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The Network Pharmacological Mechanism of Guishen Pills in the Treatment of Polycystic Ovary
Syndrome

LU Yan', WANG Xiaoyun’ (1. The Second Clinical School of Guangzhou University of Chinese Medicine,
Guangzhou 510405 Guangdong, China; 2. Guangdong Provincial Hospital of Chinese Medicine, Guangzhou 510120
Guangdong, China)

Abstract: Objective To predict the mechanism of Guishen pills in the treatment of polycystic ovary syndrome
(PCOS) through network pharmacology method and molecular docking technology. Methods The TCMSP database
was used to collect the active ingredients of Guishen pills and their targets were predicted. The targets of PCOS were
screened out through GeneCards and OMIM databases, and R software was used to obtain targets intersection.
Then, a Venn diagram was drawn. Cytoscape software was applied to construct the “drug— component— target—
disease” network of Guishen pills for the treatment of PCOS. We constructed the target protein interaction network
through the STRING database and performed the GO function enrichment analysis of key targets and the KEGG
pathway enrichment analysis. Autodock Vina software was used to verify the interaction between the active
ingredients of the drug and the disease target. Results 78 active ingredients and 78 drug—disease common targets of
Guishen pills in the treatment of PCOS were screened, and its mechanism of action was inferred to be related to
mediating 124 signaling pathways such as PI3K— Akt, HIF-1 and TNF, etc.. Effective ingredients (quercetin,
kaempferol and stigmasterol) have good docking results with targets (PTGS1, ESR1 and PGR). Conclusion The

active ingredients of Guishen pills may treat PCOS through anti—inflammatory response, improvement of insulin
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resistance, promotion of follicular development, control of blood glucose homeostasis, regulation of lipid metabolism,

and regulation of hormone levels.

Keywords: Guishen pills; polycystic ovary syndrome;
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Figure 2 The "drug-active ingredient—target—disease" diagram of Guishen pill in the treatment of PCOS
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Figure 5 Bar graph of Go function enrichment analysis for key targets of Guishen pills treatment of PCOS



T 25325 5 R 552021 56 A 5 3255 6 4 831
RECO e TN NS I N SE 7+ 2
PI3K-Akt signali 5. X K 7/,
ignaling paihway PGR - 55 e 0 W
HIF-1 signaling pathway - ® PTGS1- 84 EX s 856 8.4
TNF signaling pathway{ @ NCOA2- 69 75 8.2 7.9 6.8 7.8 "
Oxylocin signaling pathway |~ ® NR3C2- 7.9 73 8.2 84 75 8.2
CHRMS3 - ! ) = -10.
yoonsanenapaher] | o2 o EEDEEEDE < |
signaling pathway count CASP3- 65 6.4 6.3 7.4 66 7.6
Focal adhesion 4 @ ) CAV1- 65 6.7 6.6 66 65 6.8 6
AMPK signaling pathway{ @ ®7 CCND1- 69 6.7 7.7 76 74 T2
Transcriptional misregulation in cancer e @3 EGFR - ! Rl TS s & -7
) o ®9 ESR1- 74 71 7.9 7.1 7.4 7.9
Toll-like receptor signaling pathway <# . 0 Fos _m T & 8 "
Prostate cancer{® IL-6 - 63 6.2 66 6.4 62 72 [
Prolactin signaling pathway e —log,(P {H) MAPK8 - 7.7 -8 8.1 8.3 76 7.4 9
10 L —
Osteoclast differentiation 4o 7 MYC - SN o+ |7 X 92 | l
Non-alcoholic fatty liver disease (NAFLD){e 6 VEGFA IS e S I =8 -10
) - 5 & & & N N &
Metabolism of xenobiotics by cytochrome P450 < & & o9 58 & &
4 & S N & & &
Measles @ l 3 & & s % & &
Y < & )
Jak-STAT signaling pathway s ~° N N
Wsulin resistance 1¢ e BEARKR DT, AR AL R, ZLEMTR, LG B .
FoxO signaling pathway +® SEOBE BTN keal -mol™
Estrogen signaling pathway - - == N .
s g[gz A4 " E
Chagas disease (American trypanosomiasis) 4o B7 JREARTSEINESGHE(PCOS) My 5 XE
6 7 8 9 10 SUERHEIT S FXIELE S R E
enrichment

B6 HBEHATZEIMELG (PCOS) #Z b SR HY
KEGG @i E&E ST <R

Figure 6 Bubble chart of KEGG pathway enrichment analysis
for the key targets of Guishen pills in the treatment of PCOS

2.6 5y PRHES R RO EEER S5 %0 A RO
PEAT T2, 45 R PPARG. PTGS1. NCOA2,
NR3C2, CHRM3., CASP3. CAV1, CCND1. EGFR.
ESR1. FOS, IL6., MAPK8., MYC #1 VEGFA 5 6 /|~
B RN W)X P 2E A BE YK T -5 keal -mol ™, 3
WXL R R Ar . M ROE SR xRS R
B B e (& 7)), 2o, flG
o AN F SN IR T A S RE AR A X 4 4
1 3] /& PPARG 4 stigmasterol ( 5. fi§ B ) 45 & fE
=93 keal *mol™, PGR 5 quereetln(mﬁ%),n S HE
A-9.3 kcal *mol™', PTGS1 5 beta—sitosterol (B—4+ i
i) 455 HEH-8.9 keal-mol™, NCOA2 5 beta—sitosterol
ZEAFE R -8.2 keal smol™, NR3C2 5 stigmasterol zhA
i€ M —-8.4 kcal -mol™', CHRM3 4 beta—carotene (-
W NE)E A HEN-10.3 keal s mol™', CASP3 5 beta—
carotene 45 & HE A —7.6 kecal - mol™', CAV1 5 beta—
carotene é 5 A HE N —6.8 kcal -mol™', CCNDI 5 beta—
sitosterol 455 fE N -7.7 keal  mol™', EGFR Y beta—
carotene 4% A& HE & - 8.4 kcal - mol™', ESRI 4 beta—
carotene 45 & B & - 7.9 keal - FOS 5
isorhamnetin ( 5 fLZ5 &%) 45 4 fE M -10.1 keal » mol ™!,
IL6 5 beta— carotene 44 & ﬁE H-17.2 keal » mol™ ',
MAPKS8 5 stigmasterol %% 4 fiE i - 8.3 keal + mol ™!,

mol™ ',

Figure 7 Heat map of binding energy for molecular docking
between key components and key targets in Guishen pills for the

treatment of PCOS

MYC 5 beta-sitosterol 4% & fE N - 9.4 keal - mol ™!,
VEGFA 4 stigmasterol 2545 7\7—8.7 kcal *mol ™,

3 g
AW iz H TCMSP $8s P 8 11 5 S SLIE e Y
BRGST, RIEHFM A OCHTT S (LK 2), Mt i
.. B-AE AT AR IH S ILEH T 2 22 5p
ZEAAE(PCOS) Y FEZ 1o Ml B =2 Bk &
Y, Byie. k. AR s
RS LA E RS, Adt
K. PrEAL . FBRACIMLAR . P9k M A . PR S AE
H, B-A HEER PO RS, APiR . Bt
A BT . BERE . BEAR . REARMER R SEAE
P, Asma Neisy 538 i3 S M Bz 28 % it S 2 1
P 175 S 1) 22 38 B S 25 5 F KRR 5 R HRPT (IR) A 5%
M), & A K2 25 0T DABH o okost 22 9 B SR 25 51 KRR
1 IR IR, Sarwat Jahan 55558 b B4 Bz 22 5 — H L
I etk o3 S PR S I 2 BE DR LR AR IR, &
P e R A R KRR &, bR R, 2
POV IE R K B AR TR T SR E R . A BRSO BN
WAKET E AL R8I0 L2551 TCHEDY
K R PN 43 06 A0 A% PR BRLEE o TTT LL1 28% P mT DA
FIR P IPAL RSP 5 B P AR R B M A7 16 R, 1
TP LR (A K - I8 i AT PI3K 5 5 B e i O
FEAR ML 5 50 24, T2 O R G1E AW



- 832 . Traditional Chinese Drug Research & Clinical Pharmacology, 2021 June, Vol. 32 No. 6

RERER IR & R Y vt T v s =2 (A ST R
5 B HE R AN BB A S A By, DRI Y K
Fid 2 SR SEE TR, T C A BT HIE S AL
- B S i ] B S A2 0 O SRR A L 530 B, R B-
A (8 T T RE A A o v I EOIR S DA O B Y &
H, REWBRITZRNELEGEMIER . BIka] L,
W 2 LA K - B R R 2 RN BLLR 5
TEP I EARCE AR AL, R E R kK F, i
HEHEBRAEAE

¥oU BB AR PPL M 28 1 40 40 BT iR (L3R 2)
NCOA2. PGR. NR3C2 %[ RE /2T B HLiRYT 2 4 5
B OIE R ORI I L2 P N LA AE
KEFE T PGR ) JEH 535 %38 5 NCOA2 Kk
W ES, NCOA2 &5 75 K H B A BT Bl 4
FHOGIEIR , AEXF 7 A A 5 3 B 8 15 1 A I 5
H, ZHSUICRT DAV Y 2 4R B0 Hi2E A 4E K B PGR LU
KR4y PGR AESER B S0 ik . AR LML 45
DR ZEGAE B E B PGR ik LiE, Wi — H XU AT 38
Ik R YT 22 b 4 M DR 1Y) A 0 LR IR PGR 3R GK
NR3C2 =Wk Je M R Z AR R85 5 Bk RS 4
W, BOHFIE R NR3C2 1T EAE2F B S b 2 %
I 5550 . A ERT

KEGG & &8 4t o (L 6), HE ILiasT
PD 1 25538 O PI3K-Akt {5 538K . HIF-1 15
TIE . TNF 55l %A, ZRMNELRAIEN %
i PR 7 AL 455 v T 3 2R IMRE AN 5 BT (IR) o A
TF SRk B 7S W b 3 R AT 38 3 3 PI3K/Akt 15 53
PROCEON 2R N IRRZS, DMREIINA T . 2%
INSRZRAAE Y &AL A iR 5 SOREAHOC™, TFN—y 1]
X AN HEA T B B AR, AT IR A BRI S T
AL 3E TS PIBK/AKt {5538 B K IFN—y B3Rk LA
fEE oY LR AN RS . HIF-1 A FRIN RS
FER AR A EEAEHY . AF5ESE B HIF-1 4
S B RS I T DAE Y W L sh ) &2 4 P L2
BAETE RN, S22 $E 00 LR G AR IR R TR 5 iRYT 1Y &
BLALAR, TNF {550 B LM RIEF 5. A
WFFE A BRI AT LA o 22 3 BP SR 25 A IE R B R N 58
JERA, Hp INF-o F5ERETERRZ —, 5
AR E I TNF-o 5 HZIEREE G0 LIS SRS R
ZRIEY | 22 R ER IR AL, TR IR FEH
AR NI I

g bk, HE LB A ORI A
B—7 i 2 45 ] A AL A PI3K-Akt, HIF-1, TNF

SR TP AEYIR | UORBRE KA. fedt i
KA EHIMURTEAS . WA RE B R ATEEOK
P-4 2 BT DR IGYT Z 40 LA . AT ST
O3 T RFAEUE S I B LA R0 B A A X 4 R
4, POAJRSER AL THLE AT TSR AL o

S 3k

[1] GOODARZI M O, DUMESIC D A, CHAZENBALK G, et al
Polycystic ovary syndrome: etiology, pathogenesis and diagnosis[J].
Nat Rev Endocrinol, 2011, 7(4): 219-231.

[2] LIZNEVA D, SUTURINA L, WALKER W, et al. Criteria,
prevalenceand phenotypes of polycystic ovary syndrome[J]. Fertil
Steril, 2016, 106(1): 6-15.

[3] WILD R A, CARMINA E, DIAMANTI-KANDARAKIS E, et al.
Assessment of cardiovascular risk and prevention of cardiovascular
disease in women with the polycystic ovary syndrome: a consensus
statement by the androgen excess and polycystic ovary syndrome (AE-
PCOS) society[J]. J Clin Endocrinol Metab, 2010, 95(5): 2038-
2049.

[4] ROTTERDAM ESHRE/ASRM- SPONSORED PCOS CONSENSUS
WORKSHOP GROUP. Revised 2003 consensus on diagnostic criteria
and long—term health risks related to polycystic ovary syndromel]].
Fertil Steril, 2004, 81(1): 19-25.

[5] B, VF . PERRA 2RO LR SRR R G S ).
B4z, 2016, 31(6): 853-856.

[6] E#AE. 75 2inJ7 2RIV RLEGIEMIGIEZ I B 25 LT B
2k, 2016, 43(6): 1160-1163.

(7) Seifg 2, BRSFJE, w35, SR RE LN B IRITPCOSEUIFIN el
PR 20 B 1L W5 TGF- 1, CTGF /K V- R 5% W [J]. B VG o B
2017, 38(8): 1065-1067.

[8] Seig =, Brsrie, w36, S5 AR ILECE CALERITR T PCOSEL
HEGD BERFVEA AR I ROFFELI). BEPTHPER, 2017, 38(11): 1542-
1544.

(9] BRAZE. I U R BB SR S B ia MR T S B D5 D] o B
EEZZ%, 2008, 10(6): 79-80.

[10] BRSFAE, Agemit. U ALxT GRS RE LR I RUFSH . B Bk A2
(] PRIEITEEZGRIAE, 2007, 36(5): 48.

(1] Sz, skEE, XUE K sy 5 AL 2 24 M xd o S0k 2 i i
TOHRZIAL]). 2GHZY SR RZ5 B, 2007, 18(1): 37-39.

[12] g, wikZ, ZEuk, &% M4 B AE b 25 U b A WEIE e
S HISEMSLT). ThE2G, 2019, 50(10): 2257-2265.

[13] YUAN K, ZHU Q, LU Q, et al. Quercetin alleviates rheumatoid
arthritis by inhibiting neutrophil inflammatory activities[J]. J Nutr
Biochem, 2020, 84: 108454.

[14] WANG Y Y, CHANG C Y, LIN S'Y, et al. Quercetin protects
against cerebral ischemia/reperfusion and oxygen glucose deprivation/
reoxygenation neurotoxicity[J]. J Nutr Biochem, 2020, 83: 108436.

[15] EID H M, HADDAD P S. The antidiabetic potential of quercetin:
underlying mechanisms[J]. Curr Med Chem, 2017, 24(4): 355-
364.



PSR BE2021 56 A F 32455 68

- 833 -

[16] ZENG H, GUO X, ZHOU F, et al. Quercetin alleviates ethanol-
induced liver steatosis associated with improvement of lipophagy|J].
Food Chem Toxicol, 2019, 125. 21-28.

[17) NAM S Y, JEONG H J, KIM H M, Kaempferol impedes I1L-32-
induced monocyte—macrophage differentiation[J]. Chem Biol Interact,
2017, 274: 107-115.

[18] TORRES-VILLARREAL D, CAMACHO A, CASTRO H, et al
Anti- obesity effects of kaempferol by inhibiting adipogenesis and
increasing lipolysis in 3T3-L1 cells[J]. J Physiol Biochem, 2019,
75(1): 83-88.

[19] MAHOBIYA A, SINGH T U, RUNGSUNG 8, et al. Kaempferol-
induces vasorelaxation via endothelium—independent pathways in rat
isolated pulmonary artery[J]. Pharmacol Rep, 2018, 70(5): 863-
874.

[20] IMRAN M, SALEHI B, SHARIFI-RAD J, et al. Kaempferol: a
key emphasis to its anticancer potential[J]. Molecules, 2019, 24
(12): 2277.

[21] HIDAYATHULLA S, SHAHAT A A, AHAMAD S R, et al. GC/

—

MS analysis and characterization of 2- Hexadecen— 1-ol and beta
sitosterol from schimpera arabica extract for its bioactive potential as
antioxidant and antimicrobiallJ]. J Appl Microbiol, 2018, 124(5):
1082-1091.

[22] PONNULAKSHMI R, SHYAMALADEVI B, VIJAYALAKSHMI P,
et al. In silico and in vivo analysis to identify the antidiabetic
activity of beta sitosterol in adipose tissue of high fat diet and
sucrose induced type—2 diabetic experimental rats[J]. Toxicol Mech
Methods, 2019, 29(4): 276-290.

[23] TURCK D, CASTENMILLER J, DE HENAUW S, et al. A
combination of beta—sitosterol and beta—sitosterol glucoside and
normal function of the immune system: evaluation of a health claim
pursuant to article 13(5) of regulation(EC) No 1924/2006(J]. EFSA J,
2019, 17(7): e5776.

[24] NEISY A, ZAL F, SEGHATOLESLAM A, et al. Amelioration by
quercetin of insulin resistance and uterine GLUT4 and ERalpha
gene expression in rats with polycystic ovary syndrome (PCOS) []].
Reprod Fertil Dev, 2019, 31(2): 315-323.

[25] JAHAN S, ABID A, KHALID S, et al. Therapeutic potentials of
quercetin in management of polycystic ovarian syndrome using
letrozole induced rat model: a histological and a biochemical study
[7]. J Ovarian Res, 2018, 11(1): 26.

[26] RAFA L, DESSEIN A F, DEVISME L, et al. REG4 acts as a
mitogenic, motility and pro—invasive factor for colon cancer cells[J].
Int J Oncol, 2010, 36(3): 689-698.

[27] SANTOS J, MONTE A, LINS T, et al. Kaempferol can be used as
the single antioxidant in the in vitro culture medium, stimulating
sheep secondary follicle development through the phosphatidylinositol
3-kinase signaling pathway[J]. Theriogenology, 2019, 136: 86-94.

[28] 45, BIRIE. 20N LR GO0 AT AN ML JH BTt ()]

[ BrRA AR R AT R A 25, 2009, 28(5): 331-333, 340.
[29] WA, TRVTAE, Befh, S AL B 0T A0 A A O 5
TR AR SZ AL ] R EEEE Y, 2012, 23(5): 1051-1053.
[30] HU M, ZHANG Y, FENG ], et al. Uterine progesterone signaling
is a target for metformin therapy in PCOS-like rats[J]. J Endocrinol,

2018, 237(2): 123-137.

[31] XIONG F, XIAO J, BAI'Y, et al. Metformin inhibits estradiol and
progesterone—induced decidualization of endometrial stromal cells by
regulating expression of progesterone receptor, cytokines and matrix
metalloproteinases[J]. Biomed Pharmacother, 2019, 109: 1578-
1585.

[32] MUKANGWA M, TAKIZAWA K, AOKI Y, et al. Expression of
genes encoding mineralocorticoid biosynthetic enzymes and the
mineralocorticoid receptor, and levels of mineralocorticoids in the
bovine follicle and corpus luteum[J]. J Reprod Dev, 2020, 66(1):
75-81.

[33] QIU Z, DONG J, XUE C, et al. Liuwei Dihuang Pills alleviate the
polycystic ovary syndrome with improved insulin sensitivity through
PI3K/Akt signaling pathway[J]. J Ethnopharmacol, 2020, 250
(250): 11965.

[34] LIMA P, NIVRT A L, WANG Q, et al. Polycystic ovary syndrome:
possible involvement of androgen—induced , chemerin—mediated
ovarian recruitment of monocytes/macrophages|J]. Biol Reprod,
2018, 99(4): 838-852.

[35] KUBOTA K, KADOYA Y. Innate IFN-+vy-producing cells in the
spleen of mice early after Listeria monocytogenes infection:
importance of microenvironment of the cells involved in the
production of innate IFN-gammal[J]. Front Immunol, 2011, 2(2):
26.

[36] LI Y, ZHENG Q, SUN D, et al. Dehydroepiandrosterone stimulates
inflammation and impairs ovarian functions of polycystic ovary
syndrome[J]. J Cell Physiol, 2019, 234(5): 7435-7447.

[37] WANG Z, ZHANG Z, WU Y, et al. Effects of echinomycin on
endothelin-2 expression and ovulation in immature rats primed with
gonadotropins[J]. Exp Mol Med, 2012, 44(10): 615-621.

[38] WANG F, ZHANG Z, WANG Z, et al. Expression and clinical
significance of the HIF-1a/ET-2 signaling pathway during the develop-
ment and treatment of polycystic ovary syndrome[J]. J Mol Histol,
2015, 46(2): 173-181.

[39] OROSTICA L, ASTORGA I, PLAZA- PARROCHIA F, et al.
Proinflammatory environment and role of TNF-alpha in endometrial
function of obese women having polycystic ovarian syndromelJ]. Int J
Obes(Lond), 2016, 40(11): 1715-1722.

[40] YUAN M, KONSTANTOPOULOS N, LEE J, et al. Reversal of
obesity— and diet-induced insulin resistance with salicylates or targeted

disruption of Ikkbeta[J]. Science, 2001, 293(5535): 1673-1677.
(4#t: BK)



