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Abstract ; Seven chitosan derivatives were prepared including o-hydroxybenzoylate chitosan ( OPC),
m-hydroxybenzoylated chitosan ( MPC), p-hydroxybenzoylated chitosan (PPC), 3, 5-dihydroxybenzoylated
chitosan (DPC), 3.4,5-trihydroxybenzoylated chitosan (TPC), O-(2-hydroxypropyltrimethylammonium chlo-
ride) chitosan (QACS) and O-(2-hydroxypropyltrimethylammonium chloride)-N-p-hydroxybenzoylated chi-
tosan (QAPPC). Nuclear magnetic resonance spectra and elemental analysis were used to characterize the
structure of the product, and the antibacterial activity and antibiofilm activity of the product were tested. The
results showed that the order of antibacterial activity and antibiofilm activity of the product was PPC>OPC>
MPC. The antibacterial rates of PPC at mass concentration of 0. 5 mg * mL ™' against Escherichia coli
(E. coli) and Staphylococcus aureus (S. aureus) were 78. 2% and 100. 0% , respectively. The biofilm remov-

al rates of PPC at mass concentration of 2. 5 mg * mL™' against E. coli and S. aureus were 75.3% and
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87.7% , respectively. 4-hydroxybenzoic acid was grafted onto the amino group of QACS, the antibacterial ac-
tivity and antibiofilm activity of the prepared QAPPC were both superior to those of QACS and PPC, and the
phenolic group and quaternary ammonium salts had synergistic antibacterial effects. The antibacterial rates of
QAPPC at mass concentration of 0. 5 mg * mL ™' against E. coli and S. aureus were 83.3% and 100.0% , re-
spectively, and the biofilm removal rates of QAPPC at mass concentration of 2. 5 mg * mL~' against E. coli
and S. aureus were 77.4% and 92. 4%, respectively.

Keywords: phenol-based chitosan; chitosan quaternary ammonium salt; antibacterial; biofilm
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Fig. 1 Preparation route of phenol-based chitosan quaternary ammonium salt
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Fig. 2 'H NMR spectra of chitosan derivatives
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Tab.1 Elemental analysis and substitution degree of chitosan derivatives

e w(C)/ % w(N) /% w(H) /% DD/ % DS/ %
CS 41.69 7.75 7.06 86.0 -
OPC 42.06 6.14 6.58 — 24.4
MPC 42.35 6. 34 6.51 — 21.6
PPC 41. 36 6.56 6.57 - 15. 4
DPC 42,27 6.29 6. 14 — 22.3
TPC 42.07 6.31 6.17 - 21.5
CSBA 53.55 6.05 5. 69 - 64.9
QACSBA 52.68 6.39 7.46 - 20.1
QACS 34. 83 6. 87 6. 64 — 1.6
QAPPC 37.26 6. 30 6.39 — 16. 9

2.3 BMEFRATRENREENE
2.3.1 RKWHARZREARKIARZTRE KBHEE. cold) MEHERHEIRE (S, aureus) 4
W BT BT I i 24 M AR AR, gk 2 i,

136 2 T M AL 7 AR E. coli f9 MIC #5°% 625 pg « mL~ ', MBC ¥} 1 250 pg » mL ™'
PPC,TPC %} E. coli # MBIC 2 1 250 pg mL ', 1 OPC, MPC #1 DPC i MBIC % 2 500 pe
mL ™ IEBR E. coli EWIBE T Z A PPC, TPC MRS R 5 000 pg » mL™' L i5ER E. coli 424
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PPC, 435k 313,625 pg * mL Y5 QACS %} E. coli ) MBC 2k 2 500 pg * mL ', PPC, QAPPC X}
E. coliff) MBC ¥4 1 250 pg » mL™", QACS, PPC X} E. coli ) MBBC ¥} 5 000 pg « mL™', i
QAPPC ) MBBC 2 2 500 pug « mL " 585 2 8 25 X5 2 K48 WY Ik 56 [m] B 5| A 72 RAE 4y F 4540 vh 15 31
) QAPPC X| E. coli FIMEMCRIL T PPC.QACS,
M 3% 2 A %0 Bk PPC Ah, o4y 4 Ry 3L 52 BABEXT S, aureus i) MIC F1 MBC — 2, 43 51 4 78,313
pg e mL~ i PPC X} S, aureus 1) MIC 25 39 pg « mL™" s 4J8 2B W8k B S o B AR T4 5T 4 ok B o 3
25, PPC i B A 1 250 pg « mL "B, Al DASE @8 BR S, aureus T B W9 A= W) 8% BB, 170 35 B
S. aureuslZ BB AV IL ) OPC,MPC,DPC il TPC FHFE W HEANBEWE N 2 500 pg » mL™'
2 RIAT TR 4 (08 %9 3K T A 0 0 RO ST S i 24 AR Ak

Tab. 2 Changes of drug resistance before and after biofilm formation in E. coli and S. aureus

e N T G O ERE g - mL
MIC MBIC MBC MBBC MIC MBIC MBC MBBC
OPC 625 2 500 1250 10 000 78 625 313 2 500
MPC 625 2 500 1 250 10 000 78 625 313 2 500
PPC 625 1 250 1250 5 000 39 625 313 1 250
DPC 625 2 500 1250 10 000 78 625 313 2 500
TPC 625 1 250 1 250 5 000 78 625 313 2 500
QACS 625 1 250 2 500 5 000 39 625 313 2 500
QAPPC 313 625 1 250 2 500 39 625 156 1 250
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Fig. 3 Antibacterial rates of phenol-based chitosan quaternary ammonium salt
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Fig. 4 Content of protein effected by phenol-based chitosan quaternary ammonium salt
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Fig. 5 Inhibition rates of phenol-based chitosan quaternary ammonium salt on biofilm formation
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g 77.4%,92. 4%,

100 [ p=2.5 mg:mL"' Y p=5.0 mg-mL"! 00r p=2.5mg:mL"! p=5.0 mg-mL™"!
80 IRINN V'§ N
A N\ o :
S 60 AN %\ N\ /\ % N
NANAN» ININ - / o
BINNNZAZN 2N N = / N
AT -
NANNANNANNNN o N\
NN NN NN o N | A\
NANANNNNNN o N
0 é§ é§ é§ ZS é§ %§ é§ 0 C C C C CS QAPPC
OPC MPC PPC DPC TPC QACS QAPPC
Fiin HE

(a) E. coli (b) S. aureus
B 6 P 3 52 ROME 25 4 R X A 9 T 1 3 B 3R

Fig. 6 Biofilm removal rates of phenol-based chitosan quaternary ammonium salt
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KRR 75.3%.87. 7%

3) QAPPC HHL TE I P FO47T A 4 9 I M 2 O T 0 — DO 1 52 SRBE AT 2B 11 (QACS i PPO) , 2 4%
Fh R B LA P R TR T M. B 0.5 mg « mL ' 1) QAPPC X E. coli BIN % N 83,300,
TR G B QACS Xt E. coli BIIIEE %(39. 5%) Ml PPC %t E. coli I Z(78.2%) ., 1/2MIC
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(1) QAPPC X} E. coli F1'S. aureus =44 BEIE B 0 400l 22 50 0 K 74. 726,77 6%, Tk E R 2.5
mg * mL ' QAPPC X%} E. coli F1'S. aureus JE I 2E Y9k L) T5 R R Ay 5l 77.4%,92. 4%,
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