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[ Abstract]

rats with polycystic ovary syndrome (PCOS) , using network pharmacology and in vivo experiments. Methods

Objective To explore the effect of evening primrose oil (EPO) on aortic endothelial damage in
The
potential targets of EPO for improving aortic endothelial injury in PCOS rats were predicted by network pharmacology,
and the selected core targets and renin-angiotensin signaling (RAS) pathway were verified by experiments. Fifty-eight
48). Rats in the
blank group were fed a normal diet and rats in the modeling group received a high-fat diet for 8 weeks. The PCOS

female SD rats were divided randomly into a blank group (n = 10) and a modeling group (n =
model was prepared at week 6 by administration of letrozole (1 mg/(kg+d)) for 21 days. Blood was taken from the
tail vein after modeling and serum was collected to detect hormone levels. The model rats were then divided randomly
into four groups and treated with the corresponding drugs for 6 weeks. Blood, blood vessels, and ovaries were then
collected. Tissue morphology was examined by hematoxylin and eosin staining and serum levels of luteinizing hormone
(LH), testosterone (T), follicle-stimulating hormone (FSH) , endothelin (ET-1), and tumor necrosis factor ( TNF-
a) were detected by enzyme-linked immunosorbent assay ( ELISA). Serum levels of nitric oxide ( NO) were
determined by spectrophotometry. Protein expression levels of core targets and RAS pathway-related factors were
assessed by western blotting and immunohistochemistry. Results Twenty-five intersection targets of EPO and PCOS
were identified by network pharmacological analysis. Kyoto encyclopedia of genes and genomes analysis showed that
EPO improved vascular injury in PCOS rats via multiple pathways, including RAS. Serum levels of ET-1, FSH, LH,
and T measured by ELISA were significantly decreased after EPO treatment, compared with the model group (P <
0.01). EPO significantly decreased the expression levels of Ang I , VEGF-B, AT,R, ET-1, and TNF-a proteins in
the aorta (P < 0.01) and significantly increased expression levels of Ang I, CD31, and endothelial NO synthase
proteins (P < 0.01). Conclusions EPO may ameliorate vascular endothelial injury in PCOS model rats by
inhibiting the RAS signaling pathway and by overactivation of the ACE/Ang Il /AT, axis.

[ Keywords]  polycystic ovary syndrome; renin-angiotensin signaling; aortic endothelial injury; evening
primrose oil; network pharmacology
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Note. A. Volcanic diagram of differential genes in patients with PCOS versus the healthy controls. B. Venn diagram of

EPO and PCOS-related common target genes.
Figure 1 PCOS differential genes and intersecting targets with EPO
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Figure 2 “Active ingredient-target” topological network of EPO and PCOS
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Note. A. PPI network of the common target of EPO and PCOS. B. Core target of EPO and PCOS.
Figure 3 EPO and PCOS targets
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Figure 4 GO analysis of key targets of EPO to improve aortic endothelial injury in PCOS rats (top 30)
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Figure 5

KEGG analysis of key targets of EPO to improve aortic endothelial injury in

rats with PCOS (top 30)

2.6 PCOS KR IPEBIEHYE

WE 7.3 3 FiR, 6 AR BUEPE HE Je @
JETEIEEE T MEE, WL & B B 30 [R) B4 00 % BB 94
NN R NS D O RN s S N
HIRI RO EL H S O g H AR, B2tk O
HHE 2, BRI P O e 2, U A0 i J2 450
D AR BRE R IE, EPO K, 3 i 4l X FH
P25 W 21 A0 2% 919 0 K B B Y 5 L 1 n, Btk B
WECH W W EAGIHEE (P <0.01) &R
WA, EPO ] A A% ek 5 B S 25 F 2K L

2.7 EPO Xt PCOS XERMERER KR MEHR
A1
2.7.1  EPO X K B 2 152 )

W 4 FrR, 5500 BRZH b A, AR 21 A o e 7
EPO JAYT I, EA S4B X (P < 0. 01);
SRR A, BHITEZ5 4] EPO K 41 . EPO
FAE A ERIT IR T &, TR (P >
0.05) ;3697 )5 EPO ik i 21 EPO = 71 i 21 14
R BB BT T R, B Gt =B (P <
0.01) ; BHPEZ P20 04 B i A S AV ZH A T R B, B

&2 EPOIRJT PCOS HYRHEIG TR TS FAR LRI A4S & AE

Table 2 Binding energy of key active components of EPO in the treatment of PCOS to target targets

25488/ (keal/mol )
3 gl 4 1 He
EPO FZH 45T Binding energy/ (kcal/mol )
EPO main ingredients g &
TNF-o Ang | Ang 1l
PR LT Ethyl octanoate -4.0 -4.6 -4.5
WEIHR S Methyl linoleate -4.0 -4.4 -5.4
¥-JEJFRER H T Methyl -y-linolenate -4.5 -5.2 -5.2
WEIH2 Linoleic acid -3.9 -4.0 -5.3
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Figure 6 EPO improves the docking of key targets with TNF-ac, Ang II molecules in rats with PCOS
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TE T RO 1 RN 1 B T AR,

B7 A4URRAMENE HE e
Note. 1. Primary follicle. 1. Secondary follicle. 1. Corpus luteum. 1. Cystic follicle.

Figure 7 Unilateral ovarian HE staining of rats in each group

AHEi2#E (P <0.05), R BT, BAGIHFE L (P < 0.01) ; 5
2.7.2  EPO X4 s A5 W A, FIYEZS 240 EPO K57 & 41 . EPO & 7

e 5 Fion JRY7 IR SR IR oA BRI AR PRI R, EAE T (P > 0.05) 45
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®3 EPO XA RIP IR (x £ 5, n = 10)
Table 3 Effect of EPO on the number of follicles of rats in each group(x = s, n = 10)

45 S NN =Y oy e v IR IR A it/ A FEAR ORI A /A
Groups Total number of follicles at all levels/pcs  Number of primary follicle/pes  Number of cystic follicle/pes
X HEZH Control group 14.40 £ 1.26™ 12.00 £ 0.94™ 3.80 £ 1.14™
FERIA] Model group 6.70 £ 1. 16 3.50 £ 0.71 12.60 + 1.58*
FHMEZGH4H Positive drug group 10.60 + 1.43 ™" 6.90 + 0.88 " 3.60 £ 0.52*
EPO &= EPO low group 8.90 + 0. 74" 7.20 + 0.63 " 3.50 + 0.63*
EPO #1441 EPO high group 8.50 + 0.85™* 6.60 + 1.43™* 3.20 £ 0.63™

S IR LL, " P < 0.05; SHEEALAIAALL, ™ P < 0.01, (FE/ER)
Note. Compared with control group, *P < 0.05. Compared with model group, ™ P < 0.01. (The same in the following figures and tables)

R4 EPOXHHRMMATERIEN (x +5, n = 10, g)
Table 4 Effect of EPO on body mass of rats in each group(x = s, n = 10, g)

AT

Pre-treatment body mass

AT R A

Post-treatment body mass

ikl HIRR AR i
Groups Initial body mass
XFBEZH Control group 178.00 = 5.26
HiAIZH Model group 180.00 = 4. 67
FHPEZHIZH Positive drug group 181.00 + 6.02
EPO K57 541 EPO low group 179.00 = 5.57

EPO 571 4L EPO high group 177.00 = 8. 90"

570.00 + 4. 14
592.00 + 2. 87"
582.00 + 3.09*"
578.00 + 3.67™
578.00 + 4.87™

452.00 + 5.23*
472.00 + 2. 87"
463.00 = 5.75"
469. 00 + 2. 42"
467.00 + 3.23%

O GRAALEL P < 0.05; SHUUALMEL, " P < 0.05, ( FE/ZKIF)
Note. Compared with control group, *P < 0.05. Compared with model group, " P < 0.05. (The same in the following figures and tables)

e FHYEZS Y2 EPO LRI & 4 EPO &5 & 41
Wk 34 i 2 AR, R G2 B (P < 0.01)
2.7.3 EPO XJ &5k KB

W 6 Frn, S5XF IR LA IR T R I 4 47
sk TR, A ST 2AE (P < 0.05) , 58
RIZH H 4, BP9 40  EPO 5= 40 \EPO 757
HAFHKIE, TFGIT2EE L (P > 0.05) ;37975 FH
PEZIWIL EPO K 5 21 &7 7K FR B i 4 #) ) 2
FEAIG, B A GeiT24 78 L (P < 0.01) , EPO /&5l &
&P IR R R A T REAR , B it (P
<0.05),
2.8 EPO ¥t PCOS X R & s trHI 220

WL 7 FioR, 55X IR b, B K BT
1 FSH LH .\ T i 35, RSB X (P <
0.01) ; SHIRIZH 48, EPO A | 15 7 5 24 M P

52 I P FSH LH | T 2 i 2 F A%, BoA 5iit
R N(P<0.01), VIEZEREH PCOS KU
WM R KT KA ZEFL, 56 PCOS BRI R AR
FRHRAE , 2 AN FF R Y EPO JRY7 I i & K F
WA

W 8 Fias, X HALH e, MRS 2H A R If
1 TNF-a B E (P < 0.01) ,ET-1 B4 E5 (P <
0.05),NO W EFEAML, RASITFE L (P <
0.01) ; SR L4, EPO % | 5 77 42 26 2% B 1
YA I P TNF-o 2 0 E FEAR, BA S
(P < 0.01);EPO &5l w4l ET-1 KFEFEAR (P
< 0.05) ,EPO I AL FHPE 25 4 ET-1 /K
WEREL, BRI E L (P < 0.01) ;EPO ik,
T ) 4 R B 25 M 4 i R NO B T, A
HEH¥E X (P <0.01), UL E45HEFEH PCOS

&5 EPO XHLAIREIAEERIEM (2 + 5, n = 10, mmHg)
Table 5 Effect of EPO on systolic blood pressure in each group of rats(x + s, n = 10, mmHg)

L . %ﬂﬁﬁ%ﬁﬁl{ ‘iﬁ‘ﬁﬁﬂﬁ(?ﬁ}f ?é‘ﬁfﬁ%%ﬁlﬁ
Groups Initial systolic blood Pre-treatment systolic blood Post-treatment systolic blood
pressure pressure pressure
XFEZH Control group 122.60 + 5.26 122.70 = 6.45™ 123.07 = 4.03™
FRIIZ] Model group 123.44 + 3.67 161.06 + 5. 06" 162.42 + 5.53%
BHPEZG W4 Positive drug group 123.33 £ 3.02 158.60 + 5.87* 138.75 + 5.45**
EPO {E#IH4H EPO low group 123.90 + 2.56 159.23 + 5. 44" 119.96 + 7.17*
EPO =7 &4 EPO high group 123.70 + 2.90 157.60 = 0. 87" 126.80 + 3.09™
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R 6 EPO XA KA KER

B

(% +s, n = 10, mmHg)

Table 6 Effect of EPO on diastolic blood pressure in each group of rats (¥ +s, n = 10, mmHg)

413 WL 5K TRYTHTE IR TBYT R

(: Initial diastolic blood Pre-treatment diastolic blood Post-treatment diastolic blood

Troups pressure pressure pressure

XFBRZH Control group 82.09 + 0.23 85.45 £ 9.48" 85.10 + 5.45™
I ZH Model group 89.77 + 7.52 103.56 + 7. 86" 107.25 + 8.85%
B 25940 Positive drug group 92.21 + 3.54 99.33 + 8.56 85.34 £ 7.66™
EPO {5541 EPO low group 86.75 + 7.33 99.30 + 10. 16 79.60 + 8.24™
EPO =54l EPO high group 86.89 + 2.41 99.63 £ 6.73 88.60 + 5.89"

£ 7 EPO X PCOS KFUMTE FSH LH Fl T /KFERIEM (2 + 5, n = 10)
Table 7 Effect of EPO on serum levels of FSH, LH and T in rats with PCOS(x + s, n = 10)

ZH
ZH 5 FSH/ (mU/mL) LH/(mU/mL) T/ (ng/mL)
Groups
Xt HEZH Control group 4.62+0.05* 5.32 £ 0.06™ 1.18 = 0.02™
I, Model grou 6.19 = 0.03" 11.76 + 0. 06" 2.75 + 0.05"
group
FHM:25 %40 Positive drug group 5.09 = 0.09"* 8.45 + 0.22™* 1.63 + 0.10™*
EPO X5 &4H EPO low group 4.95 + (. 127" 0.48 + 0. 24" # 1.94 + 014"

EPO &#|&# 4] EPO high group 5.91 = 0.14™%

9.80 + 0. 14" 1.83 + 0. 127"

&8 EPOXF PCOS KRUMTE TNF-o \NO Fl ET-1 /K PRSI (x £ 5, n = 10)
Table 8 Effect of EPO on serum levels of TNF-a, NO and ET-1 in rats with PCOS(x + s, n = 10)

215 Groups TNF-o/ (ng/mlL) NO/ ( pumol/L) ET-1/(ng/mL)

X} HR2H Control group 4.65 + 0.09™ 10.72 + 0.91™ 58.68 + 2.81°
FERIZH Model group 8.98 + 0. 11" 6.55 + 1.13" 63.95 + 1. 12"

BHE 25940 Positive drug group 7.37 + 0.53"" 11.23 £ 0. 15 56.75 + 0.16™

6.68 = 0.53"™
5.13£0.15™

EPO fii5f &4 EPO low group
EPO #3541 EPO high group

54.65 £ 0.35™
58.05 + 0.74"

11.16 £ 0.72™
13.26 £ 0.84™

KE NO 5 ET-1 i ZE KP4, s PCOS KR
F K IMAE T, 2 AN FFI R EPO 1GYT 5 T
FACHIRE , R ENE R
2.9 EPO ¥ PCOS X REFNBkMEHARLSTZE
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2.9.1 HE Jefazhi

H HE Je e (& 8) n] Ul . 5 X} A2 s, A7
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17 20 2 A v RS 0 2 JRL | A it HE B 2K AL, R
ARSI 2 11 A5 A0 L 2 () AR 0 HES B T SR 6 R
20 R B B K A S5 4 e N B OG- B
ik P RS- AL e 52 32 &5 A R0 U) HE 3  BH A 25 9
21 R BR 32 2h Jok v 5 4t e HE 51 BH & 25 6L, EPO IG
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& 9, & 10 W] A1, VEGF-B, AT,R A K&
Ang Il FL50ATE R R E sk N 1A L) K
AN L b i S S kb B A A Ang |
S CD31 FEAZH R B F 3 bk b 3= 2400 4 T 1l 4
N 280 0 BT ol 0. 5 X% BEZH AR L, Ang
I .VEGF-B AT,R 7EARAIZH K B sk P Bz b s
#ik, Ang Il \CD31 7EALAIEH K B 3 5 bk oy Bz
RRB, BEAZRIFE L (P <0.01) ; &5 A
FIE EPO QYT R BIA TR E . DL 45 3R B
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Note. 1. Vascular media. 1. Vascular endothelium.

Figure 8 HE staining of aortic morphology in each group of rats
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Note. 1. Vascular media. 1. Vascular endothelium.

Figure 9 Positive expression of aortic factors of rats in each group
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Figure 10 Statistics of positive expression of each factor in the aorta of rats in each group
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Figure 11 Western Blot detect the expression of aortic vascular-related proteins in each group
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