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Abstract: This study aimed to investigate the mechanism of Ziziphi Spinosae Semen in inhibiting
LPS-induced bovine mastitis using network pharmacology, molecular docking and in wvitro
experiments. The core components and potential targets of Ziziphi Spinosae Semen were screened
through TCMSP, Swiss Target Prediction and Pharm Mapper databases, while bovine mastitis-
related targets were obtained from DisGeNET, OMIM and GeneCards databases. Venny, STRING
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database and Cytoscape 3. 8.0 software were used for topological analysis to construct compound-
target and disease-target interaction networks. Hub targets for treating bovine mastitis were screened
and subjected to GO functional and KEGG pathway enrichment analyses. Molecular docking and
visualization were performed between hub targets and active components using AutoDock. An
LPS-induced inflammatory model was established in bMECs, with CCK-8 assay, qRT-PCR,
Western blot and ELISA used to analyze the effects of Ziziphi Spinosae Semen on inflammatory
factors (IL.-18, I1.-6, TNF-«) and hub targets at mRNA and protein levels. Results showed that:
9 bioactive components of Ziziphi Spinosae Semen and 235 potential therapeutic targets for bovine
mastitis were identified; PPI analysis revealed 4 hub targets: epidermal growth factor receptor
(EGFR) , estrogen receptor 1 (ESR1), peroxisome proliferator-activated receptor gamma (PPARG) ,
and phosphatidylinositol-4, 5-bisphosphate 3-kinase catalytic subunit alpha (PIK3CA) ; GO and KEGG
enrichment analyses indicated predominant involvement in biological processes including positive
regulation of cytosolic ion concentration, receptor complex formation, and steroid binding, with
significant associations to pathways such as central carbon metabolism in cancer, endocrine resistance,
insulin resistance, and EGFR tyrosine kinase inhibitor resistance; Molecular docking demonstrated
high binding affinity between ESR1 and the key components of Ziziphi Spinosae Semen, betulinic acid
and daucosterol. In vitro experiments confirmed that Ziziphi Spinosae Semen bioactive components
significantly suppressed the LPS-induced upregulation of IL-18, IL-6, TNF-a, and ESR1 .PI3KCA |
PPARG mRNA and ESRI protein levels in bMECs. In conclusion, Ziziphi Spinosae Semen exerts
therapeutic effects against bovine mastitis primarily through bioactive components like betulinic acid by
modulating key targets including ESR1. This study provides a scientific foundation for developing
Ziziphi Spinosae Semen based therapeutic strategies for bovine mastitis intervention.

Keywords: bovine mastitis; Ziziphi Spinosae Semen network pharmacology; molecular docking;
bovine mammary epithelial cells; inflammation factors
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1.1 FEHBERXF

W4 LR B B2 40 8 DMECs i A 52 1 % %
£ . DMEM §; 353 0. 25% Bl (41t 5 : 6124494 |
2868000, 3 [E Gibco 24 wl ) , i 4 i ¥ (4t 5 -
48102802A, Wi L A M AW B A R A H ),
TransZol Up Plus RNA Kit (#t 5 : P51101, b & 4=
K449 ) , HiScript III All-in-one RT SuperMixPerfect
for qPCR. Taq Pro Universal SYBR qPCR Master
Mix (#t 5 : 7E139214 . 7E1891B5, [ &t i#; ME %% 4= ¥y
BB Ay A BR A R ), JC il JC i 7K L CCK-8 Ik 7] &
fIg Z 4 (4t 5 . 20240903, 240007003, 3231030007,
b mt R k E R A R A A ), ESR] Estrogen
Receptor a Rabbit pAb(#t5 : T11270940, 3k FH 75 2%
W B A BR 28 ), T1L-1 beta Polyclonal antibody
Multi-rAb™ HRP-Goat Anti-Rabbit Recombinant
Secondary Antibody (H-+L) (#it %5 : 16806-1-AP
RGAROOL, i = & A=W H R A BRAF]) |, 28 g I8
L F o (TNF-o) 2 HA LA F 1R(IL-18) .4 H
40 L A K 6(11L-6) ELISA ik 7 & (4L 5 : 20250630-
N683388L . 20250630-N248991L . 20250630-N138834D,
R AE R A IR A ) o
1.2 FENREES

AR B SR AR 3TL(FEBR R B (R D)
A BR 2 7)) 5 ABI StepOne Plus %% 5 PCR X ( 25 [
ABIZ\ A]) ; NanoDrop 1000 8 43 566 B i1 (3§ Bk
At R BN ( ED A R R s Multiskan FC bR X
(FEBRCH /R (R )R AR A A o
1.3 RKWHE
1.3.1 MR A A I% 1k A 4y 0 ik i it TCMSP
(http://Isp. Nwu. Edu. en/temsp. php) . SwissTarget-
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R, B T O 1) s B PR A R
1.3.2 WyAFLp R MBUR A G sk M
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B . A & B AR R AT B LT A R
AR SCJEUA I 2 N Sl AT T A R DL D AR G
SRR I A DG T s 42 B0 a5, X 45 SR B S
W o A PR, RPAS 5 4 2L 05 AR A
1.3.3 PRI PR B 43 2 8 T % R0 A A B

1& F (Protein-protein interaction, PPI) ¥ £% [& 43 #t
PR A~ 5 FL 5 R R SE R i 7 se 2 L 1R B 5
B R TSR A S A STRING (https: //
cn. string-db. org) FHE i, #4 S A 5 4 2L b
RAL[FH A 0 PPII 45 18] . 3t PP 45 [ - 4%
5T # o TSV & X 30, ] Cytoscape 3.8. 0 %
AT 0 28 L3R IR A 53 1T
1.3.4 8 8 GO ) fg E B Ml KEGG & % 4 #r
TR 542 5 R AR S BR T RIEF
o3 D RE #E AT GO T RE 23 # F KEGG i 3w 4R 73
Bro #&RIE P<<0.05 0 22 5 A 4i 127 5 iy b ifE
10 38 , AR PAE f /N8R HESE 23 3 I GO 43
Frai 1062 . KEGG 70 #r i 20 7 Y8 s AT 22 18]

1.3.5  “BREA AT -5 3L 55 9 B 4 -5 53 7 1)
2% 15 g At i 196 4% 0 B8 4G, R Cytoscape3. 9. 1

A HEAT 8 F NG o3 BT, 2 BRI AR FL
Jr R 05 {55 3E I PPTIM 2% 1R
1.3.6 4rFxi4 {40 X ok VP AG I M
o35 R0 5 22 B 25 AR B . AR PR AE PP 2% i
K A1 e M (maximal clique centrality, MCC) 5 ¥
HE4 , e FE T 4 07 AH OCHE S AT 4 > e & W kAT 2y
T X H . £ Pubchem 4 & F 8% .06 & W =4
GER sAISCHF o DADCHERE 430 Z 4K, 32 AR 1 pdb SCHF
T RCSB 8 ¥E Ak B, £ Autodock W47 X 2,
et s R H
1.3.7 W4 ZURR b K2 40 M {4 51 5 3F 20 it 3
B« R FH o L 2 ) (2020 4F ) B A7 38 A5 0 K
(0 75 v A% R A I AR ), B B T DMIS O %5 fif
il B R A AR . B R WA P R AF ) DMECs, il
ASE4 3 5 (DMEM+10% B 4= 135 ) , 76 37 °C.
5% CO, t Fa & 16 48 3~5 18, 6 % 40 fo vk 5 &
5000+ 4L ", 7 96 FL A 85 55 2 W BE B # 0.6. 25,
12.5.25.50,100,200,400,800.1 600 pug+mL ' Fig &
B Y 5 DMECs 2 0% &/ 24 h, & 4L Jm A 10 pL
CCK-8 s WY , 37 “CHFE 1 hJm , W& 450 nm WO
JEEAE W00 40 i 348

TR o 21 < 152 ) BEZ (B 4 iR 0. 0196
DMSO 1 5¢ 4= 35 35 3 ) 5 LPS 5 A 4 (56 4= 15 77
HA+10 pg-mL " LPSALEE 1 h) 5 R4 48 BUY A%
g (2R IR A I 50 pgemL T AR PE 12 h+
10 pgemL " LPS AL # 1 h) ; H5fl i 2 ( 58 & 8% #
F A+ B 100 pg-mL ™" 4B 12 h+10 pg-mL ™
LPSAbEE 1 h) s m il 4l (B &R R+ Ry
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5 Pk DR R O B8 5 mRNA R 3K 53 17
bMECs #2228 24 fL AR, 35 3% 3o 7% 22 200 J s B, 2
Jifd Acb B 25 TR, 40 ] PBS ¥ %% 3 ¥k, TransZol Up
Plus RNA Kit 4 B 45 41 280 it mRNA, I %2 RNA ¥
B4l B, AR 4% HiScript 11T All-in-one RT Super-
MixPerfect for qPCR #:4E L B¢ 5 i cDNA, Taq Pro
Universal SYBR qPCR Master Mix & il #¢ i
IL-18.IL-6 , TNF-a % 14 A ¥ #1 ESR1,PI3KCA |
PPARG .EGFR mRNA ¥4 5% | L GAPDH J N & %
SR 27 E bR A X S

4 B 2 M TR 7 RN 32 LR S 8 1Y Western blot
I RIPA 24 g AS W) Ab B 20 40 jg , 2 0 )5 B L35,
JHBCA 7] & & 25 Yk B . SDS-PAGE 43 i 15
M, 4% B % PVDF B £ 1 h, — 3t ESRLH B
$oh 1:500) IL-1B(F A% %R 1:1 000) .GAPDH
(R B BN 1:5000)4 CHF F 1 8, HRP Aric 41
(Wi BEAE £ 1:5000) i 1 h, ECL 5% , H Image
JERAF I S K FEAE T 537

40 g o3 b e P K T TL-18 . TNF -, IL-6 ELISA
Aoz < g 4 AN (] Ak B ZH 48 B b3 L4 °C 3 000 remin!
B30 10 min 25 BR 40 M0 0E R o REAS 5 05 ok & A B
A B, — P F (37 °C, 1 h), Wik, By ks — ¥
B (37 °C, 30 min) , TMB & £ ( % & 8 )% 15 min)
RNk OB, B AR O 5 450 nm WG B, 22 il b 1
i 2, AR A AR v i 2R T E 5 A% A A0 R R R B
IL-13. TNF-a IL-6 ¥ ¥ .

#£1 qRT-PCR3|#FE7I
Table 1 Primer sequence design of qRT-PCR

K Gene 5191731 (5'—>3") Primer sequence
IL-18 F: ATGACTTCCAAGCTGGCTGTTG
R: TTGATAAATTTGGGGTGGAAAG
I1L.-6 F: CACTCCATTCGCTGTCT
R: GTGTCTCCTTGCTGCTT
TNF -a F: ATGTGTGTGGAGAGCGTCAA
R: GGGCCATACAGCTCCACAAA
ESRI1 F: ACTGTCTCAGCCCTTGACTTC
R: CTCGTTGGCTTGGATCTGGT
PI3KCA F: CACCAGAACTGCCAAAGCAC
R: AGCCATTCATTCCACCTGGG
PPARG F: AAGAGCTGACCCGATGGTTG
R: GGTTCACAAAGCCGGGGATA
EGFR F: GGGAGCTACCCTCTCAAGGA
R: GGGGCTGGAAGTTTATGGCT
GAPDH F: TCACCAACTGGGACGACA

R: GCATACAGGGACAGCACA

24743 M (one-way ANOVA), Graphpad Prism X
PRI G, P<<0. 05 22 5+ . % .

2 & R
2.1 BECEMERSHIE

il 37 TCMSP #l Swiss Target Prediction Pharm
Mapper FHE 7 3R BUR 2~ Ak 22 oy o i i IR B
PIM A (OB) =300, 82545 (DL) =0. 18 /i 1
BT, AL 4G PR AT I K | HE IR R 0 5% Y 25 R A% 9 4>

1.3.8 M#Esb  RJHSPSSGIF MM MAR AN 2).
5 DAV bR 2 (o) "2 R
x2 BECHEERS
Table 2 The active components of Ziziphi Spinosae Semen

gp1 Hz i /0 K 3k
ﬁziﬁiﬁ #5391 Compound ()raul Eﬁi\fﬂi{bﬁli?éﬁ]ﬁ) Drug—l?l:ffei (DL)
MOL001521 F AR Ceanothic acid 33.41 0.77
MOL001522 (S)-kam AR i (S)-Coclaurine 42.35 0. 24
MOL001525 % N4 Daucosterol 36.91 0.75
MOLO001527 R AT A Jujuboside A 34.96 0.62
MOLO001532 L #) §§ B Phytosterol 36.91 0.75
MOL001539 1R 25 {~ 2R ik Sanjoinenine 67.28 0.79
MOLO001542 A REE Swerlisin 31.83 0.75
MOL001546 R AT Zizyphusine 41.53 0.55
MOLO000211 HHERR 2 Betulinic acid 55.38 0.78
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AL D7 RS L 178 A | 4 B0 R 2 3K R AN K i AT T
A8 UL U H0 R 11 9134, A TR AR 12 09145
i 14 TCMSP Fl SwissTargetPrediction % # /7 #4 &
M A 25 B0 R 2854~ o R R R g AR FL
iz 98 5% o 0 A 28 A AT B A8 AE A 235 4 (/1 1A) .

A
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FIH Cytoscape 3. 9. 184 14 2 W2 A~ Wi 43 - 5 28 5L
i 98 B0 1~ 5 3 I I 4% 11 s, G b 2 g G 1R R
TR BR T HERR R | 26 N 2R IR RV 2 N 1 46 75 I 2%
H Y Degree fH K, % ¥ i PTGES \HSD11B1 .
CYP51A1.RORC 5§ Iy 7 2 i1 2k FIAH G QA 2
(EIB) A WERT A REH R ZL N Z
P E AR

WiFLE %

Ziziphi Spinosae Semen Boyine Mastitis
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il N

1 BECEDNFIABERLTELS Venn B (A)RAY-B 5T - LR M&EE(B)

Fig.1 Venn diagram of Ziziphi Spinosae Semen and bovine mastitis (A)and drug-component-target network diagram (B)
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A0S A5 5 R G R, SR A RN [ RS A
Wt R (K 2A) . KEGG 8 48 H7 15 5 143 415
53l % (P<<0.05) , 25 SR WoR R A -4 3L R
(10 58 B8 B A5k PR 2 0 0 R e b B ARG, PN 43 T

MOLO(

MOL001546
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it 24, e 5 ZE it 25, 2 B 2k K DR 52 1A I A 1R 0
0 R0 i 24 45 £ o % (R 2B) .
2.4 OB EREEMNEESH

il 11 Cytoscape 3. 8. 0 # {4 %} STRING %k ¥z /&
R A7 A S ERER S HE AT PPT I al AL 43 87 (8 3) .
A MCC 55 3 14 2 HE 4 B 4 09 52 528 EGFR.
ESR1.PPARG .PIK3CA.,
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Fig.2 GO enrichment (A) and KEGG pathway enrichment (B) enalysis of key targets involved in the anti-bovine mastitis

effect of Ziziphi Spinosae Semen
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Fig. 3 PPI network of Ziziphi Spinosae Semen
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it $2 ) e B <<200 pg-mL I 40 A 5 R C W W AR . PR, JE 2R 5 % B 50,100,200 pgemL !
AR A s B TR A RS vk B A B, A A R R R R A AR

K3 HFESROEBSNSFIHE(LESEE)

Table 3 Molecular docking of compounds and core targets (Binding energy) kJemol *
B A [ & EZNIIN P N FE AR [

Core target Sanjoinenine Betulinic acid Ceanothic acid Daucosterol
EGFR —22.59 —33.35 —34.35 —34.48

ESR1 —27.95 —36.69 —31.51 —36.57
PPARG —26.02 —24.98 —25.65 —34.18
PIK3CA —28.24 —32.30 —25.56 —30.71

A. FAMEJERR -ESRL;B. #1# M -ESR1
A. Betulinic acid-ESR1; B. Daucosterol-ESR1
B4 HFE5METE

Fig. 4 Docking results of compounds with targets
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=1 T T T T T T T T
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Bl N Ths” =3, SXTUAM I, #2. P<0.01,##%. P<<0.001
The data is represented as “T=+s”, n=3. Compared with control group, ##. P<(0.01, ###. P<(0.001
5 ERECEIRYX DMECs 40/ 1800
Fig.5 Effect of ethanol extract of Ziziphi Spinosae Semen on the viability of bPMECs
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F FURZ OB A5 09 mRNA FAE 1 3835 19 52 an 20 41 i % Pk B TL-1B. 1IL-6, TNF-« Al ESR1,
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53t A M e, LPS 4 s bMECs ) EGFR G . 4%

MeE 2 5 ESR1(—36.69 kl-mol ") \#1 8 M 5
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Fig. 6 Effects of ethanol extract of Ziziphi Spinosae Semen on inflammatory cytokines and core targets mRNA

transcription in bPMECs

B RIRG R A 7 R, 5 X AL, LPS
A FRAT i % B R TL-18 A ESR1 2K 4 # 1k M TL-18.
IL-6  TNF-a R TR A i 2 Wy ] Bl vk J32 A2 1k
i IL-13 F1 ESR1 8 F1 33K M TL-1B.IL-6 \ TNF -«a
R

3 %W i

AW 5¥ B T TCMSP F1 SwissTargetPrediction
V- AR AT TR AT IR L R AR R R SE W S R A 9
WY o R HIE , OHERR R B S R
AT A TRIERM . BAE S U425 RAH

FeHL R 22 FE A4S 235 A SRR R AT 5 1R
SRR EYI A,

FErp R0 0 0 B RS 5 R B AU 5 RO 5

i & i PP 4% i %% 3 1 EGFR \ESR1.PPARG
PISKCA fE M #% 088 45, qPCR 45 5 B R, iR A~ ]

i F# ESR1,PPARG ,PI3KCA ) mRNA ¥ 3 , %
R aeld Z SRR EZ MU EIL R
1) R 2~ 1] B 38 i 98 7 EGFR/MAPK {5 5 il i &
FEWRITAE R o EGFRAE g — Bl 32 1k i 224 W2 ¥4 1
(RTK) , H ) g 1 o 3 B 32 8% W2 fb A& 1 )8 4%, 1 I
B SRS AL . A BT B AR UL 5 B R R B4R
XF EGFR mRNA 335 (1 1 25 52 W, {5 X 2% 24 B2 53
Mra s, Ham vl 5 EGFR B 2 R 54t 41 41 7 it
25 5558 B VDA G . ©A BFSE R B, LPS il T 38
it TLR4 5 EGFR Z [H] 09 SR AR 1T, 0% MAPK i
B, PR AR HE TL-18 . TL-6 F1 TNF -o 25 48 P K 7 il
5L R AN A RE AR A . DR DR R A Y



34 TR T4 2532 5 R AMR 0 BT 5 R R A R 5L 5 A B 1719
A C
0.99 1.5
0.8 it i
E e
ESR1 [ - - Jo6ku =7 r* m & 107
O 0.6=- sexk =
IL-10 | e— e 31 ku 20.2-- é .
7] B e S5
GAPDH t—————d B S d'os -
jEm——— a I
A ) B % 165 56 " Blank LPS _50__100__ 200 Blank LPS __50__ 100 200
(ugrml™) TR R (ug mL) TR (ug mL)
4191 Group 411 Group
D E F

S
1
*
#*
3
O
1

o
1
*
*
*

=
1
=)
1

IS
1
[
1

N
1
IL-63¢ i/(pg-mL-")

Concentration of 1L-6(pg/mL)

IL-1B¥HE S/ (pg-mL)
Concentration of IL-1f (pg/mL)

=3

=

#Hitth

[S]
=1
]

i

Hk

w
1
*
*
*

ook

TNF-af¢J#/(pg-mL™")
3

Concentration of TNF-a (pg/ml)
3

il

Blz;nk Lll’S 5‘0 160 Z(IJO
R/ (g mL)
2[5 Group

Hekosk
T T T T
Blank LPS 50 100 200

=3

Blz;nk LlI)S 5‘0 l(I)O 2(‘)0
A R (ng-mL)
215 Group

R R (g mL)
215 Group

BN “THs" , n=3, 525 X A L, #58P<<0. 001; SR (LPS) M EL , *. P<<0. 05, %%, P < 0. 01,*%*, P<C0. 001

The data is represented as “T=+s”,
(LPS), *. P<C0.05, **. P<C0.01, ***_ P<C0.001
B7 BRER(CERYI ODMECs %% HEFHESRIE AKX

n=3. Compared with blank control group, ###. P<C0.001; Compared with model group

okl

Fig.7 Effects of ethanol extract of Ziziphi Spinosae Semen on inflammatory cytokines and ESR1 protein expression in

bMECs
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