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[HBE] B# HT/rFrizzled#i 552 F2(secreted frizzled-related protein 2, SFRP2)-Wnt/B-cateninfs 51 71
FLBUKL (Cuiru Keli, CRKL) WA Y7 7™ 5 Sk FLAVBUR R HAE ML . F73% 5 1) 40 1 )5 9 3 R A i B B 2 mL
1.6 mg/m©L FF fiff R VR B 5 SR T 7 S L BB o K 7= AP I 22 /1148 WV e R BRI 3SRy 741 TE 3 2 OREE B, AN
2h2h); BT ; CRKLAG 4k 4 (B4 +3 g/kg CRKL); CRKL A 7|44 (B %1 2H +6 g/kg CRKL) . CRKL{F Al H 20 (K74 +
9 g/kg CRKL); PHM:2452H (BRI ZH +3 mg/kg 29 3 ) s NCZH (BRI ZH + A= B 7K ) s B2 6 H o BRIE B 2R B2 Ab, HiAesd
oy ALY AR R S0 46 20, R 1K, 3610 do BU7ALK B, W10 df BUE B B 28 1k . HEYe (6 058 2L s 228
ko EUSR PH X B 20 2 A1 A 6 40 K B, HLE 3 (0 U028 2 Ay B AR Ak, 460 1fi 3% HP PRL & (ELISA) . FLARZH S (mammary
tissue, MT) HHPRLRAY A (G Ak e ) . MTHFLITH & B IE I mRN AR %635 (RT-qPCR), SRJ5 LA 4% 24 B4 A0 53T
XHERFGT CRKLT ™ J5 BEFL AT TR 7 1 RIS, 4 Ho% 75 30 i SFRP2-Wnt/B-cateninfF 5l B AT 7 7= Je 3L ; F-m g4
TUAH 3 A P (RT-qPCR) FildE H (Western blot) AT IHIE . 485 #E47T 4N S IR B0AIE: B 2 J5 K BRFLIR b B2 41 (rat
mammary epithelial cell, RMEC), ¥fRMEC4 441 : 1E % 41 (JEACIEFRMRMEC, ANb3) | SFRP2:E Fik 24 (JRALHF= 1)
RMEC+SFRP2id Fih#i4) . SFRP2id Feik+CRKLA (SFRP2iF FiA 4 +10% & 25 1175 ) « BAH:RT IBAL (R IG IR A RMEC+28
K)o RT-qPCREGIN 3 3K SFRP2JF CRKLATFFL it A MM e IL B FASN, CSN2HIGLUTI mRNAK KM, R 5
BORZHAR L, AR, . 30 A CRRLIY W] LAY = 47 BRL10 diA BT 30 2t (P<0.058 P<0.01) , 34 REA 5 I I e LR B i
FLE (P<0.01), B AFLAR N R TEIAR, B0 M9 1 1) R/ NS TE 2, DALl 7 I e L K B L 38 19 23 I AN 3R 3 (P<0.058%,
P<0.01), @ F S fE LR RELIRFLAE . FLAE A ZUME & i R 1 2234 (P<0.0585P<0.01) . P2 B2E R, Wnt(5 5
TE K] B CRKLIAYT /7 e L i G B . 40 F XRS5 SRR CRKLAICCNDI , SFRP2ZEA RAFIISE A RES) . SHEAI4]
AL, A HP 30 A CRKLIAM ) {4 P SFRP2JE PR A 23 (P<0.01), 34T 1 77 5 LK BREL IR B Wnt/B-cateninfs 5l
BHCCNDI, c-MycHyFE R AN 1 AY 263K (P<0.058(P<0.01) . SRR, 1 2IASFRP2JR, S51E W 4IAIHE, FLiT& A
KELHFFASN, CSN2FIGLUT1HmRNAZCFRLREAR (P<0.01) o INAE 2G5, LiRIER 9335 118 (5 SFRP2 1 KK 414
It, P<0.01). #if CRKLi# I SFRP2-Wnt/B-cateninfs 538 B4R Y7 /7 J5 BFL, SERP2 AT REN /™ 5 SR FLIZ Wi HINGY T 13 T
Mo XHER T CRKLIATT =5 SRl AL, IR T G A
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Cuiru Keli Improves Postpartum Hypogalactia in Rats Through Secreted Frizzled-Related Protein 2-Wnt/p-catenin
Signaling Pathway XUE Qiuyun, HUANG Yurong, LI Hui, LI Chen, CHENG Chenglong, WANG Yuting, MIAO
Chenggui®. School of Integrated Chinese and Western Medicine, Anhui University of Chinese Medicine, Hefei 230012,
China
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[Abstract]  Objective Based on the secreted frizzled-related protein 2 (SFRP2)-Wnt/B-catenin signaling
pathway, this study explored the effect and mechanism of Cuiru Keli (CRKL) in the treatment of postpartum hypogalactia.
Methods A rat model of postpartum hypogalactia was established by gavaging 2 mL of 1.6 mg/mL bromocriptine
mesylate to female rats on the third day after delivery. Female rats with a delivery time difference of less than 48 hours
were selected and randomly assigned to 7 groups, including a normal group (without any modeling or medication), a
model group, a CRKL low-dose group of model group model rats receiving CRKL at the dose of 3 g/kg, a CRKL medium-
dose group of model rats receiving CRKL at the dose of 6 g/kg, a CRKL high-dose group of model rats receiving CRKL at
the dose of 9 g/kg, a positive drug group of model rats receiving domperidone at the dose of 3 mg/kg, and a negative
control (NC) group of model rats receiving normal saline. Each group contained 6 rats. Except for the normal and model
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groups, the remaining 5 groups were continuously administered with the respective intervention drugs at the specified
doses by gavage once a day for 10 days. Changes in the total litter mass of the offspring in the 7 groups within 10 days
were measured, and HE staining was performed to identify pathological changes in the mammary tissue (MT). Six groups
of rats (excluding the positive control group) were used to observe the pathological changes of eosinophils in pituitary
tissue. ELISA was performed to determine the content of prolactin (PRL) in serum, immunohistochemical staining was
used to determine the expression of prolactin receptor (PRLR) in MT, and RT-qPCR was used to determine the mRNA
expression of genes related to lactation in MT. Network pharmacology and molecular docking were used to study the
therapeutic effect and mechanism of CRKL on postpartum hypogalactia, particularly whether it acted through the SFRP2-
Wnt/B-catenin signaling pathway. The mechanism of CRKL treatment was further validated by detecting mRNA (RT-
gPCR) and protein expression (Western blot) of related pathway genes. Cell experiments were conducted using primary
culture rat mammary epithelial cells (RMEC) from rat MT. RMEC were divided into four groups, including a normal
group (primary culture RMEC, untreated), SFRP2 overexpression group (primary cultured RMEC treated with SFRP2
overexpression vector), SFRP2 overexpression+CRKL group (receiving treatment for SFRP2 overexpression group plus
10% drug-containing serum), and negative control group (primary culture RMEC treated with empty vector). The effect
of CRKL on the expression of lactation-related genes FASN, CSN2, and GLUTI mRNA after SFRP2 overexpression was
detected by RT-qPCR. Results In this study, CRKL was administered at a dose of 3 g/kg in the CRKL low-dose group,
6 g/kg in the medium-dose group, and 9 g/kg in the high-dose group (P<0.05 or P<0.01). Compared with the model
group, CRKL at all doses significantly increased the total litter weight gain of the offsprings within 10 days (P<0.05 or
P<0.01), and effectively increased lactation (P<0.01), the area of mammary lobules, and the size and filling of acinar
cavities. CRKL at all doses also increased the number of eosinophils that secreted PRL in the pituitary gland of the
postpartum hypogalactia rat model, and increased the content of PRL in the serum (P<0.05 or P<0.01). CRKL promoted
the secretion and expression of PRL in postpartum hypogalactic model rats. In addition, it significantly promoted the
expression of genes related to milk fat, milk protein, and lactose synthesis in MT (P<0.05 or P<0.01). Network
pharmacology predicted that the Wnt signaling pathway might be a key pathway for CRKL in treating postpartum
hypogalactia. The molecular docking results showed that related chemical components in CRKL had good binding ability
with CCND1 and SFRP2. Compared with the model group, CRKL at all doses inhibited the expression of SFRP2 gene in
vivo (P<0.01) and activated the mRNA and protein expression of CCND1 and c-Myc in the Wnt/B-catenin signaling
pathway in MT (P<0.05 or P<0.01). Cell experiments showed that, compared to the normal group, SFRP2 overexpression
reduced the mRNA expression of milk synthesis-related genes FASN, CSN2, and GLUTI in RMEC (P<0.01). The CCK8
results indicated that 10% of the drug-containing serum was the effective concentration administered to cells (P<0.01).
After administering drug-containing serum, the expression of the lactation-related genes FASN, CSN2, and GLUTI were
up-regulated (compared with the SFRP2 overexpression group, P<0.01). Conclusion CRKL alleviates postpartum
hypogalactia through the SFRP2-Wnt/B-catenin signaling pathway. SFRP2 might be a potential new target for the
diagnosis and treatment of postpartum hypogalactia. This reveals a new mechanism of CRKL in treating postpartum

hypogalactia and promotes its clinical application.
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BEFL™ M ZLH A R 5 N A R G VT
Ko GRS, DU ST I 1) 25 SR 2 1l s B 2 5L
B, WL 2 (prolactin, PRL)™? ., PRLEMEVEFLIT G RLAY
FEWERY,
FHEFL WAL (Cuiru Keli, CRKL) J&H 75 1, I . 3¢

Z ML PRI SR EORERAT (R R R AR
B AURLR o B3R LR 24, 7K 2833, H H 5 Heh
WIRS — BRI, L8 W4 R, f38ICRKL, HPEEINH,
AL 55 AU RSS2 IS L P A 225 . CRKL

A o5 SR, S04 FLAY DAL, T 5 AR 58 T 3

/i Frizzled M1 & B 2 (secreted frizzled-related
protein 2, SFRP2) &4l Frizzed H e A KGRI — 51, 5
FzZ R EE AP WntsETE Wt {5 58 K" . Wntf5 518
BT O BE R TE A0 B A% rh i Rk, IRESZ IR . Wnt AR R
F Sl USSR s AR 1 = B R 4
WF5E R, Wnt/B-cateninf5 538 B4 7EZL IR 09 £ KA1 434k
TR AR EEE AR, IR A R Rk | BRliE
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Wnt/p-catenin{ 5 38 B AR ALK 5 BLFLAIAT B
AHEEE L,
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BEAK 55 (i FLIURLIE L 50 WA Frizzled A 36 B 4 2-Wnt/B-catenin/F 5 8 4 03 K B 77 Ja AL 621

AW BN, SFRP2AE 7 5 ik L KBRS AY (1) L i 4 21
(mammary tissue, MT) 1 575 ik, K, CRKLATfig
1 351§ [ SFRP2 K BZ A Wt/ B-catenin 55 4%, M4 i
77 JE LR R AL A . ASBIFSE ASD K B S50 F
G, @ T AP R LR B, JF RIS R
R BFLIR - 40l (rat mammary epithelial cell,
RMEC), A1} CRKLEE 7 i 1 SFRP2-Wnt/B-catenin{ &
W HARYT P L, JE— 2D B CRKLIGY T 75 SR FL I Bl
il R A CRKLAR HEAR A

1 #MR5FE

1.1 Kz

ARSLEVEHSPF . 2 HIRSD KR, Rl &
(200+20) g ABFRALRUPELREZL TP R IEZE
BSHE (S P45 AHUCM-rats-2022129)

1.2 FEHRFILEE

CRKLII [ W3 S iR Ll il 25 BR A R () . H
T R TR 52 11 [ DOPPEL Famaceutici S.r.l. (B KH]) . £
WAL VLA AR 254 BR (D) . CCK8t & it
H FER R RAEYBEARGRAF (hE) ., ELISAIKH &
g H S DUEE R SE A BR 2\ (WP ) . DMEM/F1285 575
Fa 4 I 7E 4 A Thermofisher A Al (3£ [E ) . B-catenin., c-
Myc, CCND1, B-actin—#I A Abcam(3E[H) . CK18, fi
H. 2 Z R (prolactin receptor, PRLR) —#i i H 4t 5% 18 B 7%
VR AR AR (FPED.

YA FEAA T [ Thermo A F) (6 ) . fH& 555
I A Olympus/A H] ( HAS) . % [ClightCycler 96 945t
FE T PCRIYIE H Roche A Al (Fit:) . Tanon 5200 #EE A%
BA [ iR EERHE A R AW (D . Bio-Rad &4l
FL R L VKA | 36 A AR A R (3D o
1.3 YKL
13.1 FR#il Kk SRR HES

AL 153060 5 57 3R (A ME B 5 2 mL 1.6 mg/mL FH g
PRV B 5= R T ™ i LR RS
1.3.2 CRKL% % 7 ik BA 2h i 6 ) &

28k WK Y A R PR SR S, R RN OB A T X
(1:4), FTCRKLAIm PR 2470 5 R K A2 18
WAy s, 493057 5 LR BLRY H 5l 46 g/kg CRKL,
WA HH ORTERE, ARgh2) | AT (A, R4 25) A
FER + AN [A] 7 4 CRKL (1.5, 3. 6, 9. 12 g/kg) 4, &4
6 H . B AR[HFEECRKL(1.5, 3. 6. 9. 12 g/kg) £ Hit ik
BB, PAL5, 3. 6,9, 12 g/kg CRKLIEH , TR 1K, HELE
7 do 38 B CRKLIA YT 557 KB 7 5 il L K Rl A A B

AN UL, SR A ST 4k B0 H A CRKLA i, 23S T
Ji K AT E] 22 /N T-48 Wi EE BB R 74 1EH
2H; BRI, CRKLAGHI 4 (AR 4 +3 g/kg CRKL);
CRKL 5 4 (B A2 +6 g/kg CRKL) . CRKL= Il i 41
(BEAYZH +9 g/kg CRKL); FHYEZG 4] (A4 +3 mg/kg ik
SEER ) s NCH (BRI ZH + AL BER K ) 6 Ko BRIEH ¢l A
BV Sh, FEAR S F o AL 25 W AR i B 45 2, R
1K, ELEHEE 2510 d. BU7Z0 K L, D10 A BUE 3
it A8 Ak, HEGL (4 WA FLARPE AR Ak o R FHPE X R4
ZAMY 6K B, HEYL (5 WS A (405 BB AL, A6r U 1t 375 v
PRL% 4 (ELISA) . MTHPRLRIY A (s b ge ) |
MTHFL A AR L mRN AR 635 (RT-qPCR) , 2R 5
DA 2 24 3512 0 - XoF H2 0 CRK LA 15 A - B %, 75
T A ARG A 5 i A Rl (RT-qPCR) A1#E [ (Western blot)
HEATIRAIE

T3 BUIE H ME 6 L, S 452 CRKL(6 g/kg)5 d,
2R/, G — R4S 251 hiE, BRIOME B, SRAE AR, 2.0
10 minBUALHE, 7656 C/AKIE FKIE30 min, HCRKLE 24
Mg M ARMECH; 7= 2 f, Tl & A A & 1 (0. 1%,
2.5%. 5%, 10%. 15%. 20%. 25%) (K 245 1ML 75"

1.3.3 10 MFRE G R E RA0agm

PRI — R 45 50 A RUA BT, 1AW, 4524510 d
J , FRRFREUT BRAR &, 10 AW, W,— Wit 10 dff i
SVE RAR L
1.34 HE# EMRILIRAn Bk R 3T Kb

Bl AL AE 25 21 v B3 O BRL A MUT e fAR 4 21, 3
MTHIEEARZA L, U] R 5 s, W AHER A5 BT
ML,

1.3.5 ELISA#:| o F PRLA&

B L6 HUME R, IV 020 min5 AR 13, #4208
ELISATRH & 0 HEA TS558, BEFpR (N E PRL Y & .

1.3.6 S 9% 4AAKARMIMT F PRLR#) & &

RRLAE HMER, MTRIEYI R G, B FE O B M
T IR U [ R R B 1 X U0 R B L
Ja, BRI B T 3% H,0, 5, B EHRE . EH,
PRLR—¥(1 : 200) FI=Hi (1 : 400) ., fMA R EKE, #E
TP Y, MK, B R WE . THE PRLRFE M AL A7 A
SR Y LA
1.3.7 RT-gPCR

FRZH H3 HUME B, PR TME B HOMIT, 45:80 mg MTIA
1 mL Trizol, X TRMEC, £ F# /il A1 mL Trizoli
R, BRI, [R5 oA, 225 18 FH B B R
FTE RSTRMEC 5 min, {ff 40 il 55 5 241 i 7% . ¥ BR
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TrizoliX 7 i HHE BOMT HIRMECH RNA, il 5E RNARY
WHE 54, IGEE (OD) ,0/OD, fE1.8 ~ 2.00 1, 4%
KA AV A cDNA, PL13 uLi SN AR R EA T4
i IERT-qPCRI A &5 1Y U B AP BR AT SR, 13 X 20
okt BERE A, B-actinsy NS, DA27 T mRNARYAH
XfRikE, FIMTAIILERL,

&1 RT-qPCR3|¥F73
Table1 RT-qPCR primer sequences

Gene Primer sequence

ACACA F: 5'-TTCCCATCCGCCTCTTCCTGAC-3'

R: 5-TGCTTGTCTCCATACGCCTGAAAC-3'

B-actin F: 5-TGTCACCAACTGGGACGATA-3'

R: 5-GGGGTGTTGAAGGTCTCAAA-3'
c-Myc F: 5-AGCAGCGACTCTGAAGAAGAACAAG-3'

R: 5-GGATGACCCTGACTCGGACCTC-3'
CSN2 F: 5'-GGTCTTCATCCTTGCCTGCCTTG-3'

R: 5-CCTGTCCCATGAGTTTCACCTTCTG-3'
CSN1S1 F: 5'-CTGCTGCTCTTGCTCTGCCTAG-3'

R: 5-CCTGTTCCTCACTGCTGCTATTCTC-3'
CCND1 F: 5-GAGGCGGATGAGAACAAGCAGATC-3'

R: 5-GGAGGGTGGGTTGGAAATGAACTTC-3'
FASN F: 5'-GTGTGGTAGGCTTGGTGAACTGTC-3'

R: 5-GTGAGATGTGCTGCTGAGGTTGG-3'
GLUTI F: 5'-CATCCACCACACTCACCACAC-3'

R: 5-GCCTGCCAAAGCGATTAACAAAGAG-3'
SFRP2 F: 5-CACGGCATCGAGTACCAGAACATG-3'

R: 5'-GAGCGSGCACAGGAACTTCTT-3'

ACACA: acetyl-CoA carboxylase alpha; c-Myc: V-Myc avian myelocytomatosis
viral oncogene homolog; CSN2: casein beta; CSN1SI: casein alpha s1;
CCNDI1: cyclin D1; FASN: fatty acid synthase; GLUT1I: glucose transporter
type 1; SFRP2: secreted frizzled-related protein 2.

1.3.8 Western blot#& M MT ¥ CCNDI1. c-Myc#Hep-
catenin#) & & Rk &

FEL I3 FUME R, A RIPA R 78 SURM T, 55
ORI, #208 BCA 8 Pk B I e ) & i I 45 A6
MZEFWIE. 10% SDS-PAGEHL K90 min 5 % i
60 min. 5% E R EHL h, I ACCND1(1 :
10000). c-Myc(1 : 1000). B-catenin(1 : 1000) . B-
actin(1 : 10000)4 C—HUBEF R, —Hi(1 : 20000) 2 ik
I H 1 WSECLIRY 5. >R JHImage J7r BT HL UK 5547 151 1
JRBEAH.

14 WEHEZHM

K HTCMSP (http://tcmspw.com/tcmsp.php ) UL £
CRKLJIT & JLM B 25 /) £k 2% 1 43, I FH Swisstarget
-6 HHE AT AR AR i OMIM (https://omim.

org/ ) MGeneCards#{ ¥ 7 (https://www.genecards.org/ ) I
5775 B R BARHE A . FIHISTRING Y- 514
5 -8 A 5 4E FH (protein-protein interaction, PPI) %
& RGO E S 4 W MIKEGG & #4304, U CRKLYR
Y777 J L Y S
1.5 4Rt

MARCSB PDBA I 23 UK 73 4 (#3244 (https://
www.rcsb.org), WTCMSPRH 2 i iR A3 A Ui b &5 4
B2D45H . F I CB-DOCKTEZ B i (http://clab.
labshare.cn/)#E47T T 43 F XA Al THME RS 4 %0 E
FRE A Y S T Z A B A AT, AT 4% (B
K, ALEY 5 E AR, G RE
1.6 ZHASCIE

WIFMTEACREFERMEC, #£20%/15 4 ML A%
52 4 Z VI DMEM/F1255 32 5 b 55 3%, S b fdi i
P20 B2 SR AR B 56 RS AR RMEC™ , feese
JEYL 5, LLCK 18 PH P4 e BT 8% 3% Hh 1 40 i 2 5
RMEC., i CCK85ZHAG M AN [7] 1%t CRKL 7 24 IfiL 5 %
RMECHSFH B SZ A , i A1 i CRKL 3 24 ML i $EA T B
B FR NS, SR 5 LART-qPCRAGIN i 15 SFRP2J5
CRKLAF TG AR I I mRN A Y 3K A 5210
1.6.1 %JERKAH &% ZRMEC

FHRF 3 %04% 22 5 W B S WK RMEC I R 7R B F il
H115 min, MHTritonX-1004ZFEAHAI10 min, 2%BSA% Ef
30 min, AILACK18(1 : 200)—#T, #£4 C T’ . AT
JEZHU(1 ¢ 400), BEIKS min, FFFEER FHEF2 he WA
DAPI (5,10 min, %205 JHPBSIH Uk f5 FHEA T —
Ho FPLOEOEER A (S DAPD B E A . WAE F
£2, CKI8FHVEN R s h i 4l i /2 RMEC,
1.6.2 CCK8&# M CRKLY RMECH 74 49 % 7f)

FERMECHI AJ R |96 FLAR . R4 ST 2351
BE IR, 0. 1%, 2.5%. 5%, 10%. 15%. 20%.
25%HY CRKL & 245 LI 40 24 h, ARG CCK8IX A £
P BIEA T4, JF HIBEAR S0 52450 nmAL Y ODIE™,
ODfHIE tb FAuMaRE A= . Phidk &35 1) CRKL & 24 1M 5 i
TR FR M S . TEILL 15/ .
1.6.3 Mmarid Rk it 5

SFRP295 85 3k 238 M iy DU AR W) R A R W)
PRAL e R U ] X AR )22 A A v B R 7 EA T A
B WA R RMECHE 5L Y 1537, RMECT K
44 IEW A (R FRAYRMEC, AALH]) | SFRP2 3333k
H R TR RMEC+SFRP21 F ik 804K ) . SFRP2 i %
IK+CRKLA (SFRP2 1 Fe iR 2 +10% 5 25 135 ) . XS AE
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Fig 1 CRKL significantly increases lactation in model rats

A, Lactation volume per hour on the seventh day for female mice given different doses of CRKL (n=6). B, Ten day weight gain of offspring mice (n=6). C, HE

staining of the mammary gland (x100). CRKL-L: CRKL was given at a low dose of 3 g/kg to model rats; CRKL-M: CRKL was given at a moderate dose of 6 g/kg to model

rats; CRKL-H: CRKL was given at a high dose of 9 g/kg to model rats; NC: negative control group. ~~ P<0.01, vs. normal group; * P<0.05, ** P<0.01, vs. model group.
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Fig 2 CRKL promotes the PRL secretion and PRLR expression in model rats

A, HE staining of the pituitary tissue (x400). B, Serum PRL levels (n=6). C, Inmunohistochemical staining of PRLR in MT (x100). D, Quantitative results of PRLR in MT

(n=3).”" P<0.01, vs. normal group; * P<0.05, ** P<0.01, vs. model group. The other abbreviations are given in the note to Fig 1.
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Fig 3 CRKL promotes the expression of genes of milk fat (ACACA and FASN), milk protein (CSN2 and CSN1S1), and lactosesynthesis in mammary

tissue of model rats

n=3."" P<0.01, vs. normal group; * P<0.05, * P<0.01, vs. model group. The other abbreviations are given in the note to Table 1 and Fig 1.
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Fig 4 Prediction of CRKL regulatory signaling pathways based on network pharmacology

CCND1 and hemerocallone

A, The Venn diagram. B, The 5 key target genes. C, KEGG enrichment analysis. D, A network of herbal component-targeting pathways. E, Molecular docking.
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Table2 CCNDI1 molecular docking
MOL ID Molecule name Herb name Binding capacity
MOL000020 12-senecioyl-2E,8E,10E-atractylentriol Atractylodes macrocephala Koidz -10.01
MOLO013345 Picraquassioside C Hemerocallis Radix -9.49
MOL008393 7-(beta-Xylosyl)cephalomannine_gqt Codonopsis pilosula (Franch.) Nannf. -8.98
MOL002157 Wallichilide Ligusticum chuanxiong Hort. -8.60
MOL013187 Cubebin Bupleurum falcatum L. -8.18
MOL013343 Hemerocallone Codonopsis pilosula (Franch.) Nannf. ~7.94
MOL004653 (+)-Anomalin Bupleurum falcatum L. -7.86
MOL000398 Isoflavanone Astragalus mongholicus Bunge -7.82
MOL000371 3,9-di-O-methylnissolin Astragalus mongholicus Bunge -7.42
MOL000438 (3R)-3-(2-hydroxy-3,4-dimethoxyphenyl)chroman-7-ol Astragalus mongholicus Bunge -7.33

CCND1: Cyclin D1.
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Fig 5 CRKL improves postpartum hypogalactia through the Wnt/p-catenin signaling pathway

A, mRNA and protein expressions of CCNDI in MT. B, mRNA and protein expressions of c-Myc in MT. C, Protein expression of p-catenin in cell nucleus of MT .

-
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P<0.01, vs. normal group; " p<0.05,

P<0.01, vs. model group. The other abbreviations are given in the note to Table 1 and Fig 1.
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Fig 6 Molecular docking results (A) and animal experimental results of CRKL improving postpartum hypogalactia through SFRP2 (B)

n=3."" P<0.01, vs. normal group; ** P<0.01, vs. model group.

R 3 SFRP2% FiFEHIRE
Table 3 SFRP2 molecular docking

MOLID Molecule name Herb name Binding capacity
MOL000354 Isorhamnetin Astragalus mongholicus Bunge -6.2
MOL000028 a-Amyrin Atractylodes Macrocephala Koidz. -6.6
MOL004635 Saikosaponin a Radix Bupleuri -6.7
MOL002140 Perlolyrine Chuanxiong Rhizoma -7.2
MOL000449 Stigmasterol Bupleurum falcatum L. -6.8
MOL000006 Luteolin Angelicae Sinensis Radix -6.8
MOL004903 Liquiritin Codonopsis pilosula (Franch.) Nannf. —-6.6
MOL008910 Vaccarin Vaccariae Semen -7.1
MOLO013343 Hemerocallone Hemerocallis Radix -5.6

SFRP2: secreted frizzled-related protein 2.
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Fig 7 CRKL treats postpartum hypogalactia through the SFRP2-Wnt/B-catenin signaling pathway
A, Relative CK18 fluoresence intensity (x200). B, The proliferation of RMEC in different CRKL drug-containing serum was detected by CCK8 assay (n=9). C-E, The
mRNA expression levels of FASN, CSN2 and GLUTI (n=3). ~ P<0.01,vs.0; ~ P<0.01, vs. normal group; ** P<0.01, vs. SFRP2 vector. NC: negative control group.



628 PUN S22 (B2 )

5 554

WA R EFL . B PRI R SO R, R
BB AR SIE SR AT4UR LS 8T
Ji, FE MPRLF: 7, M RERRC. AW R £ R AT
WA FLE . A TR b FLat o AT B
VOB AP 3, O B AT BB R IR T IS B I I i
PRLEZE T, I HLREA &8 2L 5 Mo, B2 i B FLIR SR
R EUA I RIS 9 52 1R Y7 77 10 5 CRKLARTL,
SR RSN, W4 TR

AR I e BB A1) o/ NS s L o I I
41, CRKLAE. A i 771 e 201 10 o /Il P e 0 5 o T
PEAIL, I HCRKLY, @il AR i, 2R 402
B, I H CRKLAEHE B AT UG IARE, 4 R T4 R
KH o JEHEY (45 H i /R CRKLAT LA i A 20 3| i
AN TETRR, Yl DN 22 ) A 25 2 41, AR LI 1) K
INFE R R . I Ah, CRKLAT LU #E PRLAY S 10, 14
MTHPRLRIYHE A . PRLIE—F ly S AT A (1) 250
HME, S 5RNTPA . BHAMWEL™ . PRLRI#PRLA
TR RMEBIE . CRRKLIAYTIG, 75 Bzl A A
i 38 4 Hh 43 WA PRL A g T M b 40 50 i o 5 18 22, Il T
FPRLY Al 582 5, A A PR sEw L. WA,
MT H'PRLRZE A K FAH B 155, BEAS B4 M 5 PRLES &,
R

ACACAFIFASNEHT R iR A B 1) G e B ik il , 77
BEFLFLIE A O R R HEE AR, CRKLAE i3
FEEnFUNS A U e P FASNFIACA CARY 2535, S 7LIE
Ao AWK, CRKLAT LG 3 EJE 7 5 Sl K R
MTHFLE A A SE 3L R CSN2FICSNIS 1 ik, 1 3
UEFLE A AN, GLUTIHES PN )2 £k,
DLV A A B ™. CRKLAEA R R GLUTIR) ik
Ko Z5 B TR, CRKLANMY GBS 1S Iy J5 el R FAR 2
B FL e, R RE I AP A BT FLIT B, iR ) LR L T 4y
HEFEATE

o] 245 25 B2 TN 1 W nief 53 6  CRKLYA YT 77 5
BRI SCHER AR . ARTFITHEIN Y T CRKL A Y 78 Fh IS 7E
FE PR LAY P RBJR R HER T AR I E 4, (R OG T I
HEASME L, A5 B FARNE AT 5 2B 5T . ARWFSY
K BLCRKLAT LU & LI Wntfs 5 38 i o 56 4 56 A
CCNDI, c-MycHIB-cateninff) ik, M SFRP2ANS&—Ff
WntZ5 48 1, AT LU 5 Wt U B R550, iz
S ARWFIEIESE T SFRP2AMYAE ™ J SR FLAR AL vh 5 2 3%,
M FLCRKLIF J2& 32 252 M 12 3L PR 1) 635 DT 52 I Wt/ B-
cateninf5 538 i, JAY7 R

£ B iR, CRKL AT MT R AR K, BRI AR5

B, AR R R LR B I FL AL, X ELAT —E R
PEAEH . CRKLATHEINPRLANPRLRIY 7 i, fEHEMT Y %
H o CRKLIA AT HEMFLE 1. ZUBAZLARM & i Bk
E, R i Y CRKLAEIR R 1 i CRKLA 51 B I i A%
S, AR f 538 1 ) AN SR AR S 0 A, ARSI
FEXF I CRKLA SR 1 22 5, B LR E— 47
CRKL 20 2Z [A] (4 1 7 LA . ASBIFFEIESE, CRKLIE &F
SFRP2-Wnt/B-cateninfs 5 il #A Y77 J5 7L, CRKLIA
I7 7 Je i FL A B AR AR TR 9 DL A, D I R )
CRKLAZAE T BB A

* * *

EETRAEY S RSHE SO BRI G, 3 ER A SUER S
Br, R TTH AT, R FATTHIT %, BRI AT, £ RN
TERIE, BBt 0 DT RO T B S A S 1. T EE 2R B
SRR AT], HIPR R R RA AT B & e R, IF R Xt AR
P 5T

Author Contribution XUE Qiuyun is responsible for conceptualization
and writing--original draft. HUANG Yurong is responsible for formal
analysis. LI Hui is responsible for investigation. LI Chen is responsible for
methodology. CHENG Chenglong is responsible for software. WANG
Yuting is responsible for validation. MIAO Chenggui is responsible for
funding acquisition and writing--review and editing. All authors consented
to the submission of the article to the Journal. All authors approved the final
version to be published and agreed to take responsibility for all aspects of

the work.
RIZEWR I Ve &P BIRTEAER 35 vh 5
Declaration of Conflicting Interests All authors declare no competing

interests.

2 % X W

[1] ZHANG Z, WEI Q, ZENG Y, et al. Effect of Hordei Fructus Germinatus
on differential gene expression in the prolactin signaling pathway in the
mammary gland of lactating rats. ] Ethnopharmacol, 2021, 268: 113589.
doi: 10.1016/j.jep.2020.113589.

[2] HANNAN F M, ELAJNAF T, VANDENBERG L N, et al. Hormonal
regulation of mammary gland development and lactation. Nat Rev
Endocrinol, 2023, 19(1): 46-61. doi: 10.1038/s41574-022-00742-y.

[3] SZUKIEWICZ D. Current insights in prolactin signaling and ovulatory
function. Int ] Mol Sci, 2024, 25(4): 1976. doi: 10.3390/ijms25041976.

(4] TR, BBk, BEERE, 45 MU R 6 1 X e LR A B i FL A

RS THLHIBTE. o I R 25 B2 536727, 2022, 27(2): 121-128.
doi: 10.12092/j.issn.1009-2501.2022.02.001.
WANG X, XUE Q Y, HUANG Y R, et al. Prolactinic effects and
molecular mechanisms of total sterone from Echinops latifolius Tausch
on the milk deficient model rats. Chin J Clin Pharmacol Ther, 2022, 27(2):
121-128. doi: 10.12092/j.issn.1009-2501.2022.02.001.

[5] MA T, HUANG X, ZHENG H, et al. SFRP2 improves mitochondrial
dynamics and mitochondrial biogenesis, oxidative stress, and apoptosis in

diabetic cardiomyopathy. Oxid Med Cell Longev, 2021, 2021: 9265016.


https://doi.org/10.1016/j.jep.2020.113589
https://doi.org/10.1016/j.jep.2020.113589
https://doi.org/10.1038/s41574-022-00742-y
https://doi.org/10.1038/s41574-022-00742-y
https://doi.org/10.1038/s41574-022-00742-y
https://doi.org/10.1038/s41574-022-00742-y
https://doi.org/10.1038/s41574-022-00742-y
https://doi.org/10.1038/s41574-022-00742-y
https://doi.org/10.1038/s41574-022-00742-y
https://doi.org/10.1038/s41574-022-00742-y
https://doi.org/10.1038/s41574-022-00742-y
https://doi.org/10.3390/ijms25041976
https://doi.org/10.3390/ijms25041976
https://doi.org/10.12092/j.issn.1009-2501.2022.02.001
https://doi.org/10.12092/j.issn.1009-2501.2022.02.001
https://doi.org/10.12092/j.issn.1009-2501.2022.02.001
https://doi.org/10.12092/j.issn.1009-2501.2022.02.001
https://doi.org/10.12092/j.issn.1009-2501.2022.02.001
https://doi.org/10.12092/j.issn.1009-2501.2022.02.001
https://doi.org/10.12092/j.issn.1009-2501.2022.02.001
https://doi.org/10.12092/j.issn.1009-2501.2022.02.001
https://doi.org/10.1155/2021/9265016

E R

FEAK 2 4 HESLADORLIE

i 43 W Frizzled #H < 8% F12-Wnt/B-catenin {5 58 4% 5038 K B = R AL

629

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

(18]

doi: 10.1155/2021/9265016.

IR, R 5. 8 PRI A R M TGS B R TR R D R BR
Wnt/B-cateninfi 53 H AYFE M. U1K 222240 (R /R), 2021, 52(2):
235-240. doi: 10.12182/20210160508.

ZHENG J, TAN Y. Influence of Dingkun Dan combined with estradiol
valerateon Wnt/B-catenin signaling pathway in rats with thin
endometrium with Kidney-Yang Deficiency. ] Sichuan Univ (Med Sci),
2021, 52(2): 235-240. doi: 10.12182/20210160508.

ALEXANDER C M. Wnt signaling and mammary stem cells. Vitam
Horm, 2021, 16: 21-50. doi: 10.1016/bs.vh.2021.02.001.

LI X Z, JIANG H, XU L, et al. Sarsasapogenin restores podocyte
autophagy in diabetic nephropathy by targeting GSK3f signaling
pathway. Biochem Pharmacol, 2021, 192: 114675. doi: 10.1016/j.bcp.2021.
114675.

WANG X, CHANG J, ZHOU G, et al. The Traditional Chinese Medicine
Compound Huanggqin Qingre Chubi Capsule inhibits the pathogenesis of
rheumatoid arthritis through the CUL4B/Wnt pathway. Front Pharmacol,
2021, 12: 750233. doi: 10.3389/fphar.2021.750233.

ZHANG J, ZHOU Y, MA Z. Multi-target mechanism of tripteryguim
wilfordii hook for treatment of ankylosing spondylitis based on network
pharmacology and molecular docking. Ann Med, 2021, 53(1): 1090-1098.
doi: 10.1080/07853890.2021.1918345.

KIM S, SHOEMAKER B A, BOLTON E E, et al. Finding potential
multitarget ligands using PubChem. Methods Mol Biol, 2018, 1825:
63-91. doi: 10.1007/978-1-4939-8639-2_2.

ZHANG L, XIAO Y, YANG R, et al. Systems pharmacology to reveal
multi-scale mechanisms of traditional Chinese medicine for gastric
cancer. Sci Rep, 2021, 11(1): 22149. doi: 10.1038/s41598-021-01535-5.
FAN C, WU FR, ZHANG J F, et al. A network pharmacology approach to
explore the mechanisms of Shugan Jianpi Formula in liver fibrosis. Evid
Based Complement Alternat Med, 2020, 2020: 4780383. doi: 10.1155/
2020/4780383.

GONG H B, WU X J, PU X M, et al. Bioinformatics analysis of key
biomarkers and pathways in KSHV infected endothelial cells. Medicine
(Baltimore), 2019, 98(27): €16277. doi: 10.1097/MD.0000000000016277.
MIAO C, CHANG J, ZHANG G, et al. CUL4B promotes the pathology of
adjuvant-induced arthritis in rats through the canonical Wnt signaling. J
Mol Med (Berl), 2018, 96: 495-511. doi: 10.1007/s00109-018-1635-8.
JAMES N, KINT S, PAI S, et al. Comparative evaluation of corneal storage
medias used as tooth avulsion medias in maintaining the viability of
periodontal ligament cells using the cell counting Kit-8 assay. Clin
Cosmet Investig Dent, 2021, 14: 87-94. doi: 10.2147/CCIDE.S314478.

HU Y, CHEN C, TONG X, et al. NSUN2 modified by SUMO-2/3
promotes gastric cancer progression and regulates mRNA m5C
methylation. Cell Death Dis, 2021, 12(9): 842. doi: 10.1038/s41419-021-
04127-3.

KPR, #X AR, LR T 38 7L 2% 5 % S P R 7 e R L7 A B L

[19]

[20]

[21]

[22]

[23]

F IR, hAETEE 2524 0], 2019, 37(11): 2751-2753. doi: 10.13193/j.
issn.1673-7717.2019.11.046.
LIU S C, ZHAO X G, ZHU P Q. Study on effect of tongruluo decoction in
treatment of patients with postpartum hypogalactia of type of Qi-blood
deficiency on serum mammotrophic hormone. Chin Arch Trad Chin
Med, 2019, 37(11): 2751-2753. doi: 10.13193/j.issn.1673-7717.2019.11.
046.
VR 72, BORE, ek, 45, EANBATIHR S TR A X R e P I R R R
B FLURERYIEZ M. T4 4R, 2021, 41(12): 1343-1346. doi: 10.13703/j.
0255-2930.20201207-0002.
CHEN X J, HUANG N, ZHAN J L, et al. Effect of Wangbuliuxing
combined with massage on breastfeeding and lactation function in
cesarean section women. Chin Acupunct Moxibust, 2021, 41(12):
1343-1346. doi: 10.13703/§.0255-2930.20201207-0002.
SRR, U, 22T, 45 CircOMA AT 22 1 e 2 A it WA L 2 I ik
2y, LR (EERLEAR), 2022, 43(3): 381-391. doi: 10.13471/j.
cnki.j.sun.yat-sen.univ(med.sci).2022.0306.
ZHANG Y Y, WU N, LI X L, et al. CircOMA1 promotes resistance in
prolactinoma by regulating dopamine receptors. J Sun Yat-sen Univ (Med
Sci), 2022, 43(3): 381-391. doi: 10.13471/j.cnki.j.sun.yat-sen.univ(med.sci)
.2022.0306.
FLORES-ESPINOSA P, MENDEZ I, IRLES C, et al. Inmunomodulatory
role of decidual prolactin on the human fetal membranes and placenta.
Front Immunol, 2023, 14: 1212736. doi: 10.3389/fimmu.2023.1212736.
kA, EHL RELT, 45, FISEAK B IR /N BURIR QB A5 S22 oy
Mr. 4P 25244k, 2023, 38(6): 633-638. doi: 10.13375/j.cnki.wcjps.2023.
06.007.
ZHANG Y, WANG Q, ZHANG CY, et al. Transcriptomic analysis of
semaglutide-related regulation of glucolipid metabolism in db/db mice.
West China ] Pharm Sci, 2023, 38(6): 633-638. doi: 10.13375/j.cnki.wcjps.
2023.06.007.
SR, TREAS, FIF, 25 miRNA-148b-3pii 45 JA At FR NI GLUT1 3%

5 HICPFAUER IS 2 GLOC R MBI, DI RS 24R (B2 W), 2019,
50(3): 328-333. doi: 10.13464/j.scuxbyxb.2019.03.007.
JING X L, XING A'Y, BAI H, et al. miRNA-148b-3p influences glucose
metabolism of offspring with maternal cholestasis by regulating GLUT1
expression in placental trophoblast cells. J Sichuan Univ (Med Sci), 2019,
50(3): 328-333. doi: 10.13464/j.scuxbyxb.2019.03.007.

(2023 - 11 - 145K, 2024 — 04 - 29f& )
G B

FEBERER AR SCH R AL 5 84— A R P
4.0 PRVF T B (CC BY-NC 4.0), PRAITE i i)

https://creativecommons.org/licenses/by/4.0/

OPEN ACCESS This article is licensed for use under Creative Commons

Attribution-NonCommercial 4.0 International license (CC BY-NC 4.0). For more

information, visit https://creativecommons.org/licenses/by/4.0/.

© 2024 (VU R 2FAA (B2 RR) YARRES WA A

Editorial Office of Journal of Sichuan University (Medical Science)


https://doi.org/10.1155/2021/9265016
https://doi.org/10.12182/20210160508
https://doi.org/10.12182/20210160508
https://doi.org/10.12182/20210160508
https://doi.org/10.12182/20210160508
https://doi.org/10.12182/20210160508
https://doi.org/10.12182/20210160508
https://doi.org/10.12182/20210160508
https://doi.org/10.1016/bs.vh.2021.02.001
https://doi.org/10.1016/bs.vh.2021.02.001
https://doi.org/10.1016/bs.vh.2021.02.001
https://doi.org/10.1016/j.bcp.2021.114675
https://doi.org/10.1016/j.bcp.2021.114675
https://doi.org/10.1016/j.bcp.2021.114675
https://doi.org/10.3389/fphar.2021.750233
https://doi.org/10.3389/fphar.2021.750233
https://doi.org/10.1080/07853890.2021.1918345
https://doi.org/10.1080/07853890.2021.1918345
https://doi.org/10.1007/978-1-4939-8639-2_2
https://doi.org/10.1007/978-1-4939-8639-2_2
https://doi.org/10.1007/978-1-4939-8639-2_2
https://doi.org/10.1007/978-1-4939-8639-2_2
https://doi.org/10.1007/978-1-4939-8639-2_2
https://doi.org/10.1007/978-1-4939-8639-2_2
https://doi.org/10.1007/978-1-4939-8639-2_2
https://doi.org/10.1007/978-1-4939-8639-2_2
https://doi.org/10.1007/978-1-4939-8639-2_2
https://doi.org/10.1007/978-1-4939-8639-2_2
https://doi.org/10.1038/s41598-021-01535-5
https://doi.org/10.1038/s41598-021-01535-5
https://doi.org/10.1038/s41598-021-01535-5
https://doi.org/10.1038/s41598-021-01535-5
https://doi.org/10.1038/s41598-021-01535-5
https://doi.org/10.1038/s41598-021-01535-5
https://doi.org/10.1038/s41598-021-01535-5
https://doi.org/10.1038/s41598-021-01535-5
https://doi.org/10.1155/2020/4780383
https://doi.org/10.1155/2020/4780383
https://doi.org/10.1155/2020/4780383
https://doi.org/10.1155/2020/4780383
https://doi.org/10.1097/MD.0000000000016277
https://doi.org/10.1097/MD.0000000000016277
https://doi.org/10.1097/MD.0000000000016277
https://doi.org/10.1007/s00109-018-1635-8
https://doi.org/10.1007/s00109-018-1635-8
https://doi.org/10.1007/s00109-018-1635-8
https://doi.org/10.1007/s00109-018-1635-8
https://doi.org/10.1007/s00109-018-1635-8
https://doi.org/10.1007/s00109-018-1635-8
https://doi.org/10.1007/s00109-018-1635-8
https://doi.org/10.1007/s00109-018-1635-8
https://doi.org/10.1007/s00109-018-1635-8
https://doi.org/10.2147/CCIDE.S314478
https://doi.org/10.2147/CCIDE.S314478
https://doi.org/10.2147/CCIDE.S314478
https://doi.org/10.1038/s41419-021-04127-3
https://doi.org/10.1038/s41419-021-04127-3
https://doi.org/10.1038/s41419-021-04127-3
https://doi.org/10.1038/s41419-021-04127-3
https://doi.org/10.1038/s41419-021-04127-3
https://doi.org/10.1038/s41419-021-04127-3
https://doi.org/10.1038/s41419-021-04127-3
https://doi.org/10.1038/s41419-021-04127-3
https://doi.org/10.13193/j.issn.1673-7717.2019.11.046
https://doi.org/10.13193/j.issn.1673-7717.2019.11.046
https://doi.org/10.13193/j.issn.1673-7717.2019.11.046
https://doi.org/10.13193/j.issn.1673-7717.2019.11.046
https://doi.org/10.13193/j.issn.1673-7717.2019.11.046
https://doi.org/10.13193/j.issn.1673-7717.2019.11.046
https://doi.org/10.13193/j.issn.1673-7717.2019.11.046
https://doi.org/10.13193/j.issn.1673-7717.2019.11.046
https://doi.org/10.13193/j.issn.1673-7717.2019.11.046
https://doi.org/10.13193/j.issn.1673-7717.2019.11.046
https://doi.org/10.13193/j.issn.1673-7717.2019.11.046
https://doi.org/10.13703/j.0255-2930.20201207-0002
https://doi.org/10.13703/j.0255-2930.20201207-0002
https://doi.org/10.13703/j.0255-2930.20201207-0002
https://doi.org/10.13703/j.0255-2930.20201207-0002
https://doi.org/10.13703/j.0255-2930.20201207-0002
https://doi.org/10.13703/j.0255-2930.20201207-0002
https://doi.org/10.13703/j.0255-2930.20201207-0002
https://doi.org/10.13703/j.0255-2930.20201207-0002
https://doi.org/10.13703/j.0255-2930.20201207-0002
https://doi.org/10.13703/j.0255-2930.20201207-0002
https://doi.org/10.13703/j.0255-2930.20201207-0002
https://doi.org/10.13703/j.0255-2930.20201207-0002
https://doi.org/10.13703/j.0255-2930.20201207-0002
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.13471/j.cnki.j.sun.yat-sen.univ(med.sci).2022.0306
https://doi.org/10.3389/fimmu.2023.1212736
https://doi.org/10.13375/j.cnki.wcjps.2023.06.007
https://doi.org/10.13375/j.cnki.wcjps.2023.06.007
https://doi.org/10.13375/j.cnki.wcjps.2023.06.007
https://doi.org/10.13375/j.cnki.wcjps.2023.06.007
https://doi.org/10.13375/j.cnki.wcjps.2023.06.007
https://doi.org/10.13375/j.cnki.wcjps.2023.06.007
https://doi.org/10.13464/j.scuxbyxb.2019.03.007
https://doi.org/10.13464/j.scuxbyxb.2019.03.007
https://doi.org/10.13464/j.scuxbyxb.2019.03.007
https://doi.org/10.13464/j.scuxbyxb.2019.03.007
https://doi.org/10.13464/j.scuxbyxb.2019.03.007
https://doi.org/10.13464/j.scuxbyxb.2019.03.007
https://doi.org/10.13464/j.scuxbyxb.2019.03.007
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/

	1 材料与方法
	1.1 实验动物
	1.2 主要材料和仪器
	1.3 动物实验
	1.3.1 产后缺乳大鼠模型的建立
	1.3.2 CRKL给药方法及含药血清的制备
	1.3.3 10 d仔鼠总窝质量变化的测定
	1.3.4 HE染色观察乳腺和垂体病理变化
	1.3.5 ELISA检测血清中PRL含量
	1.3.6 免疫组化检测MT中PRLR的表达
	1.3.7 RT-qPCR
	1.3.8 Western blot检测MT中CCND1、c-Myc和β-catenin的蛋白表达量

	1.4 网络药理学分析
	1.5 分子对接
	1.6 细胞实验
	1.6.1 免疫荧光染色鉴定RMEC
	1.6.2 CCK8法检测CRKL对RMEC增殖的影响
	1.6.3 腺病毒过表达细胞实验

	1.7 统计学方法

	2 结果
	2.1 CRKL显著提高模型大鼠的泌乳量
	2.2 CRKL促进模型大鼠PRL的分泌和PRLR表达
	2.3 CRKL促进模型大鼠乳脂、乳蛋白和乳糖合成
	2.4 基于网络药理学预测CRKL调节的信号通路
	2.5 CRKL通过Wnt/β-catenin信号通路改善产后缺乳
	2.6 CRKL通过SFRP2治疗产后缺乳
	2.7 CRKL通过SFRP2-Wnt/β-catenin信号通路治疗产后缺乳

	3 讨论
	参考文献

