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Abstract: Objective To explore the mechanism of tuberostemonine against ovarian cancer. Methods Human ovarian cancer
SKOV3 cells were used as the research object, and control group, cisplatin (15 pg/mL) group, tuberostemonine (50, 75, 100 pg/mL)
groups were set up. MTT method was used to detect the effect of tuberostemonine on cell viability; Cell morphology after drug
intervention was observed using optical microscope; EdU experiment was used to detect the effect of tuberostemonine on cell
proliferation activity; Cell cloning ability was detected through clone formation experiment; Scratch and Transwell experiments were
used to observe cell migration and invasion abilities; Hoechst 33258 nuclear staining was used to observe the morphology of cell
apoptosis; Cell apoptosis and cycle distribution were detected by flow cytometry; Western blotting was used to detect the expressions

of B-cell lymphoma-2 (Bcl-2), Bcl-2 associated X protein (Bax), Cyclin D1, cellular-myelocytomatosis viral oncogene (c-myc), f3-
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catenin, E-cadherin and N-cadherin. Results Compared with control group, tuberostemonine had a significant inhibitory effect on
the proliferation of SKOV3 cells (P < 0.01); Tuberostemonine could change cell morphology and cells were shown signs of apoptosis;
Tuberostemonine could significantly inhibit cell clone formation, migration and invasion abilities (P <0.01); The fluorescence intensity
of cells in tuberostemonine group was enhanced, the cell nucleus was pyknotic and ruptured, and the apoptosis rate was significantly
increased (P < 0.01), the proportions of Go/G1 and G2/M phase cells were significantly reduced (P < 0.01), while the proportion of S
phase cells was significantly increased (P < 0.01); The expressions of Bax/Bcl-2 and E-cadherin proteins were significantly up-
regulated (P < 0.01), while the expressions of Cyclin D1, c-myc, B-catenin and N-cadherin proteins were significantly down-regulated
(P<0.05,0.01) in tuberostemonine group. Conclusion Tuberostemonine promotes SKOV3 cells apoptosis, inhibits its proliferation,
migration and invasion, and blocks cells in the S phase by down-regulating Wnt/B-catenin signaling pathway and up-regulating the
expression of Bax/Bcl-2, thereby exerting anti-tumor effect.
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(N,N-dimethylformamide, DMF) ¥ f#, FCHil % 7 g/L
%R Y, T 4 COKFERAE, 8 RTH McCoy's 5A
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FEH IR TR AHRERR T VG RE 24 SE R EE R
17 Kige. AR, SLISH SKOV3 4ii ct £ 61X,
IOSE-80 Al CifL & 4 X
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E1 XFENENESEMERES
Fig. 1 Morphology of cells in each group under light microscope (x 200)

3.3 MM BEZFRENT SKOV3 4piEsE RS20
WK 2 f1& 3 fis, SRt KAz
EDU FHME4HMZ35 2 FEE (P<<0.05. 0.01), H
AR A o 2 B0 T B R 5% 4 SKOV 3 4H
IO F B8 5
3.4 MMHBEZREI SKOV3 A5 EaE RSN
WK 3 f1& 4 fis, S8, SA24

F1 XMEIPEX SKOV3 4AEHE5EHIFI A0
(X£ts,n=06)
Table 1 Effect of tuberostemonine on proliferation
inhibition rate of SKOV3 cells (X +s,n=6)

a5 R/ I TN/ %
(ugmL')  24h 48 h 72h
Xt iR — 0.00£0.00  0.00£0.00 0.00%0.00
SHEE 50  28.48+5.55™ 41.98+2.54™ 54234530

75 49.12£7317 76.40+2.34™ 82.68+1.77"
100 57.85+4.32™ 84.37+4.30™ 88.874+2.97"

5 [H) i a) xR e T P<<0.01.

*P <0.01 vs control group at same time point.

*2 XM EIBEIT IOSE-80 FARRTEERAIEN
(X+ts,n=06)
Table 2 Effect of tuberostemonine on viability of IOSE-80
cells(X£ts,n=26)

5 FEWRE/ AHHAFIE /%
(ug'mL™) 24h 48 h
payiist — 100.0040.00 100.00£0.00
PO NEREE 10 104.71+14.32 10028 +17.58
50 108.05+12.10 97.40+16.36
100 102.45+11.78  103.67+14.18
150 109.38+16.58  103.49+16.47

X it BB 50 pgrmL!

AR, MEEEIEREEE. 2KRE; 50, 75, 100
pg/mL XF [ ERORALEE 48 h Jio, 4HMOZ T H I 4
a5, REFAMBRIELS, BEpd, WIS E;
JiEH T FiALEE 48 h J5, ARTEAMMRELE RGN, 4HARL
FEERIANG, 40 RoR H A ZE A KRR A

Yo I E 0 75 pg-mL!
(X200)

Yo i B 100 pg-mL™!

Y e BT R B FRAIC (P<<0.01), HE5&E

FHOGAE . BT B A e e i #1] SKOV3 4H

) S R T R, 33 00 i 400 P A B

35 XMHAEIREI SKOV3 AT F5aE a2
Wil 4 1% 5 s, ST LR, W s

Bk (75 100 pg/mL) ZHAAMLIE R 2 02 FRIK (P<

0.01), HEFIFEFIM:.
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EDU

gl JigtE

X AR AE SO pgemL™ X E B 75 pgrmLTt X E ERER 100 pg-mL!

2 M EEREX SKOV3 AEEMRNE (X 100)
Fig. 2 Effect of tuberostemonine on proliferation of SKOV3 cells (x 100)

#3 M EIBEIT SKOV3 4fatEsER$20m
(Xts,n=3)
Table 3 Effect of tuberostemonine on proliferation of
SKOV3 cells (X +s,n=3)

x4 XAEIBEXT SKOV3 4AE 5 R R RN
(Xxs,n=3)
Table 4 Effect of tuberostemonine on clone formation rate
of SKOV3 cells (X+s,n=3)

451 FREWRE/ (ugmL)  EDU BHPEZHI /% 51 JR R/ (ug-mL™") o B TE R/ %
of FE — 10.96+1.37 it 1 — 85.30+5.22
%1 . 15 0.0010.00:; %A 15 0.0040.00"
SN 3(5) gé?f?-i’g*m X R 50 5.10+0.53"

100 0.0040.00™ 7 0.00-50.007
100 0.00+0.00

xR LR *P<<0.05 *P<<0.01; SIRAALLE:: AP<0.05
AAp<0.01, FEF.
*P<0.05 P <0.01 vs control group; 4P < 0.05 4AAP<0.01 vs

cisplatin group, same as below tables.

X s X HRE 50 pg-mL!

Kbt RO, 75 pg-mL !t X E A 100 pg-mL!
3 XM E IR SKOV3 AR PR AX B =20
Fig. 3 Effect of tuberostemonine on clone formation
number of SKOV3 cells

3.6 X EIREXT SKOV3 HpEZERE RV
WK 5 f% 6 fin, SXIRALLE, SA254H
124N B B E > (P<<0.01), HEFIEMK
PE, B EEIREE AN SKOV3 diffufti2 28
CIVAR
3.7 XM EIRBEXT SKOV3 MR T 7SR SN0
W 6 A, LA DOLHeEs, MRZE
BIET HoAits). SxTiA e, g o
A S 1) 4 R A% ] 48 0 350 R % 1D R T2 TR 38 AR A
fEs X SR A T TS, SKOV3 41 e i 4 i A AN )
2 b HH L[ 4 RO 2R, ' B AN A A% TR A5 e
TSR S 47 B2 IEME, MERATE
i s, AMRFET R E B2, KU
| SKOV3 ZH 3 5E 5 75 5 =P TA %
3.8 XMHEIFEI SKOV3 AT IR
W 7 M%7 i, SRALLE, SA2Z4H



FED 2024498 $55% B 178 Chinese Traditional and Herbal Drugs 2024 September Vol. 55 No. 17

» 5893 »

h.-

xR i

Xof I B ¥R SO pg-mL™t X E 0% 75 pg-mLt X E R 100 pg-mL!

Bl 4 SHBEIRE SKOV3 MEHT %8 1RV (X 100)
Fig. 4 Effect of tuberostemonine on migration ability of SKOV3 cells (x 100)

#5 XMEIPEX SKOV3 @THBAIEMm (X+s,n=3)
Table 5 Effect of tuberostemonine on migration of SKOV3
cells(X£ts,n=3)

#*6 HEIFEIT SKOV3 R EMSENE (X+s,n=3)
Table 6 Effect of tuberostemonine on invasion of SKOV3
cells(X£ts,n=3)

21 531 R /(ug-mL ™) IR /% 2153 R /(ug-mL ™) BEMEA
xR — 35.7145.40 Ho iR — 2 676.00+235.80
gzl 15 3.75+4.61" GiEA 15 1282.00+61.10**

PO NEREN 50 36.85+4.6244 PO ER It 50 2 110.00£105.50™44
75 17.79+5.06™4 75 1702.00+96.81""44
100 2.10£1.69" 622.00+93.11*44
R . X E BB 50 pgmL!
X} R G4

X E B 50 pg-mL!

g GRY S8 ¢
it E I 75 pg-mL! 6 HHE FR 100 pg-mL!
B 5 I EIEXT SKOV3 fREEIAFN (X40)

Fig. 5 Effect of tuberostemonine on invasion ability of
SKOV3 cells (x 40)

R e

X it BB 50 pgrmL™!

Jof - E B 75 pg-mL! % AR 100 pg-mL!

B 6 I EIEST SKOV3 4R T A RSN
(GRIETE, X100)
Fig. 6 Effect of tuberostemonine on apoptotic morphology
of SKOV3 cells (immunofluorescence, x 100)

X E BB 75 pgemLt S B 100 pg-mL!
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2021% 6.50%

PE-H
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2043% 1173% 30.61% a.57% 61.19%
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1024,

23 ass ase a3y
sa 7o ey e . a9.92% A377%

a3

asa Qi3
2030% 20i1%

as4 3 aze
77.59% 12.37%
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7 X E SRR SKOV3 AAAT#IS0
Fig. 7 Effect of tuberostemonine on apoptosis of SKOV3 cells
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RT XHEEMEY SKOV3 4MDETRIRN (X £5,n=3)
Table 7 Effect of tuberostemonine on apoptotic rate of
SKOV3 cells (X +s,n=3)

MM E TR EE T E (P<0.01), HEFEME
P, R EERAE 9515 S SKOV3 4T .
3.9 XMEIREXT SKOV3 ZHAEE EA S 7o Y =2

i el fE 8 A 8 R, SAIRALELE, K424
ik 15 69.20+2.68" Go/G1 1A Go/M 314 it b 451 357 8 2 A (P<<0.01),
T sk A A . o
POLINERETY ;g éjggj—[;‘;‘g S I L) B T (P<<0.01), 3 B0 E 3
100 73.82+3.84" BEls SKOV3 i 7E S H#.,
BT b B 50 pg mL! Xt R 75 ug-mL! X E A 100 pg-mL!
o o G2 80 o oz 1 G2 120 [ G2
600
. 60 | %
5 400 | a0 ,
8] | il t ‘
B : 40 i
200 ” 20 JLM 20 }u I ﬁ‘ 40 H"’,‘ \ f-}",\“
0 Al M el 0 Jn“ ii‘n 0 ;'*J & ‘k " 0 JT,-._XJAJ — 0 M‘ ._.L S -
0 2 4 6 8 0 2 4 6 8 0 2 4 6 8 0 2 4 6 8 0 2 4 6 8
PE-A (X 10%)

8 MM E IR SKOV3 40AtE HAS o 520
Fig. 8 Effect of tuberostemonine on cycle distribution of SKOV3 cells

%8 XM EIEI SKOV3 MHEAHSHHEME (Xts,n=3)
Table 8 Effect of tuberostemonine on cycle distribution of SKOV3 cells (X + s, n =3)

o e _ 4 B A 541/ %

45 FRRE (g ml™) Go/G1 ] S #] GoM ]
pagicl — 66.47+3.85 16.35+0.88 7.80+0.87
I 15 31.56+6.66" 63.75+8.70" 1.16+0.23"
POl WER 50 28.46+3.63" 54.974+0.76"** 3.74+£0.11744

75 28.74+1.72" 58.82+2.02* 22940244
100 31.06+1.51* 62.81+4.80" 0.72+0.41"

3.10 XA EIREXT SKOV3 ZAREET- % Wnat/p-
catenin {5 S EBEXEBARIENFN
k9. 10 AL 9. 10 fiow, SR LS,

#eh#4H Bax/Bcel-2. Bax. E-cadherin &5 HFRIAK
FEETFE (P<0.05. 0.01), Bel-2+ c-myc. Cyclin
D1 EARE/KFEZEFL (P<0.05. 0.01); Xfit
A (754 100 pg/mL) #H B-catenin. N-cadherin
BARBKFEZRC (P<0.05. 0.01); I

Bax

S — 21 10"

Bcl-2 | - ——— e— o ~|246><104

B-actin

.. - e — |4A2><1o4
SR

50 75 100
Xof it B B/ (g mL)
9 XMt EAREN SKOV3 HAAT-1H X & B RIEAIFN
Fig. 9 Effect of tuberostemonine on expressions of
apoptosis-related proteins in SKOV3 cells

E-cadherin | s S S S8 S | 1.25X10°

N-cadherin | s s w s 8 | 130 10°

Cyclin DI | . . |3.40><104

cmyc | . W - - | 5.00%10°

B-catcnin | S S N W S | 920 10°

B-actin | — S— — — — |4.20><104

SR EEH 50 75 100
X B EB 0 (ug-mL )

10 S EIREI SKOV3 4if Wat/B-catenin {5 S8
BIXERRIEHFN

Fig. 10 Effect of tuberostemonine on expressions of

Wnt/B-catenin signaling pathway related proteins in
SKOV3 cells

N-cadherin & [ &K 7K 25 AR (P<<0.01). &KW
Xof HHE RS T SKOV3 400 TR e 5401 Wnt/
B-catenin {55 5 8 I K FH W7 b Bz 40 A - 1) 78 o % fk
(epithelial-mesenchymal transition, EMT) H K,
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F 9 M EERREYT SKOV3 AT HXELRIENEN (X+s,n=3)

Table 9 Effect of tuberostemonine on expressions of apoptosis-related proteins in SKOV3 cells (X + s, n =3)

2H 5 JR WS /(ug'mL™) Bax/B-actin Bcl-2/B-actin Bax/Bcl-2
oyl — 0.55+0.05 0.69+0.08 0.79+0.07
JIgi4H 15 0.71+£0.07* 0.63+0.03" 1.13£0.07"
PO NERE 5 50 0.84+0.08"** 0.64+0.05" 1.31+£0.11"4
75 1.09+0.05**44 0.56+0.04"* 1.954+0.11"44
100 1.1840.07**44 0.49+0.07"4* 2.40+0.06"4

R 10 M BEEBEIT SKOV3 il Wat/B-catenin {5 SEHEEXELRIENIME (X+s,n=3)
Table 10 Effect of tuberostemonine on expressions of Wnt/B-catenin signaling pathway related proteins in SKOV3 cells
(Xxs,n=3)

2H ) FUE WK E/(ug-mL™") B-catenin/B-actin c-myc/B-actin Cyclin D1/B-actin N-cadherin/B-actin E-cadherin/B-actin
Wi} — 0.6040.02 0.2340.02 0.5340.02 0.9240.04 0.751+0.06
Il 15 0.4040.04 0.1740.01* 0.2740.06* 0.6440.03" 1.1340.13*
Yo i E 50 0.52+0.02** 0.17+0.04* 0.46+£0.02"**  0.93+0.06** 1.51£0.06"44
75 0.58+£0.03"** 0.20%£0.05"** 0.44+£0.02"**  0.81£0.03"**  1.60+0.06"**
100 0.56+0.01"** 0.174+0.01* 0.38+£0.05"**  0.76+0.02"**  1.724+0.11"**
4 ¥hig HIE LA .

LA N B9 1R 9T 32 ZR A ANRLFE R ) B 45
HWEETIER), HHEAERT IR TS S 5 EME
ARSI 2, 2587 2907 Rk Tk . BT
AR B G I0E, MEESRRE, BE0A %
FSC 53 A 328 R IANIE 52, 3 32 B0 YE G B AR
BRI B i 30 e A 300 2 R 22 24 it 254K 34350, B fih
JEBO, HAEr R EERT,  HEA B EA MS 2R
Sigma SZAREE GG MEBSISE, R - F A E A B
AR EE A E IR . RE
= 245 B 38 U TR, A LK i ) A i JE 4
REBEnAEEREREAHENRS. bR
J7~ R AR S VR AR S B IR R YR 9T TR A L
(RI7 3% A AR RAE RGN FUBEnt, HAA4S
MZFE. MBS @5l ST, AR
SN DERE R R, RN TR SR T
ITF R SR T LR, A B R
WA IR b, 455 2P IR, 52 FH R 3
I8 T s B9 SR A P B R L0, S R AR
MNBH BH-F B B, IR SORE A B b 25 R R AR AL
ORI KA KIETHER, Erxtondidmigt 7
IFF S A ) ST Ava 7 R . RN R b, O S R
HART AR LA . AU A Iy 42, RE
BHERBERHEARE S5, 285w H
R AL, H = 3 SRR AN AR 2 2 A o) O S gk
TR 56T, sl Bk e i — M B 2207 .
Kk, AHEFEIET Wnt/B-catenin 15 518 2% $H ki BH 4%
1 G SLI T AL 3R FE 00 M BT SKOV3 4 i

SRR TR — AP AT an B AR TR, T
Pt R OR & & R B A BB -9 (cystein-asparate
protease-9, Caspase-9 ) il T 2 FH BEE A0 K 1~ S 4
R CEMBNH T EEY), YAl 5 5t
TP s R . fEAMRIE TRy
R, Bel-2 8 EH KRS EEREET, A8
-8 Bax MPLHET A Bel-2 45, UMM T2
FERAE S RREFINAIT I EEITT, I 40
T — P SR 1R T T BT, AR Fi 45 R
N ANIR SR RE R i SRR AL B SKOV3 4l
J& . SHMIEGE AN 38 B R T, A A Y
3 R (R 1 N 2 S o P 11 R e
2T, SKOV3 4 i A 40 B AZ A [RIFE B2 i H 2]
RFIRAL, WECIREE G R, 4H M T A HE
Hahn, (29T E Bax MRE & L GUH T EH
Bel-2 [IRIEFEK, Bax/Bel-2 i, FRUIXSHEH
TREE 5T SKOV3 gl & A TE T

R AR RS R R BUN R R R . 1RYT R ZE
AR EEE R . EMT &k, £k, =7
28, % e AE AN 24 ) L BEA 544, E-cadherin T
WEL N-cadherin FIFRE(EHE EMT MR, 1R
2%, WiF 2 EMT MisEEE®), Wnt/B-catenin 15
5 T B P A TR i R 2 L ) A A R G i e
Wnt/B-catenin 5 Z il & A T A AA . BEEEFN 5
T B R AT, 72 90 ST 25 R R AR,
W42 Wnt/B-catenin {5 518 #% 0] 7 9 OF S 1L y7 19 Bk
IHE ST, Wt {5 SHEBIE N — R EENES5E S
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R, IR EE . . IEREETIRE, M

AR IE R A KK E . Wt /5 58S RE L
EZ MR KA R R 3G B EAE IS, B-
catenin & /& — ML 1, HIIREW KV 2k
FEKHIFRIE, 1E Wnt/B-catenin 15 5 18 4% H 2 21 B
YEF, B-catenin &5 [ H A E 1 /2 Wnt/B-catenin {5
T A EERR S, Wat BCAfAR Wnt/B-
catenin {55 5 1@ % [ HHX & B-catenin, B W] LGS T
I HE A Cyclin D1, c-myc ()32, 31 1842 240 i J&
W R AR TE S A73E, Hrh c-mye AT Cyclin D1 43
ST A S BN Gy BAEOS0L, gkAb, c-myce A2
—FZAHRE A, RRIG K E 32 se T4 g
R B AR DY, LR c-mye 7E4%
SR TP E mhox e 24 L 1) 452 2B AN A% O 5 1 gk
fEHIB2. Cyclin D1 52— 55 40 i 4 914 < B0
[, Cyclin D1 & ik -5 2 & 3 AR P i AH
HAEM, (RGN Gy WA S BEAR, M it 2
L) o AN E, P M A KR B B B A
#EH, Cyclin D1 [ E2ik 2 4 i 5 BA S, i
SuR= QIO OREi NS T P INTIE O P R et I by
Ae /1, BZIEMER LI, R SO0 AR 28 50 00 45
B, XHEERTTUE, SKOV3 4 kIR &5
Re /1 ST R R R PRAG, 4R 2B E B D,
E-cadherin & A #A 8 3% i, N-cadherin & KA
BETW, RS A ARE LT SKOV3 4HfiE )
EMT i#t#E, #tm#isl SKOV3 4 . KH
Western blotting %] Wnt/B-catenin 15 518 4 1 A K 5
HRGHATRN, R8N, SXTRAtE, Xt
H s 25 H X & ) B-catenin N2 FFEL A c-myc
Al Cyclin D1 RiEHE2E T 455N ARR
M SKOV3 4 fig J& B B9 &5 5, X i v 340 sl e s
SKOV3 4HHEFHAFE S HH, ZREHXT I 7 5h6 n] 518
1T Wnt/B-catenin 5 TI@ B AHOCE B RIE, 2
M2 SKOV3 i 1 T- ML H2 .

£ b, OxbH A AE BT SKOV3 4R i) EMT
BERE, 0 SKOV3 A, T Mg, I
Pt A IR AE S ¥, 5% SKOV3 4T,
HAEFHLE AT 5 5 $01H1] Wnt/B-catenin {5 5 18 % 13
% M i Bax/Bel-2 <.
FBAR FAVHEHFEARGEAZFR
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