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[ Abstract] Objective: To study the effect of Wenjing Huayu Zhitong therapy (Xiangyan Zhitong
prescription, XZP) on the mitogen activated protein kinase (MAPK)/extracelluar regulated protein kinase

(ERK) signaling pathway of primary dysmenorrhea (PD) rats, and explore the pathogenesis of PD and the
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mechanism of action of Wenjing Huayu Zhitong therapy. Method: Forty-eight female SPF-grade Wistar rats
were randomly divided into blank group, model group, western medicine group, low-dose XZP group, medium-
dose XZP group, and high-dose XZP group, with 8 rats in each group. In addition to the blank group,
dysmenorrhea rat model with cold coagulation and blood stasis syndrome was established by cold stimulation
combined with estradiol benzoate and oxytocin. The rats in the blank group, model group, western medicine
group, low-dose XZP group, medium-dose XZP group, and high-dose XZP group were given distilled water,
distilled water, 0.06 g-kg"' ibuprofen, 6.55 g-kg"' XZP, 13.09 g-kg' XZP, and 26.18 g-kg' XZP, respectively,
by gavage for 6 days. The writhing latency and writhing frequency of rats were recorded within 30 min after
oxytocin injection. Western blot was used to detect the protein expression of B-Raf, mitogen activates
extracellular regulated kinases1/2 (MEK1/2) , extracellular regulated kinases1/2 (ERK1/2) , p-MEK1/2, p-
ERK1/2, c-Jun, and cyclooxygenase-2 (COX-2) in rat uterus. Real-time fluorescence quantitative polymerase
chain reaction (Real-time PCR) was employed to detect the mRNA expression of B-Raf, MEK1, MEK2,
ERK1, ERK2, c-Jun, and cyclooxygenase-2 (COX-2) in rat uterus. Result: Compared with the model group,
the treatment groups showed insignificantly prolonged writhing latency and significantly reduced writhing
frequency (P<0.01). On the 6" day of modeling, there was no significant difference in the quantitative scores of
symptoms and signs among the treatment groups. On the 12" day of modeling, the scores changed little in the
western medicine group and the low-dose XZP group and decreased significantly in the medium- and high-dose
XZP groups (P<0.01) compared with those in the model group. Compared with those in the blank group, the
protein and mRNA levels of p-MEK1/2, p-ERK, B-Raf, c-Jun, and COX-2 in the model group were
significantly up-regulated (P<0.01). Compared with those in the model group, the protein and mRNA levels of
p-MEK1/2, p-ERK1/2, B-Raf, c-Jun, and COX-2 in the western medicine group, medium-dose XZP group,
and high-dose XZP group were significantly down-regulated (P<0.05,P<0.01). Conclusion: The mechanism of
Wenjing Huayu Zhitong therapy in treating PD with cold coagulation and blood stasis syndrome may be related
to the down-regulation of MAPK/ERK signaling pathway.

[Keywords| primary dysmenorrhea; cold coagulation and blood stasis syndrome; Wenjing Huayu
Zhitong therapy; mitogen activated protein kinase (MAPK)/extracelluar regulated protein kinase (ERK)
signaling pathway
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A L5 180912-1),
1.3 it # % ERKI/ERK2, p-ERK (Thr202/
Tyr204) P i (€ E CST A AL 543 51k ab52918,
#9106) ; % MEKI/MEK2, p-MEK1/2 #i & ( 2 H
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Table 1 Quantitative score of symptoms and signs of rats with cold coagulation and blood stasis syndrome(CDSS)

04 15 24 35
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B-Raf,c-Jun,COX-2 £ WRKRFEHAHLY
30 mg, B /N HE B WEER L A PFMSS 3 uL &
RIPA 300 pL, Fifi 5 A /D 6 0 20, o L0 5 & 50 3¢
IR, 30 min VKA G 12 000 r-min &0 20 min( &0
AR 10 em) B ETE By BRI, I BCAE A
JE 1 A R R MR BE E AT 2 . SDS-PAGE S
TK WRIE AR B 1 h R BE—HT(1:1 000)4 °CiEH
iof & . TBST ¥k 5 i, ¥ Bk A B B = 40
(1:5000) 0 H 1 ho 7EMEZE K ECLA & ECLB
GRPIR AT W EREB BT K
AR Image TECPEAL 2R 558 43 Bt H Ar 550 19
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2.5.4 Real-time PCREK I KR T & 44 MEKIL,
MEK2, ERK1, ERK2, B-Raf, c-Jun, COX-2 mRNA
ik BUKE T E Y50 mg 8 /N B ECT
20 B RNA, 355 5% 5 ¢cDNA; 0.2 mL PCR 4%,
Be fl 40 R & M K & B 2xReal-time PCR Mix
12.5 uL, 7.5 pmol L' 5[4 2.0 uL, S5 F7= ¥
2.5 uL, 8.0 uL ALK , A~ K s = W el 3 48
95 °C #il 42 P 2 min, 95 °CAE % 15 5,60 °CiK k 30 s,
72 °CHEAH 30 5,40 NEH o 2k BT dl . 51
BT A R AE R BR A w6 i, IR 2.

2.6 Hiildrik SR SPSS 25.0 48 it ¢F ok 17 8k
P b3, et R DL xks Foom A W R E A
J5 2 55 PRI, 20 ) Lb 50 R FH B R 22 07 22 43 i, A U

#2 PCR3|#FFI
Table 2 Primer sequence of PCR

519 751 K /bp
B-Raf  |§i# 5'-CGCAAGATGTGGTGTAACGG-3' 201
i 5-AAGTTGTGGGTTGTCAGAGGAA-3'

MEK1 |7 5'-CCTTCTACAGTGACGGCGAGAT-3' 108
T 5'-TTCCTAAAATTTGCTCAGGAATTCT-3'

MEK2 L7 5-TGAATGAGCCACCTCCCAAG-3' 174
T i 5'-ATAGCCAGCCAGCGAAGTCC-3'

ERK1 L 5-TTCAGGACCTCATGGAGACGG-3' 256
i 5-GCCACATACTCGGTCAGAAAGC-3'

ERK2 17 5'-CTCGTACATCGGAGAAGGCG-3' 159
T 5'-TCATGTCTGAAGCGCAGTAGGA-3'

c-Jun L 5-GCAATGGGCACATCACCACTAC-3' 142
T 5'-GTGACACTGGGCAGCGTATTCT-3'

COX-2 L5 -TATCAGGTCATCGGTGGAGAGG-3' 262
T 5-TGGTTTGGAACAGTCGCTCGT-3'

B-actin _|Ji# 5'-TGCTATGTTGCCCTAGACTTCG-3' 240

T 5'-GTTGGCATAGAGGTCTTTACGG-3'

ZH 8] FL A R TR AN AG 56, DL P<0.05 "on Z R A 43t

3 &R

3.1 XFFEEE M BSIE PD KRR R B B 52

R LB, 45 3R 97 A K BUHH IR v AR st ) 34 T AE

K H 22 R Y IEG T2 58, 45 IR 97 AL HL R B

WD (P<0.01) 45967 4L IA] FL R, A 3 25 4l A A

FE 1B 5 o R R L T T LA 2 R RS
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B, 4 F A b 7 KR & 4 (P<0.05, P<
0.01), W#3,
%3 BIEIFEHIERMEKIEPD A RMEMKRE R BM (Fxs)

Table 3
reaction in PD rats with CDSS (X+s)

Effect of Xiangyan Zhitong prescription on writhing

g n A kg é‘ﬂﬁi‘«iﬁ 1] ?ﬂ/@\é&
IEH 8 - _
L 8 6.25+0.71 19.75+2.49
5% 8 0.06 7.25+1.04 11.88+1.81"
FIC WO 7 6.55 6.43+1.40 15.29+2.14"%
7 13.09 6.86+1.35 12.29+1.80"%
8 26.18 6.75+0.71 13.13+1.73"%

T SR H RV P<0.015 5 45 9 25 4 H B P P<0.015 5 7 4E
1B 5 I R 4 e # Y P<0.05, Y P<0.01,
3.2 XFFEEE ML PD K FULE TR AR AE & 16 3 43 70
S B 6 K LU 45 41K B4R 2 5 B 4 3

0 S IR 12 K SRR AL LR AR IR A R A
FE Ik IR R A 25 R g 2E = S, A 1k T
L R 2 R IORE IR AR AE S A DF O3 (P<
0.01) ; &R Y7 AL LU #, A 36 27 41 5 5 4 1k 5 {IK
R A R) 22 S TEGE TR R S, A AE IR R
IR i 4 T R (P<0.05,P<0.01) . HLF 4.

3.3 XF JE ¥ Al 55 UE PD K B p-MEK1/2/MEK1/2,
p-ERK1/2/ERK1/2 /K V(52 m 5 1E % 41 H# , #8
2] & 2% Tt & p-MEK1/2/MEK1/2, p-ERK 1/2/ERK 1/2
IR (P<0.01) 5 5 BRI A LA, 7 48 1k 9 7 15 571 = 4
2 S LGt B S AT I A SR G R
F 4 B B B p-MEK 1/2/MEK 1/2 7K 3F- (P<0.05) ,
B 5 [ A p-ERK 1/2/ERK 1/2 7K - (P<0.05) ; % VA JT
S 2 PN i T (o i RN = B B E
P L A T W] i 22 S, 38 AR A Ik AR B A
% %Ik p-MEK 1/2/MEK 1/2, p-ERK 1/2/ERK 1/2 7K *F-
(P<0.01), WFEs, K1,

® 4 BELILFETXEEDFIEPD X RERMEMEELITSH I (Fxs)

Table 4 Effect of Xiangyan Zhitong prescription on quantitative scores of symptoms and signs in PD rats with CDSS (x+s) N
20 %) n /g kg RS 6 K R 12K
EH 8 - -
F 8 5.38+0.92 7.63+0.74
0 1% 2% 8 0.06 5.13+1.25 7.38+1.69
I LT 7 6.55 5.00£1.00 7.00£0.82
7 13.09 5.20+0.76 5.86+0.38'%%
8 26.18 5.38+0.74 5.63+0.92'%%

T G RIRAL L AR P<0.01; 54 i S5 4 H 2 P<0.01 5 55 75 4E 11 0 M) ik 4 L 42 P<0.05

£S5 FELLFHXEEMLFIE PD kR p-MEK1/2/MEK1/2,p-ERK1/2/ERK1/2 7K F B Z M (X+s5,n=3)
Table 5 Effect of Xiangyan Zhitong prescription on p-MEK1/2/MEK1/2,p-ERK1/2/ERK1/2 levels in PD rats with CDSS (k+s,n=3)

215 /g kg p-MEK1/2' MEK1/2 p-ERK1/2/ERK1/2
EH 0.38+0.02 0.37+0.08
HLAY 0.94+0.12" 0.72+0.15"
i 1 5% 0.06 0.51+0.03" 0.52+0.07
B I 1k 7 6.55 0.93+0.09" 0.82+0.13%
13.09 0.59+0.07>% 0.54+0.05>%
26.18 0.55+0.08%% 0.52+0.06>%

S IE WA A VP<0.01; 5HEIZE H AR 2 P<0.05,% P<0.01; 5 40 3% 25 4 He 4% ¥ P<0.01 5 55 7 4E 11 i 05 1% 57 42 20 e 450 P<0.01 .

3.4 XFFEEE M HE PD K Bl B-Raf, c-Jun, COX-2 &

HKSFE B2 5 0E 8 4l b g, B 41 W 3 T

B-Raf, c-Jun, COX-2 7K (P<0.01) ; S A 4] L 45,

A% 25 20 S A AT 1k 5 L A B R AIR

B-Raf, c-Jun, COX-2 7K - (P<0.05, P<0.01) , 7 4 |-

7 AR R & ZH W] W RE K B-Raf, COX-2 /K °F
. 70 .

(P<0.05,P<0.01); #5397 4 1) Fu e, 5 4E 1E 9 7 v
15 77 5 41 B-Raf, c-Jun 7K F- 25 5 G4 5 3, 1K
T A% IF A K A AE Ok R O IR R 4L (P<0.05,
P<0.01) ; 7 %E 11 95 75 7 o 41 5 45 1% 25 40 COX-2
K25 TG X AR A L kR oK
F 41 (P<0.05,P<0.01)., W6, 2,
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42 kDa

ERK1/2 44 kDa

42 kDa

p-ERK1/2 AR

MEK1/2 45kDa

p-MEK1/2 45kDa

A B C D E F
A TEH B, BRI C. A 254 D. 4 kR 7 R F &40, E. &
ORISR T A= ) S Lo [ =i b NG S A TID)
1 BHAKXRFZHLAHp-MEKI/2/MEK1/2,p-ERK1/2/ERK1/
2EARKEIK
Fig. 1 Electrophoresis of p-MEK1/2/MEK1/2, p-ERK1/2/ERK1/2

protein expression in uterus tissue of each groups rats

3.5 X JEBE I IE PD K BT B 44 4 HF MEKI,
MEK2, ERK1,ERK2 mRNA W0 5 1F % 2 1
B, A5 R4 W 3% FF #E MEK 1, MEK2, ERK 1, ERK2
mRNA K- (P<0.01) ; 5 EAI L L5, 49657 AL ¥ RE
fit MEK1, MEK2, ERK1, ERK2 mRNA /K *F (P<
0.05,P<0.01), 22 R A G812 2 L &Ry E 1
B A0 U o7 4 M A kR b s R A 4 R MEK T,

A B C D E F
B2 fSAKRRFEALRF B-Raf,c-Jun,COX-2 EARIKXH K
Fig. 2 Electrophoresis of B-Raf, c-Jun, COX-2 protein expression

in uterus tissue of each groups rats

ERK1,ERK2 mRNA /K22 55 L4 it 24 & L, 4k
1E 9 77 H 7] 20 MEK2 mRNA 7K 7 B 8 A% T 5 7
A (P<0.05) , 1 ¥ 75 40 B A5 4 1k 9 5 e R
41 MEK1,MEK2, ERK1, ERK2 mRNA 7K - i 3
I T 77 4iE 1195 5 IR = 41 (P<0.01) , 22 % A3 Ge it 2
B, W&k,

F6 FIELLFEH M EEREMFIE PD X R B-Raf, c-Jun, COX-2 B AKFRIHIM (Xts,n=3)
Table 6 Effect of Xiangyan Zhitong prescription on protein levels of B-Raf, c-Jun and COX-2 in PD rats with CDSS (x+s,n=3)

21157 Fl /g ke B-Raf/B-actin c-Jun/B-actin COX-2/B-actin
i 0.18+0.89 0.32+0.09 0.41£0.15
H5 1.14+0.12" 0.99+0.12" 1.63+0.19"
i 1% 5% 0.06 0.88+0.127 0.77+0.08% 0.77+0.15%
T A 1k 7 6.55 0.90+0.20” 0.82+0.14 1.22+0.04%
13.09 0.56+0.08% ¢ 0.58+0.09> 1.01£0.13%%
26.18 0.58+0.14>*7 0.45+0.13%57 0.68+0.08> 7%

TE 5 IE 4L H BV P<0.01; 58 T 4 &Y P<0.05, 7 P<0.01; 5 4 3% 28 4 He B ¥ P<0.05, 7 P<0.01 5 5 7 4E 1 9 75 1% 700 42 4 F 4 9 P<0.05,

PP<0.01; -5 7 4E 1195 7 P 4 A ¥ P<0.05 .

£7 FBELLFHWERMLKIEPD XRFEHLH MEKI,MEK2,ERK1,ERK2 mRNA B § 0 (x+s,n=3)
Table 7 Effect of Xiangyan Zhitong prescription on MEK1,MEK2, ERK1 and ERK2 mRNA in uterine tissue of rats in PD rats with CDSS

(x+s,n=3)
20 51 H /g kg MEK1 MEK2 ERK1 ERK2
F A 2.15+0.30" 3.20£0.27" 2.27+0.01" 4.66+0.22"
FiTR- 2 0.06 1.46+0.19% 1.89+0.12% 1.61£0.09” 1.62+0.12%
A4 (195 J5 6.55 1.890.09%% 2.65+0.14%% 1.95£0.17°% 3.16+0.80**
13.09 1.53£0.10% 1.70£0.28% 1.60£0.12° 1.70+0.15%
26.18 1.46+0.113% 2.04+0.09%°¢ 1.55+0.11%% 1.54+0.14>

T IE R AT AR mRNA AT 205800 1515 15 % 4 8V P<0.01; 588 21 [ 42 2 P<0.05, % P<0.01; 5 135 1% 25 21 L 5 ¥ P<0.01 ;15 7 % 1

5 7 AR i 4L LA P<0.011 5 45 7 2 11 7 ) 4L L4 ' P<0.05
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3.6 X JE %M R E PD K B FF 4 41 b B-Raf,
c-Jun,COX-2 mRNA A9 5 1F % 4 Fb i, w5 Al
41 W #F Tt % B-Raf, c-Jun, COX-2 mRNA /K F
(P<0.01) ; 5 8 B 4] b, & IR 97 41 B 3 R (R
B-Raf,c-Jun mRNA 7K (P<0.01), 75 3 25 4 5 7 4k
1B J7 L ) A B 3 R IR COX-2 mRNA K-
(P<0.01) ;25 ¥RY7 A1) BL A, A0 3 o 20 M 7 S 1k 7

W 7 4 41 [A] B-Raf, COX-2 mRNA 22 7 L4 2%
B, AR T A A R 7 R R & 4 (P<0.05,
P<0.01) ; 7 1& 25 41 c-Jun mRNA K FAK T 7 4E 1k 98
5% R 4 (P<0.05, P<0.01) , 5 75 % (-9 5 &
)k 20 ] 22 S o Ge v A B S A A 1R R O R
c-Jun mRNA /K i I8 T 2 41 (P<0.01) , 5 &
FlEH 2R ILGIFE L kS,

F 8 FBELFEFIERMMBIEPD KR FEHLASP B-Raf,c-Jun,COX-2 mRNA B M (x+s,n=3)
Table 8 Effect of Xiangyan Zhitong prescription on B-Raf, c-Jun and COX-2 mRNA in uterine tissue of rats in PD rats with CDSS (¥+s,

n=3)
5 Fl /g kg B-Raf c-Jun COX-2
L 3.77+0.76" 4.40+0.31" 3.20+0.32"
A3 2% 0.06 2.00+0.41 1.29+0.14” 1.32+0.27”
F JE 119 7 6.55 2.81+0.24>% 2.12+0.11>% 2.71+035"
13.09 2.13+0.15>% 1.61£0.24%>% 1.61£0.36>°
26.18 2.02+0.16>% 1.42+0.11>% 1.76+0.46>

TE O 3 A 15 R mRNA AR 235 50 15 5 1F % 41 He e Y P<0.01; 548 4 e 2 P<0.015 5 41 9% 25 24 HL 4 Y P<0.05, % P<0.015 5 75 % 1

i 7 A 30 4 2 e 8 P<0.05,9P<0.01
4 ITig
BN, PD 1Y R A T2 T AV AR S
MZ 5, BAEZ AT 5 AT = bk <ii iY A= B8 4L 2
B, B E R AT A, S 38 R 75 Bl
B ME R TSR AN RNE . Hor iR B U
AN 3 )9 i SE N I R S ol £ L R TR
ZALF R L 2 PD B ER L. Ll T R &
AR 195 5 R A 4k 1k T R E AR AR Z AL R
I R DB SE R AR IR IR A EOE TR
19 2 )5 B DA #h /NI A DLRCTE IR R, T AR Y
U5 AT RAAT A0 1R 5 4 LAARAT A 3
B2 122 A TLOE LR B DR ol R 28 H9E L Ak
W 1E R =2 B AR R S T 2 DLR R 2, 92 Sk
o T A B 9T UE SR 28 AR 1k R v AR 6% G T R AR
W P (E,) 7K (B ) 8 45 T 40 f S A B R iF P 4
M R 26 35, DA [ PGF,, Al I 44 & B,(TXB,) /K
S, Tk I R SR & E,(PGE,) ) 6-BART SR & F,,
(6-keto-PGF,,) , i bk 1 U 28 45 AR Y7 PDY
MAPKs {5 5 38 ¥ f2 44 P9 I8 5 98 5 50y M B 93
R A5 Y B L %, p38 MAPK , ERK1/2, INK i i &
AN 6] (1) MAPK s 38 #0872 8] (9 2B R+ 2
Jitd PR s B A R T, p38 MAPK, ERK1/2, INK
T BV, O 3 R e 3 BT U 22 i Al i Y Y
k25 G A R B B R RE I N, Hp
MAPK/ERK 15 5 38 B 1T 94 W 3R B08aE |, X &
A R RE G EERAEHT . Raf I MAPKK ¥ il
. 72 .

ot MAPKKK, /& MAPK 2 5k &2 B (1) 55 — 4~ 431, A
I A 31 T MAPK B = 2 B30T |, 16 1L B9 Raf il i
TR PR A AR 23 24 I3 3% B MEK B8 b (1) 22 %2 IR 5% 2 T
W HBHE . MEK FR5F £ 43 24 I 3005 19 ERK B0
MEK , ERK % 2 1k J7 #F A 40 fL 4% , 0] )5 o)) — 2o 4 5
K+ 1 235, 0 c-Jun, ¥ % 55 X ¥ -«B (NF-xB)
29340 3 HE— B P COX-2 4351, COX-21F
k1 PGF,, % fb 2o 7 v iy 5 22 PR ol g , 92 1) 4 L5 460
B, ® W PGF,, & . PGF,,— J i e % 5| i 7
"B W 4 T B A R O R 5 — T A] AR
T, 1R i WA R X P T R ER Y S R AR
L I S I = G R B 7 17 = W T o O Wi = W v
W= BRI AR AR R A
EWT, M MAPK/ERK {55 538 fi% h 4% R 7 1 46 15 Ak
i 3 22 1% PD U /E ] . HUANG 25" HIE 52, A 254
A LB AR PD K B MAPK {75 538 % 2 6 &2 [ ' ERK
W R AL A, R 0F — 2D DR S AR S Ik R IR T
PD 9 1E HIHL i 42 BEAR 4 -

A 5E 45 5 R, FEEE I IE PD KBRS AL T
B 2 41 h MEK1/2, ERK 1/2 B & 1k 7K F , B-Raf,
c-Jun, COX-2 K 1 % ik & mRNA #% 5% KT+ 5, 1
T 28 A0S 1k 9/ V5 AE 8 [ AR PD R BRUHLAR U8, 2
FEBE I E K BRI AR AR & 46 P43, T 8 MAPK/
ERK {55 538 [ A0 56 B 2 1 3R 0k B R fh 7K 7 &
mRNA ¥ 5t K, % B MAPK/ERK {5 5 18 % 1l fiE v
ST PD BRG] MAPK/ERK {5 5 18 #% Al fig
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