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# E BH HE2SM T IR RAB(LFLM) , JF8T 2 2 4iat 7 A0E ka5 &3 F 3538 (MRSA) w94k ApLe . ik AR 2.5
g A2 B Bf A AR AR TR EN R R &2 BRIE R, R e R B T o R A IR L B2 69 A A & B AF LFLM, 2
BT FRANG R HLAR | % 5 #ok463 (PDI) A= LFLM #9830 %, X B x40 LFLM AR & 28(2.5 mg/mL) \LFLM " & % 28.(5
mg/mL) .LFLM & & 21 (10 mg/mL) . 8 H 28 (10 pg/mL 7 & % % ) A= B4 25 41 (10 mg/mL LFLM+10 wg/mL 7 & &%) , 340
LFLM % MRSA & %75 &, . &7 AW BT i 649 % v ; #0itl MRSA i P K \Mg* | $UBL BL 285 (LDH) |\ #b 5% 52 B (AKP ) 69 4
% ; %M MRSA ¥ mecA ,mecR1 mRNA # &R 5K P, G5B 24053 B NS /AR 69 %42 4 (80.91 £3.96)nm, PDI 4 0.26 £0.07;
LFLM £ 12 h R #9838 % A 55%,36 h M a9 ¥ 4 73%., 5 3T IRLLIE  LFLM ¥ | &k 44w M 20 MRSA #9 1 %7 4039 B
ZER Y (P<0.05), A5 FE 2 AW H A& kiR P K Mg .LDH.AKP 4% 3 2 %7+ % (P<<0.05) , mecA .mecR1
mRNA £k KT RFEHEK(P<0.05), LFLM 5 7 +#EZBA G, SLMRSAE R #t —F mik, 58 KBRS H4F LFLM, 2
B RAFeg M T8 3 AT 2k MRSA 2 6B A 2 RUBEAR IR, 4740 mecA .mecRI mRNA Fik A fn X A VER .
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Preparation of Lonicerae japonicae flavonoids liposome membrane and its antibacterial mechanism against
methicillin-resistant Staphylococcus aureus

XIONG Rui, ZHANG Shipeng, LIU Hengxu, WANG Lu, LAI Xiaodan[Dept. of Pharmacy, Jiangbei Campus of
the First Affiliated Hospital of Army Medical University (The 958th Hospital of PLA) , Chongging 400020,
China]

ABSTRACT OBJECTIVE To prepare Lonicerae japonicae flavonoids liposome membrane (LFLM) , and to study the
mechanism of its anti-methicillin-resistant Staphylococcus aureus (MRSA). METHODS L. japonicae flavonoids liposome (LFL)
were prepared by ethanol injection with phospholipids and cholesterol as carriers. LFLM was prepared by loading LFL in mixed
membranes of chitosan and polyvinyl alcohol. The particle size of LFL, polydispersity index (PDI) and release rate of LFLM were
measured. A control group, LFLM low-concentration group (2.5 mg/mL), LFLM-medium concentration group (5 mg/mL), LFLM
high-concentration group (10 mg/mL) , positive group (10 pg/mL vancomycin) , and combination therapy group (10 mg/mL
LFLM and 10 pg/mL vancomycin) were set up. The effects of LFLM on MRSA colony formation and survival as well as the
formation of MRSA biofilm were evaluated. The contents of K*, Mg*, lactic dehydrogenase (LDH), and alkaline phosphatase
(AKP) in the supernatant of MRSA were determined. mRNA expressions of mecA4 and mecRl in MRSA were determined.
RESULTS The particle size of LFL was (80.91+3.96) nm, and the PDI was 0.26 +0.07. The release rate of LFLM was 55%
within 12 h and 73% within 36 h. Compared with the control group, the number of MRSA colony formation decreased significantly
in LFLM medium-concentration and high-concentration groups, and the positive group (P<<0.05). The ratio of dead to live
bacteria, biofilm inhibition rate, and the contents of K*, Mg*, LDH and AKP were increased significantly (P<<0.05), while the
mRNA expressions of mecA and mecRI were decreased significantly (P<<0.05). The combination of LFLM and vancomycin further
enhanced the anti-MRSA effect. CONCLUSIONS LFLM is prepared successfully in the study and has good drug release

characteristics. LFLM can exert anti-MRSA activity by
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BEAE ) ISR 25 I S A 24 R B A T
i R A, BT T H AT MK 4 R R A BRI
(methicillin-resistant Staphylococcus aureus ,MRSA )% %
2 i 24 B AR, 45 I DR B0 8% 36 97 Al ok B R B AR
MRSA TEAIKIZ AT , & BCA TR IMUAE O PB4 e ik
FER A BRI i R IR YL DA S = Be AR PR e 1) &
SR, HET, IR FIGYT MRSA B R 1 1E 25 ) 2
J7 1t 8 2 (vancomycin, VAN) , HYR I8 A | 7% W iz 1538
FLEE R, SR IT AR K & B VAN X MRSA B fe/ NI B e
B I IR I I Bk A3 T X R i 24 T
25057 AR, L, FRRAR 8T BT MRSA 254 B AT
U,

S AR A N 2 AR ) 2 A W TR ARTR Bl W
A&, th BEIS Iy H B TR 5 AR AL, 2
BIT PTG PRRE IAEE IR R R A
4, ARZG IR R, SR A PUAE PO EE BT
AL IR T SR SE Z R R B, SR A
TRERIMNZE A PRI B =k SR AR
PEY BT, He & i R A e T2 Ak 5 P = B
PERUT , HEE BRSSPy BT R R LR B i o™
F O AT 0, 4 4R 4 #5 T (Lonicerae Japonicae Flos flavo-
noids , LF ) A BHIT A 8T MRSA AT

JE BTIAAE S — o R 2 s % R G0, % 2K FE R
A RAFAaERE 1, T Re S M 20 R T L i
BA BRI AHZE M SR, AR 1 B A B
A oy RAEAIT w25 A s i BRRE Ry — A B
B DA AR 50 P R Rl B2 1) T R i) 5500, 45 3103 FH B ik
252 B RR TR S AR T R P A R L aREs . T
MRSA Sz 57 [Pk AR ZH 2Rk 1) F B SR AR, A 58 00K
LF il B i A 5 (LF liposome membrane , LFLM) , Jf-#
5% HXT MRSA BT AL, DU A Kz R R 2 21
1 MRSA JE YL &ML 170 T7 SR %, [W]INF Ry LF (93— 20
TFRF B Hei
1w
L1 EENE

AT i E BN R A Zetasizer Nano ZS-90 % 7
FEALEEA (9 E Malvern 24 F] ), Allegra X-30R AU i 25
O HL (S [ Beckman 24 ] ) , LC-M20A £ 5 20 AH (5
it (HPLC) 1% ( H 4% Shimadzu 2> #] ) , DM4B #%¢ i i
Tl M % 2 4 (1515 Leica /A ) ) , Synergy 7l 2 ) i il
PR (2 BioTek A ) , CFX96 RIHE: 1 o SR A il 5
S0 (PCR) X (3 ¥ Bio-Rad A 7] ) , JY2002 %I Hi, 7 K-
(AR A PR A H]) o
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1.2 FEHmEIRXF

LF J5URH2Y (4145 220601) W4 F 74 28 K— A W8 R
A PR 7 s VAN (it 5 EZ78908353, 4l i =93% ) I T
74 ¥ BioFroxx 2 Hl ; K & g (k5 SY-S0-220602) 114
FIH (L) B 25 B A R &5 IR [ EE (it
9328010130) 14 T-db 5% 4 |6l B B A= W B R A IR TTAE A
] 3 B 45 (polyvinyl alcohol, PVA ) .52 Z M (chitosan,
CS) . H ol (4t 5 40 il S H2117244, B2218417,
E2205022) 4 T 1 MG BTHr T A (LR B0 A BR 23 Wl 5 K
B (5 ZLX8-IDTW, 4 Ji =98% ) W T rp [ £ i
2y SR E P IE B s BEIR R 2% vh ik (PBS) I T LV 3 < K
B A A7 BR 2 w5 7K i 1% & 11 (Mueller-Hinton,
MH) A% .MH 35 (415 73 51 2y 20221018, 20220914 )
W7 8 1 T A B AR A PR ) 5 0 A1 ks D)
(#t5 2663842) I T 3 [1 Invitrogen 23 ] ; £ i 48 YL I
(Fit55 2305001) I Tt Ht R ERHL A IR A | 8 1
(KOs 0 & BB (Mg ) s 3 ) & LR I
(lactic dehydrogenase , LDH )il {71 &5 | B 12 B2 1 it
(alkaline phosphatase, AKP) ] & i 571 & (#L5 73 51 K
20230113, 20230213, 20230208 , 20230208 ) 33 14 F R 5
LA W) T ARG A PR 7] 5 A RNA R B &
B 5634050 & L PCR U0 & (it 5 23 il oy TF762E3 .,
TE782J3 . TE12G3) W T B 5t 145 Ml 8 A W) R 42 R4 A7 B
N ] PCR 5 4 i A= 40 (L0 ey A BRS w5 i
1.3 Bk

MRSA B #k (ATCC43300) W T P BBV 2 97 5 4
HBRAF,
2 FHik
2.1 LFLM Byl & & FRAE

K 2 A LF IR A", FRHC900 mg LF

B R AR AR [ s (B bR 150 1T 5 mL G
K S EE A R SRR B i R O 35 mg/mL. B
FEEE A 500 r/min, FH AR 22186 B K T2 A A IR
B oK BV BOE N LEWS P 18T s, s
(Th# 200 W, #% 20 kHz) 10 min BIf5 LF Jg ik, 47
il #8 3 4tk LF g AR , ) FH 3o e b S e ok 42 Fn 22 43
HEFE % (polydispersity index, PDI) .

22 SCHR DT 0TI 2 G A PRI 2.5 g PVA IR
F50 mL 90 °CHUK v, e Hl 2 = 5 A 0.5 mL 7K
R F10.5 ¢ CSIRAT, I RL PVA-CS IR, VE AL R
HF LF 5 A \PVA-CS ¥ AT H e AR b 514 1R,
Jo B TP B EE AR L M RIS LFLM, it ¢ A
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1) 58 B AR RN IRAE S 30 N D0 T Wi 7 A2 18 06 B P TE A0 1Y
i B
2.2 LFLM 5 LF B EHE

2,170 F LFLM & T B4 300 mL PBS [ BE#h
b IR L O /S T 150 r/min . 37 °CHEIRFEIK b 4T R
JE, 23 BIAE A TR E] 5 B 1 mL PBS, )48 1 mL 3
1 PBS. MRS A PR 71 S 95 455 2% 1) HPLC Al i 4
() PBS AR REAF A & . Al A0 Platisil ODS; 3 1)
A N (A)-0.19% B B2 %5 e (B) , A BE e B (0~ 30
min, 15%A—40%A) ; Jit i 4 1 mL/min; # £ & 4 10
uL s R K R 254 nm. AR LF HOKR B A0 H 4
AT R LF S5, LA LE BEHOR , LF BRRCR
(%) =LF % i/LF £ At X 100%
2.3 LFLM X MRSA E %5 898500

WAL 6 A2, 43 oA BRZH  LFLM IR vk 40 (2.5
mg/mL) \LFLM ¥ £ 2 (5 mg/mL) . LFLM 7= ¥ J&F 41
(10 mg/mL) . FHEL (10 pg/mL VAN) FIEEA FH 2540 (10
mg/mL LFLM+10 wg/mL VAN), Fi 4% 259k B AR 5 75
SIS R E . A MH R R SRS & A 254 (JLrp
LFLM ¥ £ LA LF 11, %F BRZH A5 MH R 35 5 58 )
AN EE 45 . R MH R 3 3R 50K MRSA TR
e 5 5 3% 22 ODeow=0.4[ B 600 nm P K F , B WL OG B
(OD){H M 0.4], SR 5 Fi BE 10 000475 5 1] 45 2H &5 2 1 R
HIA 43 2 — R FUHRG BE 5 1) MRSA B, 12, B 60
wL i 2 MH 35 F-Alcrb o, AR A S8R 1, R dl i s
3ANEL, E T 37 cCHEIRIGFAA T % 24 hLESTRIVE A=
KA, T4
2.4 LFLM Xt MRSA 737 ) 240

Fi2 42,37 WON J7 vk oy 4, B MH A 7 85 37 52 4%
LFLM F1 VAN &4 2 A R B, 253 A B0 | mL, & T
2 mL B0, A 100 L MRSA B i (ODse=0.4) ,
T 150 t/min 37 °CHEEFEIR 35576 ho HEFR4 G,
PL10 000 X g #5.0> 10 min, 37 FVEW, MIUIHEH A 1 mL
AR KBS RO, 7 WS A L mL A= 3
KB, A E 5 wmol/L 4¢ {65 Y6 1% i YLkl SYTO9
#1130 wmol/L fllfk IIE (pyridine iodide, P1) [ YL 4% 1.5
L IRAT, Z YL 0 15 min, 10 wLiE R4 A
R G FPO6 R MBS T RELE 34 ISR EME , 2%
IO CFIRIEH , LLEADIERIRIERE . I Image J 5K
JG a1 Na = K5 S v L AN S R AT 2D B =
WS REZ .
2.5 LFLM X} MRSA 4 #1 B2 5 B 22 0

Fi 42,37 WUR J7 vk 4y 41, R MH R 35 57 5L 4%
LFLM 1 VAN 8% 2 AH W BE , 25 AR 1 mL, BT
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2 mL B, A 100 wL MRSA B (ODeo=0.4) ik
A0, N2 96 LM, 4L 100 pL, R 34 E A
K5 FLACE T 150 r/min 37 °CE IR HE IR _F1F % 24 h, 25
EENTEW, LA FRER K I 238 I 17 4% AL A 100 WL
P [&] 7 10 min; 37 H B Je FH AR B AR K 08 2 38, A
0.5% 45 i 28 Y {8 30 min; 37 YL I 5 A B /K Uk 2
i, I 100 wL 95% L BER B , >k AR T 590 nm
WA E ODAE, FF T4 AR WA 32, A= W s ) %
2.6 LFLM 3%t MRSA FiF#&H K . Mg* LDH . AKP
g

22,37 WU J ik, A MH R 7 35 55 2608
LFLM 1 VAN &% 22 A W BE , 25 A 1 mL, B F
2 mL .08 H 5 MRSA B (ODs=0.4) i B¢ 100 £%
J&  BU100 pL in A B A RS AR E 3N ER B
F+150 r/min 37 °CHHIRFRIR 3557 24 h, LL10 000 X g 5
> 10 min HCE I W, He AR N R0 &5 10 B 43 07 vk 43 SR
L3P K Mg™ \LDH ,AKP A9 it o
2.7 LFLM 3t MRSA 5 mecA .mecRI mRNA & ix 7K

spA|

F242.67 0 F )7 e 40 4 A8 3% MRSA (85 32 15 R] g
16 h) , BAHIE 3 EE I FREHG B0 5 FIFI,
TUTE FH A BEER KTV 2 388 5, WO TR , MR AT 751 6 10 A
7 A UG RNA, I #E1 7300 4% S M PCR 3, L) 165
RNA NS HE A AR 2791 8 mecA .mecRI mRNA
HFEkKF, PCREIYIFAN W1,

%1 qPCR3|#MFEF

AR I3 TRk b
mecd #:GCAATCGCTAAAGAACTAAG 25
Tiif: AATGGGACCAACATAACCTA
meckl [i#: ACACGACTTCTTCGGTTAG 3%
N GTACAATTTGGGATTTCACT
165 IRNA [ ACTCCTACGGGAGGCAGCAG 197

Tiif: ATTACCGCGGCTGCTGG

2.8 GITESH

& H GraphPad Prism 8.0.1 #1748 11274047 , Bk
WL x+s TR, ZA N ERCR SR I 200
Tukey’s ZH 4. K40 /KifEa=0.05,
3 H#R
3.1 LFLMHIRIEER

LF fIg 5 1A 1) ki 42 & (80.91+3.96) nm, PDI g
0.26 +0.07,, HoRi A2 437 [ WL 1, LF i o A 5
RHE A G RS R B, H AT R4 0 B R R, 36
B LFLM il 85 12 o B SE g 25 5 /R ,LFLM #£ 12 h
RS, 12 h N BRI 55% 5 12 h LUJG BEGH
RYFNE , 36 h I BBUREHCRE A 73% , B WLIET 2,
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15 3.2 LFLM Xt MRSA B &AL 158 & £ W BR T B RS
R
MH B0 B 52 00 6 5 7% , 5% B2 A, LFLM
. v B 2P 2 P VR B B D (P<
0.05) 5 15 BHEZH Ho e 196 PRI 2640 B 0 M 55 i >
(P<<0.05)., 44ty EoN, S5X R4 A, LFLM
| T B R T BE B 5 0 1 2 LB B3 T (P <
1 E T TR 0.05) 5 15 FF 2L 1 LELM 8 ik B2 201 H e 166 45 Y 25 20138
e WS 2 W BT (P<0.05). AL 4 R 5
A1 LR R PR R K 2L M A 5 BT

i /%

] i (P<0.05) ; 15 PR HEAHL A LM 5k S 20 B 4 126
0 - _— G R SR 1 5 TS (P<<0.05) ., 4554 ILIEI 3.1
E “] 3.3 LFLM %t MRSA B K* Mg* LDH AKP B8

T wR
1/ St BRAL AR, & 24 W K Mg” | LDH.,
S AKP &5 27125 (P<<0.05) . 5 LFLM 2 vk 1 25 1
i BE 2R oA, 1064 T 2520 B3 K- \Mg” \LDH , AKP

£3 GEEH : .
B2 LFLMATREH L S R T (P<0.05). ZEENES,

AT IEL B. LELM IRk 4l C. LFLM ik iree D. LFLM F5 ik 20 E. B4 FIGHZ5A
3 LFLM X} MRSA £ KB &M 45 R

SYTO9

100 Py - 100 pm’

100 pm 100 pm 100 pm 100 ym 100 ym

PI

o ¥ 2 i

Merge

: ;i 100 jim: n D ; UL 100 ym
AXTHEA B. LFLM ki £ 41 C. LFLM iy 4L D. LFLM {4l E. B4 F.IA 241
4 LFLMXf MRSA 7ZiERIEINE R
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®2 BAREEHH EESEEZL EWEMHZE
MELER(x+5,n=3)

45 [ 3% RASHERZ I R %
bapEl 6200045233 0.10£0.01 000+5.24
LFLM kB4 558.67+49.13 0.27£0.09 5755£2.87
LELM kAl 388.00 4 36.48° 1.00£0.16° 77994158
LELM k4l 162.00+25.66° 1362028 §7.09£2.23*
il 304.67£48.23° 149£0.04° §732+123
iR 6533£35.03® 2714090 96.82£0.32™

a: S5XT IR Heds, P<0.05;b: 5 FHPEL FL#, P<0.05;¢: 5LFLM
A HERR , P<<0.05,

R3 BALFBRPK Mg* LDH AKPESENELER

(x*+s,n=3)
A5 K/(mmolL)  Mg*/(mmol/L) LDH/(ULL) AKP/(UL)
ERAL 090£0.12 0.080.02 11655 16.67 2804222
LFLM kAL 168017 1.11£0.06° 268.07+9.66° 13382072
LFLMFrife 4 1.84£0.06° 1282013 41064 £11.03* 2411309
LFLM &k 1.98£005° 180£0.14° 731374110 35071158
el 2224005 2831025 1181041147 63.80£1.58
i 4203003%  3861008™  222960£3406%  11942£321%

a: X IRAL A, P<<0.053b: S BIFELL HL4E , P<<0.05;¢: 'SLFLM
T EELT LS, P<<0.05,
3.4 LFLM %t MRSA H mecA .mecRI mRNA &i%x7kF
SEAEES
5%F BRZH AT, 4% 25 25 4H MRSA ™ mecd (LFLM {i%
e RN ) \mecR1 mRNA Fik 7K -1 g F AR (P<
0.05) . 5 LFLM = ¥ £ 21 b 55, BX & FH 2541 MRSA
mecA .mecRI mRNA & ik /K- i AKX (P<0.05) o
ZEIR L4,
R4 K HMRSA B mecA.mecRI mRNA 7K il i€ 45

H(x+s,n=3)

A5 mecA mRNA mecR] mRNA
TR 114010 098£0.03
LFLM {4l 093£0.10 0.65£0.05
LELM kAL 0.53£0,02° 0.73£0.02°
LFLM gk 4 0.73£0.13° 051£002°
il 0.11£0.00° 0.14£0.00°

kA W4 0.15+0.00° 0.17£0.00°

a: G HRZH LE A, P<<0.05;b: SLFLMm B4 LU, P<<0.05.

4 iFig

IR 3 i LR X031 J2= R4 1 e S K e
IKPEZG A B DA =5 25 W) A R P ARG SE 1k
I ELBAT i BE 0 A= AR AR R A AR W mT R g, 2 LU B
RG2S AR s MR TR ACH FH A0 o 5 T ik A R 0
OB G0 28 RE S R A R AR L
FPULE AR Z 18], A FHUARMI s ASBIETER ) 2 B
TEAEAN AT 353000, bl 45 79 i o 1A LA e o
1o RAR RN — DS s AN B, I il R A X
B, AHM T RE . CSIE—FRIRIER S £
W, FA LRV e AR A OGS R SR e
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SRR BRI, CS B AN AT LA &5 B I A fe
P o6 TR PR TR PEY . PVA SR —FP G KIS T
O, BAT R AR WA 2 AR R | H B 258
il 75 F) S At SRR A R, ASF5E DL CS \PVA (LF R i {A
AH IR A A5 0 LFLM 38 24— | BAT B4R fn
BB

U VAN BAE R 1l R4 MRSA 19—k 254, (HE
FEBCREZYI0 ]2, BRI PN 5 25 H R R 22 i
VAN () MRSA Btk , R RFE VAN By Al T 3F—20
BRI T 22505 15 MRSA I R, —SepFgy 30
25 B2 B A3 S AR A RT fB 2 X MRSA
) — TR AR 4510 - B AT R E ] S e Bl A R
Ji% 2 11 K fife 2 P it P 13 VAN X MRSA 5 i BE 1%
it 9 B IE YT VR FH™ 5 i A AL TR 368 a4 1) i 6 11 7K i
FE I P ORISR MRSA WEE )", A5 RSN B
SEERI A PR T LFLM HH 056 VAN X MRSA 94T
BRI, 45 R W], LFLM B 2 & i MRSA 4K {2
AT, I AE 5 VAN BB 5 5T MRSA G 38 fin . i
TR A P PR A T B A AT SR S i 2 P A R
A PN G 32 200 M %) 03 40, DR 0kt A 0 B2 24 R T 2 1) 2
, T 00 ) 200 DT A4 A BB P T2 S D0 2 oy L 4 i 245 179 B 22
WA AWFSY & B, LELM A] 41 MRSA 4= ¥ i 4 1%
A, I HA5 VAN B J5 I AR P RO B4, ]
U, LFLM AJ/E R — R e R4 MRSA IRYT 2541

210 BT 240 60 R 200 P S ) e T LB T ) B DL i
214 24 TR 200 R A A0 R e TR LD 4 I B ik i &
L Ah , DT S B R O T A T2 T 40 A 41
JEE 22 11 1) AKP Fl 341 T 20 5 7 i) LDH 1] 76 20 i BE 1
21 it S SR A R S A, B4, B A KR Mg 2>
T YA R4 497 IsF 9l 2% 3 . R G, BRI R K Mg
LDH AKP £ 32t 119 755 4K R S5 B2 A1 240 6 R 7R 40 i A P 45
Vit . AT LR Won , 4 LFLM T HiJ5 , MRSA |
HW K \Mg” .LDH ., AKP & &7 5 , iX #2758 MRSA
it P 40 S R 8 i, 4 AT BE S LFLM 838 T MRSA 4
JRUEE RN ARAT 5, S5 A Te s SR — 80,

T3 MRSA i 24 11 32 22 i U2 HHAT mecd SEA
23k R ) = A 1) 75 R R 45 A B 1 2an] BB B- PN R A
A 2N A P AR A RE B R s mecRT BRI mecA
FEPR ) ik oA JHEEAE BRI mecA .mecR 1 FE[F
() K2 0% MRSA TRt 25 ™ . ARBFSE 45 R s,
LFLM W] A% mecA .mecRI mRNA /K-, iX #2717 LFLM
Al e BA 3% MRSA TH251ERIVE T

2y, ol 3 A AR gE MRSA 4H it B2 A0 20 i B IR, 3 4]
mecA .mecR1 mRNA ik , W\ B IEPLEAEH .
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