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W OB 1SR 2 B TN 45 G SR IR UE R 7T v 24 1R 5 AN (R SR HUD PR 470 I 81 s i 1 R AR
Bltle ALK 75% CEEA LR B SR IR S SR AR IR, Gl MTT AR SMGI 3 Ry )5 i ot
41 e 20 0 PC3 SEFE KISt B AAS I FE XS 4 PR T PR 52, AR BRI PC3 4 g i 408 1
s K GC-MS 7304 L1 LS RN 27 1853 5 38 I IR 48 2 B0 2 03 A7 8 5 B AR Ak B2 B BT i 41 s
TERSE A, MIEE PPL IS, $RINATIRIEZ 0 A, 8 GO £V Thae s A KEGG g & 427 Aty
[ B BT S 5 SRR, FONETEE I ALS]: FIA RT-PCR RN 52 B S HUY) % 500 4 TNF {5 5

T AR DG HE DR e K IR RE I, SR UETIIAE i, BE— 2D AT FIALE . AN SRR B, 3 T SR
Yixt PC3 44 B A BB MBI AR ], HAe IHIPHT: (P<0.01) ; GC-MS FlMIZ% 23 245
RELW EMEIRRR AN PR R R T D ORI E A RR S, KRS B S HURT 41 B AH G HE £ 89 4>,
— G B ORE R 15 4, ¥ ALB. JUN. HSP9OAAL 541 ,5; GO ThAEE 4 J 142 NMEWILFE
28 MU 41 A7 T 2hRE, KEGG MK & 4R M AC SR i 1 298 & TNF. TRP. NF-«B. Jif il

o RT-PCR # fSBG UESSI0 R W] 3 A 4R U 24 E S5t 25 520 TNF 15 508 B OSSR R A 3Rk, ERT T 1)
X PGP AETRHLE] ) AT e . A TEIR7R T R E R 75% SRR 1R ST U AT B KR 51 e

WP, AR AP S S B D N R E ANy, AR LA RES M 3% TNF. TRP. NF-«B. fiEif

X EPS
RG], PRAEEIREY; BURUSIAE; fERNLE PR, SEIGIGATE
HESHKS: R285.5 CERARIRIG: A

Anti-prostate cancer activity and mechanism of different
solvent extracts of Anemones Rivularis Radix based on

network pharmacology and experimental validation
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2State Key Laboratory for Functions and Applications of Medicinal Plants, Guizhou Medical University;



3Natural Products Research Center of Guizhou Province, Guiyang 550014, China

Abstract: The anti-prostate cancer activity and mechanism of different solvent extracts from Anemones
Rivularis Radix (ARR) were studied by network pharmacology and experimental validation. ARR was extracted
with water, 75% ethanol, and ethyl acetate to obtain the crude extracts. The effects of three extracts on the
proliferation and apoptosis of prostate cancer cells PC3 were analyzed by MTT and flow cytometry in vitro,
respectively. Chemicals of ethyl acetate crude extracts were analyzed by GC-MS. The active constituents and
anti-prostate cancer targets of ARR were analyzed by network pharmacology. PPI network was constructed, and
core targets were screened by topological analysis. The anti-prostate cancer signaling pathway of extracts was
analyzed by GO and KEGG enrichment analysis. Based on the above results, the mechanism of action was
predicted. The expression of genes in extract-treated PC3 cells at the transcriptional level related to the TNF
signaling pathway was assayed through RT-PCR, which further verified the predicted targets and mechanism.
Results showed three extracts had strong inhibitory effect on PC3 cells proliferation, and induced apoptosis
(P<0.01) significantly. Compounds betulinic acid and huzhangoside D were the main active ingredients of ARR
against prostate cancer based on GC-MS and network pharmacology. A total of 89 targets related to anti-prostate
cancer were obtained, and 15 core targets were selected further, including JUN, BCL2L1 and HSP90AA1. GO
functional enrichment showed there were 142 biological processes, 28 cell compositions, and 41 molecular
functions involved. The intersection targets mainly involved TNF, TRP, NF-xB, and cancer pathway abased on
KEGG analysis. Results of RT-PCR showed the expression of key genes in the TNF signaling pathway were
affected by three extracts significantly, which was consistent with the results predicted by the network
pharmacology. This study revealed three extracts of ARR had strong inhibitory activity against prostate cancer,
and betulinic acid and huzhangoside D were the main active compounds. The mechanism of action may be
related to the regulation of TNF, TRP, NF-xB and cancer pathways.
Key words: extracts of Anemones Rivularis Radix; anti-prostate cancer; mechanism; network pharmacology;
experimental validation
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JREL R, R, S e RO RIE FE /N 0 41 Fide 245400 1 A s PR R A5 A e 1 i

Wi R 5 (Anemones Rivularis Radix, ARR) , XN AZRBHREN . AERERE, I
R L%, REERMREL Y S LM (Anemones Rivularis Buch.-Ham.) )4 Ek
Mo PRERFEAAGTHIM . HilE. =/ St D)5, RSB R HIX 2 A6) iz,
RSN RBEAM, £ ChEASIEKY (R Y2 18808 % 5K R TRIT
WA . JEER, KGR, BUE, BRITHU, BMSCRERELN, RIHATIR.
(i FEAEETIR) . (R REZ) G EH PR EIRYTREAES . B TR IR B R 70% L
FREUY e 525 I H R IR HepG2 K562, A549 K PC3 HIMINE, Sk i wf 7t & W 2
HXI AT ISR AN Y G e 7, HRTH/IN BRI b ¥ SRR SR R R LA 3R 2 KT R L 95%
LRI BE ] HT29. Hep3B. DLD-1 R 41 M it A= 4, FAE FALH-S #ik] 74 i
it B AT R ARSI R, R R A T = LR AR, A
ZMARE RS, HAx =ik R B H I A0 S, DR ISR A B
NE, HETSAT PR LR PREREGHAI, HAl, XTRERK, L8R OB
FAL IR AL 22 1 53 B BT i 41 i v VR TS R0l , PR B 2 (B AR N 7T 5 7
Ko

A FEIT ARSI FOPR B HIK . 75% LK LR LRI BGB AL I 40 AT 7 B va ok, A
FH AU 3% - S A AL (GC-MS) 3BT ERHUI RSy, 45 A I 2% 24 31 23 T 12 25 7 iy
H BRI RO A A OB R B BT B B A R AL, A RT-PCR AL TIONAE 5 5@
PEAHDGHE R L . B TE TR NI F0 P B B (K470 10 900 B i 1 B S AR R LA B ki,
R RIRAFNE, ARy Bt 2%
1 HRE55E
1.1 Z5#4

M RET SMNE B H ST, L5t b R bk B8 8UR 4 HE ERHUELL
JEAEY)HE E MG Anemones Rivularis Buch.-Ham. [, HYIFEA (No. 2020091405) TrAFT-25
P RO R 2 i S B Rl R S =
1.2 FENHE

ELx808 A!fifftr{% (Z£[E BIOTEK A #) ; FACSCanto IT %37 2 40 ff1 4% (35 [ Becton
Dickinson); StepOnePlus™ £ i % )% %2 & PCR ¢ (3% [E Applied Biosystems A @ ) ;
HP6890/5975C GC-MS X CGREZHER AT -
1.3 FERXF SR



5% 0FE (it PM12553, LGB AERAR]) 5 LB (rdral, it

T 10009418, EZAFEANERANEGRAT) ; DMEM £7:%8 (b5 : SH30022.01) .

f

0.25% ikl (fIk5: SH30236.01) ¥ H 3% E HyClone AH]; —HEHK (DMSO, % :
D8370-100) . HEEHHE (H5: SV30010) . BUfLANE (PI, Hit5: 1P5030) . BEMR#hLE
M (PBS, #ib'5: P1003) \ 4-¥2 ZJENURIE ZHEIRZE K (HEPES, flb5: P1020) ¥l
HALR R E R AR AR Annexin V-FITC 40 T RAFI & (15 C1062M)
Taqg DNA &8 (fit'5: RO11) ¥ H 3 [H Becton Dickinson A ] ; A4 ifig (45 :
11011-8611, HUMUFHAED TREMEARAFD ; BEME (MTT, {it'S: M2003, XHE
Sigma AF]) 5 Trizol (fit*5: 15596-018, 3% [E Thermo Fisher Scientific A &) ; PrimeSecript
RT-PCR Kit ({IL5: RRO55A, Ki% TaKaRa 2~ 7)) 5 514 (g4 TAMBARARAFD ;
JIT A FeAt k) 220 D9 2 i

ZB-5MSI 5% Phenyl-95%Dimethylpolysiloxane 31447 5 B4 4 (30 mx0.25 mmx0.25
um, 3 EZHEE AT
1.4 BIEES SR

2 KRG 2 Z M F & (TCMSP, https://old.temsp-e.com/tcmsp.php) ; PubChem %{
Pz (https://pubchem.ncbi.nlm.nih.gov/) ; ChEMBL #{#z % (https://www.ebi.acuk/chembl);
Swiss Target Prediction #{ 4 & ( http://swisstargetprediction.ch/) ; Pharmmapper % # &
(http://www.lilab-ecust.cn/pharmmapper/) ; Geen Card (3% (https://www.genecards.org/);
CTD #(#% %F (http://ctdbase.org/) ; OMIM %4 & Chttps://www.omim.org/) ; Venny 2.1
(https://bioinfogp.cnb.csic.es/tools/venny/index.html); STRING #{#f /£ (https://string-db.org/ ) ;
DAVID ## % (https://david.ncifcrf.gov/) ; Cytoscape3.8.0 AJALfLHAF; R #Bf4%.
1.5 #pak

NHITF IR PC3 SRR UR T 53 M 48 b R 27 g R AR P A 27 B i S 8
L6 REERERTIHREAIASIZ

TR R E R, 2 alH K. 75% LM LR LIR5E I (E1. E2. E3) o H
WARAETTVE Dy FBORRREE 12 10 7305 A BBV ER IR 5 3 I S— U0 3 h, 3.
=150, REUREZ N 80 °C, &I 3 IKIEW, R ZAKAGRAARRTE, HERIET
e SHIES NP NENESHIEI ey R
1.7 REERIYIXT PC3 AT
L7.1 Bk At 5 69 ) &
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SKELH G R IE T & e i, 55— 20 H DMSO TV %, 5 — P H il DMEM
BB R T TIRIE, Hifk DMSO & & Al it SR 1%.

1.7.2 mpb¥Eir

PC3 4L FH & 10% /644 1L Y] DMEM $5 775 T 37 °C, 5% CO. fHIR IS 7R AAR 7%, fr
20l AR A F O A KIS Y 0.25% R AR TR AL . AR AR AR AR 3 B4 SRS
1.7.3 @ fa 3 s 4 ) 55 5

¥ PC3 4HAB LA 1x10* AN/mL % FE 0P 2] 96 FLEF:MRH, AANFL 190 uL, F37°C, &
5% CO TEIR HLRIR; =40 35 R R AT /0 4L SRBG AN 10 pL RFIREE (RN
5. 10 20, 40 80 pg/L) 1) 3 Fhi&HU), XHEZH (control, Con) il 10 pL 55X} RiFEHA)
[ EL BB DMSO, 41T IE 3 MR L. dR2kRE9% 24, 48 NI 72h J, HIMBIE %
BB RS . GRS FREEH, 1000 r/min B0 10 min, WREIEFEBERE IR, ARAL
JAN 100 uL ML DMEM £ 3555 5 mg/mL MTT 1268340509 © 1 ELBilVR & IR &
AREERETE 4 ho K IEEFR IR, 1500 r/min B0 8 min, ANODEERE EE WA, BEFLABIINA 150
uL DMSO, #RRMGHEE S 10 min #4554 52 23R, {EBRFRX _EIE 490 nm K F &AL
e B (OD) , FHLMIAN (1D IHEAMRINEMHE (R .

R= (1-0D 4,/OD ) x100% (D
1.7.4 mfe = %

AR LA 23105 AN/mL BT 6 FLAMRRE TR, REAL 2 mL, R4 e NG EE 5 Segn 41y
BIIIN 3 FRAS [R VA FISEEC) 100 uL, fHH LR 20 ng/L, St HRALIIAN 542504 & [F L
B M FEF) DMSO, %470 358 3 M AL. K577 72 h J5, R, 1 000 r/min £+ 8 min,
F5 BERFRW, 3 mL ¥ PBS e =X, BEFRHEZATH K, A 1xbinding buffer (10
mmol/L HEPES £, pH 7.4, 140 mmol/L NaCl, 2.5 mmol/L CaCly) 2 JF4HJl, 34
WEE(1~5)x10° AN/mL. 8 100 uL 4 2% 2] 1.5 mL EP &, #5605 pL Annexin V-FITC
A5 WL PIC50 pg/mL) 44K, 1 5), T = IREEEHEE 15 min, A5 M 400 uL binding buffer,
FRIRIRAT, 1 h A IR QA M (ORI 4 B Fr R T R
1.8 GC-MS S HTHRELFE R 57

Hi T~ E1. E2 ZEARWE mUA HLVAE i i 22 , TRk, ASHE T R8T 1 E3 L sy
BLE350g, BT 10mL &, IMALRLEEER, ZHE NEALHE 1h (ThHF 250 W,
P 50 Hz) , Y240, H CIR ClaAbEE %, #85), 0.22 pm i JEBGS 38, BUERIEIT GC-MS

K SR 254 SR A ZB-5MSI 5% Phenyl-95% Dimethylpolysiloxane (30 mx0.25 mmx0.25



um) BV TR AR N AR R, IR 45 °C (JREE 2 min) , PL 5 °C/min JHE % 300 °C,
{345 2 min; VAL 250 °C; #S NE 4 He (99.999%) 5 FERTE 7.62 psi, #AME
1.0 mL/min; 433kt 40 2 1, ¥EFIZERKE 3.0 min, &5 FVCA ELIE; & TIREE 230 °C;
VURRATIRE 150 °C; HLT-HERE 70 eV AHTHLIT 34.6 pA; fEIEAsHE 1326 V; $ERE
280 °C; JiiE i 20~450 amu. X &L B 5 ) I 22 BT RS T H LG RS R AL
Nist2008 1 Wiley275 pr#E 5Tk 18, 70 M HAL 2 By o
1.9 ETFMEHEZERERHHITN
1.9.1 55 a7 51 IR JE AR % 32 849 Th ik

MR GC-MS 73 T A5 143, 4 SRR 2R 459 31 52 25 B 1AL 22 48, 46 H 5 N TCMSP,
FRIE 25 AR B0 5 QI 20 A7 AR HEME 1457 BA D IRAE % FH ¥ Coral bioavailability s
OB) >30%F1252545%1 (drug likeindex, DL) >0.18 Jybrifl, §iiide pe B 5 3G My .
F PubChem ##iE 22 35 3% M 553 (19 SMILES 31 sdf SO, K5 H: 5 N\ ChEMBL. Swiss Target
Prediction H1 Pharmmapper %4 Zg 2F 4735 P4 5570 (1 38 2 00 . 3 i GeenCard . CTD A1 OMIM
HHs P L R R 2% A0 51 B A DG HE . R Venny 2.1 22 il 5543 xR R 271 it S A 65 1
B, SRE R 25 B e B R T B R (R S AR R A
192 & &-%&a ZAVER % AL O e 5 50

S A PR B R PR A R S A A B R s R AAR EAE R R, R RS
HI 5 B A SR #E 3N STRING #7218 & A Fh 25 “Homo sapiens”, LAELAEZE#
343 (interaction score) >0.9 fFEyiiiifk ZAF, H 3L 254 H0 8 11 -5 s 40 4 11 AH LA FH o9 4%

(protein-protein interaction, PPI) , Z:Hil2%[&. FIH Cytoscape3.8.0 #fFiEAT Al M4k ib

B, 33T CytoHubba i L EAH (degree) >2 i Ar BN ST IR AN, THIE1S
B FE R
1.9.3 GO #= KEGG ‘g & 4 #7

U 25 R R AR SRR T e T MR, RS SREE SN DAVID R FE,  BE Y
“N“Homo sapiens”i#47 GO &  HT il KEGG BEIERE /0T, 4558 LL P<0.05 i FHE AT
fiie, JFiz R AR 7 B 45 RS AT P AA AL BE
1.10 RT-PCR 33E TNF {5 5@ EHE X EE mRNA BIFRIA

SEHG 7 2H S A A R TV 017,47 o WOBE A S % Trizol AR EUE-ZH 40 ML RNA, #
R IR E RNA & EMAE. 1 pug & RNA 2 JZE —4E cDNA & il 71 &

YL 4 cDNA, I LA 3E/T RT-PCR ¥4, PAp-actin /E AN 2, RT-PCR M T
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SIMFANINE 1 s, P IGFER: 95 °CHIAEYE 2 min, 94 °CAZ4: 30s, 58 °CEYE 1 min,
72 °CIEAH 50's, 32 MEM )G, 72 °CEIEM 10 min. KM 5EHEJE, PCR F2WIE 1%55 1 b

B HLEK 18 B e AR AT 4 IR 2B 251

£ 1 55
Table 1 Primer sequence
LK 5 (5'—=39
Gene Sequence (5'—3')
F: TCCAAGTGCCGAAAAAGGAAG
JUN
R: CGAGTTTCTGAGCTTTCAAGGT
F: GAAATTGTGGAATTGATGCGTGA
Caspase-3
R: CTACAACGATCCCCTCTGAAAAA
F: TCCTGGCAAAAGGTCAGAGT
c-myc
R: GTTGTGTGTTCGCCTCTTGA
F: GACTGAATCGGAGATGGAGACC
BCL2L1
R: GCAGTTCAAACTCGTCGCCT
F: CCTCTCTCTAATCAGCCCTCTG
TNF-a
R: GAGGACCTGGGAGTAGATGAG
F: GCCAACACAGTGCTGTCT
[-actin
R: AGGAGCAATGATCTTGATCTT

L11 SFHFE5H

R SPSS 21.0 B0t BT AT B BEAT 0124 00T, SE LA brtE % ( x+5) TR,
Z AR LLBCR AN R T 20007, BL P <0.05 FoR 225 A G s
2 HR
2.1 EEERRERFIREYIX PC3 ARSI
2.1.1 REZFRREARBA 4] PC3 fmfe A K

El. E2. E3 N, ASFACHRR[R)%F PC3 40 A 5 p4m i/ F 45 SR P 1. 4533
T 3 FMREUIRT PC3 1A A T AT IR, A0 0 1 Bl A A SR (] S K T 1 58
LI 5 A B R PR 384 T T 1 5, R S R RS AR R R s A [V B % B [ Ak 3
T, E1 X PC3 4 (s v o T A PR SR . 3] SO0 MBS 3 MhEREY) 20
ng/L ACFEAA AL 48 h 5 X ARMUE A MEm, 45 R IE 2. 455 EoR PC3 dH & SR B Ak 3
Ja, PIEDRRBCRYI R, MIUE MK, AN AN S, MR, S
M, GAR A RS T S . DL S5 R R R R 3 PR B e B 40 PC3 A
A K
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Fig. 1 The effect of different solvent extracts of ARR on proliferation of PC3 cells ( x + s, n = 3)
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Fig. 2 The number and morphological changes of cells treated with extracts of ARR under inverted fluorescence

microscope (200x)
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Fig. 3 Effect of different solvent extracts of ARR on apoptosis of PC3 cells ( x+s,n=3)
E: SXEAE, “P<0.01; Note: Compared with control group, **P<<0.01.

22 REEZE BRI E T

25 GC-MS ¥l 7 E3 10 23 Fhaidyr, ke 2 fios. HAuhEe (17.599%)  EEkEm:

(17.144%) N AMENRTR (9.54%) NEZRIr. BLAh, E3 & KEEH, HIu R
21 3-OH SANFRIESE S, e Aopl R P AR GE
K2 REBEZR CERBRY L ZRS
Table 2 Chemical composition in ethyl acetate extracts from ARR
ETAE] IR FHX &5 & HaEw) T E
No. (min) Relative content Compound Molecular weight
(%)
1 10.06 1.406 2,3- 43,5 R AE-6- FEL-4(H)- AL R -4 144

2,3-Dihydro-3,5-dihydroxy-6-methyl-4(H)-pyran-
4-one
2 12.26 7.033 4-(N-NERHHE-N-F 2 0%)- T R

4-(N-Nitroso-N-methylamino)-butyric acid

3 18.45 0.218 =5 B Homovanilic acid

4 19.70 1.121 FARES
4-(1E)-3-Hydroxy-1-propenyl-2-methoxyphenol

5 20.43 0.374 X} ¥ PIHEER  p-Coumaric acid

6 21.18 0.159 T#M Eugenol

7 21.49 0.511 +HJEE Pentadecanoic acid

8 22.49 17.144 FEAEER Palmitic acid

9 22.85 0.24 FEHEIR 2.1 Ethyl palmitate

10 24.56 6.873 Wi Linoleic acid

146

182
180

164
164
242
256
284
280



https://www.chemicalbook.com/ChemicalProductProperty_CN_CB7198081.htm

G R FHX & &Y TR
No. (min) Relative content Compound Molecular weight
(%)

11 24.61 17.599 VR Oleic acid 282
12 24.83 1.815 g iEMR Stearic acid 284
13 28.67 0.55 H il A A EREE Glycerol palmitate 330
14 30.55 9.54 FIFEfERR Betulinic acid 456
15 30.87 0.281 1-3Eh B H -l B 1-Monolinolein 354
16 32.58 0.197 i) Squalene 410
17 37.63 1.163 S -5-45 % Sterol-5-enol 400
18 38.02 6.872 H[HEE Soysterol 412
19 38.73 6.913 y-45 (8§ p-Sitosterol 414
20 39.46 0.398 T #-7-4%5-3-F% Soyster-7-en-3-ol 414
21 39.73 0.552 P MEE Cycloeucalenol 426
22 40.17 1.907 44 &K E Vitamin E 430
23 40.60 0.857 2 {§-4-4%-3-l{ Stigmast-4-en-3-one 412

2.3 ETWEHEFE AR E/E RS T
23.1 Zp g5 a7 7| IR Ae X e b 0 ik

i G TREE B3 AN T 4 R S A SCIRIRE 1, it TCMSP Fii% i 8 T 1% 5 5 11
TR RS 9 MR RN [ S B AT Do i i e i i L3R AT BRI AR R FE
110 4, HT A e i OCHE 2T 12 653 A, Kl v o 0 255 i 910 R AH DG U A 4R I 22 |

FRUE, REPATIREE TR TS B R AERE 21 89 > (KB 4)

JRER
ARR

Hif 51 A

Prostate cancer

12564

(99. 1%)

B4 REFFERS SHSIREESHHERE

Fig. 4 Venn diagram of targets of active ingredients of ARR and prostate cancer targets

2.3.2 PPI M % 5 455 3o &,
At — IR PR A FE I A P AT B AR TS M A E AL, RS R S S N STRING
BaE, SRS SR EER LR, BREE 78 N, 239 414, P4 5.37 1) PPI
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Mz (UL 5) o FIH CytoHubba XJ & H BAEM 25T M0 4r, 153 degree HEA T 15
PRGBS, 255 ALB. JUN. HSP9OAA1. PTGS2. BCL2L1. AR. PSEN1. MAPKS.
KDR. CCNA2. BMP2. PARP1. PRKCD. CDC25C. TOP2A. H:71 ALB (degree =35) .

JUN (degree =29) Al HSP9OAA1 (degree =25) {5 H HAEMZE R HR S EE, RIFH

FE R 28 R] e R P B R

Bl 5 ZZEEEL S PPI 4

Fig. 5 PPI network of intersection targets

2.3.3 GO #= KEGG ‘& & 4 #7

Wit GO BESTH, RIATEIE I I 142 NS R 28 AN 4 R 41 4
S FIhRE. Lh P<<0.05 FIEERIEL H 4L GO A 20 4 H T % B (WL 6) .
25 R A R S AE A D R v R S 5 X 2 R R T R Y L TR R T SO SR
Notch 5 515 F&42. MRHRIEE ¥ SH0ME 5 TR M U BT 5d R A
FOM T AN . AR L AR A ST O AR R B R AR L B G

wMEE .
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Fig. 7 KEGG enrichment analysis of targets for extracts of ARR against prostate cancer
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