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[ Abstract | Objective: To explore the mechanism of modified Xiaoyaosan on extracellular regulated
protein kinase ( ERK) signal transduction pathway of central dopamine receptor in hyperprolactinemia ( HPRL)
model rats by treating them with Shugan Jianpi as the core. Method: The 96 SD female rats were randomly divided

into normal group, model group, Bromocriptine group (0.001 g-kg '), modified Xiaoyaosan high, medium and
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low dose group (60, 30, 15 g-kg '), dopamine DI receptor (DIR) antagonist group (SCH23390, SCH23390 +
modified Xiaoyaosan group, SCH23390 + bromocriptine group), dopamine D2 receptor ( D2R) antagonist group
(haloperidol group, haloperidol + modified Xiaoyaosan group, haloperidol + bromocriptine group). HPRL rat
model was established by pituitary transplanta-tion. After 30 days of administration, renin-angiotensinsystem Ras
and Raf protein expressions in thypothalamus of rats were detected by Western blot, and mitogen-activated protein
kinase ( MAPK) kinase 1/2 ( MEK1/2) mRNA and extracellular signaling regulates kinase 1/2 ( ERK1/2)
mRNA expressions in the hypothalamus of rats were detected by Real-time PCR. The microstructures of
mitochondria in ovarian granulosa cells were observed by electron microscopy. Result; The Ras, Raf protein,
MEK1/2 and ERK1/2 mRNA expression were significantly decreased in model group compared with normal group
(P<0.01). After SCH23390 antagonistic DIR was applied, Ras, Raf pprotein, MEK1/2 and ERK1/2 mRNA
expression in SCH23390 group showed an increased trend compared with model group, and when haloperidol was
used to antagonistic D2R, Ras and Raf expression in haloperidol group showed a decreased trend compared with
model group, and MEK1/2 and ERK1/2 mRNA expression significantly decreased (P <0.01). The expression of
Ras, Raf protein, MEK1/2 and ERK1/2 mRNA was significantly increased after using modified Xiaoyaosan
(P <0.01), and the expression was significantly increased in the high and medium-dose groups of prescription
(P <0.01). The effect was better than that of bromocriptine group. The morphology of granulosa cells and the
number and structure of mitochondria in model group were abnormal under electron microscope. After treatment
with modified Xiaoyaosan, the morphology and structure of granulosa cells tended to be normal. Conclusion:
Modified Xiaoyaosan stimulates D2R, inhibits D1R, regulates ERK/MAPK signaling pathway. It also effectively
improve the mitochondrial function of ovarian granulosa cells and promote follicular development. It is suggested
that the modified Xiaoyaosan with a multi-target mechanism in treating HPRL.
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signaling pathway; mechanism of action
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1.3 %  SYBR® Premix Ex Tag™ T (Th
RNaseH Plus), ROX plus, PrimeScript’™ RT reagent
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SDS-PAGE #E i i £ 107 &, ECL w5 R 8UE b &
Jek I AR &, — 2 g P (HRP) 3050 & (B (Jb
R 22 28 W)L A 4 5] 01408 ,60345,30324
50346,20335,30330,30324 ) ; fii Yt 25 2 Maker ( 3 [F
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95 CHIAZM: 30 ;95 CAEE 5 s;60 C iR k 40 s;
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0.01) , 3 32 FC0 8 /5y o ) 2 20 3% 3K 1 i o5 B
5 VR B SE 2H b A, G T L e R i 4] MEK1/
2,ERK1/2 mRNA % J} & (P <0.01), WE 1,
%2,

Res I 21 >:
pracin. R 2 |>:
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e

A B C D E F
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Fig.1 Electrophoresis of protein expressions of Ras and Raf in

hypothalamus of rats in each treatment group without

using antagonists

3.2 ffiH DIR #5505, 38 328 #Wom sk xF HPRL K R
T F i ERK 3@ )52 42 H SCH23390 #5471 DIR
J5 , 5 R 4 [, SCH23390 41 Ras, Raf & 4 &
MEK1/2 ,ERK1/2 mRNA 3k B 2755 (P <0.01) ;
5 SCH23390 41 Lt 4, SCH23390 + I8 F& = 41 &
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0.01),5 SCH23390 + i & 5= 41 kb %, SCH23390 +
18 1E HON e ) B 4] ERK1/2 mRNA &5k 8 3% T &
(P<0.01), WLKE2,%3,
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- 73 .
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F2 HEEBHMEI HPRL KR TEM ERK #EAFM (v £5,n=8)
Table 2 Effect of modified Xiaoyaosan on ERK pathway in hypothalamus of HPRL rats(x +s,n =8)

21 51 Fl 4k /g kg ™! Ras/B-actin Raf/B-actin MEK1/2 mRNA ERK1/2 mRNA
E# - 1.243 +0. 708 2.366 +0. 982 1. 853 0. 200 1.976 +0. 142
LT - 0.095 +0. 116" 0.459 +0.247" 0.904 +0. 155" 0.966 0. 182"
e 0. 001 0. 506 =0. 345 1.055 0. 746 1.291 0. 124% 1.229 0. 163"
T8 32 O 60 0.991 0. 706 1. 644 =1.058% 1.836 £0. 123 1.927 £0. 195
30 0.729 0. 467% 1.499 +0. 666 1.701 £0. 1433 1.720 0. 137
15 0.253 £0. 170 0. 609 +0. 274 1.201 =0. 133> 1.280 0. 092

W HIERAED P <0.01; 5EA4 HE> P <0.05,Y P<0.01; 5 EZH LK P<0.05,7 P<0.01,

FOUR BE BE o+ 3 GE O o R & 4 Ras, Raf,
- MEK1/2, ERK1/2 mRNA %% K i/,j B EHE
a

A B C D E

21 kDa

Ras

p-actin

Raf

68 kDa
p-actin B + 38 )ﬁ'ﬂ[j][l{jjétlj UiéﬂMEKl/Z,ERKI/Z mRNA

RIETHEUIR(P<0.01), WK 3,%4,

3.4 XFOR B BN LUK 40 i B A M R LR
oL, FRAAL . SCHR390 1 oD SCH0 + SRIISE kg 55 2 200 35 B0 o 70 5 10 R 4 0
FIRLAL E. SCH23390 + YL 41 (413 1) SRS R
B2 #$i DIR, & A7 AKX R T EM Ras, Raf & & ik i ik T A S8 B I 25 RO, 40 B A2 0 40 i o % B 2 2T
Fig.2  Electrophoresis of protein expressions of Ras and Raf in éﬂ]ﬂ@éﬁﬁﬂﬁ?jg{’%ﬁmﬁm ,%j’f EKEJ@%,ﬂJ@j{%
hypothalamus of rats in each treatment group with useing éﬂ%*ﬁﬁi ﬂi/}?ﬁﬁﬂllﬂu ﬁ@ﬁﬁu@tﬁﬁ“iéﬂ&@% K%rg,
antagonistic DIR K Z, A0 AL 25 R, 4 D 57 %% B 34 5, &% 2K

42 kDa

*3 ¥4 DIR FEEH M HPRL X R T EM ERK @EHFM (v +5,n=8)
Table 3 Effect of modified Xiaoyaosan on ERK pathway in hypothalamus of HPRL rats with useing antagonistic DIR(x +5,n =8)

2H 5 ?fljji/g-kg’l Ras/B-actin Raf/B-actin MEK1/2 mRNA ERK1/2 mRNA
E% - 1.334 £0. 579 2.433 +2.374 1.853 +0.200 1.976 +0. 142
i - 0.334 £0. 246" 0.578 £0.733" 0.904 0. 155" 0.966 0. 182"
SCH23390 0. 001 0.553 £0. 447% 0. 645 0. 816% 1.156 £0. 100 1.097 0. 105>
SCH23390 + 38 3% H ek b 7 & 0.001 +30 1.266 +0.730%%  2.413 £2.404*%  1.559 £0. 115> 1. 680 +0. 185%%%
SCH23390 + 5 fa sz 0.001 +0. 001 1.105 £0.445%%  1.944 2. 107> 1.403 +0. 189> 1.404 0. 149>3

W SIEHALEY P <0.01; 5B 4> P <0.01;5 SCH23390 21 Lk 4:*) P <0.01 ;5 SCH23390 + M &=t 40t P <0. 01,

JHED 5 DR/ 5 BT PN R AR S ] A ek /L (A R R

e =2 o . BUSALNE AL5 ATEBE
v . - W TR e R e (o G 8RR 0 2
practin [ - - A5, 20 B A Ul 5 B A R A R ] D, AR AR
A B c D E RO, AN WL IR T A . UL 4
B3 4 D2R, &4 F7 A KR TEM Ras,Raf B ARk 4 Wit
Fig.3  Electrophoresis of protein expressions of Ras and Raf in %EF'T%% 0% , %@?L%‘fmﬁﬂ”aﬂ:“ B 27 “ %

hypothalamus of rats in each treatment group with useing ggLn u;ﬁ@ﬁ “H Z_‘%K‘Dﬁ”%ﬁ%o Eﬁiﬁz%f{({f?

antagonistic DR B4R ) FLAs 1T A R PR EL T i 2 AL

2 A T UL, SR PR B R TE R R, IR DR TSR L 2 ARG T e - I WA 2 ik

OO A0 70 5 L TR 0 T A5 e 9% , AN MR MR VAL T A Rt BLEL N B T L A

g OB R e R AR E AL AL TR MG A . T E RS LR
.74 .
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F4 #HPD2RFHEEBH MBI HPRL KR TEM ERK @REAFIE (v £5,n=8)
Table 4 Effect of modified Xiaoyaosan on ERK pathway in hypothalamus of HPRL rats withe useing antagonistic D2R(x +s5,n =8)

21 41 Fldt/g kg ™! Ras/B-actin Raf/B-actin MEK1/2 mRNA ERK1/2 mRNA
E# - 1.038 +0. 529 1.656 +1.087 1. 853 0. 200 1.976 +0. 142
LR - 0.420 +0. 338" 0.521 +0. 596" 0.904 +0. 155" 0. 966 +0. 182"
SRR I it 0. 001 0.211 +0. 171 0.380 0. 386 0.588 +0. 123% 0.722 +0.163%
TR BE B + SO R E 0.001 +30 0. 853 +0. 5403 1.500 +1.024%% 1.373 £0.215%%% 1,438 +0. 156>
SRR I T+ JH [ 0.001 +0.001 0.658 +0. 365> 1.276 £1.074%% 1.067 £0.101>% 1.202 £0. 110%%

B HIEH ALY P <0.01; HEMAL Y P <0.01; SHIRBERAL LY P <0.01; 5HURBERL + M54 Y P <0.01,

B4 EEEUE TR ) 00 S B A BB SRR (i
B, x3 000)
Fig.4 Effect of modified Xiaoyaosanon ultrastructure of ovarian

granular cells in model rats( TEM, x3 000)

FUKEIF, S AW N E I 26 5552 T
PR, SO B2 5 R 4 0, DR T AR I R 25
BRI L o [ BRI X i SO AR AR,
JTFRELSP L SLEE B L 3 Bl 2 A" = H 227 1
OB T I 2 B B AR K AR 1 A
B AR T 4008, SOHLSERL , AEURAR IR , A2 B
BT 28 5 Tk A, 8 s 3 Jl B, A 2 AR T AR K, 2k
R b B M AT s FEARRESG , 2 1600 L, H SRR
JLss R G R Z A, Rl AR A Z U 2 3R K A
2 A AN FL IR L LA YA DUSE T R AR
FEAM AN I AT T R O T e A AL
R AR R R B PRL (97K F-, SOAS RGBT 7 25 45 RiT )
WFoE el b % 5 a7 IR AR FEZ T TE T
e il 22 T £ 53 e b i A I BILIRD o 7 vp b S
Tt K, VR 5 T A A2 2 DA T ] 2L 3
MK, 55 S IE (T, RE 3 o i AT i S 2k, JE O A 2
RN AL TR AT I L LU 22, AT R ST, SR AT
HE L UH AT 5 S 3 R JEE A T Bl R 8 i A D)
JEFA, I3 DU 2o UL BT, )R A Tl
AR — 2 Y R AR S DU AR g,
LU SR ERTE SR E oY W S [ W o= o C 3 LBo

A5 g N 1 I 25 550K, [nl 2L 3 K, g [RD 9, T
AL R IR i T A 2 H Y

PRL J& fy 3 4 B - 59 PRL 40 g 43 W0 14 — b ik
Hep R W A2 B o L 2K R
A7 (PIF) Fis 5L 2 BN 7 (PRF) B 45 . Hoep
PIF 5 3= St fir, H A PIF L DA Jy 37, DA J&2—
Tl L2 M Wi 24 o 2 386 Jo , 3 3k 4 2% i 03 I K 4 L
ARER . B TR K B0 T2 B A A
X PRL & #5307 R, BIV4% 4 3 A oRN 45 45 e =) 2
7 S T BT SO K IV mll N T SN 8
DR J&—Fp el 7 B 5 5 X 4 %) GTP 45 4 8 Al
BRZIRRE, ™ DA 5 DR 456 )5, raer= ALY
Wi, BRTEZA DR A 5 #, Bl D1,D2,D3,D4,
D5, Bymaster 25" f3 4 DR 5 40 i N = B 55 5 4 B¢
%, % DR 430> DIR #1 D2R, DIR F1 D2R & i
ORI JE B2 4 R Ah, FHAE F RN %3k, Ras/
Raf/MEK/ERK {5 5 4 D2R 1 ) — 4 28 L3
M, B S 5 a8 e T AL
FhIGe, Ry T #F — 2 3R & 0 & JOmE 1 T HPRL
AR B AR AE HIBIL ], A BIF 9% D\ 3X — 3 % Jre I
W58, A5 14> G A MIKE T Ras,3
AS2E H B Raf, MEK ,ERK

S EE AR I AL 4 A W S50 M i PRL 45
S HPRL ALK BT Fofili D2R Az 2404 , 2 Ras &
H 2R B AIG, Ral & S/, Y4 A 2438 12 SO 1
FiJi , HPRL 5 5 K BT 2l D2R 32 03803l , 3740 1
DIR,Ras % [ 7 35 B 1 i, Ras 45 & = B IR S 1F
(GTP) ,JE i Ras-GTP, 4 Ff MR 4510 5 5 45 4
f¥) Ras/GTP 144N 4 16 Vi B 2 £ 3435 , 6 40 1
T Raf, & AR G A8 4k, 5% 88 4F A0 % R Ak A7 A5,
X W R Ak 1Y) Raf i — 2008 il 5 U8 1 55 R 44, MEK1
5 MEK2 % Raf T ¥iff (1) P > W 12 1k 1) 22 %20 1% 5% 56
WAL . MEK B OUE 45 5 A, 1 3% 0 L
Jei , Tyr A1 Thr 2 A~ 90 5 7 &5 85 B2 1k 1 #00% ERKs I

<75 -



25 B 15
2019 4 8 A

[l S5 58 77 7

Chinese Journal of Experimental Traditional Medical Formulae

-
FEE

Vol. 25,No. 15
Aug. ,2019

A HL A B 31 it A% s At TE R A A5, ERKs & 2
Al e — R AL, PR — D B AL R, A R0
W R Wer= Y kA 5k, 2 5 A0 M B 5l 5 o0 Ak 2 e 4
LT 25 L LA B 20 i 0 1 45 2 R AR 2 O . ERKL/2
BT i A R 4 B SR A O R R A ek B A 1A
A 4333 Z2 09 PRL, AT DL R0 4035 HE 2% By O 5 B
W LS, MGE LM AT aE . 0 H 400 9 4F 58
% HPRL BLRIZh Y B O R AR, X Al fig 5
e PRLCIRAS T 5 2001 52 5007 40 i 08 T2 47 ¢ 20 M
A b A0 33 A% 5 A i %) T 9 v L 9 B R R Y st
44 J5 R 250 £ A R A T 25 2% 0 IR A% A% T Y
B T AN EE MG R g 0 o oy B 68 2R il & Ak, 4
b0 A% 1 405, 240 ML 28 9 /0 5 R T P ek R i P I O
A R R A P LK R R SR . R AR AE
20 RPN T B B R R AR E B HE Sl Y At AR Y R T AR
o B TR, BE ST R R, U T R LR R 4 A
PRHE 522, TN IR 58 40 B 9 2ok (A ) 2 A b ik, A1 kol
HAENET- 50— EEX G, #HEAT b Lok
T4 A P B, S S50 25 ) R ) R 0 A A o A% U
TOHRRAEAY B, 26 45 S W, 4 R 41 3h 4y o SR O
7 20 i A 32 FH 38 38 SO 5 T LA S50 AN A
B2 FZRL AR B i, oo 38 J00kE 240 it () ) fig |, A1 a2 B 3
MWEHE .

g5 ik i @& oA 77 HPRL B9 4E FH AL
Z — Al RE & o HX R e ik £ Bl ERK/MAPK 38
HE O VE o 3 B O b E 2 % sh D2R, 4 DIR,
3 Ras, Raf & [, MEK1/2, ERK1/2 mRNA )%
KA 1 20 6 ) 38 43 Ak SR LAGA B TE DA 1Y
F 2%, T % ¥EBEAIC PRL 1 ), 948 250k 3% o
HLURL A0 L ZRn AR D RE R SE OV R T, B L AR
B IRE , U6 B 1 3 B0 SR YT HPRL 2 2 80 55 19 1R
FAHLH

[B%3Hk]

[ 0] =, aicm. @R M) dest: AR TAE R
11,2013 :367-368.

[ 2] Shibli-Rahhal A, Schlechte J. The effects of
hyperprolactinemia on bone and fat[ J]. Pituitary,2009,
12(2) :96-104.

[3] fw®,Fa%. AR IM] b ARTAE
HRR AL, 2013 :441.

[ 4] Soto-Pedre E, Newey P J, Bevan J S, et al. The

epidemiology of hyperprolactinaemia over 20 years in the
tayside region of scotland: the prolactin epidemiology,
audit, and research study ( PROLEARS) [ J]. Clin
Endocrinol ,2016,86(1) :60-67.

- 76 -

[5]

(6]

[7]

[9]

[12]

[20]

ZEHE 2 P M T R IO sy X e L R I E R R
B 52 0k 240 i 30 7 A0 240 B SR ks i [T ] o S B
T2 275 ,2015,21(19) :88-91.

HKZE B, AR, VR R, 45 B HOMIB Ty 4 HPRL A5 84
R R B 8 JSURE AN M T RGBS [T ] AR
MR 2544 ,2018,33(9) :3909-3912.

TRAR B, e T I3 5 1 7 v i L O LT R R
O PR R R MO MR R [T B E R
#j,2018,29(1) :30-32.

VFEE e, K 28 B B O R T B A LR M
SE A5 Y S 49y i B Y0 R 22 M i 3R T LT ]
¥ = I 1 25,2018,29(3) :533-534.

2R B E L R IR AL IR & O HPRL R Z 12
JHig Z M cAMP/PKA 55 S@ M OB FE [T ] b [ 52
85 #2724 1 ,2014,20(2) :167-170.

SRR, 2 e R i L R AR Bl W R AL L ) PR
[J]. P EWFSY,2012,25(2) :47-48.

Taya K. Induction of superovulation in prepubertal
femalerats by anterior pituitary transplant[ J]. J Reprod
Fertil, 1983 ,69(1) : 265-270.

Reis F M, Jr R O A, Guerra R M, et al. Blood glucose
and prolactin in hyperprolactinemic rats exposed to
restraint and surgical stress [ J]. Life Sci, 1996, 58
(2):155.

WG LL , 2 0. 3 PR RS A A 1 1 O R i i L 2R AL A 45X
RILT]. Bt FHEE 7 Bes 4t ,2015,40(8) :810-813.
Ve R L. LIAT I N #.0 T B HPRL BB K BN B 2
U i i TR 2P AL g e B AL AR A9 4R R [ D] S FH - 5L
& 2 B ,2015.

BRI, B R RS, S5 25 B P S ) R AN B
5 A A ] i S OR B B LT ] [ I R 25 B e
JRYT 2+ ,2004,9(9) :1069-1072.

Ao L g7 A ML e a0 AR T AR R A,
2003 :85.

Fim MEFL R MAEMNR[I] P ERS SR,
2007,7(14) :3200.

7o S8R v WL R AT A R TE R AR ROR O i R
[J]. Bt [ E FEZ5,2008,19(5) :1266-1269.
Bymaster F P, Mckinzie D L, Felder C C, et al. Use of
M1-M5Muscarinic receptor knockout mice as novel tools
to delineate the physiological roles of the muscarinic
cholinergic system [ J ]. Neurochem Res, 2003, 28 (3/
4) :437-442.

F &, 3K IEF. Ras/Raf/MEK/ERK E 5 il 2 5 B
W 4 A T B BIF 52 R R [T ], b I 24 ) R 7 o 4l
2017,48 (1) :110-116.

Eva Chung, Motonari Kondo. Role of Ras/Raf/MEK/
ERK signaling in physiological hematopoiesis and
leukemia development[ J]. Immunol Res,2011,49 (1/
3):248-268.

[REHE FhAM]





