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Abstract

BACKGROUND: Zinc oxide has shown extraordinary antibacterial effect. But the antibacterial mechanisms of
zinc oxide have not been well developed, and the safety of zinc oxide has not yet been confirmed.

OBJECTIVE: To summarize the antibacterial mechanism and safety of zinc oxide based on the current research
situation of zinc oxide.

METHODS: The CNKI database and PubMed database (2005-01/2013-08) were used to search the related
articles about zinc oxide antibacterial mechanism and safety. The retrieval keywords were “zinc oxide or ZnO,
antibacterial”, “zinc oxide or ZnO, safety” both in English and Chinese.

RESULTS AND CONCLUSTION: The antibacterial mechanism of zinc oxide is complex. Zinc oxide reveals its
antibacterial power by photo catalysis, zinc ion dissolve out, and active oxygen. But the relationship between
photo catalysis and active oxygen is different based on different studies. The safety of zinc oxide is not confirmed,
and different studies have different results. Especially for the nano-zinc oxide, some studies have showed that the
zinc oxide is toxic. All of these mean much more researches are needed to verify the safety of zinc oxide.
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1 %#F1775%  Data and methods
1.1 BEKE &% — 144k £ PubMed £ 48 & &
B ) o AR AT &, B IR L B 3R B 9 20051
A £20135F8H . 5 5Ivh “BA4ERZN0O, #H” F= “zinc
oxide or ZnO, antibacterial” ## % K 4Li8 %t ALAFIR
B AT XA R, A “BAEFRZN0O, oK fo
“zinc oxide or ZnO, safety” &%k K4tia st fibss
AT E IR
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WISy, FAEETEOHR. OXMRY L E L e94F

g

TUo

1.3 HRUREN A 323284 Lk, FizArfe
BTG, HEIRBHR B 695 KX KB A 5 E 28
275K, HHREHFa963% )2 E %,

14 FRBWE MU AFENSIEIGKT, A8 HA
EAE, LAHREI G XA AIRE. P LaKR[1-13]
it T BB R IR, LAK[14-324K 3T T BI04
H AR BRI, LHK[33-53[K 3T T AdbsFysesbt,

2 R Results
21 FHENENGIARER
211 RMEAMERRE  BAHER AP TEFF K
FAdn, BA A TiO AR 69 25707 5L, B BL5% 69 Lt
AR, RBAMTH LB R, AR, Lk
KA T 4 R A4 AT AE 2 5 364F i (Bacillus subtilis)49
P FAF) 08%, WARBEAM T4, mAbREMHTHE
Sb4ExT X AT (Escherichia coli)4 48 2 & e %
5T, BEAEQREALEMLT TiO, 2 SiOy; F
FH FREA ML B AbEE . WK BALEE. WARK AMLEE
SR AP BAF I ILE R S, L RE: WARRASE
5 AT K AT E 09 30 ORI, Hok A58 AdbdE,
FUE M RAKAG R EE AR, AR BALAE S U
M F R L EARFAIARRGRAZ—; &
B4R BALAR Y A AR A — R %ok, 3 FFALL
SR EARDLE LT (9B 2R L R A T s,
Bl AY B4 RE) AT a9 L 2R A £, 3 AL
HA KA H N R AR AR T LR EFT HRE, Xk
LA SRS B R A G A AP KA b 4B,
LURATREFTRAATARALEETE AR S
(3.37 eV)ay KEBHT T, A T4 Lag b Fat 2R skt
B|F b, Am oA AN Feg i LA SiE A A
2RO )FkALEF(e). "EA ALK, @ e NELH
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FRIREAE GG AR, FLFF R0 AE 6T ik, 71 mie ey %
mEA K, 2B, In"d—F FiEmnEE, RAKmIBE
ABFRBTFHEE, 5EQRIEENETFARLS,
BIRPE Rt Ansi M, BALsE S S THME Kok 69-NH2 45
G, B R GEE MK, AmBAERKET
pH &4 TF, thRBNE T EVF, B mE L
HHEEER FRME B FELS, EREE M@0
My XA IR R R RA A M EE, S E
mE MmN R, RAFH @M T RiABAEE
é/g[18-22]°

5 bRl ar, i) Zn* T AL T i RSB it
BR3: O5@ARANNTAR. BRTAEATA
(-SH). &A(-NH: ¥ 45, RMERARE, &9
JREM, mita mBE& K EM, MR —by4 a9 EL
), dEHERED AR, BE—EKE, 7| AREL
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o H AR KA AR N, FREMA D R AF MR
RAZ M, pFmd ey R 8. AR KFFdf,
2% DNA REL , B3R gm i f — sk I 5 A e (FmnF R & 4
B E R R . WRAE R EFES, WAEREHE
o Ew AT, @i R AR X, BALEER T
B, EREANRTHRTEADERERF, RLLIREH
0. 2L mERIRE, ZnT XANERTHE LR,
B mAEm, EEARTERRFAFTH, BAR
TR T RE A, BEEFG IR TAES
Tk, BAEHAM, ZIn" 5L FEAREELE, MA
ERL. RS NERR, HAERTH SHRE
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1252, AR AR, 5 mmol/L ;K ) B sh K]
AR LA ARIFH P R, WA R ARE] 90%; @
5 mmol/L ¢4 ZnCl, 1) JUF R A I b 47 A4 A, FF5H 3K
13 B AL RO, S ZnT R R AT BALAE L
B H BRI R. MmEARKEG Zn* A% A 374
A AE K, AT IR mEeA Kk, NTaREEA
Zn* R mE A KPS e B TR, Bk, 48T
BB HIF TR Z ARG G T EHS, RE—
Fb A B R
213 AMAHEFAENTHARE @EIET Hartik
MEEIN, FERAFZRT B TIRE S £ EHRE
A, mEHAEATH—FALZ RS Z4E HO, 55
W& MR, EERR A R E M ST REA
A A, Tl DNA. @fefg. Ba i, £
TS| ARt T, L, EHAZLR A G40k
WEREAR, T EEmY LS —FoTF FAR
FL. Hd R A E B0 RS AN R AR B RS A AR
H.0,.
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A FHAMNBNRE KL E L, @A IR
B, R @AR, AREABEE R E A ALk T
H,0, = & A4 i3 BA s K % oa19% 28 kT L
REHESHFE BN RA R TR 5 F A 6E K
R X,

FIN, FFRE, EHAMTAESRBAX, AT
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AR BmZIE S H RN A HO, F A EHALER,
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AREIEREEM, BLART EHEILHIHRZIN, &
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h H it AR 7| A2 691,

BT, BACEEILEA T 48 —A JUAF R B LA L F)
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g e AR RARAF+ o6 21T,

22 FHEZEURRERE AR A KA
GRRACRGELE, CRSTZEA TR, B, K&
tedo, R QEFAAREPEL R, b F ALY
KB, 128 RRFEFHEMNEHFETHERAK,
{8 BALEE LB LR S R+ o 74, B AR AAL
G RB AN R S g ek %2, 3
I, TAHIREIE, AR TIOER., §FHY. K
ERAAMESHY . BERLAMEIYAR B XL —
HEEER, EETUSHE LY RABRLEKLE
Fp PO IR A, B R T A A K E Ak R
.7

RGERI T, FAAFA— T IRETCE N e,
SRR REAILE gk 450259 AR T
10mL a3z i F 36 h 5, #/REF, KAELxtm
Jod K REA BRI HAER; D RE T ERFHEK
5% (LDso) X F 2 000 mg/kg™®™. ¥ 44k b4 Fo 2ot
YR RS R, M R I T AREF A4 R,
FH 5 A K Rk R AT Yt B AR 4 m AR 2
sty Roag 2 R AR IR A B — AR, JFE
18 R Bk RO 04 B R R SR A A 3R AP Bt kab ey ]
KA AR R TR A V79 Az £ EAR R TR, KA
89 BB BARAZ K I A )y R RN BALEE & A 4m 6,
DNA #i1h ¥ 2 X3 L I, AT REH R FEA F
p@[SQ]B

BRI ZIF, 11.5 mglL 492 K BALEEAT 4 0 5
o LA ARIF O FAGAVE R, ST vAB & MR & A 5 A
5 0 9% o R A T, 500 pmol/L 4944 K BALAE T A5 AL
AT B IE am e A T, BT R T vAk 3] 98%; L5 iEFm
JEABE, #hR BACAEEST vAST BRI & fo % fm R gt 4T 45
A MARBAAE T A AR e BAR, TR
T DAL IS 2 M AR sa B 69 R E A 38 K, MK
T LR st e AR BOPl ik — B &
kA, BACHIES TR T @ B BT A e,
EEF 7 BLR— 2R ATx.

K, HHREH, wwRIEESH 92.5ug 4K A
AFBEAR FATE, TAGIRK R EE L hikIE %, oF
BiE bR mARIE I MR Gl AT K B IR AT AR K
FERT A YAk 6f 1TAZ FF AF R B LT 2 B dm B SR S Am it AL
AKAFBREAD, AEGRIAMIELZEFET, K
RAEI LG EAG K BAEARDG MK, BB, 4R9M3ER
84 B v 4 6 69 VR B AR AL 2 MR 20 mglL 49 44 Kk BACAEAE
JA T AR, A BiX sk gE R 64 R B 7T 482 4 ok BtbsE
WABERGEIEE pH 89 2 B T AL il ik 75 R 2 A,
o gk B A BB A B — i A AR
Fit— F REET AT EF @ity DNA & R
4%[29,4510
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Fob, ALl A Ak AL S AT EE R . T
EER KD b R ERERLERE T, MARRIE
P E AR A Bk b, KT R MR EALET
VAR KR b B BB R I K Bk, st s
MR R T, RARGK DA TS F AR R AL
By, BRBAEORATEA T, (2258 AT
DAL BB o B AR G ) RLE R B, Bk
EE 70 AR EAEER TRESHA 5| wize)
EIF, XS BT R FEALE S TALE FE
oA A #1011 mgl/L 84 9hk BAL4EE R A 0.6 mg/L
49 Zn7 R e A IR BE D IR S IR KA, d )
it B S B Ao AR B ALERE M, 5] ATAERGAS T i Bk
T3 K, BLBAM K BALEE 218 1T BAL R AT B Dy @ e
B, 5.6 mg/L 4ok BAAEE AT B B TR T 5
i G AR B B R . IR IE T R RCRAL B
(A B % hatzh A FH mdrl. Na'-K™-ATP B4 R nka.
5EFARE R G AR ctrl, (KEES B F AR hif £k
it42 F mRNA 494 mA Hone,

¥t & I E T ARREMAZES 30 nm #)
thk B Rk a BT, 22 7: 50 mg/ll A=
100 mg/L &9/ EREAAT, TAF D SIEfE;
# 1-25 mg/lL 4R ERET, TAREEIELF 69T
A2, MH 96 h BRI kKGR, B3oH S0
% ¥ 0.598 mg/L £ 6.305 mg/L 4 Zn* &z N R a%
LT, BRI EIESLF, 10 mg/l #94k
T T, D 8694 F % 59 KT 3.629 mg/L
4 Zn?TR, BB AR T A SRS K FAt, M
FARRGFLFE Zn* 549", Fsb, @idh TO,
F= AlLOs AT AR K I, BACEEST B2 & 84 I i Fn
Y g FEMT K, HH 96 h, 4k B EFadk B
49 LCso £ %14 1.793 mg/L #= 1.550 mg/L, 84 h 2+ 5t 1
B RE R 09 R F 7 ) F R K B K JE (ECso) 2 B A
2.065 mg/L 4= 2.066 mg/L, L Af4Ets by
WG TN FIRB R R AR R AR RE R 3k 69 TiO,
Fa AlLOs ¥ A A x5l & frfsFash o R Ik oA By &
0,

F N, RV R AH Ll BA A A K BALAE 4R
RIFOKER, BREI: A LR B YRR S
ARG A A WA A RIS H MR, {224
A AR BACAE G R R I A T AT IR R IR 6 IH AL A
BAR, RMBATRY, HETRY, FEARHAN E
KT SR P

Bl BFSEA A 745, 2R BACAE AR S LR AR
1R, BEANSHESIRRY, HERBEAIKREN,
71 Ae— A 54 B R AL 8 A P00 kT L, At
T RAAF ) AR RA A —F ik, 45 R T4
R BAAT I S oA R E B IAT B B 0 K E.
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3 11i& Discussion

BT aLGFIANEER A E 2, LERAERR
AT RS A R ALHI L RE R 694 R, (282405
st LT L F, BAAAR AT &M, H5)
RETFEHEYTASARBRZ NG (:EZ, TRGHR
A AR 4R, Bt LIud s o) 5F 58 it —
Tk, mAtt BALsE e A, TR e94E R AT 2B
HAR W EREER, BAIHEAAA—NEL, XTH
R R ¥ at foat BAGEE 69 SORM R R ik R, 4
AL L FT R BB ILE M A S MR ARE 48
X, Bt T AEEHE R R AR BALE N 2B R
T2 —F ik, R AR IE R A KT
BARKF O B E SRR R F A GIAR AL P AR, e BA
BAFOY A R, FARMKRBAE, HEERKRY
ARAZFF EHETEWNL,

TEZ T2t 50U TS (B0l e 2) f JEOF et AR
WAL, FARE AT VORI PR B, S = AR
SERMABT, A AEE N R

Far pEE: SR RN B 3 5.

EHERX: T M ERHEMP RN,

FAKE: AP SR, BATA
TiOz AT AR TERE, BATECRIDEHEAAE N, S fFn]
ML YT TEfE -

TEZARE: Sl 5 QR JEibaesey, Joiltas Ka 4,
MLMER, WHELBIRES, oA,
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