ) o
YA B A N R A O R . H
RIRRIE R ZHE Z Y R BT E &3, Hd kb
21 i il 5% ( non-small cell lung cancer, NSCLC ) 7£ fifi
B2 85% . M — B TR IA T E N 9 40
L 9 B T DR RV AT I AR T IR £
it £ L (EAZ G AT SR E A B TR BT, A 1
S5 S ELRE 0 i firb J6 20 B 1 L, () P 3 o 15 T 4 i
U0 SEL 4 400 A 0 s gL DR, TR R AL
TREE PR 25 2 MR I R S T 2 — .
WF5E W B R 2610 & ) B G35 U TE BR H
B AT BUR RS AE A . Horh s R 2R AL S ) 3 EE
ok 00 °H) 40 0 B T AR LA S 1 5 S S A O
03 A ARk B BLMOR AR T Uk BT, R A
5 F 5 S A NSCLC AS49 41 Jifd 444 58 A7 4 ) 4
FHBHRIE o A S50 50 o D AT Hh 4 R S B R, O
K HIAS ) e B2 4 JH T AS49 41 i, W5 40 i 4 2 K
SEFE A0 A R R AR G AR R AL
1 #a
L1 gtk A 40 (AS49) I A b [ By A EE
FFR 2 F il B2 2 40 vty B5 57 3 DMEM 5 10%
A LW, 1% % B M 1% 555 . BEFRM i
Fr . L 0.25% B 5 8 11 I AL, OO 20 0 4h
PEAT S5
L2 25 Rl EAT MG A R 555
IR R AR T T, 28 5% 5% W K 12 25 e 25 ) 0 4% 8 7
NE A FHEY) EAT Polygonatum odoratum BT 15 AR
Ko o B R O B, BT R R AR, I 4 A i
95% LB IR 2 W, UK, A IR SR IO . R O
W R TR A AR e A, I P I A T A
F 43 28 Ak S A 35, SR A il Tk A T k- £ TR TR
VR 2 U0 BE R IBEAT B 45 414y o AR AR HPLC X g 4.

homoisoflavonoids extracted from Polygonati Odorati Rhizoma; A549 cells; cell cycle;

2 73 o3 AT, 8 O B — o0 R DO, 282 ) 45 WO HH
35 3 B9, 1% = S B S AL B W) AR (17,84 mg) .
T HE T (DMSO) , BE M ¥ ( MTT) ( 3£ B Amresco
NS 450 D8372-100, M8180-250 ) 5 41 ifd ./
20 A% A A a5, A R B A D R &
(dbmt Je ot 2 B8 A R 2w, it S 0 0k
CW0199,CW2575,CW2574) ; i 2 1k J&] 1] 2= 4K # i%
fitg 2 (p-Cde 2) HUAAK, 40 Jf i 199 26 v 40 o e i il 2
(Cde 2) 44, p38 PR (SEE CST 2 H, #4553 K
2543,9112, 8690 ) ; 2 Bt & MR K & & R & M -3
(Caspase-3) HTL 44, B 21 Jifd bk I 9/ 11 1L 5 -2 ( Bel-2)
Pk, Bel-2 XF 41 4% 45 M 8 A (Bak) $T ik (3 E
Abcam 2% &), #it 5 4 # K ab32042, abh79204,
ab104124) ;B-L3h & H (B-actin) , FHCL B —HT (JL 5T
A2 M A LS 3 i 14125110,112971)
1.3 {Y#% ZMD Micromass B i %1% ( 72 E Microm
/3] ) 5 Volian INVOA 500 %I 4% 7 44 4% I 33 {X ( TMS
PAR) , E2695 7 i 280 A (2315 4%, 600 7L i 4 =
WM (0 A (36 B Waters 23 ®) ) 5 il £ (0 3% 4
Agilent ZORBAX Eclipse XDB-C, (9.4 mm x
250 mm,5 pm, 3£ FZHERBHE A RA A ) ; MCV-
13161FT Bl #8 % & ( H 4% Sanyo /A H) ) ;5417R B &
OHL(FEE Eppendorf 23 7] ) 5 AJ37097 #4 i 3040 g AL
(Z£[E Beckman Coulter 23 &) ) ; Eclipse TI-S %3¢ 5%
214085 ( H A8 Nikon 23 F]) ; PowerPac™ Basic #1 Ht 7k
% (2 [ Bio-Rad /A ] ) ; Alphalmager™ 7 ¥ i [€] 4
T #Z G (E [ Alpha 7)) .
2 FiE
2.1 MTT WA i s  BOEUE KB AS49
M 1.0 x 100 AS/mL Y 40 i 2 W, 370 T 96
LR, BT 37 C 5% CO, ¥rgeffh 3%, 24 h i
BEJS , DMSO 9500 40, v 5 o M 25 1) 20 2% A J5e i
WePE ok 12.5,25,50, 100 mg - L' {1 B 0K % W
0.08 mL,}5 5% 6,12,24 h J5 , L0 A B fif Bic i 1
5 g-L7" MTT 0. 02 mL,37 °C 4l Jfi 355 3246 b gk 2 45 55
4 h, WL EVEW, A DMSO 0. 15 mL, 7E 4L
Me B3840 IR 1R 2 10 min, FIEEAR{XAE 570 nm %4
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Ab 0 E A LG RE A 28U BE A 41 3 AT AL,
S 3 R Al AR .
HKapd R = (1 = Ay /A ) X 100%

2.2 AN AR A I A0 i T R A TR S
KRy AS49 20 A, 435 im A 12.5,25,50,100 mg-
L' S8R L 96 FLA AT B RG 5% 6,12,24 h J5 A4l
B, FH PBS PE4IHE 2 Y% ,2 000 r-min ' 8500 5 min J5§
B1x10° 4404, in A Binding Buffer 0. 06 mL &
£, m A FITC 0.005 mL & 5] J5 , # il A Propidium
lodide 0. 005 mL J&%), % i T k% S 15 min, 4 g
454 FITC 1 PLJG , H25 5 R H CellQuest {4 H it
Y0 4% (FACS Calibur,BD Biosciences) #£:47 43 #r o
2.3 AR D E A0 R 6 FLAR S 3R AS49
AN ,5 x 10° A/FL o 40 I BE I, 25 11 20 A S 8
il 20 (25 v Ry 12.5,25,50,100 mg-L™") 15 5%
48 h, 0. 25% [ 2 11 BT AL AR 4l e B i, 4 °C
TS B W IR £h 22 pPB (PBS) Y% 2 IR, INA 70% &
B4 °C [ ol 0, MSr A 3 WSS K I
PBS YEUACAIAE 2 Uk, PTG 4 €5 20 min, T i
0 AL 53 HT o
2.4 P RPEEIERE (Western blot) £ il AH OC 2
Fik MR IR 2.3 WL IO SR 48 h 5 A549 4
Hil k4T Western blot 4l , 2 #& Bloom %' 5258 J5
PO ACE o W B A0 M A SR, Tk L S A
30 min,4 °C,14 000 r-min ' B> 15 min J5 B 3,
P m, RAE A E &N &R, AEN
50 wgi#t 4T 12% SDS-PACE 43 8, 8 H H 5 % 2 i
W 2T o 2 M5 b, B B 5% B0 RE 4 4 % IR B A
1 h,Jin Caspase-3,Bcl-2,Bak,p-Cdc2,Cdc2,P38 1=
A L R IAE SC 8 H —40 (121 000) , LA B-actin 2y
WS, ZHME 2 h, TBST YLk 3 Kk, i ERIEFE
1 h,ECL {7 & % & 85 , i FH Gel-Pro4 3 {4l 17
g B M, T A X R
2.5 itk BAES I 4HR A SPSS 17.0 4t
TFRCE B DL & = s R, ) F R B I
ZoH7, LA P <0.05 NESEFSIEE L,
3 &R
3.1 EREmE ks gl WO A £
P A v S B R AL & W 4 ESI-MS/MS, 'H-NMR 5
“C-NMR % & , H: ' H-NMR ( CD,0D,600 MHz) ,
8:7.16 (2H,d,J =8.4 Hz,H-2',6"),6.87 (2H,d,
J=8.4 Hz, H3',5"),4.30 (1H, m, H2a), 4.15
(1H,m,H-2b),3.13(1H, m,H9a),2.84 (1H, m,
H-3),2.72(1H,m,H-9b) ,3.77 (3H,s,4’-0CH,) ,
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3.73(3H,s,8-0CH,),1.98(3H,s,6-CH,) ; "C-NMR
(CD,0D,600 MHz)§:199.42(C-4),159.93(C-4"),
159.23(C-5),158.61(C-7),152.90(C-8a),131.38
(C-1"),131.12(C-2",6"),129. 14 (C-8) ,115. 00 ( C-
3',5'),105.26 (C-6),102.28 (C-4a),70.38(C-2),
61.50 (8-OCH, ), 55.61 (4'-OCH, ) ,48.10 (C-3),
33.10(C-9),7. 16 (6-CH,) , % 7 H 3-(4'- B AW
H)S5,7- -6, 8- FR-IE T AL M g 4R
(CoH,00) o WEIT,

OCH,
HO 0
O O
H,C
OH o

Bl SREmAHEX

Fig.1 Chemical structure of homoisoflavonoid

3.2 S EERA AT AS49 4 MIAEIE R
R KT AS49 20 M () A7 16 R B A W 1E A, B A
FR) 2t ) 388 o A B ] R SE A SRR S B . 5
S HYL R, 12,24 h BF, S 25 mg- LT 4140
FLAF G SR BRI (P <0.05) 56,12,24 h I, =5 5
H# i 50,100 mg- L™ 41 40 Mo 77 3% K W FEAK (P <
0.01), W31,

1 SREMMMHE AS4 ARGFEERNZME(x £s,n =3)

Table 1  Effect of homoisoflavonoids on cell proliferation rate of

lung cancer A549 cells(x +s,n=3) %
F"TE“ i
215 *imﬁz 6h 12 h 2 b
/mg-L
2 - 99.04 £4.47 123.15+9.50 114.18 £15.21
DMSO - 100.00 £0.00 100.00 £0.00 100.00 +0.00

98.80 £0.57 93.54 £26.32 94.15 £21.33

25 71.70 £0.05  67.47 £22.90" 67.14 +25.07"
50 53.66 +4.94% 38.11 £5.94% 39.27 +27.99%
100 22.86 +4.84% 11.78 £5.61%  7.51 +1.22%

H 5 EARKEYP<0.05,2P<0.01(F2~4),

3.3 SRR XT AS49 UM UH TSR
M 12.5,25,50,100 mg-L~"YEH A549 401 12 h J5,
JHT %40 17.22% , 18.23% ,25.53% ,47.12% ,
WA 2s 4l (5.44% ) B F+H 55 (P <0.05, P <
0.01), LKA 2,

3.4 EREERA R AS49 i IR Has A
2H L #E, i SR 12.5,25,50,100 mg-L "4 G,/M
WA 2, HE R ERN I ImZ £ (P <
0.01) ;S JUI 241 i L 491 2 SR (P <0.05) . Lk 2,
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60 2 *®3 EREMIT A549 HAA %X EA Caspase-3,Bcl-2,Bak &
R R (2 +s,n=3)
< 40 4 Table 3  Effect of homoisoflavonoids on Caspase-3, Bcl-2, Bak
2
45?{- protein expression of A549 cells(x +s,n=3)
= 1
204 ) FREE  C 3 Bel-2 Bak
QHZIJ ULRI=:R aspase-. cl- ai
. /mg-L~ ! /B-actin /B-actin /B-actin
0 I I T
A 2= - 0.12 £0.37 1.01 £0.55 0.11 £0.59
A S4B ~ E. B 5 12.5,25,50,100 mg- L' 41 ; 5255 (4l 1t S 12,5 0.12+0.87 1.02+1.26  0.19 +0.83"
PP <0.05,2P<0.01(F3,4[) 25 0.68 £0.93% 0.16£0.13% 0.26 £0.91"
= 5] BT BE X + =
B2 BREMS ASY BHATHIMME (x50 =3) 50 0.83£1.03” 0.12£0.72° 0.88 £0.48%
Fig. 2 Effect of homoisoflavonoids on cell apoptosis of A549 cells
G 5 100 1.01 £0.83% 0.18 £0.21>  0.98 £0.79%
x*ts,n=
*2 EREMI AS4 AMEAHMPIN (v +s,n=3) p-Cdc2 34 kDa
Table 2 Effect of homoisoflavonoids on cell cycle of A549 cell
Cdc2 34 kDa
(x+s,n=3) %
F— p38 38 kDa
oLl iﬁi{f’x Go/Gy ) S G,/M ]
ne B-actin 46 kDa
= - 55.39 £2.37 43.99 +1.50 1.07 = 1. 11 A B C D E
EREM 12,5 57.89£2.57 36.39£2.09 7.34+1.31" B4 AS49 EAEMMERER p-Cde2,Cde2,p38 F A FRILMEIK
. Fig.4 Electrophoresis of homoisoflavonoids on p-Cdc2, Cdc2, p38
25 53.48 £3.05 36.92+1.98 10.13 £2.07"
protein expression of A549 cells
50 48.54 £2.97 27.73 +1.71" 12.75 £1.89%

100 54.52 +£2.86 26.21 +1.42Y 17.76 +1.43%

3.5 ESR TN AS49 4N oA S [ Caspase-
3,Bcl-2,Bak IR MM AS49 il i 28K [A] ik
B AL B 48 h 5, 5 4 iR, | R R
fiil 25,50,100 mg-L "' 4 Caspase-3, Bak & [ 7K F- 9]
BFHE(P <0.05,P <0.01);Bel-2 7k 3 g 2 R& AL
(P<0.01) WL 3,% 3,

Caspase-3 32kDa
Bcl-2 26 kDa
Bak 25 kDa
[-actin 46 kDa

A B

C D E

B3 A549 B 140 % E B Caspase-3,Bcl-2,Bak & A FRIAHE ik

Fig. 3 Electrophoresis of homoisoflavonoids on Caspase-3, Bcl-2,

Bak protein expression of A549 cells

3.6 S AN AS49 4 A JE I AH OC 2 1 p-Cde2,
Cdc2,p38 KILMFZ M 5 5 v 4b ¥ AS549 4 g
48 h JF , 5455 AL H B, i S B 25,50,100 mg- L
H p-Cde2 HHKF-BEF = (P <0.01) ,Cde2 KF-
ZRRFEWH (P <0.01), HAM, & 5 B 12,5,
25,50,100 mg-L~'YEFH A549 4 i1 )5 p38 /KB
BT M4(P<0.05,P<0.01), K4, %4,

F4 BREMI AS FREFHPHEXER p-Cde2, Cde2, p38 Fix
BRI (2 £5,n=3)
Table 4 Effect of homoisoflavonoids on p-Cdc2, Cdc2, p38 protein

expression in A549 cells(x +s,n=3)

415 Jﬁﬁ{f&r}? p-Cng Cd<:2' p38‘
/mg-L~ /B-actin /B-actin /B-actin
251 - 0.21 £1.21  1.02£0.76  0.23 0. 41
ERE 12.5 0.26 £0.56  1.02£0.29  0.31+0.23"
25 0.95+0.81% 0.47 £0.78% 1.07 £0. 69%
50 0.98 +0.43% 0.24 £1.02 1.01 £0.97%
100 0.95+0.63% 0.12 £0.85%> 1.05 =0.72%

4 itig

PUIE 245 W) 2 B A0 P, T o 3 5 U
He T A i AE T L A 4
FEDE AN T 0 SR AR T A2 AR A S AN LR
PRUA T L BET 2R Tl R SR T 32 1A
BRI S5 A B0 Fas M BPTIA T 8032 1k =5,
Fas 3 B J& 3 f f87 % 8 [ ( Fas-associating protein
with death domain,FADD) 540 Jfg Jii X 19 2 A & 11 2
[ 9 AH B AR T, DA T T CaSpase-3 K H T
Caspase 5% % I b1, e & % S 40 g 9f ot
Caspase-3 &?ﬂtﬁ*zﬁﬁ?f,méﬁﬂ@ﬂt %I“P
(BN . AL, 4 M T Caspase-3
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Joifi M, — H Caspase-3 3 i& , HA S (5 T %8 &
5 SO ML TS T T Rk U T
FRIE UM @R C(cytochrome C) ML LR F i 31
0 M 5T T X 2ok PR R ZRLAR S Bel-2 % &R
FAHEAE SR8 . OF5EIER , Bel-2 # Bel-X1 93
235 BE A0 T 2 K 1) 248 L I3 P R TSR O T A 4 i
B C, T 0 ] Caspase 2% ¢ Jz o7 A0 i =12
Bak JE K& Bel-2 KR M T- R P i — 51, 24>
GEAERZA R . 4 Bak 38 i B B K R IR, A KA
7.7~ | BN YN A IV e e (1 A N = O N !
g i LI A Y . 24 Bak [N Bl B
W), a2 Em w25 1Y . 5 A BF ST
W, Bak 75 £ 47 1A 58 4 14 il 3 2 1 207 T Ll g
SRR A 11 38 37 1 S R T 00 SR AR T DA R I
e R C MHEMMABEHATCIEREN, 7 &
Caspase 0I5 J2 I A A0 I 9 777 0 A SCH 45 R B
IR, 2 S WA A B AS49 4 g rh Bel-2, Bak Al
Caspase-3 £ [ 5 B 1 AN [m] 9 3= J8 3R 5K, ¢ DI it s &4
i i R 7R SR 1 e e o ¢ T 4 I
& Bel-2 B HKCF (B IR R Bak 25 3R IB 0T
) | WS TR L N BT RS O S e R NI i i
PR 08 T2 2 4 Mt R C, PTG Caspase-3
H, 5l Caspase ZLIK [N, fE #E 40 MIFE T,

Cde2 25 FIAE 2458 T BF Cde2 5 [N 4 5 1 25
F o AR 22 03 240 — A B a 1y I 1. 2
Mo 8148 A cyclin B1 1 Cde2 JE B{ MPF ( mitosis
promoting factor) & &K, G G,/M 103 ¥,
cyclin BI 7E40 1 5 A A G, HHE A M 1 4% 5 5 %2
EM . >4 Cde2 # H X B FR AL JOF 3 A 4 i % )5,
cyclin B1 5 HAH 45 6 o 4 45 40 M #F A 22 57 24 By
Bro R4 g B rp, Cde2 3 F KPP AR E
73k 22 1Y 1% 1 48 Ak R (ROS) I BE R Cde2 iy K3k,
IMii cyclin Bl ZEALAY G, FFER LA ,S W2 LH &R
L7 G/ M P 90 0k B g e p38 R 4 4y
L6 A HE VO (MAPK ) 52 0% vh % 8 38R 5%, Al
Bl 22 Tl S ORI (H, O, , IR 52, B4, 58 02k, ik 5
), R S LPS F1 G ™ 4 B 4 L BE A% 49 17 3
R TR M 240 6 B SR LR F R A M TR
ZARFRIRE A YN . p38 MAPK i #% 2 H i 76 1
B KB 4 S H % MAPK 38 % 2
— 130 p38 B R [ 2 ) 4 ) 43 Ak, 0
2L, BT I ER 20, LA B B B p38 T fE
AR M A 22 5y B4 BR A TR ) 2 R R 2 K A
M p38 ER 1K P 2 R R T BE Bk
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ROS /Ky 7H " id Z2 19 ROS /B W25 5 SR K

7 B A B A T K 2 M R SO0 L R A

RSB S5 T R 7E AS49 41PN, R S R T

Cde2 WY RERALAKE S0 T Cded 2 11 7K M

MM T cyclin BI i Cde2 JF 1 MPF 4 4 M T

PE. 53 —7J7 W, p38 H MR KK T, AT RE S|

T ROS Hh, i FEAR T Cde2 17K P Hi T MPF &

VR AE LAIE B, DT (8 240 i 23 2EBH AR 72 G, /M 3

AR 52 e I ey S v T B B 00 200 Y A 1 A

5 AS49 4I ML T, T B A AS49 A it B W

G,/M ], HL 5% i ] 790 2 AR 1 o 2 1T oy S o A X

AS49 40 I 4 2B 1 Bl HAT AR . Ol W ARDOT &

i ged R AR vh 2 o 3R A B S SBR[ I O B

il 26 25 9 1) 235 R TR LA 4 BERL

(&%)
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