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[ Abstract]

and to explore the mechanism by which Liangfang Wenjing decoction improves this condition in rats. Methods: Fifty SPF female

Objective: To observe ovarian microvascular damage in rats with cold coagulation and blood stasis syndrome

SD rats were randomly divided into a blank group, a model group, low-dose (8.1 g-kg™') and high-dose groups (16.2 g-kg™') of
Liangfang Wenjing decoction, and a 4-phenylbutyric acid (0.1 g-kg™') group, with 10 rats in each group. The ice-water bath
method was employed to establish the rat model of cold coagulation and blood stasis syndrome. Concurrent with modeling,
Liangfang Wenjing decoction was administered continuously for 21 days, once daily. The rats' syndrome manifestations and estrous
cycles were recorded. The enzyme-linked immunosorbent assay (ELISA) was used to detect serum reproductive hormone levels and
levels of endothelin-1 (ET-1), nitric oxide (NO) , thrombomodulin (TM) , and von Willebrand factor (vWF) in ovarian tissue.
Prothrombin time (PT) , activated partial thromboplastin time (APTT) , thrombin time (TT) , and fibrinogen (FIB) were
measured. The ovarian microcirculatory blood perfusion was detected by laser speckle contrast imaging. Hematoxylin-eosin (HE)
staining was performed to observe the ovarian histopathology, flow cytometry to detect ovarian apoptosis rate, and transmission
electron microscopy to observe the ultrastructure of ovarian microvascular endothelial cells. Western blot was employed to detect the
protein expression of endothelial nitric oxide synthase (eNOS), phosphorylated eNOS (p-eNOS), Caspase-3, B-cell lymphoma-2
(Bcl-2) , Bel-2-associated X protein (Bax) , glucose-regulated protein 78 (GRP78) , C/EBP homologous protein (CHOP) ,
inositol-requiring enzymela (IREla), p-IREla, apoptosis signal-regulating kinase 1 (ASK1), p-ASK1, c-Jun N-terminal kinase
(JNK), and p-JNK. Immunofluorescence was used to detect ovarian Bax and Bcl-2 expression in microvascular endothelial cells.
Results: Compared with the blank group, the model group showed signs of cold coagulation and blood stasis syndrome,
prolonged estrus cycles, and reproductive hormone disorders. Histopathological results revealed a decrease in follicle counts at all
stages and disorganized granulosa cell arrangement. Ovarian microcirculatory perfusion was significantly decreased (P<0.01). PT,
APTT, and TT were reduced (P<0.05, P<0.01), while FIB levels were increased ( P<0.05). In ovarian tissue, NO content was
decreased, while ET-1, vWF, and TM levels were increased significantly (P<0.01). The apoptosis rate of ovarian cells was
markedly increased (P<0.01). Furthermore, p-eNOS/eNOS and Bcl-2 were decreased (P<0.05), whereas Bax, cleaved-Caspase-3/
Caspase-3, GRP78, CHOP, p-IREla/IREla, p-ASK1/ASK1, and p-JNK/JNK expression showed significant increases ( P<0.05,
P<0.01). Compared with the model group, Liangfang Wenjing decoction intervention alleviated the symptoms of cold coagulation
and blood stasis, gradually restored the estrus cycle, and improved ovarian histopathology and endothelial cell ultrastructure.
Microcirculatory blood perfusion was significantly elevated (P<0.05). NO content in ovarian tissue was elevated, while ET-1,
vWF, and TM levels were significantly decreased (P<0.05, P<0.01). The p-eNOS/eNOS ratio and Bcl-2 expression were
significantly elevated (P<0.05), while the expression of Bax, cleaved-Caspase-3/Caspase-3, GRP78, CHOP, p-IREla/IREl«,
p-ASK1/ASK1, and p-JINK/JINK was significantly decreased (P<0.05, P<0.01). Conclusion: Liangfang Wenjing decoction may
regulate the IRE1a/ASK1/JNK signaling pathway to inhibit endoplasmic reticulum stress, attenuate apoptosis, and improve
microvascular endothelial injury in ovaries of rats with cold coagulation and blood stasis syndrome.
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Fig. 1 Effect of Liangfang Wenjingtang on auricular collaterals and sublingual collaterals in rats
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Morphology of vaginal exfoliated cells from different

estrous cycles (Mylan staining, x200)
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Table 1 Effect of Liangfang Wenjing decoction on estrous cycle and reproductive hormones in rats (x+s,n=7)

4151 /g kg 17 15 /d LH/U-L" FSH/U-L" E,/ng-L"
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Table 2 Effect of Liangfang Wenjing decoction on coagulation function and ovarian blood perfusion in rats (x+s,n=7)
21 51 Fil /g kg PT/s APTT/s TT/s FIB/g-L" HEHH/PU
2 HA 18.32+0.89 20.76+2.50 37.18+1.52 1.25+0.05 1398.78+395.28
R 24 17.10+0.83% 15.64+3.19" 30.68+3.53% 1.38+0.04" 461.15+92.97%
K7 iR 2 AR = 1 10.08 17.84+0.43 18.28+3.08 33.82+1.68 1.26+0.08 1026.67+117.25Y
I 7 ¥ 26 9 e ) 4 20.16 18.26+0.36% 20.52+3.54% 36.12+2.56% 1.24+0.04" 1178.91x170.12%
4REET RN 0.1 18.54+0.64% 18.24+2.82 36.68+3.03% 1.27+0.019 981.644205.55%
200
400
600
800
1000
1200
1400

A B C
B3 RARZZHARIDEMEEETENZ M

Fig. 3 Effect of Liangfang Wenjing decoction on ovarian blood perfusion in rats

LT I 18 2 O A R A . BT R 2
0 2L 4 T R LT L5 0 YR

A C D E

B
B4 RABZHWARPEALFERSFHEM (HE, x200)

LA 45 K T S, W1 R D5 il 2 90 RE 6 43 S I
UL SR O 882 ZUB s B 45 . UL IAT 4

Fig. 4 Effect of Liangfang Wenjing decoction on pathological morphology of ovary in rats (HE, x200)

3.7 K7 28 % R BB S T A P K 240 i TR
SERR R O B, 25 AL UL A TN Bz 4
e o S N D RS TR E N 70 S N S o
Jot R JC 47 i i Ji 3 B, 2k AR Uk 355 A o R . B A
240 0 i L B R T IR A A R >, A TR

Pk, OB AR A 1R I BT 2 | 23 Y AL R B, 2R AR S
AEE . RITIRE 7 M 4- I T 0T BUS 40 1 &
4 22, PN TR B K R R e A, R AR U T 22 ek
D N BT IR L AT 2SR TE L BT R T IR 2
AE 0% D8 LA PN B2 MM et A o LKL 5

Bl5 RAFREZZHI0ERBME A K HARBREBNRZE (B8, x15000)

Fig. 5 Effect of Liangfang Wenjing decoction on ultrastructure of ovarian microvascular endothelial cells (TEM, x15 000)

3.8 Ry Z v %t BR HL RS P9 R B BE 8 A A
M 58 AL R B R A P S A1 4 B T

AE 0 Ui bn B W ET-1 . vWE . TM & & W 3 T+ & (P<

0.01),p-eNOS/eNOS NO 7 i # F& % (P<0.01) ;

SRR A, RO IRA AR R4 ET-1.TM & &
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i FE AR (P<0.01) ,NO % 2 1 & T+ &5 (P<0.05) ,
p-eNOS/eNOS Jt 55, 2 F Gt # XL, R 4
W A R4 ET-1, vWE . TM & &2 & 3% & ik (P<
0.01),p-eNOS/eNOS NO & & i & I 7 (P<0.05, P<
0.01),4- % 3 T R 41 ET-1. vWF ., TM & & F& 1L,
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p-eNOS/eNOS NO &t Jt & , 2 R LG it & L.

R3 RABEZMNMEMME N EINEBRGIREMHI (F+s5,0=5)

L3 K6,

Table 3 Effect of Liangfang Wenjing decoction on markers of ovarian microvascular endothelial function impairment (x+s,n=5)

21 51 ik /g kg ET-1/ng-L" NO/wmol-L" vWF/pg-L"! TM/pg-L"! p-eNOS/eNOS
=K 2.67+0.86 3.69+1.40 0.280.14 8.83+3.13 1.3040.40
H 700 2 10.43+2.24” 0.74+0.68> 1.74+0.49” 32.32+9.74% 0.53+0.11"
7 I 28 A ] i 10.08 6.20+1.54Y 2.39+0.69° 0.67+£0.28 20.75+3.37" 0.97+0.33
I 7 1 28 0 e Al 20.16 5.42+1.24Y 2.46+0.63" 0.48+0.24" 15.78+3.24" 1.24+0.58”
4-REETRA 0.1 8.98+1.04 2.12+0.85 0.72+0.17 25.21+4.68 0.90+0.29

p-eNOS 133 kDa
eNOS 133 kDa
B-tubulin 55 kDa

A B C D E
6 KROFEAL p-eNOS.eNOSE AKX H ik
Fig. 6 Electrophoresis of p-eNOS and eNOS protein expression

in ovarian tissue

39 RuRLuHXINEAL MBI T MEN 5
25 AL R, R A O B A 2L UH T2 % | cleaved
Caspase3/Caspase3 . Bax & H £ ik B & JI & (P<
0.01),Bel-2 2 11 % 35 W] L B IR (P<0.05) 5 S5 K AL 4
A, R TIRZ AL ) s 4 S 4- A8 T R 21 B
B 41 T2 | cleaved Caspase3/Caspase X Bax &
M3k 2 FE AL (P<0.01) , B J7 i 28 % = 7 i 41
Bel-2 2 [ 5 B B T 5 (P<0.05) , R 7R Z % K5

A4 T R4 Bel-2 R Rk (H2E R TS
HEF R S, 0 B FE B M ROUE K BB S U T, R
5 T 28 B % D A TE U LS TIE K RN S AT U T
HE s R m . WK 7.3k 4.

Bax 21 kDa

Bol2 24 kDa
17 kDa

cleaved Caspase-3 19 kDa
Caspase-3 32 kDa
p-tubulin 4S1kRE

A B C D E
B 7 KR IPE AL Bax.Bel-2. cleaved Caspase-3 #1 Caspase-3 &
EE. 37453
Fig. 7

Electrophoresis of Bax, Bcl-2, cleaved Caspase-3 and

Caspase-3 protein expression in ovarian tissue

®4 RABEGHPEARAMMBATEORERBA TR (Is,n=5)

Table 4 Effect of Liangfang Wenjing decoction on apoptosis proteins and apoptosis rate of ovarian tissue (x+s,n=5)

265 /g kg cleaved-Caspase3/Caspase3 Bcl-2/B-tubulin Bax/B-tubulin AT /%
24 0.38+0.15 1.020.43 0.71£0.06 3.24+0.50
R4 1.07+0.15% 0.36+0.12" 1.38+0.17% 23.03+5.56%
7 18 28 AR i 10.08 0.40+0.18% 0.85+0.33 0.89+0.23% 13.50+3.51%
R 7 18 28 9 v ) i 20.16 0.31£0.11% 0.97+0.30" 0.91+0.23% 5.66+2.56"
4T A 0.1 0.34+0.19" 0.85+0.29 0.74+0.15% 6.66+1.75%

3.10 R U7 R 40 % B SR A N B 44 M Bax A
Bel-2 A R F CD34 b ic ol 53 i 4 P 2
Y Hf, WEE Bax il Bel-2 ik . 525 4l Lh i, fE Al
2 CD34( 41 (1) 5 Bax(&k {8 ) g {7 35 £ (P<0.01),
CD34 5 Bel-2(&¢ (1) 25 fi7 98 /0 (P<0.01) , 15 ] #5
TR0 20 B LG AS P R 48 A TP AR R T 2K 1 Bax 3Rk 1Y
Z WP T8 1 Bel-2 kb SR A L
RATBEZEHMI SR M 4K TR CD34 5

Bax 5 £ 98 /0 (P<0.05, P<0.01) ,CD34 5 Bel-2 4
ENLIE 2 (P<0.01). WEI8. K9 %5,

301 K74 6t B S22 N I R 3 % R O
B ARG 528 A R BB P
7 by 75 2 1 GRP78 . CHOP & 1 235 K [ 53l
#1 5% % H p-IREla/IREla, p-ASK1/ASK1 ., p-JNK/
INK 4 B i J} 5 (P<0.05, P<0.01) ; 5 #8040 [ %%,
K 5 i 28 9% 1% 577 4= 40 GRP78 . CHOP & H £ 15 K
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DAPI

CD34

Merge
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C D E

8 RABEZZHXIARINEMME MM Bax BAFREMHIM (FEEHE, x400)

Fig. 8 Effect of Liangfang Wenjing decoction on Bax protein expression in ovarian microvascular endothelial cells (IF, x400)

Merge - - - - -
A B C D E

B9 RABZFXARINEMME N KA Bel-2 EARIZH I (HLIEHOE, x400)

Fig. 9 Effect of Liangfang Wenjing decoction on Bcl-2 protein expression in ovarian microvascular endothelial cells (IF, x400)

p-ASK1/ASKI1 W L, 2 5 HA 5% 5 X (P<
0.01) , p-IRE1a/IRElac, p-INK/INK FEAIK , {H JC 45 1
FER,R % % A & 4 GRP78. CHOP,
p-IREla/IREla . p-ASK1/ASK1 . p-INK/INK Bf i [%
ik, 25 HA g i3 X (P<0.05,P<0.01) ,4- 7K 3
- 110 -

T & 41 GRP78. CHOP. p-IREla/IREla, p-ASK1/
ASK1 B i B& 1% (P<0.05, P<0.01) , p-JNK/INK 1 %
K. AEF LG ITFE L, XELEREH IREle/
ASK 1/INK 15 5 18 i 75 € B i 7% 3F K B & ¥ 1
ML, BRI 25 T W5 e 9% A 5 A2 B L3 il
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x5 RFTRZZXINERME N KA Bax,Bel-2 B #I0 (¥+s,
n=5)
Table 5 Effect of Liangfang Wenjing decoction on Bax and Bcl-2

in ovarian microvascular endothelial cells (x+s,n=5)

g ) 4t Bax+CD34  Bcl-2+CD34
ZHH!

/g-kg! /CD34 /CD34
2 H 4l 0.17+0.03 0.63+0.14
A2 0.51+0.04% 0.1940.09%
SRR =R 2SR i E=wil 10.08 0.39+0.12% 0.58+0.07"
SRy =R 2SR = b x| 20.16 0.22+0.05" 0.61+0.05"
4R FET R 0.1 0.22+0.10" 0.57+0.08"

IRE1a/ASK1/INK i % 1) 3 1% , #F — 25 W 5 ERS,
o N B . WIE 10,3 6,

46 kDa
54 kDa

46 kDa
54 kDa

p- _
. _

36 kDa

N | ——
- . . a

" Aavow
. 155 kDa

BSRe--

- -—-

A B c D E
B 10 ARIIEAL GRP78.CHOP, p-IREla.IREla,p-ASKI.
ASK1.p-INK. JNK & A& X H ik

Fig. 10 Electrophoresis of GRP78, CHOP, p-IREl«a, IREla,

p-ASK1

ASK1

CHOP

GRP78

p-ASK1, ASK1, p-JNK and JNK protein expression in ovarian

tissue

*6 RABEAMNMEARANRMERREBRELRIE

4 itit

FEBE I8 E S P B R I IR UL IE g | 3z 9E
0 2 10 B 9 R I Y R R L FEAT AR 28 ik
MLAT A AN, K R IR 28 5 M BT 28 I A E 42 N5 Vi
Al WAT Ay H SR H&m MaERN,
Il R AT 95 Ko Z2 b A BR 0, a0 Rk R 4 D) RE
PEPE TR R R LAE L 2 5 O L 2R G R
SR RS R FH VKK U AR UL 0 R T B I IE
A5 v 2 B 0 1A N R 7 TE Bt T BRI R L i ik
8 BEL 4 & i LR o 45 SR s B R K R B 9
A G2 SR G KE R I, B R A T bk 45 8 1M 45 5
T L 95 IF i 26 B, BE I T BB S, GO PR R A L P A
B IE AT, A BE R 2R L, 3R W 1A R R B Il
TEASE R ] 4 p T o RO IR 4 T WS AT i TE
L5 TIF A 8 B, 240 35 95 100 D) RE N BRI PR A R A
BB I fE

R 7 21 I IR b5 FH 3R 7 € 5 i s i |
RIFEERS FEMNESME . FEER TEAN
P SR o T b R TR 48 BOTE Y A SR LT
(1N R o =T LY = [ Sl W2 LT TR 20
FE JHZ R NS R AP R R R IR A I
LR, A BEA S T2, B = 1=
AT A 5 AT CH B 2k o AR 2 B Y R
B o R S B AR AT P R
B Rz 5, ¥ B ORI A OE 45 8 R T BE Y AR
FA S N g B 25 R fE 4% 38 23 9815 ET-1 AT NO
F14) S 7 SF Bl 38 10 45 BT 4 D RE 0 T 9 9 I e 2 R
Wk i eNOS 1 3k, 3 NO # RE I, Wi Bl 3
55 N R D o A R I AT DA A s O S A AR R
W, U AR T R N B D RERT . AT RE S
T B R 22 W R v NI T 9 Rz 2 B v i PN B
JO7 SR G e RE Y . P B T B8 6 38 sk B IGO0 LR JE
A A B A JBE I A AR 4R T GRP78 Fil CHOP 1 3
I, o JUU RS JEE R It A 00 i U I PR F 5

G850 (x+s,n=5)

Table 6 Effect of Liangfang Wenjing decoction on endoplasmic reticulum stress and pathway protein expression in ovarian tissues (x+s,

n=5)
5 Rk /g kg GRP78/B-tubulin  CHOP/B-tubulin p-IREla/IREla p-ASK1/ASK1 p-INK/INK
S H4 0.84+0.13 1.2840.19 0.43£0.15 0.31+0.15 0.70+0.14
AT 2] 1.18+0.11% 1.73+0.19” 1.36+0.43” 1.03+0.31% 1.19+0.24"
K 7 ¥ 28 1 15 4 10.08 0.92+0.11% 1.14+0.17" 0.90+0.35 0.45+0.16" 0.80+0.14
KLy I 28 3 i ) 2 20.16 0.72+0.09" 1.00+0.17" 0.74+0.25> 0.40+0.27Y 0.64+0.37>
4RI T R A 0.1 0.82+0.09" 1.22+0.227 0.73+0.27" 0.36+0.19" 0.76+0.22
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B, RO TR 20 7 mT R Y A 4 EBE IR IE B R
B ET-1 F1 NO /K, 2l 35 1 55 &F 5K T R R0 I 6 =7 56
AR, AT 22 A 25 95 € BE S IE A8 & ) 42 /b
2 ] GRS AR D o A B 5t UE SE AR AL 2 K
FLOR L 20 21 ET-1, TM . vWF & i T8, NO & i |
p-eNOS/eNOS FEAIL , T Il 45 P Kz 240 At 390 200 L 85 U
N D S 5 TR N IR R R s
b, 33k S 4k T 3% B SE B i 55 UE K B HE B A PN R T
REPLi s R 74 T WS ET-1 . TM . vWF % i %
it ,NO % & . p-eNOS/eNOS T 1 , P fz 41 Jifd 4 1 4%
A TR, AW K5 T 28 1 RE 0% D 22 92 356 it 55 I
KBRS B A P R T RE A A A 0 LR A Rt A N
I RE e A -

FE R AE N AN A B AR Ak, 51 & 4 i PN ek
A%, ZIEGT N AN R B 5 B JE Ve R A
/N B2 T 0 RS 2 A AU B A i
PR AR SR R, FE B IR IE R B K RO
B GV T2 A2 98 12 % M Bax . cleaved Caspase-3/
Caspase-3 7+ & , VLA T-FE I Bel-2 £k . By
IR 29T Wa , U0 540 2040 i T- 3% | Bax . cleaved
Caspase-3/Caspase-3 I [, Bcl-2 ik & o [6] B fi
L4 P4 2 200 M v Bax 08 /b, Bel-2 3922 . X KB Ry
T 25 7 3 3 UK AN B R T R O B i A
Bz 4 L4515 . ERS & PN 2 D) RE 45 43 ) FE 2 R 9 AL
W 40 A2 T P T RE AN B B, oK AT B
B ORI S SR L AE N BT AR 2R 51 & ERS. 1 B ERS
AR sh R Pr & E A N (UPR) 4EF5 A i fa 25, o i
ERS MU 52 40 jfg 8 - . GRP78 fl CHOP J& P it
I 7 384 1) S B s R AN R T M & DR Y R SR R
FEV AT by o7 U 8 fioh & N ST I N7 8, B gl Jok ok R
il A A AR B e (0 R R L A S B A E . AR F
FhECE STV R R N W A S T VAT € T
Y GRP78 Al CHOP &K 1 R iA 22, $2 7R 1 F€ Bk I 9%
TIE K RO B0t A PN R 40 O T P 5 I A
Ko RAIRAT M LRG0 0T fE 8 i i
Tl AT D) 7 95 0 P B A L R T

IRE 1o S 20 I HE 4T P4 S5 19 17 38 1) O e IR 2 25 .
T T JOE TR A S R B R N T I g
S sh A TR T AR MRS &G T T
B 1 GRP78 5 IREla 45 4, fff 4k T 0 B4R
5, ERS B, P 5 I o 4 5l ok i B 2 T DL S
P45 & GRP78, S 3 IREla B i fb ok — R 1k, 151k
J&i 1 TRE Lo 38 35 B 14 380t 05 746 A RNA il 75 1 A
SN UiF ASKI/INK {55 5 i % . IRE1a/ASK1/INK
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i T ERS 5 5 41 A 0 T 00 15 5 38 1% Hh A R v i
BH B 1 B AR AR B S UE S, AR R KRR O B p-
IREla.p-JNK .p-ASK1 & [1 725 7t & , 32 W] J€ 5 1M
WIE R B IE T IRE1a/ASK1/INK 15 5 % , i 5
U B N A T, R RAw TS, -
W FEAFREWE T, R0 R RET 88
i 98 5 IRE 1a/ ASK 1/INK 3 1% 717 1l P S5 19 0 8% , Uk
MR T RN . AR T AR N T
VA 7 384 39+ 7 ) B 9 448 9 — A T AR K RO
2 2198 12 K | B X cleaved Caspase-3/Caspase-3 .
Bax.GRP78.CHOP . p-IREla.p-JNK.p-ASK1 & [
FEIk AR T 0 N TR R K RT 98 A% Al O T,
SRR TR T2 B S A N R A S R
5 I 3 S A A T DA O

g5 LT IR, B3R 28 1% Be 65 0 A JE BE I E A%
FEI, R 200 5L S AL RN T B8 L 035 P R 40 i) A B
SEAL W SO A 0 . L AL AT RE 5 1 #2 IRE1a/
ASK1/INK 3 #% , 40 P 5T 5 17 8, 98 PN 1 40 e 0
T3 25 DDA 56, 3k B O R 48 1 I R B 3 15 R 9
BRI T SR S B R R S 2 ad R Ak
WG B U F T ik — B RO R4
SV T PN Bz A B A 43 0 VR AL
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