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Abstract: Objective To explore the effect and mechanism of Bupleurum Injection (58073443, BI) on inhibiting proliferation and

inducing apoptosis of hepatocellular carcinoma cells. Methods Human hepatocellular carcinoma SMMC-7721 cells and normal
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human hepatocytes (LO-2) were cultured in vitro, and different concentrations of BI were given for intervention. MTT assay and scratch
test were used to detect cell proliferation and migration. Cell cycle and apoptosis were detected by flow cytometry. qRT-PCR and
Western blotting were used to detect the expressions of genes and proteins related to cycle arrest, apoptosis and migration.
Metabolomics technology was used to detect the changes of endogenous differences in hepatocellular carcinoma cells before and after
BI intervention, and the metabolic pathway regulated by BI was analyzed by Kyoto encyclopedia of genes and genomes (KEGG).
Results BI (100—450 mg/mL) significantly inhibited the proliferation of hepatocellular carcinoma cells (P < 0.01, 0.001), arrested
the cells in S phase and Gz phase (P < 0.05), promoted the apoptosis of hepatocellular carcinoma cells (P < 0.001), and inhibited the
migration of hepatocellular carcinoma cells (P < 0.05, 0.001), which indicated that BI had significant anti-hepatoma effect. BI
significantly decreased neuronal pas domain protein 2 (NPAS2), cell division cycle 25A (CDC254), cyclin-dependent kinase 2 (CDK?2),
cyclin A, CDC25B, CDK1 and cyclin BI mRNA expression (P <0.01, 0.001), down-regulated NPAS2, CDC25A and B-cell lymphoma-
2 (Bcl-2) protein expressions (P < 0.001), up-regulated Bcl-2 associated X protein (Bax), cytochrome-C (Cyt-C), cystein-asparate
protease-3 (Caspase-3), matrix metalloproteinase-9 (MMP-9) and tissue inhibitor of metalloproteinase-1 (TIMP-1) protein expressions
(P < 0.01, 0.001). The results of metabolomics showed that BI interfered with nucleotide metabolism, lipid metabolism, glycolytic
pathway, amino acid metabolism and fatty acid metabolism. Conclusion BI can block and promote apoptosis of SMMC-7721 cells.
The possible mechanism is that down-regulation of NPAS2-CDC25A can block cells in S phase, down-regulation of CDC25B, CDK1
and cyclin B1 can block cells in G2 phase, down-regulation of MMP-9/TIMP-1 can inhibit the migration of hepatocellular carcinoma

cells, and regulate the metabolism of nucleotides, lipids and amino acids, thus inducing apoptosis of hepatocellular carcinoma cells.
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BT FBZ—. SEHARCIEHEYISESH Bupleurum
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1B1, Oatplbl) ik, W>AMISMERTI, Ml
X IR YT /N SR BT R ) 3 S R B, SR
TSR SR A48 /K 78 S AR PR B K T 7K VA R )
& K E ¥ B 30 Bk fb 97 # ZE  ( transarterial
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FER T A R N, BRI R AR S

S RIEAT R, NPAS2 (ENERATHAEY RS+
O EAZ LA, T LR 2 i 5 AR OG22 [T 1Y
s, BTSN R AN PR G G ) . B e S et
VEDIR RN @ R OV g S R g
(cyclin dependent kinase, CDKs) 54 il {8
(cycling) AR EHEEY) (CDKs-cyclins) 7E1{1%
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1.1 4Apm

SMMC-7721 4l A1 LO-2 40 500 [ 3 %
FAEMPHIARAF.

1.2 #HR5RF
ST (1 g/mL, #it5 Z20073102) G H
A Z5); DMEM fmifilils 72t (iS5 E709FA0003)
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8 B TR A RA R 0.25%0%E (S
13F09A67) W F U L8R ) TREA R AR fa
A1 (IS 20170621) W EH REUEVRHEBRAH
FRAE; MTT. —HEEWEAK (dimethyl sulfoxide,
DMSO) MBI ERERHRAF: Hhda
THTE . BEER R0 B b TR S-9URmERE (5-
fluorouracil, 5-FU) JHILHILKZ; BCA &HH
W 52 R 77 B (45 PAB180007) Il F| Bioswamp
AF]; SYBR Green PCR 7 # (5 KM4101) it
H Kapa Biosystem A &) W gilfl&E (5
639505) W4 H H A Takara A 7]; NPAS2 fiifk (it
HO00004862-D01) . 417> 2L W& 1 25A Ccell
division cycle 25A, CDC25A) Jifk (L5 PAB0425)
) F Abnova A F; JE4 &S I EE-9 (matrix
metalloproteinase-9 , MMP-9 ) i & ( fit 5
HPA001238) 14 [ 3% [# Sigma-Aldrich 2 #]; 35 4
JB & A B AR -1 C TIMP-1) BTk it 5
orb1248799). i3 C (cytochrome-C, Cyt-C)
itk (L5 orb804756) N H Biorbyt A Bk
gNMJE-2 (B-cell lymphoma-2, Bcl-2) ik (#t5
AB112). Bcel-2 #H5% X & H (Bcl-2 associated X
protein, Bax) $ifk (L5 AG1208) ¥ H Beyotime
AT PIERE R A% B Hl§-3 (cystein-asparate
protease-3, Caspase-3) Fiff (#'5 ab49822) I H
J[E Abcam A 7]; HRP FRiclEbife—t (85
20536-1-AP) TWWH E#AET A TREARAR; T
& B-actin (5 20536-1-AP); /K LEE (k5
10009218). &4 (IS 10006818). FHEE (fit'=
80109218 Wy H EH LA G IR A 4 HIR (i
&2 B3 E Thermo Fisher Scientific 24 F] .

1.3 {42&

Infinite M200 Pro B! B4R (Hfit- Tecan A 7]);
Neofuge 1600R/1600 BUAKHE AL (JIEREERD;
D180 BU4HfuI%GFRAE iR iE A R A TR A FD;
NovoCyte 4 %t =40 i 73 #r ¢ CACEA A 7))
EPS300r Y FELIKAX . 5200 HUAk 24 KR 6o B (_Eifg
KAeEHH AR A ] ); Q Exactive UPLC-MS 2 5
RO AR i 5 5 B B R A (3 [E Thermo Fisher
Scientific A ] ).

2 Rk
2.1 ‘RpmEESE

SMMC-7721 F1 LO-2 4L FH & 10%M6 4 I35 «

100 U/L 5 & 100 pg/L 5575 K 1) RPMI 1640 1%

FeHE, (E37 C. 5% CO H IR N T T .
2.2 MTT %40 SMMC-7721 #1 LO-2 4RAE1ETE

SMMC-7721 A1 LO-2 4H}id 451 LA 1 X 10° 4/mL
FEAT 96 LB, 100 pL/AL, 5537 24 h {400
BEJE, WEXTERA. 5-FU (25 pg/mL) ZHAILEHTE
S (BAEZG &3 50, 100, 200, 250, 350, 450
mg/mL) 4, A% 3 MR MRRASUMARE TR
B, HRSHMAMERZY), 7% 240, F7FERFR
W, BFLIN 100 pL & 10% MTT R 3%, B3
4 h 53 E3EW, IO 100 pL DMSO, IR £,
FABEARAXAE 490 nm AL e RO RE (4D 1H.
2.3 SRICLBBE(SUEN SMMC-7721 4ARREIHA R T

SMMC-7721 4HMfILL 1X 105 AN/mL #F0 T 6 5L
MR, BB R ZH A SR SR (200, 250, 350
mg/mL) 4, K IUGHHE A B B IR A AN SR
SR (200 mg/mL) ZH, A4 . % RN
AR FRAE, HARSHMAMBZY), K3%24h, UK
SEANAE, PR SRR G R AR EROS90, | AR I 4 A
WM5RET.
2.4 MTT £ SMMC-7721 4RpEiT#%

SMMC-7721 #HfELA 1X 105 AN/mL #F0F 6 fL
R, #3812 h f5, T 200 pL Ak TE
“—7 R, FTAK PBS LR e LATERR 40
MR o B X AR 8803 3 (200 mg/mL)
H, XTHRAIAREFRE, HAHHIMNGY, HHlT
0. 12, 24. 36 h MERPRY DA IHmE, H
Photoshop CS4 ¥t “ Z 1M ER TH” tHHERIPR .
2.5 qRT-PCR #il SMMC-7721 #Hff] NPAS2.
CDC254 CDC25B~ CDK1.CDK2- cyclin A ¥ cyclin
BI mRNA Rk

SMMC-7721 4L 1X10° A~/mL #MF 6 4L
B, BB IR A RIS Y SR (250 mg/mL) 4,
SRR RE TR, SRAAMANZY), H53% 24 h,
WAL, IR G UL BAREUS RNA FEE K
cDNA, #17 qRT-PCR 43#7. SI¥FFI K 1.
2.6 Western blotting 11| SMMC-7721 ZHjfl Bax-
Bcl-2. Cyt-C. Caspase-3. NPAS2. CDC25A. MMP-
9 1 TIMP-1 EAFIA

SMMC-7721 #HfI LA 1X 105 A~/mL %50 F 6 FL
B, BB IR A RIS A SR (250 mg/mL) 4H,
YRR IR FRIE, AZAHIMAZIY), KiF% 24 h,
WCEE AR, i N5 B 11 TR TR T 01 st 751 P SR AR
4 CHRATZUEAML, 95 Chi#A 10 min, 12000 r/min
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Table 1 Primer sequences
H A 3 (5°-3") I3 Fr Bi/op

NPAS?2 F: GCACTAAAGGACAAGGG 93
R: TGGCGAATGACTGGTAT

CDC254 F: CCTTGACAACCGATGC 202
R: CAGGGATAAAGACTGATGAA

CDC25B F: ACAGCGAAACCCCAAAGA 243
R: TGATGGCAAACTGCTCGT

CDK1 F: GGAACTTCGTCATCCAAATA 129
R: TACTGACCAGGAGGGATAGA

CDK?2 F: GAAACAAGTTGACGGGAGA 171
R: TGATGAGGGGAAGAGGAA

cyclin A F: TGGAGTTGTGCTGGCTAC 216
R: TCAGGGAGTGCTTTCTTT

cyclin Bl  F: GCACTTTCCTCCTTCTCA 100
R: CGATGTGGCATACTTGTT

GAPDH  F: CCACTCCTCCACCTTTG 106

R: CACCACCCTGTTGCTGT

B0 5 min, YHE B3, BCA FHHTEAERE, &
FIFERE 12% T e S0 BB - 56 A A e & e A
VK, ¥ % PVDF I, S%Biflad-93 A 1h 5, 435
TIAN—HT (1:1000), 4 CWEELR; MA_P=E
W E 1 h, M ECL &5, H#i%.

2.7 RELEFHR

271 KGRI B8 mL SMMC-7721 4iiff
BB TR IR N5 9% 24 h, FEERIW, IO
8 mL SEHHTESA (250 mg/mL) Zk4ERE % 24 h, DL
AIINZIHH SMMC-7721 40 AE AL, AN
ANZiPI LO-2 4iifE NIER 4, R4HF4T 6 M
Ao FIELAML, IATRA PBS B0 VE 2 i, A
AR, ZJEUTUEE E, KR 13 000 t/min &5
O 15 min, HUBIGWHEF B T5 EP &, THT®R
URES O TN T LL 200 uL WIUEHBIAH (0.1%H
FRAKIER-E=9 © 1) B, KR 13 000 r/min &
£ 15 min, FIHWIE UPLC-MS 0. &8 Eik
LO-2 4. SMMC-7721 4. SeivE ST R4 4n e A
20 pL VRS, TEARIEFEAR.

2.7.2 WAHZME Waters Acquity UPLC HSS T3
A (100 mmX2.1 mm, 1.7 um), JWBHIAHHN 0.1%
HER KB (A) -2 (B), BAFEPEML: 0~4 min,
2%B; 4~5min, 2%~3%B; 5~8min, 3%~15%
B:; 8~13min, 15%~35%B; 13~17min, 35%~
55% B; 17~23 min, 55%~70% B; 23~26 min,
70%~80% B; 26~28 min, 80%~85% B; 28~36
min, 85%~95% B; 36~38 min, 95% B; 38~40

min, 95%~2% B; 40~41 min, 2% B. A&
0.2 mL/min; #EFEE 5 uL; AR 40 C.
2.7.3  JE&ME SRA ESI & AR, Wi R
EM3.5kV, 57ibk—2.5kV; B4IEEE 320 C;
ISR 300 C; BT E 35 arb; HHBIR
AR E 10 arb; #5004 Full Scan/dd-MS?,
RAETEE] m/z 100~1500, IFf 8 F U1K R,
53 55K Fl MS Full Scan 35 000 FWHM, MS/MS
17 500 FWHM, fiffiEgeE "N 12.5. 25, 37.5 eV,
2.8 FItFESH

&1 SPSS statistics 16.0. Graphpad Prism
7.0+ Excel 2016 &3k 4b3, S5RAX £s KR, W
H R [A) 22 S 1 LU R A SPSS 16.0 34 1EAT ¢ A&
%: KM GraphPad Prism 7.0 #4241,
3 #R
3.1 SEHEEHRRT SMMC-7721 1 LO-2 ZRpRiEsE
opAl

W 1 s, SEEESRNEUR SR N 100~450
mg/mL i, BFEHH SMMC-7721 A1 LO-2 40 fi 17
WHHE(P<0.01.0.001), /@AM, HX SMMC-
7721 R G E IO HIAE R o SRR K
FE4 250 mg/mL Wi BEHENHIZR (49.54%),
II%EFE 250 mg/mL BEAT J5 ZE0F 5T
3.2 SEHEAESTIRNT SMMC-7721 4ApEEHAFURAT
oA

WK 2 AR, SxIRALER s, LeA7:$HR (200
250, 350 mg/mL) H G HAZH Mo bL ) B2 b (P<

1201 Hl SMMC-7721 4R/
[ LO-2 4y

80

401

YA /Y%

X 50 100 200 250 350 450 5-FU
SRR/ (mg-mL )
5 SMMC-7721 Ziffluxf RAALL AL "P<<0.05 “P<<0.01 *"P<
0.001; 5 LO-2 4Hffuxf IR ELE:: *P<0.01 ##P<0.001,
2~5 [A]
P<0.05 *P<0.01 " P<0.001 vs control group; P <0.01

##P <0.001 vs model group, same as figs. 2—35

1 SE8A3E SR SMMC-7721 #1 LO-2 4RBRE5E A #2000
(Xts,n=3)

Fig. 1 Effect of Bupleurum Injection on proliferation of
SMMC-7721 and LO-2 cells (X £ s, n=3)



« 5504 « PER 2023F98 B54% B17H  Chinese Traditional and Herbal Drugs 2023 September Vol. 54 No. 17
600§ xof HEL 600 SEETE S 200 mg-mL!
5007% 500
E 4007 400
£ 2001 200 =ponic]
100 100 807 SERAESHK 200 mg-mL!
0 —— 0 N S B2 SEHESRE 250 mgrmL!
) ) T £ 607 D 233 569K 350 mg-mL™!
{ SEEHTESTR SE SR &
600 250 mg'mL™! 600- 350 mg'mL'® Gy = 404
&® 5005 500 B G EE
2 400} 400 = S 2 201
§ 200} 200 J N
100 100 ‘Mi 0
[\ — S S ¥ G S G,
0 30 60 90 120 150 0 30 60 90 120 150
channels channels

2 SEHAIESTIRY SMMC-7721 4R HARISING (X +s,n=3)
Fig. 2 Effect of Bupleurum Injection on cell cycle of SMMC-7721 cells (X + s, n =3)

0.05. 0.01), ZEHHVESKE (200 350 mg/mL) 4 S
A P L 51 3 35 T e (P<<0.05), SEBHVESHR (250,
350 mg/mL) 41 G, HA4H I L5 2 2 T = (P<<0.05),
F UL SR E A A A T S BAF G .
K 3 i, SEHATE SR (250 mg/mL) 7 F T SMMC-
7721 4008 24 h J5, PRSI HIE T ISR S5XE
PR, SeHERAA AT R R (P<
0.001).
3.3 SEHRSEETRNT SMMC-7721 4RI FS AV S NE
WK 4 fios, SHBALE, SeiAiE i &
) SMMC-7721 40T (P<<0.05. 0.001), *
AH SRV S R A 1 P 4 S A% A

3.4 SEHSEETRNT SMMC-7721 4HBEEHA. JAT-F0
EREXERREERIZNFT

340 AR S ERRIE WE 5-A.
B fiin, S5XTHRALLEL, SEERVEFRZE NPAS2.
CDC254- CDC25B+ CDKI. CDK2. cyclin A~ cyclin
BI mRNA Fik/K-F34 8 ERFEIL (P<0.01. 0.001),
NPAS2 Al CDC25A #HHEIEKFHREFIL (P<
0.001),

342 FTMREARE WK 5-CHiR, 55X
AR, SEHHESTH Bax. Bax/Bel-2. Cyt-C.
Caspase-3 £t A /KF &3 5 (P<0.01.0.001),
Bel-2 & AFRIE KT BEFK (P<0.001).

104 301 sk k
puyict SERAE SR
3] X
10 \
E 102, E
=
10" §
100 kS L iyt
10° 10" 10? 10° 10 10° 10" 10? 10° 10* % W B
Annexin V-FITC Annexin V-FITC KRR SR
3 LEHRESTRXT SMMC-7721 BRUAT AN (X+s,n=3)

Fig. 3 Effect of Bupleurum Injection on apoptosis of SMMC-7721 cells (X + s, n =3)

Oh 12h 24 h
& 4

407 L]
R B LW
X 30
it 20
R 2
o sEs § 107
5 * ®kk
0

36h 12h  24h  36h

LEAREBHEXT SMMC-7721 {AAEIEF IR (X +s,n=3)

Fig. 4 Effect of Bupleurum Injection on migration of SMMC-7721 cells (X £ s, n=3)
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* @ =L - ° ug 06 = 8
1o AR NPAS2 W w5 45104 3 04 @ SEHERIR
£ ek - CDC25A - s 23X10* &
< 05 * T ek ti s 02
Z * " Practin Q. e 4.2x 104 = O-
g P el
¢ = = = KRR ST 0
g3 T2 R3L R NPAS2 CDC25A
£33 5808 =5
= 8 2 &) a O E
c 3 @ 8 b
Bax —21X10% ' @ X @

EAEERL MMPS = - 21%10° % 20 & SENIESTR

Bel-2 - w3 g5 |0 r‘é!l_o
CYt-C e = 23X 10° 1
Caspase-3 - 22X10* Eq5
B-actin e 4.2 X 10¢ 1z

SRR SEEEGHR

TIMP-1 — 22 X10%

B-actin e—-— 4.2 10

Bax Bcl-2 Bax/ Cyt-C Caspase-3 RERE SEATER T
Bcl-2

A-SETHEESTBN SMMC-7721 4R A AR G L R IR IRE B-SEMITESTRXT SMMC-7721 4ilffl NPAS2 Al CDC25A & FIRIEIIEAN - C-5EH

TESHBRT SMMC-7721 4L TR G B A I D-SSHANERT SMMC-7721 40T R ARG B A FRAE I

A-effect of Bupleurum Injection on expressions of cell cycle related genes in SMMC-7721 cells B-effect of Bupleurum Injection on expressions of

NPAS2 and CDC25A proteins in SMMC-7721 cells  C-effect of Bupleurum Injection on expressions of apoptosis related proteins in SMMC-7721 cells

MMP-9 TIMP-1 MMP-9/TIMP-1

D-effect of Bupleurum Injection on expressions of migration related proteins in SMMC-7721 cells

5 SREESTERY MMC-7721 AR, AT FIEHEXREQRERFRIENFME (X£s,n=3)

Fig.5 Effect of Bupleurum Injection on cycle, apoptosis and migration related proteins and genes expressions in SMMC-7721

cells(Xts,n=3)

343 ITREMHKEARIE WK S-D R, S5XHE
2H Eh &, SEHHYE ST 4H MMP-9 Fil TIMP-1 & % 1A
KIS ZEFE (P<0.001), MMP-9/TIMP-1 18 &%
PR (P<<0.01)s

A Jl LO-2 41
|

bt h

[N T WP R—— Y I WY P

| SMCC-7721 #HJifL
I}

D) Y Y W N VU U S S———

S N B, Y.

SIS

3.5 REFIR o '
3.5.1 CBHCEHRGETRSE A UHPLC-MS % iF T Laam
WAL, FFAIND. SSOESTRALRE R TRGE s | |
FE, BRI, A TRER T RREEE (F6). e —
352 JFEEE N T I UHPLC-MS Bt b, SMCC-T721 4
6 EHREH 2 R —EE R R S . AR TR AR .
B 10 ANEST, HHEL 6 AFFRHRE % 10 ANMREUS B

0 10 20 30 40

TR BE i) LR S 47 EL 1) RSD B . 403R 2 i,
{REAI AN A RSD N 0.136%~0.436%, Jii a7 Eb A
RSD N (3.28X105~6.15X107%) %, $ERirEsr
) UHPLC-MS J7¥: 4G b2 4 o A 25K

t/min
6 IE (A). £ B) BFRATRAHEARETRE
Fig. 6 Total ion current diagram of samples in each group

in positive (A) and negative (B) ion modes

% 2 UHPLC-MS REMLER
Table 2 UHPLC-MS stability results

Y5 fr/min RSD/% mlz RSD/% B
1 1.55 0.236 7 147.052°9 6.15X107 [M+H]
2 2.10 03158 111.043 5 472X10°° [M+H]*
3 3.10 0.436 8 152.033 2 4.82%X10°° [M—H]”
4 5.74 0.426 1 151.049 5 3.37X10°8 [M-+H]*
5 6.91 0.264 8 148.052 5 5.17X107 [M—H]”
6 13.03 0.3758 132.0779 3.48X107°° [M—H]”
7 18.54 0.421 6 465.309 0 3.28X10°S [M-+H]*
8 20.23 0.136 8 449314 4 475X10°5 [M+H]*
9 20.97 0.236 3 299.282 4 4.17X10°° [M-+H]*

10 21.46 0.169 2 467.301 3 3.86X 1075 [M+H]*
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Fig. 7 PLS-DA score diagram (A) and model verification diagram (B) of each group, OPLS-DA score diagram (C) and S-Plot

diagram (D) of normal liver cells and liver cancer cells

*3 BEFREFNEY

Table 3 Differential metabolites of samples in each group

SMCC-7721 4/l vs  SEHTVESTR vs

5 tr/min mlz BB R LO-2 4 SMMC-7721 401 T

1 150 149.1052 [M+H]" =2k | | AR AR
22097 2992824 [M+H]" FHEEE | | g AR
3 3061 5385197 [M-+H]" #&BLE (d18:1/16 1 0) 1 | g AR
4 2146 4673013 [M-+H]" ISR (14 2 0/0 1 0) | — e AR
5 192 1859924 [M—H] 3-BEEeH MR t | PERE MR AT
6 691 148.0525 [M—H]" HHEE t | i gaati]
7 13.03 132.0779 [M—H] 2-#¥COmR t | AR R4 5
8 191  203.1159 [M-+H]" ZBEERIB | — i gaati]
9 1854 4653090 [M-+H]" HEEE | | JE A FRAR
10 2023 4493144 [M—H]" H&AEMREIHRR | | REIBRAR
11 343  131.0948 [M—H] L-IE=&E% t | SIERRAR W
12 155  147.0529 [M-+H]" &% | | SIERRAC W
13 140  146.0692 [M—H]  &EBEZ t | FIERAC
14 210  111.0435 [M-+H]" Humseg t t A TR AR
15 193  243.0856 [M-+H]" HuMssERts t — A TR AR
16 3.16  244.0694 [M-+H]" RT t | R RACH
17 273 136.0386 [M-+H]" ks | t AN
18  3.10  152.0332 [M—H] @M | | AN
19 574  151.0495 [M-+H]" S t | AR A
20 200 347.0631 [M-+H]" S-BERIRTT | | A RAC
A RoEThE <) RoRMEIG “—7 RETARML

“1 > indicates increasing; “ | ” indicates decreasing; “— indicates no change
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Fig. 8 Changes in contents of differential metabolites in each group
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Fig. 9 Metabolic pathway analysis of differential metabolites
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