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Research progress in mechanism of antimicrobial action of zinc
oxide nanoparticles and its influencing factors

XU Ziyang, WANG Ruolin, GUO Yifan, LIU Yuji, LIU Min
(Department of Periodontology, Stomatology Hospital, Jilin University, Changchun 130021, China)

ABSTRACT  Nanometal materials have been extensively studied due to their non-toxic, stable, and
efficient biological properties. Among them, nano-zinc oxide (ZnO-NPs) , which exhibits good
biocompatibility, is considered a promising antibacterial material for medical applications due to its broad-
spectrum antibacterial effects and photocatalytic activity. The antibacterial mechanism of ZnO-NPs is not
yet fully understood, but two widely recognized modes have been proposed: one is a non-contact
mechanism dominated by reactive oxygen species (ROS) generated by ZnO-NPs and the release of Zn*' ,
and the other is a direct contact antibacterial mechanism involving the interaction between ZnO-NPs and
bacterial cell wall components. These two distinct antibacterial mechanisms are attributed to the
physicochemical properties of ZnO-NPs. As a wide-bandgap semiconductor, the antibacterial efficacy of
ZnO-NPs is influenced not only by light exposure but also by factors such as particle size, concentration,
morphology, as well as the type and structure of the target bacteria. Therefore, understanding the precise

mechanisms is crucial for elucidating the antibacterial functions of ZnO-NPs against bacteria and fungi. This

[fEHHE]  2024-03-28 [(REHH] 20240528

(E£WmB] HERALR¥LE® LWHE (51972138, 52272282)

[(EHEBN] WA (1995—), B, WAREMYI A, s, 322 NF A R0 77 | ks .
GBREMEE] X fG ##E, WEUR4A S0 (E-mail: liu.min99@jlu.edu.cn)

© (EMRRFEM (B2 ) FiEE, JFRRGENE CC BY-NC-ND #r.
© Editorial Board of Journal of Jilin University (Medicine Edition). Open access under CC BY-NC-ND license.



1130 TR 224 (BE 2 i)

¥51% 4 20254E7 A

review summarizes the latest research progress on the antibacterial mechanisms of ZnO-NPs and their

influencing factors, and provides an overview of the factors affecting the antibacterial performance of

ZnO-NPs, offering a basis for a deeper understanding and application of ZnO-NPs in antibacterial therapy.
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Bacterial infectious diseases;

Antibacterial mechanism; Reactive
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O, +H'—-HO,, HO,+H +e —H,0,, 2:OH—>
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BEYE, AR AT 5 ZnO-NPs XF 4 B 41 il 5 1
B A Zn® W BE R INAT OC . BaRZERERI . fE IOk
A BT, AT e A BANAY 7= 4 ROS #Y MLl 5%
oAt 5556 T8 X P s AL

1.2 ##%Zn*

JAE ZnO L6 KB W 10 BRI, HF 2
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KRISHNAMOORTHY % " #3717 ZnO-NPs X ifi
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2 1 3 ZnO-NPs X T F 42 7Y bk 4 ¥ €0 8 7 BR B
PUBR G M 1 SRR A R R Zn” R T R BN
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Mo as R . BIFRP @ PiE S S Zn” B
PR, AN FAY Zn® ] fE AR 2 ZnO-NPs i #
1) 32 AR HL
1.3 ZnO-NPs 5 m#eh4n 24 A
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e G 41 1 2 T AR B VR S 504N A 40 S T il I A

A& ZnO-NPs 5T H L Z — . ZnO-NPs 7E pH
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P, I WA B K AT I 5 ZnO-NPs Z [H] (1)
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ZnO-NPs Xf 5 22 {1 40 7/ 2 A 5045 09 50 & 16 P .
WA BEgE Y S AR 45, BT ZnO-NPs X 8 %
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1.3.2 7ZnO-NPs N4k ZnO-NPs 5 41 5 i 4 7.1
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BB (scanning electron microscope, SEM) #li%
S} B 7 & 85 (transmission electron microscope,
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AARZHEEM . ZHANG % 7 %K1 B 0o o8 2
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MR, FEIZMF 58 55 F K, ZnO-NPs ¥ J¥ Hok 1%

WoREE, LEUNG % " 5 /R : ZnO-NPs &
R FF TR 0 FH AR P 2 vl B Ol M, i ok R 1 38
i, ¥ 2 ZnO-NPs 2 L # B A B 7E F 09 7 XM 5
TRIBAFRE L, T 240 22 5 . BRAYNER
AR BRI, HPFR AR R WE N
3~10 mmol-L ' ZnO-NPs % K g #T B 09 4= K B
e EIPER, X & B T ZnO-NPs & 41 B 40 i i
FAN N XN R B 25 5 . Rk oY — e FE
¥ 9F T ZnO-NPs {9 K7 42 Fik BE X H 4T 5 20 5% 1
R

2.2 ZnO-NPs % &

ZnO-NPs $t & 1 P ik 23 32 HIB B/ m i
ZnO-NPs B & R LG & dee . Wik, @
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MpHE) DL EAEHIERG] S0 %5 S50, v LLkE
FHA ZnO-NPs &5 44, DA 3% 21 f5 44 0 e v 25028
SAHA % "7 Sk H B b % 35§l & T 46 )k ZnO
(flower-like zinc oxide, F-ZnO) fk4h+ #1758 B
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HHG 7S S8 Btk ZnO B G K W R B IR
SR K SE RGN T R SR T AR, (AR G oK Uk B
EL W o 440 P A T A RE 0, DT SR T X A A ) A
HER o A B4 KR 2 5 B ok kL v A2 42 VF
ZWET . ERZENAERKAET, REEAH R
WY . WFE Y BN ZnO M BRIR g5 M B A
(111) A1 (100) ZimE, TEkRa KL EZEEA
(100) ZIm. T (111) /W EA F & mE 7%
B, OBWEAA S E B R EE . FRY Bon e D
{21—1—0t b & 7 &% & 1 1) ZnO-NPs A 3 T LA
{101—01f f FZ & f 1Y ZnO-NPs, H&HE LM
E= g VAN O =N O3 R (SR S N TR DA e A
ROS L E S W AE o ZnO 95 K 45 ¥ 19 T2 IR 38 2
PR . SERIRGUOR BUR B, PR AL
ARG K R T B 28 i A0 B 1 40 e L SR, 5
BRIE F B AR ZnO-NPs L #5, FE4R ZnO-NPs X 4 #
0,74 %5 BR TR R AT T EL A R BT R
AEIJE AR ZnO-NPs B 8F 2 AR KB 2 CR LI
S FR B R R I 2 . R RE 9 AR A N 2R ) Bk 28 R
) AT TE e B %) 2 XOGT 4 T 40 A s ML AR i
il 2g, JEm 2 AN, AN A B AR A
Bk TR LAAN , ZnO-NPs 2 i e 5t %k H bt 6 5%
PR S E BRI . ZnO-NPs 2 i Bk f4 22 i 16 ROS
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H T ROS A= BUAT Zn®" B il & 2B 76 90 K b4 R
FEUT, ARk 2 T ST AL 2 R 54 R A0 R RE ) A
YERT, PRt 9l oK et %) 2 T el M T 8 23 52 Wil i A ]
AE A PT BIEPEBL ] . IR KO —Rh Rk ik, Xt
T4 5 ZnO-NPs WP i 6 e A7 EZA/E M . ANN
B BEAE R - AR AR ORI LU N ZnO-NPs
B 2 TR AR B, AR A R AR T
ZnO-NPs K1, o 7 Him e, 5% H £ ROS
PEoP S S e N N TTD0 i D o B L NI = W A ima
. MEHMOOD % “ ¥ ZnO-NPs 43 %] £ @& < Al
ARHPIR kAR, RER: SHEAHE KL
B, AR KSR R T ZnO-NPs 2 i i B
' PR E S AL, i Zn’ & B8 ZnO-NPs i i%
Weds , DA BT TG P, R B ZnO-NPs 78 18
JEL RN A A0 B85 H A 3 T O 4 5 R X K T RN 4
B0 7 BR B DT B O R R A B B AR A i Tk
PE Y 55— Bh 0 2% S 2 T el 5 Ik T 0 K R
fFgE 1 WoR s T R IR B M A9 ZnO-NPs ()
PU IS PEAEAE 25 5 o R0 M R X ZnO-NPs 1t
PRI 205 1 R i 2 A R ), A [RD I 3 T e ) o Ak EE
A TE] 2R R ) ZnO-NPs B 45 7= A2 AS (8] 1 58 1 0
CEPIN % )% ZnO-NPs 5 fi: & # 17 35 4 26 1 ok
P, SR ER: 5SRBMWNZnO-NPs i, &
Fm kM ZnO-NPs SLE IS IR & T 2 5 .
SURESH % """ % Bl . %k % oM 7 /9 6 1 5 5%
ZnO-NPs 11 5 /N 30 18 e B A e /0N A% T v BE T
FWIHE ZnO-NPs H i b 2 J5 19 ZnO-NPs H A 5
UF B BT RIS PR, U I AR E R T O R 4 R M R
AR 9 A& 0T A ZnO-NPs £ 5, i 57 AR 35
ZnO-NPs & | 1 WA Rk i . B T 3R
U AN, 1B 2% ] DL AR ZnO-NPs (194 b& M BE .
i 3 ) g oK BORE A% R Sl AJE A R T R 4 JE oo
£, JNRE T A S 38 ZnO-NPs H (1 5l G B
BB A R B AR L A ORI L P A R R A R
ik, EHRRFHAEGRSER ™, BREHET
ZnO-NPs#LHPERE M A 2 . BHr, wHE
A EEAGESEICE . WEooE . L JE M
4R . LAKSHMIAE il id £ ZnO-NPs H1 8
ZeO M BRI N F G, 5K BIE WM
BEEA WA 2, CRMAE ™AW - OH

M- O, bz %, OKEKE % ™ FF 58 7 o I 4
J&B A X ZnO WsZ i & . #8245 ZnO-NPs [ #it
B ME B . ZYOUD 4 Y & T Mg® 4B ¢
ZnO-NPs, Jf¥ H 5 5 Fp 40 & 3t W 85 78, 451 W
N FEFE Mg W E T, ZnO-NPs 2 30 H 44 K b
NGO A EEAR I BPUTE 52560 45 5 W oR 40 18
T DB Y, B0 B PR A
2.4 kA R

WEoE 7 BoR . ZnO TE AR £ AL AR5
B BN S e AR e RE L JF AR AR AR A
LT A RER (TiO,) o SR AR I Z —FlOB i
T CHOR K A 1 E AR IR i B, 77 A B ROS & 4%
Tl 4 &8 SR AL W BT B TG Y R B TR, T ARk
R MAEYZ W . EREM T, ZnO-NPs J
S A M RE R BT O M AT B R, T BB T ZnO
OR7/E= SR N S RO I P/ i =N 5 I S D
NG % R BR: EHREOEMT, ZnO-NPs g
PR PUR S, H A ) ROS 5 90 15 P Z (6]
o AH G . ANNSE R AR B
W T ZnO-NPs #£ 5 5 HAR 40 AR BAEH] . 7
UVAMRB (390nm, 1.8 W-cm *) F, BEILEEN
K (ZnO-rod) FEACEEAK A (ZnO-plate) 1EH
TR KT A 4 €0 R A R TR, D TR R Y 5
AUAL BE 5T 20 min J& , ZnO-rod Xt K iz #T 1 69 30 i 45
FHEE T 18% , ZnO-plate % K iz #F 1 19 30 i 1
R T 13% , R4 v €0 5 25 3R B A 40 A 43 01 1
T 22% (ZnO-rod) #121% (ZnO-plate), WF5¢ ™
WoR: ZnOVER—Fhid & 8 f ik fk ik, BA
Fiik 3.3 eV B, REME WL & =>3.3 eV B
TR . ECREMT, M2 Nl BRAE 2
W, A IE AT RS 8, JFTE R A S AR A M Y
“CEAEN AT, BERS ALK B A AR E T (OH ),
IR B S PR G MR ROS, 2R, ZnO-NPs
B AL TG M 2 2 B S R R PR . 1o, %41
LT, mF-m RS RENREE A, Hik,
ZnO-NPs [ 0] WL W i BE J1 85 25 o fE K SR8,
ZnO-NPs %5 5 Z FDGIE ol o YA i ff U F IR 5
3 G s A T 20 2 BE T BT 4L A 7E ZnO-NPs
PRI R T . EEINE IS T, ZnO-NPs 2 % fi#
AL Zn®, TSR E L, 53 Zn0 S s AR
F oo AL, B Znt . B, NS
ZnO-NPs T A & W Bk 78 2% 11 59 K 73 5 % HE BB o
ZnO-NPs 7 58 B2 P AU 75 70 b o 2 s g, 1%
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MZ, ZnO-NPs WHi WG HEAMN S A &k
PEA G, MG RS R RO A . H
AR & T, ZnO-NPs % A [ 2 %1 40 14 f9 +
BHEALFBAAAEZES . HI, A THES ZnO 9
KRR BT R IE M, R BEIE A E AN % A IR T
ZnO-NPs 11 3= 22 (14 Bt 56 L1 DL B A2 A R 5 1F T 1%
F BT ML 5 AT AL 0 B ) RN

3 RESRE

ZnO-NPs H A 1 5 09 4= 9 A0 25 1 16 1k 2% Fa
SEME, B, TEEEFSUREA )2 R AT R SR
[T = T = X T e v i S e e T R TR N RN N 4
4, W DL G ZnO-NPs i U1 19 Bt 3 AL
il ISR HE S 0 A W R Sk 3R B 2 A0 G AR
B FAh, ZnO-NPs 11 50U 25 44 % H 4T B P e
B, DN T R B AU A T T R
T 16 SR mG LA S ZnO-NPs B P PERE . 8 2%
Hoth 4 J ol Al 4 @ A RE, LA 5 X0 S G A 0 1 3k
PEVETF D X S R Al L i J: 0%, RTREA B Ttk — 20
KA ZnO-NPs B EY B4 T .

P S5 SR AR

B AT V3 A W R A AR R 2 o 5

EE TR

WSS R R AN CRT , EA . 55— LA
XU 7S 5 PORE L, XS 50 3CH B .
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