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Youguiwan Regulates CXCL8/CXCR1/2 Signaling Pathway and Ang-1 and Ang-2

Expression to Promote Ovarian Angiogenesis in Rats

WEI Xiao-jing, DUAN Heng', TANG Li-ming, SONG Qian-qian
(College of Traditional Chinese Medicine (TCM), Chongqing Key Laboratory of TCM for
Prevention and Cure of Metabolic Diseases, Chongqing 400016, China)

[Abstract] Objective: To study the effects of Chinese herbal compound Youguiwan on angiogenesis of
rats with ovarian dysfunction caused by natural aging and its relationship with chemokine interleukin 8
(CXCL8)/CXC chemokine receptor 1/2 (CXCR1/2) signaling pathway, angiopoietin 1 (Ang-1) , and

angiopoietin 2 (Ang-2), so as to explore its mechanism in improving the ovarian function. Method: Fifty six
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female SD rats were randomly divided into the young control group (#n=8) and modeling group (n=48, ovarian
dysfunction caused by natural aging). Rats in both the young control and modeling groups were routinely fed,
during which the ones in the modeling group underwent exfoliative cytology of vaginal smears for five to seven
days. The ones presented with prolonged estrous cycle, followed by continuous estrus and repeated
pseudopregnancy revealed by vaginal cytology during four consecutive estrous cycles indicated early aging, and
the young rats with keratinocyte proliferation index higher than 50% for 10 consecutive days were classified into
the young control group. The successfully modeled rats were randomly divided into the early-aged group,
estrogen (65 pwg-kg'-d"') group, Zuoguiwan (33 g-kg'-d"') group, as well as the low-, medium-, and high-
dose (1.2, 2.4, 4.8 g-kg'-d"') Youguiwan groups. Rats in the young control group and the early-aged group
were gavaged with the same volume of normal saline for 30 days. After the experiment, the morphological
changes in rat ovary were observed by hematoxylin-eosin (HE) staining. The protein expression levels of
chemokines CXCL8, CXCR1, CXCR2, Ang-1, and Ang-2 in rat ovary were detected by Western blotting and
immunohistochemistry, and the mRNA expression levels of CXCL8, CXCR1, CXCR2, Ang-1, and Ang-2 by
real-time fluorescence quantitative polymerase chain reaction (Real-time PCR). Result: Compared with the
young control group, the early-aged group exhibited reduced number of growing follicles, corpus luteum, and
blood vessels at all levels, elevated atretic follicles (P<0.01), up-regulated protein and mRNA expression of
CXCL8, CXCRI1, and CXCR2 in the ovarian tissue (P<0.01), and down-regulated Ang-1 and Ang-2 protein
and mRNA expression (P<0.05). Compared with the early-aged group, each medication remarkably increased
the number of growing follicles, corpus luteum, and blood vessels (P<0.05), lowered the number of atretic
follicles (P<0.05), down-regulated the protein and mRNA expression levels of CXCL8, CXCRI1, and CXCR2
in the ovarian tissue (P<0.05), and up-regulated the protein and mRNA expression levels of Ang-1 and Ang-2
(P<0.05). Conclusion: Youguiwan down-regulates the levels of CXCL8, CXCR1, and CXCR2 in rat ovary
and up-regulates the levels of Ang-1 and Ang-2 to promote ovarian angiogenesis and improve rat ovarian
function.

[Keywords] Youguiwan; angiogenesis; signaling pathway; chemokine interleukin 8 (CXCL8) ; CXC
chemokine receptor 1/2 (CXCR1/2) ; angiopoietin
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8 H,4~6 H % A (230+£20) g, i 3 PR E B} K 2%
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1.2 Zif5iEF AR AHLRE S AR S
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B 24 2% e 3 M ) 2052 305 2015 4F i P AR L R 3L
2 L) BT T A S5 A MEBUER i OB e BT LR AE )
254 BRFEAE 2 AL 45 20200301 ) BIFJEE , 3% T4 78
K IR B . 98 AR R -JHLL(HE) Je il £ %6 (R
WA R AR A IR A E] AL G1003) 5 SRt
CXCLS8, Ang-1, Ang-2( | ¥ 5 ¥4 W Bl 5 A IR 2
"l 4t 5 2 9 4 DF6998, AF5184, AF5124) ; % 4t
CXCR1,CXCR2(Jb 5t B 2R A= W) H AR A BRA w4
543 9 M bs-1009R , bs-4836R) ; B- WL 51 & 1 (B-
actin) P4 , L FEFH0 % —H1, TRIzol (I FE4E /R A=W
BH A BR A A LS 4 5 o GB12001, GB23303,
G3013) ; 3 % S 3R L S0 B 28 0 e it R 4 Tl 4 =
S i (Real-time PCR) & A & (BUER A H AR A
RN 7], 3543 5 4 TSE202, TSK302S) .
1.3 1X#% Eclipse E100 %! 1F & & {3 5% , DS-U3 #Y
AR FGE(H A JE R A 5 iCEN-24R BRIt v 2 £
AL (TN B BRAY 28 A BR 28 7] ) 5 Synergy HTX Y 4>
FI 3l AR A (A s SE P AT BR 23 A ) ; CFX PCR Y
K 2R 45, MINT &L 28 11 H bk & 5% B &R %5 (3% [ Bio-
Rad /A 7] ) ; NanoDrop % 2000 % i# {3 5 4% iR Il <& ( 35
[E| Thermo Fisher Scientific 2 & ) ; DYY-6C %Y H, 7k {%
(s —AUERT ).
2 AHik
2.1 BERLAYHI A o N M R R KRR, o AR v A
5~7 d B 38 R 75 A0 2 R e, o 3 2 40 S 1 R BT
EY e R SRR 2 RS R E
1 4 i 1 0 2 R BRUPE S B R R B . #4210 d R B
o f Ak A0 B IR B T S0% B AR R RUME O R
AR
22 HWSE G K IEENEFEREMENE
UL F ) R B AL Y R 6 41, 73 i o 9] % 25 H
4 BEAMEMEA AFIA A IE I S
LB 8 H AR A W) 7S 1A G I R 25 18 K
20 g-kg! B A MM E R IRE W 65 pg kg, £1H AL
BE 33 g kg MAHIRF 1.2 g kg, HAIHIEFH
24 g-kg' HHINEHE48 g kg'FlmAH,HHIIK,
#2230d, FFEARRES A EEs AAdRR, A
U L7 2 BT I o de AR D S IR LS G
J5 vk 2 ) v N R Bl [ e R 3 e AR AT B A A AR
MO T LR SR 33 gokg s A7 T FL B I
PR 27 g-kg'-d™ 4% BN 5 K BURY 14 2 T X
R 27 g-kg'x0.018x5~2.4 g-kg', VE K F &,
BB E A H AL R & A R 4.8, 2.4,
1.2 g kg'™,
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23 HM KW 2524 him, K EEER TS 10% K
B G VS RORR T, BRUL TR AR B SR TR BB 8
) B 5] PR 41 2 S HC— 0 % B S 4% 22 B [
FE, ST RE K, W ALA S U0 A, R i HE 3
0, e e AL ZUAK 2 5 AT, 53— 510 S 00 e sl B ik
AR TE O AR 0 TG 28 R Bl Tk
(Western blot) fll Real-time PCR X5 .

2.4 g 2 A R I R RBR S 2H 21 CXCLS,
CXCR1,CXCR2,Ang-1 2 Ang-2 i HKFE  HHK
FRLTE MR 8 5K A7 5 B0 F, BB B B I oK A . A
Foo MR R & Ul B 2P 3R UE AT SP ik K I 4 4l
CXCL8,CXCR1,CXCR2, Ang-1, Ang-2 % [, 12 1
T AP IR (pH6.0) BT A8 52 28 vl v, B st o o ik
TThtR =, 3%BSA £ M Wi T 30 min, i1 —41
(CXCL8,CXCRI1, Ang-1, Ang-2 i s B LL ¥ o 1:
200, CXCR2F B 1L 7 1:100) , —Hi 4 °CHE & 32 7%,
Yk, PR R LY O 1:200) , E R 30 min, i
K PE . TR BTG E A DAB B B A, FAR
SEGY K B A5 R E OGN WS L £,
B 92 BH P 4 P 5 A B0 BTR A 0 OREAR o B ik
2D WLEE 5 A i A ALET (x400) , 1E & R GRUEE 34T
1% % & , 9 & F Imager Pro Plus 6.0 ¥} CXCLS,
CXCR1,CXCR2, Ang-1, Ang-2 %K [ I & 35 #E 47 43
M, 0 45 e 0 B 40 1 43 W B T4

2.5 Western blot #; | K i 5P & 41 41 b CXCLS,
CXCR1,CXCR2,Ang-1 } Ang-2 8 H W #L R
FEBTHE R B SL41 VBT A%, LA RIPA 41 240 fitg 24 T
4 f# J5 12 000 remin' B 0 10 min ( B O 2 2
9.6 cm, T [al), U F ¥, o8 BUAR 32 B, BCA 4R FI vk
JEE TR A A I AR MR . B 10%SDS-PAG B,
UL ; 4T SDS-PAGE HL ¥k 73 B , 300 mA 1H i
ML, H 5% B9 WG BE A 05 BB 1 by o AR BRI
CXCL8 (1:500) , CXCR1 (1: 1 000) , CXCR2 (1:
1 000),Ang-1(1:1000) % Ang-2(1:1 000),4 °C Kk
MKW E SR, P (1:5000), % 1 h;
ECLA M &Mt % &%, T OdysseyFC it £1 4f
X8 36 A AL 27 &6 W) RE 1R R 4 R,
Image J# A 50 #1457t K BEAE, LA B-actin 2k P 2 HE
TIXT o

2.6 Real-time PCR 7% & I K B 0P 8 41 21
CXCLS8, CXCR1, CXCR2, Ang-1 % Ang-2 mRNA
K SF- A1 TRIzol #ili 48 BI & 2 41 RNA, 5 3 X
12 000 r+min™, 2.0 10 min B3, 0 A = 5 W e i
EIVR ~) ,4 °CF 12 000 r+min™ & .0> 10 min, Il 0.8 1§
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TSN B, B RIR AT, -20 °CTCE 15 minJ5 ,4 °CF
12 000 rmin™ B 0> 10 min, & i 89 (1 U0 3E B K
RNA . 5 &fi B Ak B 5 306 7% 5% cDNA, IF #E 47
Real-time PCR #; {l] , CXCLS8 JZ b &5 4 0 3 % %
25 °CH¥ E 5 min, 42 °CH# F 30 min, 85 °CHF & S s;
95 °CHIAZ M 10 min; 95 °CH 14 155,60 °CH 44 30 s,
I 40 4~ 18 2R W Rl 48 65~95 °C , 4 15 s FHilL
0.3 °C., CXCR1,CXCR2,Ang-1 % Ang-2 Jz i %
g i 5% 25 °CHEE 10 min, 50 °CHFFF 30 min, 85 °C

I F 5 min; 95 °CHUAEME 1 min; [ 5% 545 3 A cDNA
7 ) 3 i W B )5 1 4 Real-time PCR A5 #7 , DL 4 R}
2xT5 Fast Real-time PCR Mix #F 474" 1 , ¥ W1k &
By 7 & SYBR 10 wL, 51445 0.8 wL, cDNA
1 wL, WZE 7K 7.4 pL(95 °C 155,60 °C 155,72 °C
30 s, 40 DEFR) s A it 26 95~50 °C , & 1 s FHR
0.11 °C o LA H v -3-5% 2 i B (GAPDH) W N &
MR SR 2720k 42 mRNA A X 2k & 51 ¥ F 5
R ERAEYHEARGR ARG 8. W&k,

x1 5l9F7
Table 1 Primer sequence
5149 LUEFES(5-37) U537 K /bp

CXCLS8 ACGCTGGCTTCTGACAACACTAGT CTTCTCTGTCCTGAGACGAGAAGG 498
CXCRI1 TATACAGGCGAAGGACCCGA GTGTGCCAAAAATCCAGCCC 173
CXCR2 CCACTCCCAGCATCGTAGAG GTAAAGGGCGGGTCAGAACT 102
Ang-1 GGGAACCGAGCCTACTCACA CGTTATCAGCGTCCTTTGTGC 166
Ang-2 CTGACTGATGTGGAAGCCCA TGTGCTTGTCCTCCATGTCC 99
GAPDH CTGGAGAAACCTGCCAAGTATG GGTGGAAGAATGGGAGTTGCT 138

2.7 GRitE A SRS SPSS 22.0 #4174
P BT, T R ks RO A A IEZS 40 A7 (R Al
JB 255 AL L B A TR E U 25 43 BT, P<0.05
RREFAGIHE X,

3 £R

3.0 XA R RPN LA U B2 S AL
FHAERBBWETIER MR A%, BikkE

RA4F 5 LB, 918 25 1 414 JAE K OP i 2
/b HA SO0 2 (P<0.01) ; 50 £ 4 AL A, A
P ALAS 0 4] e VA L R A A M R A PR R
LRTUANY 2 NN (= ) I KRR UK Y @ I RTA G i
(P<0.05) ; 5 7c UL FUAR, A5 DA AL A% 50 o 2 1) 45 ¢
G NN R NN R 6T R R AN G R RIUR g 2
Z AR ER LG AL W, K2,

A, TR B MBS 4 C. S5 M4, D, AHILYLE. AUEALL. 2 g-kg4;F. AIHIL2. 4 g kg4l ;G. AAIHAL4. 8 g-kg4L(F21[)

E1 HREAAXMNZARIPEALREZEZME (HE,*<100)

Fig. 1 Effect of Youguiwan on ovarian histopathology of chueldest rat (HE,x100)

3.2 x4 K RLOR 8 41 41 CXCLS, CXCRI1,
CXCR2, Ang-1 & Ang-2 19 & 1 K F 09 5 m

P8 BHAE IS 49y 7 57 T 40 6 S, B 96 0R 240 it A B
Y10 6 3 A7 5 b R0 A, HG R 7 B 9 R 4R

CXCL8,CXCR1,CXCR2,Ang-1 & Ang-2 % H Ji 7K - He 5 99 4 CXCR1 HI CXCR2 7E 57 ¥ 40 i 3%
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F2 AAANMERRINE . EERLDERNZI (f£s,n=8)
Table 2 Effect of Youguiwan on follicles, corpus luteum and blood vessels of chueldest ratts (x+s,n=8) i
25 /g ke SRR TN ik JIKES~ Q5| ] 43 519 3¢,
AR 12.3+3.8 12.4+3.3 27.7+4.1 2.442.1
LIRSS 43+1.67 5.3+1.6” 15.0+2.1% 7.6+1.7%
S G MR 65x10° 9.0+1.9% 10.4+2.99 25.5+3.59 3.0+1.6Y
e AL 33 8.5+1.5Y 9.5x1.9 24.5+3.4" 4.1+1.6"
VELED R 1.2 6.8+1.3% 7.6£2.2% 23.0+2.6% 5.1+2.4%
2.4 8.3x1.2Y 7.8+2.07 23.3+2.4% 5.0£1.7Y
4.8 8.4+1.6" 9.1x2.4% 24.3+3.0" 4.6+1.8"

T 5HEH U P<0.05,2P<0.01; 59125 4 Y P<0.05,P<0.01; 54 H AL HLEK ¥ P<0.05,9P<0.01(FK 3~5 7).

A A4 i AT 40 A . CXCL8 K Wi 3% & CXCR1
FI CXCR2 7E W) & %5 1 41 SD FUAY P 51 20 21 v 2%
B ek, AR Ay MR K., 5SHAALL
B, 0% %5 FA R R A g By BR A T AR K, H 14
BT T AR AL AR WL W BA P RO (P<0.01) 5 5 ) &=
FIAL R A7 A LA B 4 L 22 3 L2 R 4 A i
B Y1 G B N BE A T R /N L L 14 $AIK (P<0.05) 5
52U g, A U AL A 0] S 21 22 R BH P T
T £, H 1A %95 (P<0.05) . Ang-1 16 4F 41 v] I
R T R A e €0 UKL, ) 2 25 1 44N I D R TR A £

SRR . Ang-2 TE A2 VA FU4l B B Ay FH 2541 0] WLk
AT FR R AR e €0 B0, 9 8 25 1 ALAN L D B IR R 8 R
NLPEH) o 5 AR R, W) A A R R S RN
PR T AR/, B 1A B (P<0.05) s S W1 &= HAH
FLd, A7 VA AL 45 ) i 4] L A2 VA AL B & A S R A
1) S AUR 240 B R B0 9 200 B R ) A B L €8 R 3 £
HA&VAIT 4 14 ¥ 59 55 (P<0.05) 3 5 22 T L4 e s,
A VA AL A% 500 R 4 O UKL 40 i RN BT 60 40 i RS ) A
B YL 0 UKL /D, B AR YT A 14 AR (P<0.05) .
3,

£3 ARAAMMEBRRINEAAF CXCLS,CXCR1,CXCR2,Ang-1 % Ang-2 I4A RiEHF I (F+s,n=8)
Table 3 Effect of Youguiwan on CXCL8, CXCR1, CXCR2, Ang-1 and Ang-2 I4 in ovarian tissue of chueldest rat (x+s,n=8)

ZH90) Fl /g kg CXCL8 CXCR1 CXCR2 Ang-1 Ang-2
HAE 21.68+3.04 26.23+3.13 23.85+3.34 34.39+3.69 24.93+2.16
mE=EH 37.55+4.85% 38.74+3.66% 34.23+1.90% 22.61+2.78% 28.92+2.84"
EiRedlah & 65x10°° 24.50+1.94 27.13+2.74Y 26.20+2.61% 31.27+1.78% 37.02+2.11%
ZEVA L 33 32.23+1.79% 33.94+2.40% 26.08+2.58% 32.79+2.63% 38.92+2.67"
AHI 1.2 34.04+2.90 29.99+1.34*% 26.05+3.30" 30.81+2.65 37.11+2.38Y

2.4 33.50+2.43 29.17+1.84*% 30.07+1.98*% 31.74+1.99% 36.64+2.759
4.8 31.53+3.14% 27.16£2.70*% 31.94+1.02°% 30.86+2.90% 38.31+2.87

3.3 X w1 KR OP & 41 21 CXCLS, CXCRI,
CXCR2,Ang-1 }2 Ang-2 (& K& 555
AR LA, W) & S 4K RO B 20 41 CXCLS,
CXCRI1 & CXCR2 & 4 % ik & & , JF H Ang-1 Al
Ang-2 IR IK K 50 &2 A KRB IRYT
Je AT A AL R B A 22 LA R 2 A M K
FRLUM 55 2H 21 i) CXCL8,CXCR1 & CXCR2 % H /K F
TR #5245 20K BB 5 20 24 Ang-1 1 Ang-2 R
P26 B 528 R U He g, A IR L s ) 4l
KB BP L ZH 4189 CXCL8, CXCR2 E H /K il £
U AL 45 590 o 20 K B OP B4 41 Ang-1 Fll Ang-2 B[]
FIKFIH(P<0.05), W4, K2,
. 54 .

3.4 X ) KRR & 4 41 CXCLS, CXCRI,
CXCR2,Ang-1 }2 Ang-2 mRNA K EMEm 5
AR LR, W) S A KRB S 41 4 CXCLS,
CXCRI1 F CXCR2 mRNA % i5 & & ,  H Ang-1
mRNA Fik K (P<0.01); 5P Ea HA K, A
FUAS R R A 22 VA LA K 25 A e 3R A v R RO B
ZH4 |- CXCL8,CXCR1 M CXCR2 mRNA % ik 1
SR 5 A7 DS L A% R A e VA AL A T 2
F bR RLOP S 4 418 Ang-1 1 Ang-2 mRNA 2 ik
U ETH(P<0.05); 54 H LA LR A IH AL
W R A K RUBR B 4 21 ) CXCLS, CXCR2
mRNA %35 & B Tb, A7 3 AR L 70 i 4l ok RO 5L
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F4 HEAAXNMEBRRIVEHL B CXCLS,CXCR1,CXCR2,Ang-1 % Ang-2 EARIZHFIM (F+s,n=3)
Table 4 Effect of Youguiwan on CXCL8, CXCR1, CXCR2, Ang-1 and Ang-2 protein expression in ovary of chueldest rat (x+s,n=3)

251 il /g kg CXCL8/B-actin CXCR1/B-actin CXCR2/B-actin Ang-1/B-actin Ang-2/B-actin
HAE 0.22+0.03 0.18+0.02 0.21+0.05 0.92+0.15 0.28+0.02
LIRSS 0.88+0.12% 0.93+0.09” 1.05+0.04 0.10+0.00” 0.20+0.01”
ah 4 Wi R 65x10° 0.34%0.06" 0.29+0.01" 0.51%0.03" 0.5420.07" 0.54+0.04"
AL 33 0.41%0.04" 0.72+0.06> 0.39+0.02 0.83+0.17Y 0.88+0.08"
FElER N 1.2 0.67+0.09" 0.50+0.03*¢ 0.27+0.05% 0.31£0.019 0.63+0.03Y

2.4 0.57+0.09% 0.59+0.02*% 0.58+0.03*¢ 0.64+0.12% 0.44+0.08Y
4.8 0.51+0.09% 0.41£0.01* 0.77+0.04*¢ 0.44+0.06* 0.75+0.03

Ang-2 * 57kDa

-actin 42 kDa
g

A B C D E F G
B2 &AKARINE CXCLS, CXCR1,CXCR2,Ang-1 ¥ Ang-2 &
B RiA ik
Fig. 2 Electrophoresis of CXCL8, CXCR1, CXCR2, Ang-1 and

Ang-2 protein in ovarian of rats

ZH 40 h Ang-1 Fl Ang-2 mRNA %3k B B F [ (P<
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i B% I CXCL8,CXCR1 K CXCR2 % [l mRNA

£S5 REAITEKRRIPLLELR CXCLS, CXCRI,CXCR2,Ang-1% Ang-2 mRNA 834 RiX BRI (F+s,n=3)
Table 5 Effect of Youguiwan on relative mRNA expression of CXCL8, CXCR1, CXCR2, Ang-1 and Ang-2 in ovaries of chueldest rat

(x+s,n=3)
2051 /g kg CXCLS CXCRI CXCR2 Ang-1 Ang-2
HAE 0.22+0.01 0.06+0.01 0.190.01 5.51£0.22 0.93+0.02
[IEASE] 1.00£0.03% 1.03£0.08% 1.00£0.07% 1.00+0.03% 1.04+0.03
HG MR 65%10° 0.22+0.01" 0.12+0.019 0.37+0.04% 2.39+0.14Y 1.74+0.04"
ZEA AL 33 0.240.00" 0.37+0.04" 0.36%0.05" 2.84+0.29Y 1.90+0.03"
FELERN 1.2 0.38+0.00" 0.25+0.03*% 0.25+0.03% 1.63£0.09*¢ 1.24+0.10%
2.4 0.30+0.01* 0.71+0.04> 0.42+0.05 2.96+0.06" 1.48+0.07>¢
4.8 0.29+0.02* 0.24+0.02*% 0.44+0.01% 2.03+0.09* 1.65+0.14%
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