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Study on the Effects of Loganin on the Proliferation and Apoptosis of Liver Cancer HepG2 Cells and Its
Mechanism
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ABSTRACT OBJECTIVE: To study the effects of loganin on the proliferation and apoptosis of liver cancer HepG2 cells, and to
explore its mechanism. METHODS: CCK-8 assay was used to detect the effects of different concentrations (10, 25, 50, 100,
150, 200, 300, 400 pg/mL) of loganin on the proliferation activity of HepG2 cells for 24 and 48 h. HepG2 cells were divided into
control group, loganin low-concentration, medium-concentration and high-concentration groups (50, 100, 150 pg/mL). After
treated for 24 h, morphological changes of apoptosis of cells were detected by Hoechst 33342 fluorescence staining. The apoptosis
and cycle distribution of cells were detected by flow cytometry. Western blotting was used to detect protein expression of Cyclin
D1, PCNA, Bcl-2, Caspase-3, Cleaved-Caspase-3, Caspase-9 and Cleaved-Caspase-9. RESULTS: Loganin inhibited the
proliferation of HepG2 cells, in concentration-dependent trend. Compared with control group, apoptosis as pyknosis and
fragmentation occurred, and the apoptosis rate increased significantly in loganin low-concentration, medium-concentration and
high-concentration groups (P<<0.01) ; the cell were mainly blocked in S phase; relative protein expression of Cyclin D1, PCNA
and Caspase-3 were significantly decreased, while that of Cleaved-Caspase-3 were significantly increased in loganin low-
concentration, medium-concentration and high-concentration groups (P<<0.05 or P<0.01) ; relative protein expression of
Cleaved-Caspase-9 were increased significantly, while that of Bcl-2 and Caspase-9 were decreased significantly in loganin
medium-concentration and high-concentration groups (P<<0.05 or P<<0.01). CONCLUSIONS: Loganin can significantly inhibit the
proliferation and induce apoptosis of HepGZ2 cells, the mechanism of which may be associated with inhibiting Bcl-2 protein

expression and promoting Caspase-3, Caspase-9 activation.
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1.2 #AREIEH
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Pk e Caspase-3 HLow FEHUAA | G Tib 4k 1) e R 28 111t 3
(Cleaved-Caspase-3) HLFLFEHTIA | e Caspase-9 B v fEHT
& | e Cleaved-Caspase-9 H& v [ i 4 | G p L 3 &5 11
(B-actin) B 5w FEPLIA  BRAR L A AL W (HRP) F5 i0 F 4T
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(et R LR AT R H] L L5 : B8040) s B A5 22 2
12 35 AR - 22 6 2 /AL TR BE (Annexin V -FITC/PI) 4]
IR TS I AR B L At U R (VTR L A
R A BRA W, 5 . KGA107 . KGA512) ; BCA & [
& H AR £ ECL MUk 2% & Y6 \M-PERTM M L 314
2 43257 (35 [E Thermo Fisher Scientific 23], #5
23227, 34580, 78501) ; - — %ot L B R 9 - 58 TN s Tk e
(SDS-PAGE ) #E i i 551 5 (it 2 Rk A B WD
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7.2~7.4) JRECE . EER BEE R YW A E Hy-
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HepG2 4l M BRI F Hp [ RL 27 B A= P4k 24 5 4n i A
YIS
2 Hik
2.1 ZHREEEFR

B HepG2 i He 5 10 % iR 4 L3 1) DMEM 15 3% 5
(DL FR B3R5, T 37 °C 5% CO. 5 F 4 h 1 55
(AT AR 7 25 A1 TR o
2.2 DHEXRASRESH

KB PRI R % IS 20.0 mg, VAT 1 mL 53R 3t
rh TE BT VR R 2% 10" pg/mL 4 Eh % T X6 B L B
220.22 pm fALIEREIE L, B T —20 CIRAF, & .
2.3 DHREFMNMMESHEE

K CCK-8 Al . HOW £ 4 B Hep G2 2 it , 4%
5 000 A™/FLAZEFR T 96 FLAR Hr , K5 4 B Bl AL 4 > X B 2
LRI AN W A, B 6 M E L. R AU
JEE 21 200 JE 4 530 o A R 4 I R R R 4 Ak 10,25,
50,100, 150,200,300 400 pg/mL (¥ FF 45 B 2 2% #] /)
LT AR ST NV ) (S 2 5 3R L 100 pl , Xof FR 25 44 it fin
ANERBEE R, DA T R SRR M s A
Mo 39T R 3524 .48 hif, &L A CCK-8 i3 10
ul, Ak2 555 2 h, Bl 5 {0 B AR (T 450 nm %4 40
FE R FLI IR OE BE (A) , TF 55 40 A7 16 2R - 40 I A3 R
(%)= (Auwmn—Axsnm)/(Awwn—A 50m)x100% . iR
R HEE 3K,
24 DEEFNMEEBATHRmEEE

K Hoechst 33342 %¢ 6 e (e kil 4 i 8 1278 &
Ak . BN HR A K 1) HepG2 21 i, 42 1x 10° 4>/ L 4%
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2590 % e AT, SRR IR AL DRI b Rk A
2 4 530 A R % T R BE 43 2 501,100, 150
pg/mL )75 2555 7R 5L 5 mL, X REZL 40 AR Jin A SRR AR 5=
FE 8595 24 ho AR, 48 Hoechst 33342 98 6 Ye R} ikt
JEYL A, 10 min 5, I PBS VE 6 5 minx3 K, i IO i il
TR LSS 25 2 A0 B R 78k o R it 2K 200 AR A 0 4
JLJH T4 53 M HepG2 Al L[] F3iR T 0341 45 2 45
IR 24 hm WAL 20 AR, A4t e o T G D itR) & v ) Bind-
ing buffer 500 pL # &, I /il A Annexin V -FITC F1 PI 4%
WS 5 uL, BRIR S, il TR E 10~15 min, R
it 2K 24 LA SR 00 4 B O T AR B R T = R
FAM AR TR FIRIKIRE R 3R,
2.5 DEEXHMEERS R InE R

SR T 2200 A A 000 298 L o 38R 0 A o BB B
HAK) HepG2 40 i, ¥ BB “2.47 TR ko2l (45 25, B4
W3NS 5555 24 hm WA A, T A 44 e Jd 34 5]
&Y PLYL Y 500 pL HE:, JF G H 30 min Ji5 ,
it 2 L SCRSI Z40 L L3 A, R A 3 UK
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Z

K Fil Western blotting 722 K60 £ [ 36 15 . IO 304k
A 4 HepG2 40 i, 4% 2 10° /I 4 b 22 400 Jif 35 32 1L
W 2. 47N R . ARG IR R R AN 2
90% I, FEEIEFRAL , TR v T B8 4 A i i A
B L ERAT AT R R FE 4514 50,100,150 pg/mL B 75 24
FEFRBE 10 mL X FREZH AN A S ARG TR 0k . 1555 24
hJ& A0, F M-PERTM Wi 7L 890 26 P B i 5 42
AR 1, R BCA Bl 28 IV R B0 4 it
EAEETFEEAS T 95 CAEME 5 min J5 RIS EH
P o R FIRE AL 40 pg Z80:d SDS-PAGE 438 ) , % &
B S8 2 M (PVDF) I (0.45 pm) b, DA 5% B g 4 1 &
1 1 h 5, 43500 A% Cyclin D1 BASEHEERTIA /N PCNA
AT BEHTIR L/ R Bel-2 B BEBTIA L f Caspase-3 H15g
Behifk  f Cleaved-Caspase-3 F v [ Hi {4 . %2 Caspase-9
VTR S Cleaved-Caspase-9 HLyg FEHTIA | e f-actin
AR (R 1:1000), T4 CRIEE K ;
TBST{igE 10 minx3 UK, 503 I AF L BT (HRP AR
FPiR1gG —HiXF I Cyclin D1, Caspase-3 . Cleaved-Cas-
pase-3 ., Caspase-9 , Cleaved-Caspase-9 , f-actin 7 1 , HRP
FRic EHi/ B IgG ZHUA 1 PCNA (Bel-2 2 11, #i BeJ
¥IM1:10 000) , ZiEMFE 1 h; A TBST 5%k 10 minx3
K, 4 ECL R i 4 )5 R SR 23 B RGeS 48 1 Tm-
age J 1.8.0 BURHF AL, UL HAREE 11 5 N2 (B-actin) 55
R BEAE LUAEAE S BARSRAT A Kb i, iRk
BEAL 31K
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2K H GraphPad Prism 7.0 AT HE 0 M. I
BRI L x + 5 2R, Z4110] FUECR BN R 7 22047,
P LR 456 . P<<0.05 FR2ZEF A G0 FE X
3 &R
3.1 DEXTMAMETER M

550 R PEAC, AR IOV T 24 A8 h S, 4
J BRI A 15 3 1 B 2 AR (P<<0.05 5 P<<0.01) , HAA ¥R
WAEF . 2 THERTF BT B 50 pg/mL AF ] 24 hitf
A ILA75 R R (73.10 + 2.23) %  RRZ S E T ST
HLAA B A A0 i B, L 50 ng/mL A N JE 22 56
ThERAT 25 24 1 e IR R, KU % 100, 150 pg/mL AR
ILERTY 45 25 10 rp v B A v TR, JF B 4% 24 h g A IS
] o AN ] e B 5 % Xt HepG2 4 it 43 Bl 1) 5% w1 DL
#= 1,
®1 FEREDEHEXAIGENZIME (xts,n=3)
Tab 1 Effects of loganin at different concentrations

on cell proliferation(x+s,n=3)

9 L HIFFEE, % ]

HH24h Hi48h
popieil 99.02+2.95 99.62+333
DHEH10 pg/mL4 924212.12° 85424427
DS pg/mL4l 80.76+3.77° 79764275
TS0 pg/mL A 73104223 68.10£4.07°
THH100 pg/mLA 64.06£340° 60.06£3.95"
THH 150 pg/mLA 50.60+247"* 45601249
HEF200 pg/mL 4 3848+2.15" 3548+231°
THAF300 wg/mL 4L 236243217 20624270
DA 400 pg/mLA 17641264 8641243

1 SXIRA Heg, *P<<0.05, " *P<<0.01

Note: vs. control group, “P<<0.05, “*P<<0.01
3.2 OHEEXMET R

Hoechst 33342 Ye a2 0L o, Xk BEZH 41 g 52 [RE B
WEIBITE , 20 M A2 e 3 | 30 G085 BT , o D €6 200 b A (A%
145 ) o SRR EE DEITVE 24 h ) , & AL i b 24
MAS 8/, HL34 B [R) R A% [ 4 R S S
g e E A I S i . S A iE T
FE 252 1) S B TR DL T 1 (PR A i sk Por 48 ok T 4
).

EJXT R b, R AT P R v B AR R R T
TR, AW (P<0.01) . & 4148
Mg T A HOS TR ILIE 2, TR PR IR 2,

3.3 DREXIMHEENS A RN

2R TR 24 hs , THARTEAR P vk
FELLA S HIA0 I o Fe 3Bk BE 4 i 2 e, Go/ML A
LA 53 L3 B0t BRZH 1 2 BRI (P<<0.05 B P<<0.01) 5 11T}
Go/G AAINIE & 43 b 5% IR He g 22 ¥ e g 24 X
(P>0.05) . - ZH 241 B J&1 9 4313 i s =X 40 B T L & 3,
i JE A A3 A B A EE R IR 2.
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Fig 1 Micrographs of cell apoptosis morphology in

each group (Hoechst 33342 staining, x100)
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Fig 2 Scatter plot of cell apoptosis in each group

R2 BRARRBTERMERIHESNLL (xts,n=3)
Tab 2 Apoptosis rate and cell cycle distribution per-
centage of cells in each group(x+s,n=3)

1 G2 G, G G G
s S
G, 1.0 4 G,
S 1.2 49 =)
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F 06 £ 057 u
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AXIRZH B. TR 41
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E E
= 05 1 = 051
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CLIb AT vk 4 D. bk 4
B3 HAMASHSHHRAHAmE
Fig 3 Flow cytometry of cell cycle distribution in

each group

34 D&EIFXHMILP Cyclin DI.PCNAE B KRIED
A

5%F BRH A, ARG P L vk B A 4 i b Cy-
clin D1 ,PCNA 5 1 FAAH X e 1A 44 i 25 R (P<<0.05 1
P<<0.01), H 2 WK, &AM H Cyclin D1,
PCNA A HL K UL 4, M ek B PR L2 3.

Cyclin Dl | GEID G G e 36 Da

PCNA | “——— Cg— E—— | 36 kDa

-—

XHRL DEEIR SR SR
WA WYl WAL

E4 HHAMAD Cyclin D1 PCNA BB RILHEKE

Fig 4 Electrophoretogram of the protein expression
of Cyclin D1 and PCNA in cells of each group

K3 RAMAT Cyclin D1 PCNA EAMBAXRILE
(xxs,n=3)

Tab 3 Relative protein expression of Cyclin D1 and

[-actin 43 kDa

PCNA in cells of each group(x*s,n=3)

" - JiRAM, %
i B, % G/G s Gy/MY]
popce| 1.08£0.16 3023+0.79 17974117 3026136
DRTFIRRED 352443557 31574051 26554080 256740317
DETFRED 4143007 3013035 31234060 18.61£040"
DRFRREY 294312817 32214048 3459+124° 17544079

T XTI LA, *P<<0.05, " *P<<0.01
Note: vs. control group, *P<<0.05,**P<<0.01

2

2020 4F55 31 556 74

413 Cyclin D1/-actin PCNA/p-actin

pop 0.5840.03 031£0.03

DTk A 040£0.03° 020£0.03°

DA A 038031 0.1540.02°

TR E AL 0.18£0.02° 0.09£0.04"
T SRR A, *P<<0.05, " "P<<0.01

Note: vs. control group, “P<<0.05, " *P<<0.01
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Cleaved-Caspase-3 8 [1 i AH X 2 ik 1 44 Bk 2 F+ 55 L Cas-
pase-3 £ [ iy AH X 2 35 i 34 I 35 B AR (P<<0.05 5 P<
0.01) ; ERFH | Sk JE 4L M H Cleaved-Caspase-9 &
I AR X 2 1k 155 15 (2. 25 TH  Bel-2 il Caspase-9 5 1119
FET 2 35 1 35t 25 AR (P<<0.05 B¢ P<<0.01) . 454141
JL e R T AR DG EE 1 AR L UK BT LI 5, AR Gk
W4,

Bel-2 | w—m— cmunee R sl |20 kDa

Caspase-3 | <N e < == | 35kDa

Cleaved-Caspase-3 | @iiew . waer el  Smmea “ 17/19 kDa

Caspase-0 | W  m— 37 kDa

Cleaved-Caspase-9 | =i —— a—— ’ 37 kDa

XAl BEGRE BEdEh SRR
WAL Wl Y

b HAMEPATHEXERRERIKE

Fig 5 Electrophoretogram of expression of prolifera-

=@

tion-related proteins in cells of each group

x4 BHARMPATHEXEBNENREE (x L5,
n=3)
Tab 4 Relative expression of proliferation-related pro-

teins in cells of each group(x+s,n=3)

Caspase-3/  Cleaved-Caspase-3/  Caspase-9/  Cleaved-Caspase-9/

- o
A4 Bk fractn P-actin P-actin P-actin P-actin
JopE 0234002 040£0.03 0124002 0304003 0.16%0.05
DETFIORREAL 0214002 032£002° 0214002 028£005 0.18+0.04

027£0.02°
0.38+0.04™

DEEAFPRIEAL 01540017 027£0.04° 0244004 021£003°
DA EIREA 00820027 0.08£0.03" 031004 0.12£003

TF: X R A, ©P<<0.05, ** P<<0.01
Note: vs. control group, “P<<0.05, **P<<0.01
4 g
JHRE SRR i (H RLRE IR AR B, AN S 588, il
PR b RA2 W A AR, BIEETE S ik [ 58, T 7 4
LWL, 30% i A, Ko i A TE R iZ I E
HEA M, 3 3 B98I RIA 7 X BE R, 7 i 5 ) SR
AAE IR BARBEE B BORBYRED ARk
JHFIEE 2 A 3T TR, AELIT P A AR ™ Bl A28 e £t
JHE o IR 200 N S 1 R BT O T PR R A R S
H R PR FE B R A T e 4 I Py S5 1 i
T AR AT AT T MR A By 1T SR K A K
R SRR
AR, DR ARSI B B FR L
Jiges 2 s A AR P BRI A — e e,
(B2 5T EH BRI ) 9 200 M 1 05 5 A T RO A G
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TR . ABFFEEE RR ] ARl BE SR X HepG2
20 B3 A Y B IR T, A PR ) ke ik
FE PG R S 1l 1d Hoechst 33342 %64 (8 1%
5 A AR 53 B A B, AN [R1 e B 1) E B Y e
5 HepG2 At LA T , [RIERE 4t e sl S9IBH A T S 1

Cyclin D1 2 = BECRF I AN AR % L X, BEAS 1A
P55 240 ] 4 28 P AR M 80 (CDKCs ) DA T 13 9] 240 it 3
B, AR 240 B SR 0 3 A v S R A S A G/S B0
AWFFERY], Cyclin D1 LE  FUIRIE JBs e vh Sk 5k
TREEN T A% A SR B AR R AR fel g &4 . PCNA
SR S R L BECIR S 1Y) R AT R A L BRSO A IR 2 AR r
SEEIGEE . AW AR, SR TT R 0 38 o A1 ]
Cyclin D1, PCNA J: R 8 (1) 235 7K K 4 i B+ S
9, NI HepG2 2 5H

JiIRg i A R — A A A B FE R T
e bl SR T o W =R = B TR 1 V= 1 R R e =4 A
VEAN A AL, I T B, B RIS AR A TR
B 55 IR A R B O AH DG I R T A DGR [N F2 A
Bcl-2 X% . Caspases FRAF , Horp Bel-2 J2 ST T
K-, e 38 ok A0 O KT T, S g 2k K e Rt rp
BB T3 5 1T Caspases 35N 2 20015 S0/ 1
K, Horh Caspase-9 &5 R AT 1) EBEEEH , Caspase-3
B 50 A T E S, Caspase-3 ., Cas-
pase-9 AEfE [ i DNA & & g SR I — iR 2 W3R 5 il
(PARP) , T L4 5 5 41 L i 72, Cleaved-Cas-
pase-3 ., Cleaved-Caspase-9 J& Caspase-3 , Caspase-9 i 1t
Ja BT UDE L, TEAH A A T3 #E v Caspase-3 . Caspase-9
WAL R BT YIE i A3 K i T E R . A
WFFEAE TG Caspases 1 il Bel-2 (4 3Rk R AL 1 i
68 240 B T DT A 45T g VR T DLt 0835 e g 24
UL ] T A DG B 11 Y 2308 R A DA 15 g 400 e 0 1 ) —
TR o AT G5 R AN R B2 1 B B RE A 17
Bcl-2., Caspase-3, Caspase-9 55 5 [ W) % ik , it #F
Cleaved-Caspase-3 . Cleaved-Caspase-9 7E [ 1 ik , #278
AT 5 = I HepG2 21 M 00 T i /E vl 68 -5 90 il
Bel-2 8 F1 19 % ik , {2 ¥ Caspase-3 ., Caspase-9 i fb A
Ko WIZBTEFRIE Z M A 43 A, AR BRIRF &, 12
BOE AT H SOR R EEIG IR ER ) 2 2y, RA B R
M E R RE & dh F AN R . SRR ML Barh
() SIS T, A5 A L2 B T e ) o BE sl
FNE I K p it 7 BSR4 1ok AR AR A 50
Py S0 v i — 2 I AR T TR A A R I
FEFABLIR, R Bt A LA 8 B v s 4 L o 2 i 3
etk
S5 3k
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W OE B IEE ST AN- SRR EE(HPLC) 5 A, 2 2 2 84 5043, AR X HM R FF
WIS HE , Fik: 11 B RE) = R R 254 42 KR BE R Sevage BB QS BB X S 45, y%%%:i%kéﬁ&;(TFA)ﬂ(fé%ﬁw1-4:}&-3-
TR -5-wked ok BR (PMP) £7 A 4L & , 384T HPLC 247, &3% 4% % Hypersil BDS Cis, 3048 4 0.1 mol/L Ak ik 2 2% # & (pH 6.84)- T
W5 (84:16, V/V) ¥l sk % 4 254 nm, 4238 %4 30 °C, iRk A | mL/min, 3488 4 20 uL. RAP 25 €38 35 S B3R F 0 A 42)
(2012A FR) 2 5 11 3k % A AR S0 69 35 0B 35 ST B AT AR L 3R, 383 5 2 J o pbad B 4T & 384 45K, R R SPSS 23.0 kM- 47 R
EHH HME SR TR RBAS ST, LRI L S S HPLC IS S & 2O H 3/ A%, 5 7 35k A H i
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fC-HPLC 35 8 B i 75 ik 7T A W 500 M SR ARAR A RE MRS S48 7 4520 AR R , 35 40 B 54 40 15 2 404 = 1o
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Study on PMP Pre-column Derivatization-HPLC Fingerprint of Polyporus Polysaccharide

LAI Gena, JIA Wenyu, LUO Siwan, ZHOU Changyuan, LI Xiong, ZHANG Xian, ZENG Xing (Guangdong
Province Hospital of TCM/The Second Clinical Medical College, Guangzhou University of TCM, Guangzhou
510006, China)

ABSTRACT OBIJECTIVE: To establish pre-column derivatization-HPLC fingerprint of Polyporus polysaccharide, and to
determine the contents of main monosaccharide components, so as to provide reference for quality evaluation of Polyporus
umbellatus. METHODS: Polyporus polysaccharide was extracted with boiling water and precipitated by ethanol and deproteinized
by Sevage from 11 batches of P umbellatus from different producing areas. The samples were firstly hydrolyzed with
trifluoro-acetic acid (TFA) and then derivatized by 1-phenyl-3-methyl-5-pyrazolone (PMP). HPLC analysis was then conducted.
The determination was carried out on HypersiL BDS Cis column with mobile phase composed of 0.1 mol/L phosphate buffer (pH
6.84) -acetonitrile (84:16, V/V) by gradient elution at the flow rate of 1.0 mL/min. The detection wavelength was set at 254 nm,
and column temperature was 30 °C. The sample size was 20 pL. The similarity of 11 batches of Polyporus polysaccharide was
evaluated by using TCM Chromatographic Fingerprint Similarity Evaluation System (2012A edition), and the contents of main
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