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Abstract: [Objective]| This study aims to systematically evaluate the antibacterial activity of the
combined application of multiple flavonoids and enrofloxacin against multidrug-resistant Staphylococcus
aureus , with the objective of restoring bacterial sensitivity and reducing antibiotic usage.| Method ] Multidrug—
resistant S. aureus, enrofloxacin, and flavonoids were used as test materials. The minimum inhibitory
concentrations (MIC) of 12 flavonoids against multidrug—resistant Staphylococcus aureus were determined by the
microbroth dilution method.The fractional inhibitory concentration index (FICI) of the combination of flavonoids
and enrofloxacin was evaluated using the checkerboard method to screen for the combination with the most
significant synergistic effect. Bacterial growth curves were constructed to observe the antibacterial effect.
Combined with the determination of extracellular alkaline phosphatase (AKP) activity, crystal violet staining
and cell membrane permeability test, the effects of the drugs on multidrug-resistant Staphylococcus aureus were
explored.In addition, the resistance elimination test was carried out to observe the restoring effect of luteolin on
the sensitivity of multidrug—resistant Staphylococcus aureus.[ Result] (1) The tested bacteria carried the drug—
resistant and virulence genes including sul-2,ermA,SCCmec Il ,SCCmecIll and PVL.When combined to combat
multidrug-resistant Staphylococcus aureus, luteolin and enrofloxacin showed an additive effect, while other
flavonoids such as vitexin, isovitexin and genistein exhibited no relevant effect.(2) Luteolin could significantly
increase the exudation of alkaline phosphatase (P<0.05) , reduce the biofilm—forming ability, enhance cell
permeability, damage the integrity of bacterial cell wall and cell membrane, thereby inhibiting bacterial
proliferation. (3) Luteolin could restore the sensitivity of the tested bacteria to enrofloxacin , reducing the MIC of
enrofloxacin against the tested bacteria by 2 times, and slowing down the development of bacterial drug
resistance. [ Conclusion ] The combination of luteolin and enrofloxacin shows an additive effect against
multidrug-resistant Staphylococcus aureus. This combination disrupts bacterial integrity, inhibits biofilm
formation, restores the sensitivity of multidrug—resistant bacteria to enrofloxacin, and reduces the level of drug
tolerance, thereby achieving the goal of decreasing the required dosage of antibacterial drugs.
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IVER 5 1<FICI<4 R TE AR R FICI>4 454 E R

123 FHBREHYN S ERMBGLFEHHRA LR BEATY R

S Oy 2 R G 7 A 43 A B X R4 36 41 (7% 2XMIC~1/8XMIC) AP HE4H . FH
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B0 10 mine BT , 275 O 1 i 1 Tl 300 00 B A5 R AT AR A B4 L I FEAE 520 nm b A IR KB, I AR 4
UL E A A AKPEIFPEIR, o AKP IR AT -

>, A'TII"" - A»\»
AKP‘{ﬁjj — AIJJZE ALH x C
e e

F(2) T 2 A RIS (HH A 5 37 L8 W) B RO BB 5 A L 2 BUEIK B TG BE (B 5 A 4 J2: 0.1 mg/mL
AR I MR A G BE A 5 C SR AR HE I MR MR B2, 2 0.1 mg/mLs N2 BEAT 2L
1.2.5 @25k Eagm 2

6 FH 7K 0 B U T R 2 4 v (0 A 25 BRI B9 DNA, 12 000 r/min 5.0 J5 % 13 , FH ddH,0 552 PR 4%,
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Poag . PRy AR 94 °C 5 min; B PEAT 30 MG 1 94 °C 30 s(ZE1E) 55 °C 30 s(GE k) .72 °C 50 s
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WG FeSERI I 1,
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Tab.l Base sequence,length and annealing temperature of designed primers

EIL/EA0 el K /bp BRI C
Primer name Nucleotide sequence Length Annealed temperature
F:ATCATTAGGTAAAATGTCTGGACATGATCCA
PVL 433 55

R:GCATCAAGTGTATTGGATAGCAAAAGC

F:CGTTGAAGATGATGAAGCG
SCCmec Il 398 55
R:CGAAATCAATGGTTAATGGACC

F:CCATATTGTGTACGATGCG
SCCmeclll 280 55
R:CCTTAGTTGTCGTAACAGATCG

F:TACCACCACTATATTTTCATCCTA
ermA 136 55
R:TATTCACGGTTTACCCACTTAT

F:CGGCATCGTCAACATAACC
Sul-2 722 55
R:GTGTGCGGATGAAGTCAG

F:TGGAGCATGTGGTTTAATTCGA
16S rDNA 158 55
R:TGCGGGACTTAACCCAACA
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FEHAE 595 nm AL IR BB S b A AT A P A ) R IR R A R
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A AL B g 3
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% 2% O BB WK T, PLYSEHH 1 mL A% ddH,0 BEFTIA %, B 100 WL 72 i 5 A U RHIA 900 wL
(9 PBS 22 rhiik v . ¥ 1.5%10° CFU/mL B B T 4 000 t/min B5.0> 5 min; 3% F 155 A 0.01 mol/L [ PBS T
BRI 0D, 2 0.5; 11 96 FLAR P A FL AN A 170 WL, BEINA 20 wL 100 nmol/L Y PT YLk}, i f
ZPL A 10 nmol/L, 37 “CHEE 30 min, M 5EGIH , I 5 56 UG INAAS [V L 259 , 4622 37 °CH¥E 30 min,
B 5, T EEFRANAE 37 CAME T S FR O K 535 nm, & B K 615 nm, 02 XT3 G50
1.2.8 @257 Fhml 2

23 T B2 AW )y s RIS TP B 1.5 mL MH(B) MR RE 3535 0.5 mL AR 35 2 253 (1/2xMIC)
F1100 L 1.5x10° CFU/mL 1) 22 3 i 24 4 B (0 4 5 BR PR AL, 76 37 “COARIA R IR I35 9% 24 b 42 L3Ry
SRR 440 B G — ORI %5 D TR, TR 2 1.5%10° CFU/mL, HEASRIBET 5 2 Fh 24540 %)
Z iR MIC 781k
1.3 Sitsoth

K SPSS 25.0 FAF AT Ge it o3 A, B 15 LIV S48 475 ME 25 (mean=SD) 3R o L M 14 i 1R il 7%
PE A= V) 18R 0 K 40 e 53 37 V4R X8 SR BT 3 5 22 43 Mt (one—way ANOVA) , - L) Tukey’s
HSD LT3 5 Z 5 AL, BB PEAKCFRE R P<0.05 1 i 3 7K ~F- 2 P<0.01

2 HERE5SMH

21 ZREWMAEENE

FIFH 168 rRNA B S5 i 1 )5 , 45 2100 B 59 40 KT 100~1 000 bp, I 22 BN IR K
sul-2 .ermA .SCCmec Il \PVL.SCCmec Il . AAG I H M5 2536 K 16S rDNA(E 1) , 7 & & o (08 A Bk 18 £ 3
i 25 h I

Marker 1 2 3 4 5 6 7 8

Marker: DL2000; 1 :sul-2;2:ermA ;3: SCCmecll 54: PVL;5:SCCmec T 56 : AAGIN T 245 3K 5 7: 16S 1DNA ;8 K A,
Marker: DL2000; 1 :sul-2;2:ermA;3:SCCmeclll 54:PVL;5:SCCmec Il ;6:No drug resistance genes were detected ;
7:16S rDNA;8: Unloaded well.

Bl 1 ZHE 254 W A A BR AT 25 2 5 PCR 47 3 HL Ik

Fig.1 PCR amplification electrophoresis map of multidrug-resistant Staphylococcus aureus resistance genes
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WIELT RN 2 oo 5 PP 24 0 32 1R 4 A B i 25, ok B v 2 A9 MIC 2 8 pg/mlL; S ERZE AL &
Wb AR R A M B AR M T2E AR A LR I AT S SO SR T RSO B, T AL & Pt 32
R, HMIC EIR T 1000 we/mlLo #5570 %05 HRZH 45 SR 4% i 7n HA5 28 0 BT TR A IS Bl e

it 12
FZES (P>0.05) , UEW] T A 70 e 2 o8 41 T a6 JE A 40
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Tab.2 MIC of antibiotics and flavonoids against multidrug-resistant Staphylococcus aureus and

solubility in MH (B )broth

HFR BRI R K (g mL) .
Drug/Compound name Maximum solubility in the culture medium MIC/ (g ml.™)
BT 2 Enrofloxacin ENR 5120 8
AFIP A Ofloxacin, OFX 5120 16
SLABERL Ceftiofur, CEF 5120 8
RNYP AL Ciprofloxacin, CIP 5120 16
FEMEPYAREN Oxacillin sodium, OXA 5120 8
KEEHZE Luteolin, Lut 8 000 125
it 2 2 Quercetin, QR 5120 320
#1312 Vitexin, VIT 8 000 4000
7T Rutoside, Rutin 4000 1 000
I E Tsovitexin, IVX 8 000 2000
KGHHE Daidzein, DZ 5120 2000
YUl R ZE Genistein, GEN 8 000 8 000
JEME T 2£ 2 A Biochanin A, BCA 5120 125
T4 Cepharanthine, CEP 10 000 2000
2R Myricetin, MYR 5120 2 000
S Kaempferol, KAE 5210 160
FESKEZ Apigenin, API 5210 160

VAR BE<MIC A A1, b 0 B2 B S 250 9 A FZ>MUC AR S 90, HEARos JE I A T

Compounds with solubility less than MIC, which are caused by solubility limitations ; Compounds with solubility be equal or

more than MIC indicate no obvious antibacterial activity.
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Fig.2 FICI of 7 flavonoids combined with enrofloxacin against multidrug-resistant Staphylococcus aureus
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0.44 —v—18MICENR - 0.4 —v— 18 MIC ENR#MIC Lut e
—4— Control // —<— Control /
2 0a ° e
g3 a g 03 /
8 >§ s >
A g~ o
© g 021 8 a
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0.1
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A 24 024 6 81012 24
&l /h Time i [8]/h Time

B3 [ 2 2 o T 24 4o i € 7 76 B B 24 K b 2 1) B o
Fig.3 The effect of different drug combinations on the growth curve of drug—resistant Staphylococcus aureus
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AR EC R IR R VD B 32 12 M A/ el B8 I il %) 5 i) 45 SR AN 1 4 i 7, %k REZH 440 o 20 P A AKP
TKF2974 0.5 Kings/100 mL, i35 41 AKP 7K-F- 0 b 2 5 T4 BRAL (P<0.01) s ITAAR R B R 5 , bR 1/4xMIC
AR BB BRI A 2G4 5 R v B 2y 2 5 22 55 1 240 (P<0.05) , ARG R 25 20 b o 25 v T Rl
PR FRZGYL (P<0.01) , H 24 5 38 v FE MO 14

~ 357 "
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2+ E 2.0+ " =
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5 107
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TRUG AL 5 0] IR 22 S0 0 3 (%, P<0.01) BB THZG L 5 o2 241 22 57 3 (#, P<0.05) B G 25U 5 25 4 22 R

2 (##,P<0.01)
There was an extremely significant difference between the experimental group and the control group (%, P<0.01) , a signifi-
cant difference between the combination medication group and the single—drug group (#, P<0.05) , and a significant difference be-

tween the combination medication group and the single—drug group (##,P<0.01).
4 ARBRRCRTRAG RO VD R0 22 F M 2 4 o (0 3 e JoK T 1 091 T 8 1) 52 )

Fig.4 The effect of luteolin combined with enrofloxacin on alkaline phosphatase of multidrug-resistant Staphylococcus aureus
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There was an extremely significant difference between the experimental group and the control group (**,P<0.01),

and a significant difference between the combination medication group and the single—drug group (##, P<0.01).
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Fig.5 Inhibitory effects of enrofloxacin , luteolin, and their combination on biofilm formation
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Fig.6  The effect of enrofloxacin alone and in combination with luteolin on the cell membrane permeability of

multi-drug resistant Staphylococcus aureus
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