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Abstract

Purpose: Composite nanomaterial AgNPs@ZIF-8@HA based on metal-organic framework (ZIF-8)
was synthesized and its in vitro antibacterial activities against methicillin-resistant Staphylococcus
aureus (MRSA) and vancomycin-resistant Enterococcus (VRE) were studied. Methods: ZIF-8 was
synthesized by chemical liquid phase method. Silver nanoparticles were loaded into the channels
of ZIF-8 using AgNO; reduced in situ by reducing agent NaBH,. Then, hyaluronic acid was coated to
construct AgNPs@ZIF-8@HA composite nanomaterial. The structure and morphology were characte-
rized by SEM, TEM, PXRD and FTIR. The minimum inhibitory concentration of AgNPs@ZIF-8@HA
against two drug-resistant bacteria was determined by broth microdilution method, and the anti-
bacterial activities of AgNPs@ZIF-8@HA in vitro were studied by “plate coating observation”. Re-
sults: The minimum inhibitory concentration (MIC) of AgNPs@ZIF-8@HA against MRSA was 80
pg/ml. The minimum inhibitory concentration of AgNPs@ZIF-8@HA against VRE was 20 pg/ml.
Conclusion: AgNPs@ZIF-8@HA is a kind of antibacterial nanomaterial sensitive both to MRSA and
VRE.
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1. 55

HPE G — AN A IR TR R, REMBUERIRIT . A, BEETIAE R, AR
AP BB, KA 00 VR & 3R R S {5 P R S 40 B e B G AR R 24
[1]o DA, RHEE AR RO A8 B P A7 N T R E RIS 71(2] [3] [4].

AR 0, R AR B 22 PR 1 T N B =2 T BH P B A IR B P B A E I (4] (5] [6]. 2R, & K
DI ReA B3 AT A€ MRS B 9K AR RO 2 30 ) 22 AT E 5K, IR2E 5 SRR T 8K 250G 1R [ 7] I A
PR EHIEE FUAR € KR T, DAORIF QUK ELORL 5 T 2R 48 SR W2 e WG 20 SRl 2 — (8] [9]. 1E
CARIE R B A R, 4 )8 - B HLIHESE (Metal-organic Frameworks, MOFs) H1 T H: 2 FL45 4, 8 K LT
R R B RS AR T 1 S AT ORI JT RGO RL AR [10]. ZIF-8 2 —Fp A YA A P 4 1) MOFs
ML, HAMERRFLEE R, wT DA E AT 250 (R e S AN R, AE AR YR 2 AR B V2 I ORI 11
ZIF-8 ) Zn* S5t N ARAg B 25 10 48 Je 2, K9 ZIF-8 (104 HLEC 1A 2- F 5 ke th 2 AR B (R 3 B 770 12
AN, ZIF-8 FEPERAT T AaE, FEMRERYEIAEL T MM, 7ESSMRIEINEE N2 M. % 1100 11 R
RL GG IR, 148 ZIF-8 VE#dA, v DA R GBI pH E S22 B oK BUMORL, SEILFE AWk
pH B MNP, 1 BIR(HA) & — M R IR IR It 2 0, A R 2 D & & ohge[13], thab,
AT RE % 77 W6 AT DL RS X SR W o I8 1 328 W o PR ARG [ 1] AEARHIF TR, FRATE T ZIF-8, Hdkghk
BRRORL, RIOEEHIEE, HRE SRR R, W70 HG 5 =2 PQBH P TR i 4 70 AR 4 0 603 %) BR B
(MRSA)AIE 2% [ B R i /5 85 2 I ER B (VRE) IR AR R, i B0 B 77 R 90 R B kil
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2. SELRERSY
2.1. MRS

el JOKHEE. KR A, EEE, DL R Al B RE T T B F R A TR A
Ay 2-FIEBRME, FHERER. Zn(NOs),-6H,O. WHEALEN. BHRERCK HXSH), BEEAM. BELHEN . B
Ji, DA BRI BT R TR PR A Al o SE0 F Bk i 4G R B R AT BR B (ATCC33591); i /i
TR MERBE(ATCCS1575) [ H [ 387 108 ff A= 0 v P R 2

A% B RRIHIER T FRIR Y 4H HNYC-21202C RERIE S AR A KB YXQ-75S11 |
RS A R A FIET & s BEFE SW-CI2F HMZRT SRR AT 466 AL
UV755B Lt EMUEHMUCRA IR AR mar#is Rk ST B SU8010 H K Hitachi; X SR AT4H{(XRD)
D8 Advance iA5F A AT E T LUERH A AL /TR ASAP2460 27 i BRI 4 e (L) (WA IR A Al &
S L7 B A8 TEM-2100F H ASHL 1,

2.2. AgNPs@ZIF-8@HA € & 4KH FrotazE

2.2.1. ZIF-8 &R

HY 0.33 g 2-HZEWKMEA T 7 ml HEE, MESEM A, FFE0.15 ¢ ZnNOs-6H,0 ¥ T 7 ml HEEH . 7E
WETIPEFE T 4 2-H LR AR N 2 ZoNOs VSV, N SE 55 Wl 24 h, RN SRS, B
ORI, G &R =, RS R TR UTETE 40°CI S TEAET T 6 h [14]. AR 725
5% (Scanning electron microscope, SEM)#FAT R I ESHM %2, X-5f Lekn K AT 4} (X-ray power diffraction, PXRD)
BEATEER 734, AR B0 B S 36 2% 22 5 i) ZIF-8 1 LR T AR A FLAR 73 A o

2.2.2. AgNPs@ZIF-8 )& Rk

I 55 mg AgNO;, I JLI 2 B 7K HVEME, T/EIA 8 ml HEE, RIS 500 mg ZIF-8,
IAEFHE 2 he B 90 mg NaBH, ¥ T 2.4 ml B /K& H, K8 4F () NaBH, KIS BRI HE L7 1Y) ZIF-8.
AgNO; JRE TR HIVKIH 15 4380 e . UKW, ] ZIF-8. AgNO; VR A A -H 2218 i NaBH, /K& W
P FE 58 B Ja B O WSCER TEAA, FHE  H RE e k  fk =0, AR5 I A TUE 72 40°C I Z 23 T 148 Hh 44 6 h,
3% AgNPs@ZIF-8 [15], #EASLIGEFEEEEDL . Ff T BB (SEM)IEITRIEMEL, X-F4H40
KATH(PXRD)FATEE M 0 M, 3 4T HE T 2 4% (Transmission electron microscope, TEM)WLEE#4 4} 1 R 44 K

TRIURE R A7 B 1 V0 o
2.2.3. AgNPs@ZIF-S@HA BI& Y
I 60 mg AgNPs@ZIF-8, B 5ml £&EFKAiHE, & E | h HEREM, 11 mg & B R

fiBE T 5.5 ml ZEESTKT . KB W BB K AR N 2] AgNPs@ZIF-8 VR A 1A # i, 7ERE AL E 30 min {fH
HRZA, BOWERE. K RUTER A TR, 53 AgNPs@ZIF-8@HA, {4 5L 2140 1% (Fourier
transfer-infrared spectrometry, FTIR)X} =4 45 #) E 4T R A

2.3. JUESEE

2.3.1. HEHESFF

ELR P i PR 40 P PR 46 €60 80 260 BR BRI, 7 7 25 K R B FE PR 2 LB 3G TR IAT RS 78, B R¥%
Fi—, BB 7 RIS BUG T ECE KA 55 77, 8000 rpm, B0 12 min, 3% L
> A PBS PhERANE UL, WksE e R AT B, Mg =k B RS B AR e 08 DA PBS
IYEL, A TSRS 6 BE TN E B TRAE 600 nm ALK GME, BT 2 SRR 4k A IE RO FEE (B
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T %

X PR T L A IE AR E), R R S IEROL R B I R R M A

2.3.2. RARHEREMIC)MIE
KRR Z AT MIC [IIE . H5 AgNPs@ZIF-8@HA Rl 512 pg/ml )% % BHE& A -

A TCE 96 FLAREE —FLINA 100 pl BT 254, IF1m 58 —FLE - HILINA 50 pl 357758, SR —FLIIR 50
wl G TT 5 AL e IR ST TGS AL E 50 pl AR T 55 = FLHh, KRS L, FF R
() 50 pl JEAT . IS S ALZEYIREEMR N, 5124 2564 128, 64. 32, 164 8. 4. 2. 1 pg/ml. FANZEY)
WEEPAT =AML, BERAE 2 FL 0N 50 pl 2 BIACUF A0, L& 2k & 256, 128,
64+ 32, 16+ 8. 4. 2. 1. 0.5 pg/ml, DIAINZHIAN B R AE X, $1%& 45 1 96 FLAR G 37 CHE 7746
W, BER 18 h, HUH, HMWMEHERIEE R . oS LA A KR IR, 50 40H 4 K FLAHAD
FRSE AT HE S BT V2 ok PR FLOGT I 1) 247 09 B DRy LEE e B 245 0 0 440 17 1Y) MIIC Ao

2.3.3. FiRiHH

HR AR B P A B2 HE 1 MIC, 58 96 FLIR T AgNPs@ZIF-8@HA 144 %A 20, 40, 60+ 80.
160, 1000, 2000 pg/ml, ¥ 96 FLARAE 37 CIEIRREIRIEFRAE G IR 18 h Ja, HEAT-FARIRAT L0 . Bkl
T BB LR B IR R 100 fiF, HX S0 wl 8N LB Bk 7T, @7 . ARG EE, B
T 37°CH AE IR B IR P R 97 18~24 h, WS PR A 3 18 Y 250, AR 26 2H R R 4 A s i &8 SRR P
1B S AR R R R

3. BR5Te
3.1. ANERRIE

3.1.1. FAREEEE

W 1) M 1(b)73 R RKRL T ZIF-8 Al AgNPs@ZIF-8 ff) SEM K. MEFaf LIE H, ZIF-8 i)
TES T TR S A L5 1 . 14 1(b) 1 ZIF-8 @A v 43 AT 3 KB I 9K SR ARE , AgNPs@ZIF-8 T30 5 ZIF-8
—B, JRALIE R R B SREARGKRURL, A SR ZIF-8 1T

Figure 1. SEM images of ZIF-8 (a) and AgNPs@ZIF-8 (b)
1. ZIF-8 (a)%1 AgNPs@ZIF-8 (b)) SEM [E]

3.1.2. iEHHRE
Wi 2, AgNPs@ZIF-8 3% Bt f T A IKI(TEM)Hh ZIF-8 fh AR FLIE e R THI /3 A 36 ) B IR R A%
TE LG BN LK RO, U S T 4ROK IR R 2 97 21 31 ZIF-8 [ fLiE H o

DOI: 10.12677/hjbm.2023.131006 57 s


https://doi.org/10.12677/hjbm.2023.131006

FHGE 5E

Figure 2. TEM image of AgNPs@ZIF-8
2. AgNPs@ZIF-8 # TEM

3.1.3. X-§HE M K 751 (PXRD)

Wi 3 /) X2k R ATS EI(PXRD) AT LAE H, & R ZIF-8 BA S ZIF-8 AH[E )RR IEA &,
Bl 20 =74°, 1045°, 12.78°, 14.71°, XMW 5CHERIRE Y] ZIF-8 (1) PXRD £ AHIA[16], UiEH A R ZIF-8
SERYIEN, 2R R . AgNPs@ZIF-8 (1) PXRD B3t B AT AL ZIF-8 HO4SAE AT B, i B B a4 K AR
WL FE IV B ZIF-8 HI45HK) . [T AgNPs@ZIF-8 [ PXRD [t B 44 40 K AL (R R AR W i, B 7
20=138.2° (111), 44.4° (200), 64.7° (220), 77.9° (310), IX 5 R IE K H ) PXRD KFEWEEEVYIA17],
YL T K AR AURL ) i D 17 28K
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Figure 3. Powder X-ray diffraction patterns of ZIF-8 and AgNPs@ZIF-8
[& 3. ZIF-8 F1 AgNPs@ZIF-8 B R X §T42 1757

3.1.4. DRPsELE
N T UESE ZIF-8 FLIE 451, TATHAT TR R PR 258, ] 4(a) s, AR Hf 2878 17 v] 0 ZIF-8
9T R ARE, ARYE BHT 59, ZIF-8 (WM E 298 137.6183 cm’/g, AN W B S a6 i 15 48 S 15
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N ZIF-8 ff) BET FHIFN N 343.3683 m*/g. Langmuir R AIFN 565.6491 m*/g. & 4(b)fizw, ZIF-8 ik

MR EAE B fLIE SN, HALIEEARME 3~4 A,
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Figure 4. The N, adsorption isotherms (a) and the pore-size distributions (b) for ZIF-8

& 4. ZIF-8 B9 N, IR MIZiE 2% (a) FNFLIE A/ 5270 (b) &

3.1.5. £I5MRiE(R)

BRI S — MR T3 E W), A& AL D] &) R R & N- LT &1 WS R 2L i i R 2 0, FFIE
R 20, BRI, Wilk. & 5 AgNPs@ZIF-8@HA FIZLAMGRES, WK oA 3350 em ™' AbF —Fa i, X5
FRIER IS, KN 1590 em ™" A ARSI, KRG BRI IS, K 1410 em T AR R RIG, Xt
P C-N B RS0 o IXIE B T 33 W R CL 8 R L TE AgNPs@ZIF-8 99K 1 (1 41 Fl o

100 H
- !
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<9
=
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g f
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Figure 5. Infrared spectrum of AgNPs@ZIF-8@HA

[ 5. AgNPs@ZIF-8@HA HIZI IS i E

3.2. UEER

PRAE T R PR REIE I E 45, AgNPs@ZIF-8@HA i H 42 Ph Ak 4 38 (4 R & BRI 1Y) MIC 2l 80
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pg/ml, AgNPs@ZIF-8@HA XTIt /3 v 55 2 EK B ¥ MIC 2N 20 pg/ml.

s 6(a)Bram N AgNPs@ZIF-8@HA X TR Y4 5 A <5 2 €0 ) 4 BRI I R 0 BOR . B 6(b)
AgNPs@ZIF-8@HA X1 /375 % 3R M ER B I A BOR « AgNPs@ZIF-8@HA 3 722 R 24 B A4 22
BF P T 24 B A AR I B SR BUR, AgNPs@ZIF-8@HA Wi 75 v 25 2 7 3R B (VRE) 58 UK

Xof et 20 pg/ml 40 pg/ml 60 pug/ml 80 pg/ml

Xof it 1 ug/ml 5 ug/ml 10 ug/ml 20 pg/ml

Figure 6. Antibacterial performance of AgNPs@ZIF-8@HA against MRSA (a) and VRE (b)
6. AgNPs@ZIF-8@HA X} MRSA (a)F1 VRE (b)EI#1 E R E

4. BREWR

KRG T HT 28 - AHMELE ZIF-8 (WE G910k kL AgNPs@ZIF-8@HA . 1) F 4514 i 1 R A
(SEM)AI X-5 2k RATHH(PXRD)HUE | ZIF-8 HIZ5H, FIHRIR AR SLI0UESE | ZIF-8 WA A/EFLIE
GERE), A BRI LR TR o ZIF-8 1A FLAE 25 A4 R A8 K 11 bl 2 T ARV L i (] 5 0 K B ORE 11 B2 47 3844k
AT LUK RO AR UREL £ 2 30 FLIE 256, ] UR F KA ARk £ 2 170 R PR FH K R DR AR R I i 380 L 5%
T o 35 HL T R AL (TEM) AT X-5 2883 R A7 5 (PXRD) 43 M iE B 99 K R ks 11 i 2h 71 2%, M AgNPs@ZIF-8
(1) SEM B rh, AT LUE 2R BEFE ZIF-8 R I APKARL, A TEM Hr] LR B, 305 G K AR 0L 471 2k 2
ZIF-8 [fLIE . H AR e 2L A6 1 (FTIR)UE B 132 B BRI BRI 1 3 T A AR R VR AT “ PR IR AT
WML 9T AgNPs@ZIF-8@HA 55 2% [ FH P i 24 T1 i FF 476 AR <6 €00 ) 2 B 81 R 2 22 PGS 2 243 B
Ji i B R AERE (VRE) RSN, 45 R R W, AgNPs@ZIF-8@HA X Wi Fhifi 24 i 5 45 1R 1 i /475 3%
B, H AgNPs@ZIF-8@HA X /5 v 85 2% [ Bk B 58 AUk

FEFPAEN R EE, A S RE AgNPs@ZIF-8@HA HIREML AN T 1) MEEK S
WoIEE W SR PR LA B P2 Al T AgNPs@ZIF-8@HA KM 1135 W R IR, 1 K E ) AgNPs@ZIF-8 & S 411 1R
M. 2) A & R SSRRMEAIEAE ZIF-8 212 M fil, st th SR AR o 3) RIS 1 9K AR TR 4
WA REEER Ag' e BEUFPEXAMENLEE, FER—DE AgNPs@ZIF-8@HA S 7E 512
HRIET R Ag IIRIEAR Ak . AT SCIIBIE TS A i BU TR 24 B8 2% BRI AT 7L 2508 T 560, AgNPs@ZIF-8@HA
SXof RS 247 T % /0N B (0 A P SR I AEREAT T

ZE&UWH
LR B GRS A LI 2530 H (S202010451057)
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