WL TR, H 51 AL H 5 #2024 59 A
Journal of Zhejiang Sci-Tech University
DOT:10. 3969/j. issn. 1673-3851(n). 2024. 05. 001

RBIAADERFIBENES
RRG &R EE SRS

MER  BFUE  1ER X X, AW FLER

(1.3 T REMEAF S TRF%, 40 310018;2. #riz 5 P B ELASEREH, M 310003)

W OB ARGRAFTEREBELGEEL GEEN R E—R AT LA, Gkt 25 M0 Wk,
R FBIEE S RRIBAR BB HF RSB AR A THEREL, ZARYERFTOAEA
AERFAK SP 3 K89 IR (Micelles, MS), v & A7 & # 57 7K 2 4 38 & % 2 (Ciprofloxacin, CIP) 4= 4] 4 -
(Rifampicin, REP)# ¥ £ MS ¥, & 7 CIP@MS #5 3£ — 2K 25 5 & & CIP/RFP@MS 9 33 24 x5 556 4 F 84
LA TS 1 R R R A B R AT MK 5 A, MS.CIP@MS, CIP/RFP@MS 5 &% & H 53k &
(Staphylococcus aureus s S. aureus)Fa K W38 H (Escherichia coli, E. coli) 233 IR % B 5 R K9 B 1E
A5 AR N 0 R 33 A AR AE R I R ks ek, SREAN . RIMAL CR-EVNRRB S M AEK
T B KA 142 nm KA B R R BB RAEE KA 194 nm; CIP £ CIP@MS 69825 % 1. 424, CIP
#= RFP & CIP/RFP@MS ¥ 49 8,25 £ 5 51 4 1. 09% A= 1. 41%; CIP@MS 3t S. aureus #= E. coli #13H F 5 %] A
27.7% 4 99. 9% ,CIP/RFP@MS 2t S. aureus #= E. coli ¥4 5 5 51 £ 2] 85. 4064 100. 0%, & 5 A MK 2 Jix
ROGH &I R B AA @ e S R T — 4 K3 R A e AR I

KR RARALTHENRR R ARY 2 AA4EFR1H

HESES: TB324 SMHEAARERD: A MEHES: 1673-3851 (2024)09-0579-09

SITABT ATH L RAE FNER . RERARRY ERABE T REGYI RPN ERL A Mo A[]] drizz
TRFFROARHAF),2024,51(5) :579-587.

Reference Format: HE Qingling, CHEN Liuting, SUN Zeyue, et al. Preparation and antibacterial activity analysis of
ciprofloxacin and rifampicin-loaded polymer micelles[J]. Journal of Zhejiang Sci-Tech University,2024,51(5) :579-587.

Preparation and antibacterial activity analysis of ciprofloxacin

and rifampicin-loaded polymer micelles
HE Qingling', CHEN Liuting" , SUN Zeyue', LIU Fei*, LU Jiaju', KONG Xiangdong'
(1. School of Materials Science &. Engineering, Zhejiang Sci-Tech University, Hangzhou 310018, Chinas
2. Zhejiang Hospital of Integrated Traditional Chinese and Western Medicine, Hangzhou 310003, China)

Abstract: To improve the penetration and accumulation ability of antibiotics in treating infected lesions
while minimizing dosage of single antibiotics, and reducing the risk of bacterial resistance, an amphiphilic
block copolymer comprising poly (lactic acid-co-glycolic acid) and hyaluronic acid was synthesized via
chemical conjugation for the encapsulation of antibiotics. This copolymer forms self-assembling micelles
(MS) in water, featuring a hydrophobic core and a hydrophobic shell. Hydrophobic drugs, such as
ciprofloxacin (CIP) and rifampicin (RFP) were encapsulated within these micelles by using dialysis
method, resulting in ciprofloxacin-loaded micelles (CIP@MS) and ciprofloxacin/rifampicin-loaded micelles

(CIP/RFP@MS). The synthesized materials were tested and characterized for structure, morphology.,
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critical micelle concentration, and drug loading efficiency. In vitro studies involved co-culturing MS, CIP
@MS, and CIP/RFP@MS were co-cultured with Staphylococcus aureus (S. aureus) and Escherichia coli
(E. coli) to access antibacterial effects, in as well as evaluating cytotoxicity with human umbilical vein
endothelial cells., The results showed that the copolymer of poly (lactic-co-glycolic acid)-hyaluronic acid
could self-assemble into uniform spherical micelles in water with a size of approximately 142 nm,
increasing to 194 nm post-drug loading. The drug loading efficiency of CIP in CIP@MS was 1. 42%, while
for in CIP/RFP@MS, it was 1. 09% for CIP and 1. 41% for RFP, respectively. The antibacterial rates of CIP
@MS against S. aureus and E. coli were 27.7% and 99. 9%, respectively, while for CIP/RFP@ MS, rates
reached 85. 4% and 100. 0%, respectively. This study establishes an experimental basis and theoretical basis for
the preparation and the application of dual drug-loaded micelles in antibacterial aspects in some degree.
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a)HA-NH, &, B 2.0 g HA #%f#T 60 mL
TR 2% vh il (pH {H K 5. 6) . 75 # J1 5 £ T ¥
2 mL BT RIS HA S0 76 50 C FHtE
24 h W W, I N A 1.2 g U B A Ak Al 1
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concentration, CMC) , 236 ML BETHAT I R itk
D5 25 AR« 1 R e S G 390 nmy, A I 38 & 4
300~360 nm. A4 GRS 5 R 2 5 X
10 °.1X10 *.5X10 ", 1X10°,2X10 °,5X
10 %.8X10 #,1X10 *,2X10 *.,5X10 * mg/mL
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MR B, B % PLGA-b-HA 5t 5k B (19 34 K,
B R PEE N 334 nm L F] 336 nm. B S 2R
Z AL Jy CMC F91E : 0. 2 mg/L, ik CMC {ii % ]
PLGA-b-HA FEE AL 1Y Bt & ¥R B T AT JE B R 5
TRdr RIF IR E TR, B U2 R A W R Y
W, K 3(b)h MS,CIP@MS, CIP/RFP@MS f)
2 B MS BBk R 142 nm, 738 CIP J5 19

JE o S ¥4 ok A% 18 K S 190 nm, 2 [R] 7 %% CIP #0
RFP J5 WA - Y042 2 194 nm, 224 5 19 o)
AR B T K AH G4 1 B SORLAE /N 200 nm,
AR TR R BB EE, B 3o
7~ CIP, RFP, MS, CIP @ MS, CIP/RFP @ MS 1
Zeta WL P K W M. — 7.8, — 2.5, — 28.7,
—30.0 mV F—29. 0 mV, & H 7 E 25115 09 H A7
AN 5, L PR AT R SR 2 1 1 A KRR
FLAV S AL/
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1.068} " oAb 18} L s -30¢ g7 RO 290
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m1062- o 10 = sl
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RS , CIP@MS [ K /Nge ¥ — , CIP/RFP@MS
PRI, Ho2e S i R R T R e ak 2 i it h , 24
Y1 R NIRRT — 5 WA EAE s R
TR B A T LAIE 3 T 328 2R 2580 0 i EIE , 246 R

T 35 A R SORE 1) JE AR 43 BB R ) s DA LA
67 ) A] AWEE SR R v bR B — 250658 Byl g
EIGPRR N T AR . B4 M4 L5 A
39k MS, CIP@MS, CIP/RFP@MS T ik /R R4
N 3 AN ZR T B S S B 2
UL MS.CIP@MS, CIP/RFP@MS {4 Z 1 ¥1JE 1,
e, HEA B4R .
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(b) CIP@MS

(c) CIP/RFP@MS

B4 MS.CIP@MS # CIP/RFP@MS ) TEM B5 T ik /R 3Rz B
ABIFRZECFR . K 5 (o) SN I 14722 1

2.3

oY AR A i S R ORI E

it 5 A ] WL e oy e BN ER S T CTP
1 REP pRME 2 LUK R )5 B2 MR & i
SHMROETE R A5 2R AN 5 s . 18] 5 Ca) T 5
(b) 71 : CIP Al REP 7E4% [ B0 o ok B2 3 il A B

AL 258 2% CIP 78 CIP@MS H 3% 25 R
Jp 1. 42% A0 E 3k 28, 30% ; CIP #1 RFP 7£ CIP/
RFP@MS H #2533 50 1. 09 %6 Fl 1. 41% .5
HA K 21. 80 % Fl 28. 10%

127 1.67 0.8¢
. ) = CIP/RFP@MS
1.0 [ 1=0.1083x-0.0008(R?=0.9997) e - 14 | 1-0.0180x-0.0082(8-0.9996) /// 07 a e Sg@MS
) 12t P 0.6}
I~ i pd i 107 /”/ i 05F
2 0.6} yal 0.8} - £ 04}
B 04l . B o6l e 03}
oal //,,,/ 0.4+ e 0.2
. e L { ;{‘ Ty
N | | | | Oi o~ | | 0.1 N |
0 2 4 6 8 10 0 20 60 80 300 400 500 600 700 800
CIPHI R B/ (ng-mL) RFP ¥ i B B/ (ug-mL") W /nm
(a) CIPFRH#E T 22 & (b) RFPHR#E i 28 (c) BAMRBOHIEE

B 5 CIP.RFP HfrEHZ&ES MS.CIP@MS #1 CIP/RFP@MS R £85Ik Y S i &

2.4 HEWKRIER S

Kl 6 N S. aureus 1 E. coli 4335 A ] 2 24
IR LR FE 4 h B9 SEM K], Hirprar (o i Sk bRl
PR AR . SR 6 () PBS AIHIHL . 6(b) MS
2 T A B R A A A AR AR AR R
ML SRR IE S A5 . MS K 3R 30 H 6 41 7 41 g
BRAGBE IR ; 18] 6 (o) CIP@MS 2 K ZHL S. aureus
TS AT U8 15 2 I ok 1 3K 8 56 88 45 1, /N 3 4y
S. aureus WIRZEH H I T REIR L2, 34 E. coli
20 LB L O R S R 5 L R ) A B A P35 R 3
1 & 6 () CIP/RFP@MS 21 o] ) B Ji i) W 5% 5]
S. aureus Fl E. coli [WIEAAGEAE I B0 T ™ 8 1
1. K| S. aureus EANEA TERERERAIZE 4, K
W E. coli I T A E ARG LS AT
L5 H P13 5 M X T CIP@ MS, CIP/RFP@ MS X
2 Tl 240 AT S 45 4 ) e DRV T S O 3, SRR 3
MIARFEIER . E. coli %} CIP AUk, CIP i 5§
[ 2 R DNA JEFe i A 20 5 DNA B35 180, 15 2
PIHABUR s S, aureus X RFP % Jy £ J% , RFP i i
SN Y RNA R4 45 4 0 0 40 8 A4 K0
TEASCI B IR R 25 B4 T A 3 L ISR
55 anTE S By 3R 25 ) B R b B O 4R T T 4

B 74 40 5 DNA 50 RNA & 5, A2 180 40 i 5 i
2 AR IBURAE

Ry it — 2 o BT B2 BRI BT PR RE W 2 i
WS ARSI S 32 24 h ST AR R IR, 45
KB 7 MR 1R, 5K 7 PBS dAHLE, B 7
(b)) MS H ' S. aureus fM E. coli B E NS
PBS 21 1 TR V& 0 22 785/, LTI R e
PR s FE B2 R, Bl 7 (o) CIP @ MS 41 X
S. aureus H A — & B P AR, b E 5 )
27. 7% XF E. coli RIUH B F MR EIURE, PLE R
k5] 99. 9% ;K 7(d CIP/RFP@MS £ (il HT SR
BRI, X S, aureus WMIPLE FKIAF] 85. 4%, X
E.coli P RIEE T 100.0%, CIP@MS %f
E.coli IPLE R B & T3 S, aureus BPLHE R,
I CIP/RFP @ MS Xt 2 F 40 5 19 Bt 5 205 T
CIP@MS., # i CIP 5 RFP % 3 ¥ 6] 4k
H. K 6 FE 7 pogs Bal 5, 24 S, aureus Fl
E. coli 53 5 AR EA AR LG R 4 h F 24 h i,
MS.CIP@MS, CIP/RFP@ MS 7 %} 41 B [ B ¥R A
A EEAE—F1E, S, aureus X RFP %5 hy B,
E. coli %} CIP 3 AU, 2 24 2[5 7 48 iR
AR AT SRR B D B — 2
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(a) PBS (b) MS

(¢) CIP@MS (d) CIP/RFP@MS

B 6 S.aureus FAE. coli ¥R SREHARFELLES 4 h B SEM

(a) PBS (b) MS

7 S.aureus ME. coli FANERRH AR RLES 24 h R ERRE

R FAEAHARRMEZRHRAEE

S. aureus E. coli
EIYUEN WEEY  PURR/ BERY PiER/
4 % I %
PBS 2776 2850
MS 2757 0.7 2744 3.7
CIP@MS 2008 27.7 4 99.9
CIP/RFP@MS 405 85.4 0 100.0
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B AR R 1 MS, CIP@MS, CIP/RFP@
MS 5 HUVEC 35535 24 h, I 2 40035 M L 45 5840
K8 s, M 8 AlH: fiE MS,CIP@MS, CIP/
RFP@MS Jit it i B 1N B3 in » MIS 20 1) 4 77 17
RICH 5T B, e v B #) 200 pg/mL B, CIP
@MS 40 F1I CIP/RFP@ MS 2H 40 it 77 7% R g A
R, A B R FE7E 95% DL b, 2B 3 F i R X
HUVEC 19 4t il 2 P 4 /N, HA W AE 09 11 TR 7% 1
N .

(c) CIP@MS (d) CIP/RFP@MS
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CIP@MS
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7
7
7
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.
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1-1.1 Ll -

6 12 25 50
SRR BE/(ug-mL)

8 MS.CIP@MS & CIP/RFP@MS 5
HUVEC #1323 24 h HIBRAEE R

100 200

3 8 i

A0 PLGA F1 HA 0Pk 5 3 ok 46 5 5 i A
BT PLGA-b-HA W2k i BEAL Y, il & 1 ] )
ik CIP A1 RFP (192025 94 K IS oL, 48151 T MS,
CIP@MS F CIP/RFP@MS %t S. aureus F1E. col
AP PERE IR T IO HUVEC (#1414 i
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BEPE, TR ESIB T

) PLGA-b-HA ik BRI K i W h 1 4%
TE MU R CMC 8K e o 5 R BRRIE 35, T 2
A —E L Aar , BEAR 43 A0 100~200 nm Z [i], 2
A R 23 O RS E 1 5

b) WG R KT S, aureus WP RILF] 85%
PLEXTE. coli BIPUREPEREIL ] 100 % , 32 IR
H CIP 55 RFP SR URF ST AR 5

) MS, CIP@MS FI CIP/RFP@MS X} HUVEC
ARSI RS )N A TERY I REE AL H] .
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