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The effects of natural polysaccharide supramolecular hydrogel on
bacteriostatic activity and biofilm clearance of berberine

ZHANG Yao-zhi, HUANG Xue-mei, LU Ji-hui, LIN Xiao-yu, WU Lin-ying,
LEI Hai-min’, WANG Peng-long’

(School of Chinese Materia Medica, Beijing University of Chinese Medicine, Beijing 102488, China)

Abstract: Taking berberine (BBR) as an example, to study whether the supramolecular hydrogel formed by
berberine and lotus root starch (Nelumbo nucifera Gaertn; LRS), a natural polysaccharide, affects the inhibition to
Staphylococcus aureus and the ability of biofilm clearance. The chemical structure and rheological properties of
BBR@LRS gel were characterized by infrared spectroscopy and rheometer. The in vitro release of supramolecular
hydrogel was observed at pH = 1.2 and pH = 7.4. Broth dilution method and biofilm clearence experiment were
used to observe the bacteriostasis and biofilm clearance respectively. Cytotoxicity test and in vitro hemolysis test
were used to evaluate the biosafety preliminarily. The results showed that the LRS polysaccharide hydrogel could
encapsulate BBR, and there was an interaction between them. The BBR@LRS gel had good rheological properties
and biosafety, and played a role in solubility enhancement and slow release of BBR, which was stronger than BBR
in inhibiting the growth of Staphylococcus aureus and clearing biofilm. This study provides reference for the effect
of natural polysaccharide supramolecular hydrogels on biological functions of active components of traditional
Chinese medicine.
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VERY LR R e HAth SRR KB IR B A AR A, R AR
2 WE KB e 1 B A R () A A 725 M RN A 0 A e e
TR AL, AL B2 B PR
] 28 R 4 24 S5 R PE, IR L R AR S A L mT R R 3 24
VIECE FRY) AR R B, o SN B A R A
YA 2R PR B, I e 8 N Ak 22 G 9% T i,
J5 UM R 77 AR, A AR SR A A A 4 R LA
BIEIRYT J7 T 5t R4 7o S0« 20w, v ER G
A A ) 17 sl 2 000 THI A A I AT 8 R 2B 1R I B 4 R AUk
JLLEO H AT R IR 2 BEEE 0> T KB I AL TR R A
SRR DB B, A R A A i &5 [ PN 4 O 3 B 5 IR (1) AT
F, K 7 T K E R R X R 25N e &
SRR AR RS B e O R B S O TH X A el
ZEEY, AR R H EE QX — Ko TYHR
AT R R A 252 v 25/ o 1 253000 . T AT
IR, JA IR RN Z X — K5+ BT % B 1
IKEER &R 25/ TV D Re . F ok
(lotus root starch, LRS) 1E A H & J€ 8 & 44, N7 &) v
I3 T 40 A T R 2 SRBED), I8 KRN, IIABOK G
K, T2 RCEL A RS RO LIk S e PR 2 08 I ik, B A
AR Z WEHR 43 F /K B 1) SRR AE

PsT 251 22 B B Oy TR O R I B R
I R S FH I 5%, G PE 2 i P 2 L 28 0o v IR 2 0
PRI 22 Ve ] R TR A, (E R Y Rl Y AR A 2
5 B AR PR AN AR W) P R ARG A B SRR ) 1 s
Bl R ISEFH , SR T O5CE v g 1 9 5 7t 2 F I R, B A
W9 2 2 W ME TSV 251 B Ak 5 25 R AT AT AR A B T
I Zs R kL, AT R 58 K RS 2R 48 T AR 4 Hh S B
Iy MEE TR RS TR, HE R R M g 2, 3
R VA EH B /NEER (berberine, BBR), T B4 #ii T
ZHHOE AR T RIS S5 /N BE SR AR AR B B ) R
WE RS AE PR T AR 7T R I I B A P R0 4
JieRg 1220 | B LA ot 0 R B R R A S A g
P, JUHIE B35 B0 R AR s v, AR T 4R TR 1 B
JWr 9% 90 95 55 U A TE R 7 TH OO R K R
S0 BBR KA MR 2, HIRS 25 AR F A8
I 1%P1 G PR O 3R /N BEG A 750 S, (5 F 1 3
fifd g B9 5E” 2 PR, H AR S P EL Y 1 R
HOEFEME AR RN . 3T, ARBE TSN A
G — 7B IIE B R 2 T KB 1 LRS 1R N ik,
il % 35 7 3 -3 B K BE R (BBR@LRS gel), DL 3
P 24 30 i H A R R I K B

R, AT % T BBR@LRS gel, il 5 H Ak 4k
RET AR 2 A VE RN AL AR 22 S PR I, I DA 4 TR A
R, MEZ /KA A T B AR B 2R, X TR 3 1 %

WIS B RE T B RZ I, DU AR 2 R O3 1 K
JE s T 253 > A T e FUIR IS %

MR 575E
HEmERF  HER, RS IR RS R A

LRS, B 5 A5 R X 24 A IR A 7l S, REEAE
JRA A IR A A 287K, S8t = 572405 96 FLIR
J 12 fL#R, 3£ [ Corning A ] ; 4% Bl (ATCC 6538P),
B RN RN SR S S e e TR = SRR
(NB), dbi R F AR A R A A5 3,3 -[1-CR ATt
B -3,4- PO 5 M - (4 H A B -6 i AR R T TR
(XTT), BRI AE AR AR AR g4 R K, Rk
P T RAAE R A E]; NER, dE 6T 5 0.22 pmF 53X
T FL 8 B, R VA T I S 56 8 4% PR A F]; MDCK 4
i, A6 5T P AT 4 i I ARG L H &S AR (DMSO), b
SR LR PR A A BERR Fh 22 i (PBS)~3-(4,5-
TR EME-2)-2,5- TR B DU A MR 2 (MTT).DMEM
=i BE £5 72 L (Dulbecco's modified eagle medium). fifi 2
M3 (FBS). 5 % & -5 5 2 IE W CWPT).0.25% JEE H
RV 25 om® 40 8% R0 1 W B A6 5 FF /R d A= P 1
RAERAA

EE WL A A (EE IKA B R A F], C-
MAG-HS4 &), + 755y 2 — W5 R Giit e ) -+
F 2 4 B2 7], MS105 Semi-Micro ); FTIR ) it 1%
CEEM & AR AT, ALPHA 11 #); £ Iy B8 b (X
GF = AR AR AT BR A 7], Multiskan GO 2Y); i 4%
{3 (B HbF Anton Paar MCR 302); 48 4h-71] IO 1
1% (H A% H 37,23 7], HITACHI UHS5300); 18 iz CO, % 7#
i (EEFER CH KRR H R A A, Thermo 3111 Y);
o 2RV OK B (B RS A R A ], YXQ-LS-
75S ALY, AW e Ah (il ) BER YT WA PR A ],
HFsafe 1200 %),

BBR@LRS 7KERMEMEIE DL & /KA HIk
JE 4 16.67.33.33.50.66.6783.33.100 mg-mL" {4 F
LRS V=R, TR Hidt2% F % # 100 °C.1 000 r'min’
InFEHE 30 min, fFAHEER G E 3R, RHELEN
o5 /N B AR

¥ BBR & T £ B /K il & WK £ 1~9 mg-mL"
()86 P BBROVA W, (7] B 152 B 199 261 R 16 R B 66 2 1) BBR
TS, Ho — 204 BBR &K VA I — 5 L=
LRS, W5 4LLE#E S 5 R 2% b 350 HE 35 50 1) 5] B 52 3 iR
%100 °C, 2 J5 LA 1 000 r-min™ A JEE 45 £ 30 min, 43 51
J¥ Ji% BBR 41 }2 BBR@LRS gel 41, & ik i B [7) 25 ) 4],
M%< BBR fll BBR@LRS gel ¥ 21 BBR [T H 5 -

LI5MEIE (FTIR) SUE  FTIR 322 Al F 0 76 i
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SR AN IR, 51> T IRBh FE B RE REKIE, 77 AR
CLANR IS RS SRR AE A - S5 M IR R R ] . J8IT b
BBR.LRS.BBR@LRS gel [f] £ 4t ¢ %, fi# Hr BBR £l
LRS &2 B EAEH . 25, /£ LRS A 10 £ &
BBR /R B [ 4@ B 1 Cu™", BBR@LRS gel 143731
BN 2 £% 010 fis BBR FEE /R B 1) Cu™, 20 BT A L TR 4L
SIS B S, BB S PN G, 2 SRR
BBR@LRS gel £ & ¥, #%1F BBR F1 LRS [f] [ 43 1~ [f]
AEAEH . BBRFE SR AR R ik, SRR b B
AT, B S I FE 40 R 25 B 5 e L B AR e 41 A
HeIEACT- G E 4 4 000~400 cm™ A ) FTIR 3% &,
RTMHEEME U BBR@LRS gel B T3 48 43l
B L, BB BN 5 mm, i8N 25 °Co SR 4
NEARE 5E A 0.1%, I 58 A 25 [ 24 0.1~ 1 Hz; Rl
Fi B E B ARAE B AH N 1 He, N A8 3846 78 B LE 0.1%~
10%; I FE 48 - I B ¥ R 52 8 D 25~90 °C . 43 il 15
£ BBR@LRS gel B I 48 145 2 A8 4K, (1) fif e A = (G”)
R FERL R (G”) DL IAEZ 0 I #Ad 72 H 1) it Re i i
(G") FIf e & (G") SR Z AR R,
RONERLSELE  FE % 1 mL BBR@LRS gel Jl
NIBEHAS N, e %481, BL19 mL pH 1.2 Rl pH 7.4 £ PBS
53 AR AR 5, [F] I DA AR B2 BBR A Xt R, g
FEATEE 5 A B ANBE AN BRI R N+, 1T
P FE S 1 PL37 °C.300 rrmin KGR RE . 25 T
0.5+1.2.4.6 h i [a] 550 B AT A8 100 ul, FF 407 B %h
764535 [/ pH {& PBS 100 pL, S E E 4K TGS
S R R 40— 0T DL IR AT e S s, Ak A SR H B
BBR [1) R MR IR IR 4] ARt 26
BBR@LRS 7KE R X & EEIE M AR
TR R R A A AR A0 T B R A
B IR IR AR R IR 2L b, N 37 °CHE 7R FIRE 7% 18 he
PREL 24k J5 1 B B V8 BN 28 1 1R 285K B R K
JE WS RN B R IR R, BT 37 cClER R B 7 M
200 rmin #3555 7% 24 h, WA vHEUE HVE 7R R R
R EE 25 2.0x10° CFU-mL™, i T 4 °CUKAH B 45 o
BNNE IR EE (MIC) 5236 4399 1l % BBR.LRS.
BBR@LRS gel ¥ 5 BHE, H B IR G R R MR RIK
£ 435324 0.075.0.05.0.037 25.0.025 mmol-L", - 96 5L
BRCBEFL I N B B TR 9 200w, NN 10 pL B &
Wo & ABFAMIIA 200 pLE FR A7 R IR 3, = H
PZHAE NN 200 uL & 7% W7 35 75 55 J5 BN 10 pL B&
B, A E BT 37 cClERE R A R R 7R 12 h, 2
JE R R AT, BEFR X 600 nm UK R K IR O BE (OD),
SEOOE AT AR 0 R B AR R AR DA A AT
P

2 (%) = [1 = (0D, — OD ) / (OD s —
OD,..)] x 100

BN E (MIC) AHIH] 2 >80%.

IHERFEHIE (SEM) WEMARAS NN E
T 1208, IR E IR R M B FE 42 0.05 mmol L
f) BBR.LRS }% % 0.05 mmol-L" BBR {] BBR@LRS,
¥ 7% 8 hJ&, 7£3 000 r-min™ '~ &0 10 min, WY .
PBS & ¥ 3 G, IIANARFA 73 H00h 2.5% I 1 — 1 A 2
4 h, FiH PBS BE¥ 3 IR, KR FER B 2 (30%50%
70% - 80%- 85%- 90%- 95%- 100%) 43 ) ¥ i, & 7 it
7K 10 min, % FF, 17 784> T 1§ )5 5 45, /£ SEM T M %2
BBR.LRS } BBR@LRS T 7l Ji5 [ 41 & T &5 A5 1k

4 YRR BRI

XTT JeiBe il 38 2% 48 7 F 10 mL PBS ¥4 fi#
5mg XTT, ff XTT &K% 4 0.5 mg-mL", 0.22 pm fffL
JERELL PRSI 10 pL 454 2= K (A ER R4 A & K
FE UK E N 0.4 mmol-L) V&S, BLHILEL .

AVIE R SLE 96 LR BF LI 200 pL B &
Wi, 37 °CIEIE AR 1S 77 24 h, WL JFE% 97 38, AT 76 FLJE
A BB 5T RIS AH B A DI . R RO A RS
15, TEFLAN S 97 i 15 77 25 1545 7 B A o BRI P
%0.5.0.25.0.125.0.062 5 mmol-L™ 5 7E AR A= 4 i
FIE O /N N 22 96 FLAR AL A, B3 4L 200 pL, Xt
HEZH N 200 pL & 3% Wi 35 95 &L, 4k 22 T 37 °ClE IR
TEERE FRAA B 95 24 he W B35 R, F PBS /0o i Bk
3, BFLIIN 100 uL XTT G4, 78 BG4 45 K F 37 °C
85 2 h, J§ T HEFRAY 490 nm WK Tl E OD 1 . LA
FRN B IR N FIE AL, DUE RN R SR N
N A, LI 3R X 4 B AR I 3 R R
WHE AT A AT I IEBR 2 (%) = [1 - (OD .y, -
OD 59) / (OD sz 5 = OD )] > 1000

BBR@LRS 7K E £ MR £ MM S IEM

YU M EPESEEG MTT Je il e il : e 4614 F H
50 mL PBS ¥ fift 250 mg MTT, JH§ 0.22 pm JE i i g 1
MTT 9K N 5 mg-mL™, WEHCARAE T 4 °CUKFR % -

Y BE IR BB A DL DMEM i A 55 Al 1 o7 2
89%FBS 10%  XUHT 1% FIAC LE T i) 40 f 355 72 5, #5%5)
Jo BV 4 cCURFE 5 .

AR SEES 7E 96 FLAR A 100 uL MDCK 4H
J s A 3 000 AN/4L, iR S B T 5% CO,.37 °CliE
IR FEAR AL G EEAE K 155 9% 24 h 543 B IIN 100 pl FH 4
Ji 55 R AR B B I 45 2R FERE i, AL I RE ik
J Y8 il 9 BBR 3.125~12.5 pmol-L", LRS 1.953 125~
7.812 5 pg'mL”, BBR\LRS.BBR@LRS #¥ & T-$ 4b B
48 ho & AN 200 pl 2 ffg 5 7 3%, 1F 5 41
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FEAE 100 L I EE 2 il FL Y BRI\ 100 L 48 il 35 77 2 .
2 A0 FE S, WA AE T ) 96 LA H (Y MDCK 4H A in A\
20 uL MTT, Jit 37 °CHr 7= 4 MG R 4k 207 H 4 ho BEJS
Frd BIEW, AL N 150 uL DMSO BLIA RS 41 i 5
MTT 1 J& 7= A5 1 56 € 45 ot FH B, TE AR X 490 nm
WAAL I & ODAE, LA 8] 42 s B 4 i A7 3 &, S50 &
4R MRYE LU A T S G0 JAE S 2 40 I AE I 2
(%)=(0OD,, —OD,..)/(OD ., — OD..) x 100

PR AN LSS A T 6 K BRI VAR 5 A 1
VIS O . R BRI S5 FH I 328 31 22 8 1 2 30 K L
i, BL 1000 r-min™ %% 6 250 15 min Y8 ML H 1) 410
YA 1, FH PBS 35 5 1 000 r-min™ 250> 21 40 1 10 min,
RE 3R Bl JE R0 B 2L 40 FH PBS L % 2.0%
H) % 4% W % . BBR M2 BBR@LRS F£ i F] PBS 1l ik
BBR ¥ & 4 1.0.5.0.25.0.125 mmol-L", B 1 mL ¥ &
5 100 pL 2L 40 M fif 24 R 21 J5 1 37 °CHE =56 &
4h. BEJE 3000 r-min’ B0 15 min, BUEIEBIMA 96 FL
BR T BEFRAX 570 nm 3 KA 52 ODfE. LAEETFKS
T4 60 fis 4% V0 75 0 1D L 37 VR B e il R ZEL R af 2
100%, A PBS 15 21 4 fifd it £ W00 6 Ji 1035 0 B
Xof B RS I 26 0%, SRIG B 4 K. ARHE LR At
SRR R I

HRILEE (%) = (0D 4y ~ OD i) / (OD gy —

OD y44.51) < 100

it ZE 4 i IBM SPSS Statistics 20 2 {438
I 56 HEAT % 4LIE) 2 S B AL, B Dl x £ s FRoRHEAT
guitara

A

1 HRRIE

1.1 LRS&H/MRBIRE AFKELRS £EE 1K
HHOIN A B AR B FROIRAS WL 1, T HE LRS JK
JBZ 1) 5% /N % JBE VA P 9 83.33 mg-mL™!, A% T bk B, ik
JEE B A 1, ok 22 v T R R, BE T A E AR
AT, 58 IR BV IAN I W o 28 LRSS 7K Bt i e
VI SR R T Ay g 52 S B AR JEE A R AR LA

1.2 BBR&/MTHIKRE X BBR@QLRS &5 1EA #
B AR [F ] 18] /5, B %5 BBR VK A 1~9 mg-mL" & i 7
i, W1 2A T W BBR ZHAT HH Bk 2, (AT T HAE

KR FEAR S A, FLATE HH BBR S/ M IR FE A
3 mg-mL", 1 & 2B Al & HH BBR@LRS gel 41 7F it ik %
Tl Bt /KT H VR 9 4 mg-mL, 78 7K BRI A 38 B 8 T
9 mgmL" B AT H . /i 4 R, LRS /K& XS
BBR B A MV EH, X 5 20 4 7 /KB AT R K
VoV ZE 25 0 A3 B A AR — B

Figure 2 Dissolution of BBR group (A) and BBR@LRS group
(B) (the red box shows the inflection point concentration). BBR:

Berberine

2 LI5MKE (FTIR) ff5R

WS I 52 4 000~400 cm™ F13# 76l P4 25 FF 5 41
AR, 43 b 45 3 (BT 3) AT i E 3A 7] UL BBR H 3L
1504 cm™ (07 ¥ B 4R 3 R0 I%) 1 103 em™ (G ME
R C-N 4 R SR 4) 1 034 e (I 5 T C-O e 4
IR B WSIE ) SR AE R WU s 55 LRS 7K B IR E %L, BBR
% 5 UK B BBR@LRS gel J&, BBR [ 22 Hi W i g
TR, HH 2926 om™ KAL) C-H AR Ai IR B IE L7 2
2930 cm™ &b, F B LRS 7K 4t i 2 A& BBR K [ I 3L 5
HAEAEH. @IS ST 4 A 1EH, i —
A MEEBBR 5 LRS WA BEAEH . @1 3B.C Jiizw, LRS
FKEER N 10 £ BBR B 7R 9 B Cu® B LRS-10Cu™,
R R BRI (K 3C@), 5 LRS i B A L, 78
3000 cm™ 22 A7 H B BH R 5 0, R LRS 5 Cu™* 2 [A] 7=
A TAEAER, HR— M REAENERA R, 4R
R ILE BBR@LRS gel #& & H: 4l B 5] N Cu® Ja, I
2 f¥ & Cu® Bl JE it BBR@LRS-2Cu* 14 &, H 40 4h ik &
5 BBR@LRS gel 21, HEILH BBR [¥12 926 cm™
AEWR U U, {E AR T BBR@LRS JF A< 1) — H e IR A
(E3C®), 7E TR I EAT Hi /D i BBR # (IR 45
b (BE13C®), £ /D& Cu” (AN BBR 55 LRS 454

Figure 1 Gelatinization of LRS with different concentrations (the red box shows the inflection point concentration). LRS: Lotus root starch
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M I 1065 & Cu® B JE i BBR@LRS-10Cu™',
1A Z2 A1 H K & BBR (B 3C©), MR 40 4h % B 5
LRS-10Cu™ & & 41 4h 1% B 240, B Cu® (1 N AT A 48
BBR 5 LRS J¥ B ) e e /K eI A4 52

¥ DL B R B B 25 RO i B N RT3
et 4+ 2F BBR 5 LRS /K &R &5 G A0 i, HA B+ 158
4+ 71K BBR, B4R & T i, 564 770 5, MU THI F
— D EMIE T BBR 5 LRS 7K & i (8] 47 £ AH BLAE F
3 MLEMEEMR

A% S HOR VPN K BRI M 1) BT, el 4
Fr, G s R P 288 ] 42 PR 1R 5, G Bl e P 2
PHIPERT . #50.1~1 Hz BAN MR P, 4P 4A R
FEBACHI R T, KB G IR & KT G, R L H 1 &
B SR PERAAE, H 5% T0 ¢, B BBR@LRS gel B
KPP BAEAT o [RIN, 4 PE 4B S K 3 e AT 418 9% o
J1E, BIUIR 0.1 11K £ 10, BBR@LRS 7K &1

A

——BBR ——LRS ——BBR@LRS

2930 cm?

1 1 1 1 1 1 1
4000 3500 3000 2500 2000 1500 1000 500
Wavelength / cm!

C
LRS

BBR

Figure 3 FTIR spectra of BBR, LRS, BBR@LRS gel (A), LRS-10Cu**, BBR@LRS-2Cu*", BBR@LRS-10Cu*" (B); the pictures of

BBR@LRS

samples (C)

(1) G318 F G, K IE I (1) X 28 45 ¥ 0 44 AR B IR, 3R
B BBR@LRS /K &ERH R UFFIHUIRGREE . A T 5k K
IR P AR AT Ay, AR AR T BBR@LRS
K R o M 2 BB U RE TR AR AL, B L 4C W B, N
il 25 °C[H] 90 *CiE i AR, GUR 4 KT G", &
W] BBR@LRS gel I35 K THi #5482
IR AR FFE R E I BEIRORAS, A EE R4F

M EL_EFEFR#E T BBR@LRS gel FL A B AT HIHL
R T RN S R AR E T, R R4 5 BBR
BA R A€ B AE R IR, o8 )5 825218 A e 1
PR TR T B 3 i ) A T PSR T AR
4 IRINEREAR

LR KR A N BRI S 2 —.
SHiR, TR pH 1.218 £ pH 7444 F, /£0.5h
P, Fi4 BBR 57 B TS 5 o DA e PR R R TS ik B
PAiT. fEpH 1.2 i (KB 5A), 7TE H BBR@LRS gel

B

~——1RS-10Cu* ———BBR@ILRS-2Cu** BBR@LRS-10Cu™

N

i
T '\\\\:r/_/w,wm fNH‘““”\‘va) »
I '
: \
2926 emr! il
(G | '

N

Il L L L 1 1 1

4000 3500 3000 2500 2000 1500 1000 500
Wavelength / cm!

LRS-10Cu2* BBR@LRS-2Cu2* BBR@LRS-10Cu2*

A B 500
—a—G' (BBR@LRS gel)
——G"(BBR@LRS gel) 400
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400+
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Figure 4 Variation of G’ and G” of BBR@LRS gel with frequency (A), strain (B) and temperature (C)
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B PR BBR BB 3 R4, (H L — 2 MR AUR;
EpH 7.4/ i b (B 5B) £0.5 h, ¥4k BBR 34 58 4=
RETOR BRSPS REACR IS 3 83% (SD = 0.99),
£ $ 78 K B IR 1 BBR, 0.5 h B3BBG A $] 20%
(SD = 0.99), £ 4~6 h A ik B B 81 #7, 45 2R 3R W
BBR@LRS gel fef 553 BBR 22 ¥

A 110
1004 PH12 —=— BBR—— BBR@LRS
90 4
© 804
=~ 704
2
.“3 604
2 50
2 40
2 301
204
10
0 T T T T T
0 0.5 1 2 4 6
B Time /h
100
5 pH 7.4 —s— BBR—s— BBR@LRS
804
X 704
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Figure 5 In vitro release curves of BBR and BBR@LRS gel at
pH 1.2 (A)andpH 7.4 (B). n=4,x £

5 HIECEMAR
5.1 MIC{EME FKHWHMBEZEMAETBBR.LRS
FIBBR@LRS gel (1] 2 41 6A Jfr7s . LRS 7KEEK
Xt 4B ) AR, BBRIMIC 40.075 mmol L™,
BBR@LRS gel [\) MIC A4 0.05 mmol-L". 5% 8IR: £
LRS /K &ER I B BE 1R 55 1B LT, RIEEM B RE 1)
¥ 14K 4 BBR, 1ff BBR@LRS gel (1)l 5 3% 14: 5% T BBR,
B AR RN Ny 78 W 0.05 mmol-L' i, BBR X 4> %
(1 4001 2 9 74.10%, BBR@LRS gel 41711 2 I 7] 34
91.57%. MUK FE N FH A B 6B i <, BBR@LRS
gel 413 V& %% BBR 41 1A &k /b o

BBR@LRS gel F A B 4F B35 1%, 70 B D5 AT g
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Figure 6 Inhibition of BBR, BBR@LRS gel and LRS on Staphy-
lococcus aureus (A); Photographs of agar plates at 0.05 mmol-L”
BBR (B). n =4, x +s. "P < 0.0l vs BBR group; P < 0.001 vs
BBR@LRS group
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Figure 7 SEM images of bacteria morphology without treatment
(A), LRS treatment (B), BBR treatment (C) and BBR@LRS gel
treatment (D)

AR HE T 0 00 R PR A 5L, TR U 2 W AN B 0 R R
7155, BBR NI - 4&, i BBR@LRS # BBR 7 ¥ i
OB P, 456 A0 W AR 2 SR IR K B IR R 4 R BB
e s A AR 280 e e JOR B R A1 R TSI 6 2 TR I 4 K A
R, HENI BBR@LRS 7K B 00 B 1 FH 38 5 (1 5 5] m]
B2 BT RAR 2 KR R AR s R T H 5 4
B 25 4, 3R 1 K BBR 5 I3 i 1 BR, O R R



TRERZAE: RAIRZ W > 7 /KRRt B3 2 0 i V5 P A MO BT B E 0 () 52 - 3105 -

Jit BBR, f# 41 B 3 [fi () BBR I & T &,
BBR@LRS gel 4% BBR 5 (111 B 2R
53 HYIRERREES  Z HIW 25 M0 I 41 B K
e N 21T e ARG B 1 — KWy, 1T 40 B A
FES PRI RS 20 VAT N 25 11 2 B R TR 2 — B, NI ARHIE 72 R
F XTT #:) 2 BBR M1 BBR@LRS gel 5 K& 4> % # £ 9
JESFIRE 11 . WP 8A FiT, BBR@LRS gel 5 BBR 13
PR3 I AE W B R e 7, H BBR@LRS gel 1135 B
MORELE T BBR. BRI 0.062 5 mmol L' i, BBR
I A= W TS B % M 1.46%, [F1R FE T 11 BBR@LRS gel
F) 17 4 2295 8.17%; 0.5 mmol-L™' i, BBR )1 B % A
79.84%, T BBR@LRS gel i& 90.06% . XTT 4 & i
0 JER VR 2 BH 41 TR Y T R % R . a0 ] 8B BT s MR AE
0.5 mmol- L ¥R & N XTT et i, vl & HAH b T B
415 4., BBR 5 BBR@LRS gel 2H ¥ %} 4 % B 2E 4y Ji
HiGFAE M, H BBR@LRS gel & B 208 H o, 515K
SIS HAR A — T
6 EVREMVITHR

He W) 2z A PR VP AN A2 8 43 T /KR IR 1Y) B LA AL N

IR 238

1004 [BBR -
[_IBBR@LRS ok o
80
X
2 604
&
g 40
g
:
5 204
T
-20 T T T T
0.0625 0.125 0.25 0.5
Concentration / mmol-L"!
B Control BBR BBR@LRS

Figure 8 Clearance rate of Staphylococcus aureus biofilm by
BBR and BBR@LRS gel (A); XTT staining diagram (B). n = 3,
x£s."P<0.01 vs BBR group
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Figure 9 Cell viability of samples treated with MDCK cells (A); hemolysis rate of samples treated with fresh rat blood (B); macroscopic
diagram of hemolysis of samples treated with fresh rat blood (C). n =4, x £5. “"P < 0.001 vs BBR group; “P < 0.05 vs BBR@LRS group
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