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HARERANE. 7555 K 40 HfEE SD KRBENL N S A, AR RA. BAA. REE Qmgkeg) 4. FVEEZ
i mAlE (9. 18 gkg™!, MRFIENIGREMGR) Ho KERIHL sc FARENZ 40 mgkg™, ®R 1K, #EL20d, X
HRAH sc 45 T 0.9%FULENEWE, 4 HPRL BAY . JEHERIh G HIR4A Y, MR 1 Ik, FELL ig 4425 30d, WIRAH., BRI
Y FEARTRLIK . RATFAR R (HED Yt WK T . Ttk 008, T e HAEES3 b BBt (ELISA)
MWE KR MEMEILZE (PRL). {2UFEEE (FSH). A4 mZE (LH). ME (E2») /KF; Western blotting #:ll ~ s
# (Kisspeptin). PRLR A K Janus ¥l 2/15 5 4% 3 R BWOE I F 5 (JAK2/STATS) 15 5 IBEBAH G ARIE; S 2Ot
i@ PCR (qRT-PCR) il Kisspeptin mRNA Fik/KF; Gy LI EEMEE PRLR 5 Kisspeptin #H&TGINIL B RIE; Hfk
FLPHE (Co-IP) farill PRLR 2 FA4k/KF, PRLR 522 FALEE COPY 55 2 &1k E 5 (CSN5) 456K F. &R HxH
A, HREKR T LT, FiA. OE. TEARARIUREE S, KRIMLE PRL K FE3% EJ7F, FSH. LH Al E;
KFRZE R (P<0.01); K FEMR PRLR. Kisspeptine CSN5 & &K UL Bz 1L JAK2 Fil STATS K TFREE R
% (P<<0.01); kisspeptin mRNA FKIE R T EFF(E (P<0.01); PRLR ¥Z & {h/KFFFR; PRLR 5272 ZILEE CSNS 454 7/KF
BE T SHEAEEMLIL, RS HANE 207K RFRE N E X a0 e BOmEE, M5 RAZ a8 RE 4 A
B BT IR RRs AN BhZ T =R s 4L PRL /K235 T B, FSH. LH Ml B2 /K23 F+ & (P<<0.05. 0.01); PRLR,
Kisspeptin, CSN5 & FH R IEKT DL BRI JAK2 Al STATS & H/K TR (P<0.05. 0.01); PRLR ZHEMWKTEET
%, H PRLR 5 CSN5 MZ5E/KF L. &8 *MNEBIZ2 7 e P MKid S 1 PRL /KF, {# HPRL KT i Kisspeptin %
ISHEIN, M SGE LT RE, HMLEHI TR 5N PRLR 5 %72 F1LEE CSNS 454, 4K PRLR &2 FE4b/KF, #&& PRLR
5 JAK2/STATS {5 5Bl &£IEH %, EHIEHZT AFEF 0 OB -B-F5iimiEm.
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Effect of Bushen Zhuyun Decoction on hyperprolactinemia model rats based on
hypothalamic prolactin receptor ubiquitination
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Abstract: Objective To investigate the effects of Bushen Zhuyun Decoction (BZD) on the reproductive function of HPRL rat model
and the mechanism of PRLR ubiquitination involved in it. Methods Forty female SD rats were randomly divided into five groups,

including the normal control group, the high prolactin model group, the bromocriptine group, the low-dose herbal medicine group, and
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the high-dose herbal medicine group. The model was established by sc metoclopramide 40 mg-kg™' in the neck of rats once a day
for 20 d. Equal volume of 0.9% NaCl solution was given to the control sc. After successful modeling, the drug was started to be
administered once a day for 30 d consecutive ig administration, and equal volume of pure water was given to the control and model
groups. The morphological changes of the hypothalamus, pituitary gland, ovary, and uterus tissues were observed by hematoxylin -
eosin (HE) staining. The levels of PRL, FSH, LH, and E2 in the blood were determined by enzyme-linked immunosorbent assay
(ELISA). The expression of Kisspeptin, PRLR, and JAK2/STATS signaling pathway-related proteins in the hypothalamus were
detected by Western blotting. The expression level of Kisspeptin mRNA was detected by real-time quantitative reverse transcription
polymerase chain reaction (QRT-PCR). The co-localization expression of PRLR and Kisspeptin neurons was observed by
immunofluorescence confocal microscopy. The level of PRLR ubiquitination was detected by immunoprecipitation (Co-IP), and
the binding level of PRLR with deubiquitinase CSN5 was detected. Results Compared with the normal control group, Model
group of rats showed pathological changes in hypothalamic neurons, pituitary gland, ovary, and uterine tissues; Significant increase
in serum PRL levels in rats, FSH, LH and E2 levels decreased significantly (P < 0.01); The expression levels of PRLR, Kisspeptin,
CSNS5 and phosphorylated JAK2 and STATS in rats (P < 0.01); kisspeptin mRNA Expression level was significantly reduced (P <
0.01); The PRLR ubiquitination level is increased; PRLR binds at a significantly less significant level to the deubiquitinating
enzyme CSNS5. Compared with the model group, nerve cells in the hypothalamic region were organized at low and high doses, and the
number of inflammatory cells decreased; PRL decreased and FSH, LH and Ez increased (P < 0.05, 0.01); PRLR, Kisspeptin, CSN5 protein
expression levels and phosphorylated JAK2 and STATS levels increased (P < 0.05, 0.01); PRLR ubiquitination decreased, and PRLR
binding to CSNS levels increased. Conclusion BZD can reduce the high PRL level and increase the expression of Kisspeptin in the
hypothalamus of HPRL rats, improving the reproductive axis function. The mechanism may be related to the increase of PRLR and the
deubiquitinating enzyme CSNS5, reduce the level of PRLR ubiquitylation, and improve the expression of PRLR to mediate the JAK2/STATS
signaling pathway, and also prove the function of regulating the cardiac (brain) -kidney-uterine axis.

Key words: Bushen Zhuyun Decoction; hyperprolactinemia; Kisspeptin; PRLR; ubiquitination
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30min J&, A EHIRE 30 min J5, BRI 2P0
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T RIS 25~28 C. KB ERBA G -5
PR BE B 74 (UPLC-Q-TOF/MS) BEAT /0 #r, #E
i R SRS P 2 4 H0R 55.39% (HEh B
N 12.33%) ANRENAEMRES LN 17.64%-
BHRFES BN 7.23%. HEZAL SV E D3
9 4.79% By GV R EON 4.40%.

FIE IR 2 (BRI 5 RZ)), Akg &
F2.5mg); EhEE H AR S 7] R 2 AR
HOA B AR AF, BUASEE X 10 mg). ELISA 5
& KRMEAZE (PRL) (FEE Abcam A#, &5
ab272780); Ki FSH (3£ [H Lifespan biosciences 2
"], 15 LS-F38636); KE. LH (J%[EH Abbexa 2
", 789 abx255786); MEE¥ (E,) (%[E R&D
Systems A #], %5 KGE014). Pifk: PRLR.
kisspeptin. GAPDH ( J:[E Abcam A #], %5
AB170935. AB19028. AB8245); COP9 (55 E &
A&3F3E 5(CSN5) (3 [E Novusbio /A &, 7%5 NBP2-
75546); p-Janus M 2 (p-JAK2). JAK2. p-f433%
BOEK T 5 (STAT5). STATS (3£E CST AF], %
53771, 3230, 9314. 94205).
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# PCR X (Jifit= Roche 2 7)) ;s WOt £ A (15
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I PREERGR D 4o W P AR R R 2H i R 7,
KRB sc A% 40mg-kg!, BR 1K, &
4220 d, XA sc 45 TR 0.9%FMNIER, &
20 REUIM M E M PRL, Ifi% PRL>100 ug-L™' At
BRI IEMRIN R IR ), R 1R, &S ig
Y5245 30d, SR, BEAIALS TEAARRLIK, A2y
SR 2 RACFERIR, BHUMIE, W& TR,
RGP EAN T AT R B AT
2.2 HE $BURTER. . JIE. FZHA
RIBF LT

N AR AT E AR 10%2 M4
IR RRIE 5, 1E CEER K, A A U0 ) Ao
BRI RS D) BT R R, NATRRE
LR, ZEVEKYE . TRIAKE Yt 2 min J5, #hE

RGO BRD, KPEIREE. BIZH FAPaget, H
FAK ek B US, BRI 2 E . R AMEpE L
brisk = S WU OVIEA S S
2.3 ELISA JE AR ME PRL- E2. FSH #1 LH
KF

Bl A Sl FESFLA RRFL, HERFRIE S
FRE G, BEFLAX BN 100 pl Frvfe i R i v
W, HEIFE, TR BN 100 pL —3i
37 CW¢E, FMBER. ®FLIIA 100 uL AEEARPT
WRTAEW, FRRVEIR . IR SRR, TE= R
NEJLIFE 30min. A5, M 50 pL &b Ik
SNE, i BEARCEE N 450 nm A FIWROERE (AD 1A .
2.4 Western blotting A& T EXMEXERFRIE

WiE & U R E RIPA 2R, S8
Ji4 C. 12000 rrmin~' B0 5 min, H BiEH%
BCA o7& (1 356 I I e R o AR A ) 2
BT, K, WHEETEREEM, mAH
TBST Fif 2 Mk B i —dt, 4 GAPDH (1 :
10 000) Kisspeptin (1 © 2000), PRLR (1 : 1000).
phos-JAK2 (1 : 1000). JAK2 (1 : 1000). p-STAT5
(1:1000).STAT5(1 : 1000).CSN5(1 : 1000),
4 Cibi. BEME, MAEEE UYIREN P, =ik
TIFE Lhe YEME, Ins2ibsijE AT,
F Tmage J 84X K FEAEIEAT 7007, A FEI AR oK
5 N2 GAPDH & FH/K TR EE, KRB EAH
X RIB K
2.5 SERTEYHEE PCR (qRT-PCR) #5T Ff&
Kisspeptin mRNA FRiAE

BUEE N AL, BINRET TRIzol W5+
PR T M4l 4Ls RNA. cDNA AR 20 pL &
R N ZAFN:25 CB 5 min, 42 °C M. 30 min,
85 ‘CJXJ¥ 5 min, 3£43 ¢cDNA, —-70 C{RfF. qRT-
PCR KH 20 pL 7R &, IR G BRI 8 B
W, BE, TNMUERN, WEB RN SH, AT,
GERCRA 27" "CORETIFRL. Kisspeptin B 5

(57 —3’) WH: kjJF CTCTGTGTCGCCA

CCTATGG, TFi# AGGCTTGCTCTCTGCATACC;
GAPDH 5| #1F%] (57 —37) W F: L
CAACTCCCTCAAGATTGTCAGCAA, Tiif GGCA
TGGACTGTGGTC ATGA.
2.6 HIEHTE (CO-IP) &1 PRLR ;2 &4 KTE

KRR R ZHZ3E 4 "CHY RIPA 22y
Z4# 30 min. 14 000X g B> 15 min J5, K _FiHH
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5 protein A/G-agarose TAEfE4 C Fi¥F 10 min.
74 °C. 14000X g B0 15min J5, FRRER LE
T oK F BCA VAR IS B TR B, MR 22 3 gl '
BN 5 uL B934k (PRLR 1 2 200) (R BBZEANN IgG
ik, 4 CTFEER. T 100 pL protein A/G-
agraose BRI ILPURPUAE &4, Witk Big, H
BEMRAN LR E R, SRS AT Western
blotting #ill7Z = LK.
2.7 HAHBERN PRLR 5 Kisspeptin 3RiA

W TR S V) R EFT B IR DU B R (pH=
6.0) HIHATHUFEIEE, FH 5% BSA £} 30 min /5,
F—#T PRLR (1 :20) f1l—kr—$1 (Kisspeptin1 :
5000 £ 4 CRFWBEER. YA 5R A I Goat
Anti-Mouse IgG H&L (1 : 1000) F1 Goat Anti-Rabbit
I[gGH& (1:1000) fE%i T E 2h. PBS ¥t 3
W5, B DAPI#EHE 15 min. #m, H PBS ¥ 3
K, BRX 10min, REEE, HABCCIRE RS
(630 ) Frillo
2.8 BB
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8. FEALEHFM

WK 1 s, XA i gH B s e 1%,
ZIuMufA R Z MY, M5 7R R A N R ERL
R IR P A Mfufk . MR, h
DTN, Mg, RECONEE . AN T
i X e 2 RS KL, TR OMEE, B A G
RTEMW; P YEsiamiie, RIEHME H R
Wz, SEAE R, B AN E B 227K
AR T X 2 A0 BB, B it
BOHEW, SRR PR .

X REZH TR SR WA 2 e, IR RO R
BRAE/N, dHITES S s B AR S IR
TEAREME R, EARMEHIER, RN&ER, B
BErE: GEBIA R, JRERSAENE B 227K
A AR L R M HE A T RS )T

Xof HEZH B S ZH 20T WA AR K IR, e mipn
BB DT P [A) BT 2 A TR s R ZHRAR IR LA, oK
DR G ORI S A ORI, IR AF e i &0t
IRBESEAANE B2 K. mAEIRIT S, UREE

IRpa s 9 18
FNE B TT1(9 kg

W OH - RAEN; LT R-ETT: ORI OB WAL TE: SO k-Ori.
Blue arrow-inflammatory cells; red arrow-neurons; yellow arrow-stromal hyalinosis; blue arrow-follicles; black arrow-endometrium.

El1 SETER (X400). Ff (X200). FIE (X200). FF (X100) HE R
Fig. 1 HE staining of hypothalamus (x400), pituitary gland (x200), ovary (x200), uterus (x100) in each group
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XA T E W%Tﬂﬁ@mﬁ%ﬁ%i& E
Bere BRI, HT AT AR R B R
A JEE 18] i 4 P35 A %ﬂﬁi,ﬁ@TLE%EW
FEMREEAAL, WUZ R N BRI AR W . AT 1
BN R ERCR)R, ARIREURHIR . 2R
Fevs AR B 205G R T e, T8 B

3.2 #EBZ A3 HPRL KR MJE PRL. E2. FSH
1 LH BIE00

WK 1 frow, Hx R4 L, R 4 1 PRL
K3 FFF, FSH. LH Ml E, K FH 8% T %
(P<0.01); SHEAIAHAMLIL, %6974 PRL /KT
BE TR (P<0.05. 0.01), £ FANE BIZ2 5
A EIRIT IR, FSH. LH Ml B, &R LT (P<

B EiR, HiE%E 0.05. 0.01).

%1 KLAME PRL. E>v FSH#1 LH KFELLE (X £5, n=8)
Table 1 Comparison of serum PRL, E2, FSH and LH levels in each group (X £s, n=38)

ZH 5 FE/(g kg ™) PRL/(ng mL™1) E2/(pg mL™1) FSH/(ng mL™1) LH/(mIU mL™1)
xof BE — 7.83+2.74 110.79+16.87 8.43+1.78 18.39+1.64
it — 130.11+14.35™ 55.52+7.58™ 3.33+1.30™ 8.61+1.19"
PR 0.002 55.15+7.51% 96.44+6.81% 6.41+1.09% 17.08+2.35%
WEBE T 9 106.21+10.33* 78.11+12.64 4.25+0.93 11.83+1.85

18 68.49+6.83% 93.17+15.55% 6.02+0.37% 15.53+2.61%
xR "P<0.01; 5HEAALLE: “P<0.05 #P<0.01.

**P <0.01 vs control group; P < 0.05 #P<0.01 vs model group.
3.3 #'EBhZE A3 HPRL KR TEM Kisspeptin
mRNA FE¥tRIE R F2 0
W 2 Prow, SXTRAMLE, BRI Ksspeptin

32 KBLH Ksspeptin mRNA FRILLLE(X £5, n=4)
Table 2 Comparison of Ksspeptin mRNA expression
( X is; n=4)

mRNA FX R IA TR BFEFEL (P<0.01); SHAA 5 T Ksspeptin mRNA F%f
FHEL, Zead R KRS Mk B B 2 07 E i R T ) Rk
Kisspeptin mRNA A RA & 5% ETH(P<0.01). it HE — 1.00+0.09
3 4 EBIZFX HPRL KR TEMXEEAR H — 0.43+0.04"
IKIKF RSN IR 0.002 0.93+0.11%
g 2 Mk 3 fn, SATHRAME, B NGy 9 0.5140.04
Kisspeptin. PRLR. p-JAK2 1 p-STAT5. CSNS5 & 18 0.89+0.05%

xRt "P<0.01; SHEIAE: #P<0.01.

**P <0.01 vs control group; *P < 0.01 vs model group.

ARIEEEERFI (P<0.01); SHEAAMLL, &
bR R AR B B 22 07 R EIRYT S, Kisspeptin

Kisspeptin ._ .’! —1.5x10

p-JAK2 - 125X 10°
(Tyr1007/1008) -

A2

p-STATS
(Tyr694)

X A RERSE 9 18
%I"%EJJ???/(Q kg

GAPDH — 3.6X10* — 1.25X10°

PRLR SN S s s s — 7.0 < 10°

CSNS s S A———— e — 3.7 X 10%

GAPDH (A S S . — : ; < 10°
X OB RpEE 9 18
B % 751(g kg™

L —— 9.00X10*

F2 BHEKRTER<BEELRIALRK

Fig.2 Comparison of key protein expression in hypothalamus of rats
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x3 HETERXEEBKELE (Xt n=4)
Table 3 Comparison of key hypothalamic protein levels (X X5, n=4)
S FH  Kisspeptin/ PRLR/ p-JAK2/ JAK2/ p-STATS/ STATS/ CSNS5/

(gkg™) GAPDH GAPDH GAPDH GAPDH GAPDH GAPDH GAPDH

payiis — 1.000+0.137 1.000+0.197 1.000%£0.129 1.000*+0.161 1.000*+0.162 1.000%0.035 1.000+0.066
it — 0.412+0.064™ 0.521+0.049™ 0.324+0.030™0.928+0.116  0.466+0.020" 1.123+0.124 0.347+0.032"
RE&5 0.002 0.897+0.088% 0.899+0.153* 0.654+0.140%0.956+0.198  0.876+0.155* 1.053+0.260 0.859+0.101*

HER) 9 0.566+0.080 0.694+0.109 0.422+0.058 0.964+0.092 0.534+0.119 1.208+0.229 0.418+0.039
#7718 0.72940.097%* 0.847£0.083* 0.609+0.100%0.9504+0.152  0.811+0.070%* 1.07540.069 0.73740.069*

HXTHALE: P<0.01; SEMALLE: P<0.01 #P<0.01.
**P<0.01 vs control group; *P<0.05 P <0.01 vs model group.

PRLR. p-JAK2 fil p-STATS. CSN5 ZRH/K V&%
T+ (P<0.05. 0.01), #MEFBIZ TR RIAT BA 52
m, AERBTLGFE L b, &4 JAK2 M
STATS5 & F/KF- 2 7 T W4 i 22 e
3.5 #MBBIZ7A% HPRL KR TEA PRLR #1
Kisspeptin F=iX7K A 20

WKl 3 Mk 4 fon, SXTHRAME, BAA
PRLR F Kisspeptin ik R NE (P<0.01); 5
B AL, AR AN E B 207 =i R IT
J&, PRLR I Kisspeptin ik & .3 FFH(P<<0.05.
0.01), ¥MNEBIZATTIGHEIRTT BRA RS, (HERY
TGt 5= L

Xof

EIEE

HE B TT 9g kgt

*NE BT 18 g kgt

PRLR Kisspeptin

3.6 #EBhIZ X HPRL KR TEMX PRLR ;235
ea:A

wWE 4 fros, 534 M, A4 PRLR
ZEAKTF IR SHEMALE, fidREs
FANE B2 5 mfl =697 )5, PRLR 2 F1LK
A
3.7 #EEIZAS3 HPRL KR TEM PRLR 5
CSN5 B &K FRIF N

W s fios, SxIRAIAHEL, BAA KR R =
ik PRLR 5 CSNS5 456 /K NI SHEAI A
EE , IR BE 5 AN B B 2207 = 7l 20 PRLR 5 CSN5
Mgk &KFRE LT,

DAPI Merge

E 3 &KBAKXRTEMT PRLR # Kisspeptin kL3R
Fig.3 Comparison of PRLR and Kisspeptin expression in hypothalamus of rats
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3 4 B4H PRLR 1 Ksspeptin EARIELLE (X s,
n=4)
Table 4 Comparison of PRLR and Ksspeptin protein
expression ( X s, n=4)

7l &/ PRLR %  Ksspeptin & H

2H 51 B ;N
(9%g™) SR TR
ot HE — 29.33+6.16 24.64+3.97
it — 13.44+1.22™  7.17+0.66™
RFE= 0.002 2154+2.70" 20.64+1.31*
NEBh 9 17.78+1.11 11.23+0.88
Fjy 18 20.78+1.12*  17.94+1.89%

HXTHRALEE: “P<0.01; SREAUHLER: *P<0.01 *#P<
0.01.
**P <0.01 vs control group; *P < 0.05 P <0.01 vs model group.

1B: Ubiquitin ' " "

IP: PRLR

IB: PRLR

DU - ——

IgG XffE MR R 18

*NEBh A T71(g kg h)

IB: PRLR

B4 HEKXRTERMS PRLR ZRULLER
Fig. 4 Comparison of PRLR ubiquitination in each group

A W o — 9.0 % 10"

W e —3 7 X104

IP: CSN5, IB:PRLR
IP: CSN5, IB: CSN5
Input; CSNS WEGE—— ——— —— 3.7 % 10
Input: PRLR A S S s — O 0 < 10*

lgG xR R RS 9 18
HNEBIZT51(g kg
5 SAARTEMR PRLR 5 CSN5 £5& 7KL
Fig. 5 Comparison of PRLR and CSNS binding levels in

each group

4 g
HPRL TEH WA o SEHII NG . E AR
RN AT, 2 5 R AR M AR R I T HE O B o LR

K. HPRL fEHEE 5 LA 24108, AR H il
RIEMERTET “ A& 517 “ A&7 “ g “ 3
DL CNFRE” ST, 244 RO R S
70 (WD) -B - B R, SR O 2otk
AFEAEER, AR O A TR 2 K3, s
JEIEIThRE, AT VR E AR A i CF
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