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Abstract: Antibiotics are playing an increasingly important role in clinical antibacterial
applications. However, their abuse has also brought toxic and side effects, drug-resistant
pathogens, decreased immunity and other problems. New antibacterial schemes in clinic are
urgently needed. In recent years, nano-metals and their oxides have attracted wide attention due
to their broad-spectrum antibacterial activity. Nano-silver, nano-copper, nano-zinc and their
oxides are gradually applied in biomedical field. In this study, the classification and basic
properties of nano-metallic materials such as conductivity, superplasticity, catalysis, and
antibacterial activities were firstly introduced. Secondly, the common preparation techniques,
including physical, chemical and biological methods, were summarized. Subsequently, four
main antibacterial mechanisms, such as cell membrane, oxidative stress, DNA destruction and
cell respiration reduction, were summarized. Finally, the effect of size, shape, concentration and
surface chemical characteristics of nano-metals and their oxides on antibacterial effectiveness
and the research status of biological safety such as cytotoxicity, genotoxicity and reproductive
toxicity were reviewed. At present, although nano-metals and their oxides have been applied in
medical antibacterial, cancer treatment and other clinical fields, some issues such as the
development of green preparation technology, the understanding of antibacterial mechanism, the
improvement of biosafety, and the expansion of application fields, require further exploration.
Keywords: nano metal; metallic oxide; green synthesis; antibacterial properties; biological
toxicity; clinical application
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Schematic diagram of the antibacterial mechanism of antibiotics and nano-metals.



EiEE S/ERNXERRESAMNEIE. HtSRENAHRREE

PE(EL 1C) 3 B, gk 4 )8 M LAk AT
TEHUETE, R HPTEALE — RS % —IA
A, HErtFR B2 0 FE AR B 1
BLEL(D)]. FEARAE M [ 1 ALBE(2)]. %fk
WA 1 HLER(3)]. IR DNA [1&] 1 HLEE(4)]
55 4 FHHLEL,
3.1 WIRAARAR

NP 1ML FTR , GOKRE . ARER L N
KA AR S5 K 4 T K H AR AR I FE S 20 TR 2
L B 2 foh B, 3 e ol R A A ARG A RN L i
PR, DT 3t S 240 5 45 ) R 2 e e IS 552 B TR
PERENSS), Khalandi 2V EWFIE R R L, 4k
BRIURLHT TE LT, 25 5 5 e T 17 P 1 2 T 4
MIREZE A, MR A ER, gRR 4
Yt W RE Aoy J2, (i 240 0 B 45 Ay 1 81 ™ il
W, R, RG] 2 AR LN A
Bt s oy — T, L S | A A Y R
TR PR PRGN AE AR RE , LIRS B A
PR 5 | A A T Bl 2 . AR 2004 4F A 22
R IR AN K AR ORLAE FH R 1 A T 1 200 P 2 3
20 B I SRS R AL, RS A A R e
fb, gl EsNg, WSSt
32 FHANH

wmiE 1 HLEG)FIR, K E R EA
o, SR AN A IS PR, AR AR TR
N, 38 B R PEREE 1T (nicotinamide adenine
dinucleotide phosphate, NADPH)F1 48 b i 241
il 7] (diphenyleneiodonium chloride, DPI) f¥) Ji
A N SR E LT . W5 kB, HA
¥ o \AEE AL A LA PE A (reactive
oxygen species, ROS)A IE 7 L R[5k FH Ak
PN, AR MG A, S RsT . SRR
MR N, BHAS A MAL i R 5%, A S
DNA $5 FI4I T . le Pape 251®1% B 2544 K
BRACFRI R IAAT TR, HARTR IS T R, 2R

&: 010-64807509

T 8 00t P ST o) 70 5 % B TR TG A, E
AT AR D SO N R R FE BT R ML 22—
3.3 #EIF DNA

WE 1 HLEL(4) TR, DNA Y i EE A
BEERY, DNA 71 RATEMR ek
T AR R I FE b AR AE B B R ] 5|
YN B AR S BAET S, 9K 4 kOBl i) B 5 7
PEAGIB NS, AT5 DNA 43 kA g Bkl e
A F L, DT 5 | AR B P 5 A8 1 Tk A i AL i
BAEE R, [FI0E DNA Tt TRz 2)m
T % A Rt 2> PN SE T . Feng ZE1VIE
FET RN T TR 0 4 v €00 8 4 R A A 1) i
2 DNA S9UKRRMAHEANER, &3 DNA /=4
TR BARING . 3 — 7, WA E RN
KA AT SEOFE B0 DNA A H 454, 38 Lk
He, EAGEERS FE BE A AR A = A ) AU,
DNA KA 4545, MIMBR DNA 523845 F90,
3.4 [E{X4HARAFIR

WiE 1 HLEEQ)FTR, A TR e 40 AT
VEMAERRE W A fmiGi 8, et g — 2558
HEWUFE AL EE B A p AT D
() —FPIT I, 2ok & B AN G &5
40 A i AL (-SH) 5 I RE (NI &, FR G
I W i o O S P 5, DA T 400 1 40 o o i 2

WFITIESE, GORERE . 9ok 9k
TRH . Ak AL BRI R ok — AL Bk ER 2k
INAHRERR , 175 S At M ™ A R AR B Y, SR
N 48 1, SN EAER, T4
DNA J7 A ARl IR, il ik Z R AL LR A 2
B E R i, Chatterjee LBV gl A A
FKIGFEB, S BUHR 90K 2 5 BUBE L7 2k
A5 T, R PR AN KR T4 5 2 Fh
PERON 0™ A T A O W FF B A0 i e i
Jad E AL . & A FUE AL AT DNA B, Lipovsky
S5 OV P Eb M e R B R e BN OK SR AL B

pZ: cjb@im.ac.cn



1468 ISSN 1000-3061 CN 11-1998/Q =4 T #2244  Chin J Biotech

1R 22 T AR B K R rh ROS SRR, A
i S 28 it A ik, DNA W2 2805, T
AALDNL R N o FEIK TiO, X 45 o €0 48] 25 BR A
FMBE LB A B, A0oK TiO, 23X 21 T 4 it i
FEAERR R AR ST, HORAESEAL T s
FEAE T YE E R SRR A e P SR, xd
TAKAEAEE, WA RS E LR
PSRRI, A R A ALY A e S
3 28 BEAE AL AL DA TR 2 B TR R

Zi BEIrR, gk G EPtm L Al S A N
BRAN SN I Fh = AR IMLH . RGN TSNS, AE
T AR, pesRHmFE T, AR KA
FEATE N, B R T DNA BT, %
Mo 1E F PP, M5 AT . Sk Rt
WHLEAR L, & HAAERE, Qn#ker D ik
PRI TT 20 L RS P S I PT AF . (HAPK &R
FIE 52 M) 240 0 I 05 P, 2 R 22 502 TRT K At T S
SR T T L P WA SR AR I AR TS B, N
DK 4 i 308 ) AT 200 A ok R S R 1A

WAk, ks T BRI, R
K, T SR, AT S B
FURIB AL S IR A, (EANERAS S 7= e 2T
Kar 25285 BTSSR i 25 (multidrug - resistance,
MDR)ZH A, 44K AR R I R 47 i) 0 R PR RE
Wan 5 P2VH) i 2, B2 380 J 3 A5 1 40 K 4R L AN AE
5 ng/mL [ BE N S AR I B | Rl 9% e B 1A
PSR 2 TR RPN RAFAIPTIaTE T, R, 90K 4
e PR T 245 R A AL R ASOR , A BB TAE R
BT — A RBIP TR BT bt A R 2 n]

4 MEPHEZR

gk m R AR RAT L JBAR . WREE
2R T A2 R 38 2 52 e A AUk
4.1 YRR FRT

YKL RO X R s, H

&

http://journals.im.ac.cn/cjben

R LA RO F R Z A 7E 1-100 nm Z [A]
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Table 1 Toxicity of different size of particles
corresponding to different bacterial types

Bacteria Size (nm) Toxicity Reference
E. coli 15 15>75 [33]

V. cholera 75

P. aeruginosa, 1-100 1-10>10 + [34]

S. typhus

L929 30-30 000 30>30 + [35]

T3 A0 b 2 B A e CRE AL L R AR AR
BA DL I T RIAE S5 SR . Morones P
1-100 nm [ A9 AgNP 1 I 7E Luria-Bertani
B e 5 AN 30 min Ji7, URAEAERNE R
AN , SRS 1 # 2 PR JE 5 37 (high angle
annular dark field, HAADF)$ 415 5 i+ i 3%
i (scanning transmission electron microscope,
STEM)i#AT 4041, #5E AgNPs fEAH I 1 (17 &
o, 45RFEW A 1-10 nm [ AgNP GEW
LML G o RERSEE R R RLAR 1 9K AR
K15 1929 ZmMdtFBEg%, IR T2
T T LSS, e BRAVRE A% 8 K AR A 200 it 5 T o
SEEAE ST S R 1 N S | A= B TR BB S
BT SRR RO AN PR
4.2 HRKTFRAR

WF9E B A AORL B AR 2 X470 11 196 e
W — R . Tang 0N TERIE | FRARAI=
FIE 3 FEIR A 94 KA XS I A T B T2 3 1 )
S, ORISR O BT TE VEdRR, HGR
B, 5 ERY . Yaqoob 450N i Xif 41l
JESE RN LSS, R IR AS R AR B 40 K AR
FEMEARTE, H B AR RESS & AN 1 I B 40k
WHEEs M, X SARRIEARM KRR Ag'
BRI, MO, R 3 FIRARE
20 K B A 2 o 20 L A AR O e, O HL
ROS A ZEHIA K, H A BE 2t il i 8 1
SR SRR B R R, BB IR,
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THURSI . Helmlinger ZP745 50 T 5 AR TN
JEY SIS AgNP, L350 K AR TR (AL
# 40-70 nm 1 120—180 nm) . 44K A" (20-60 nm)
4N K A (3060 nm), 44K 57 J5 14 (140-180 nm)
YK FE(E A 80-120 nm, K JF>1 000 nm),
T o A v A BRI TR R, R BRAK
(20-60 nm)BEPE Ry, HORBEGURBR . 90K,
IR SRR R, WFFEICh, BRI AR
PEBURIE M S R AU R R A e, B
I ey LU 2R TR R B 9 Kb 3R B0 A v VS ARk
PR e
43 BFIRFIRE

YK A g B H AR AL Y I TR 2 B R e
PTERE , — ORIk B B S B PR . B
KRB, KFANMAE 0-50 pg/mL AR B Mk B R 1555
24 h 5, BEERFRET R A N, ARRDE
ARGK AR 5 R0 A0 240 B % Ty o 5 . R
B G ERIMETE TR BRI P i, &
PR 100 pg/mL AR+ (R /T 100 nm)
X 1929 4u it = Ak s dE bl SRRSO
4 G, HBEH BN, AR 240 i
s/ 5 FEOKR R AR T H B T AR B 25
HARRBU R B d e/, Mk ESER, 3@
HHEM RSN — 2 RN, NIRRT 76
MR AR AR, TS kA M As H  E
MU, NI, SRR
4.4 YPUOKRKFRELFSFE

YN RRL A 1) 2 THT A 2% R 5% i 7 0 1 g
B L R E T . LR
JE T DT 52 00 5 - )RR, AR B B
X ISR ) — Sl T L A B AR R
EATWEES DNA, RNA Z545 4 FH 11 41 it 43 24
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AT 2 R U o 5 o P R s O, R
ERPIRPERE. NI, PEHlRTRite . W,
BUHEAUKRRL TR, B RR LR, A 2
fifp PR AR5 B R ()R

5 EMEeet

A RN MR T A BT R O TE Y
2 AR, AR SR AT RN K 4 R K A AR
Y Re Y R TR T AN R . AR
BE . MARES
5.1 YRS

WFoE R, MKEE LAY EAE —E
MR, — M BT R | RSP RIN
TGN A AP N K . Kim 28O /N Bk 2
MR L5178Y 5 AR I ¢ BEAS-2B 4
MR % 3 20 S e B, AORAR s
HAS R RR B A A A i e v LB SR B AT O
Danielsen Z£* U EL THP-1 41 i (ARG A%
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S4B P R A A0 ) RN P Bz A, . WST-1 il
BB, 2-256 mg/mL R AL BEFI G KA UKL
A [R) R B2 1) A B ik
52 RfEEM

WIS, 2Rk 4R A A
AitfE et I, AOKAR BB B30 RS IR T
24 PN LR AR T ) R I 5 2 i R a7
FIAE 15 nm HIR P 5-10 ug/mL B9 49 K AR XA I
T2 A A A B A A s Y K R A R TR AT
NEREE, LiELL Zn2p & F ik 9K FRIE
A, #EAIHE T3 DNA i 4l , 18 B Al 1y st A%
B ML, X AR R AT AR I R 494 K 4R
AEARAIORL, TESE T 40K A8k A X 5K 8 o 2 A 35t
R A FEY, Shakeel 21X KL
LA FLAY bt oE, RBLAK TiO, s
o il 7% B R B CH A R G, ik st L BEE .
53 HMEHM

RSN SIS E R SC K & Jm R T HA —
e sEdl, Qg KR BEFE ARl 28 0 4 i Fr 2B
B8 T AR L A 6 30T 8T 1-50 pg/mL ¥R
QURARET, Bz Bt & e =R A A K 2352 B
— A R P 28 SR AL R N M B BR RN AR 2 R BT
HMEREIR B 25 R An ZE5E o XK BURIIN R
A P I FIE SIS, O UESE T 9K S A4 1Y
P2 BEYE o R BRI Z A AR 25 W67 I ZI R B
FFNEICRE T TR, VI KINDhaEAZz 1, XAl
FIE 55 48T S 52 Ml it 228 1) A RT3 A G

YN K 4 B R HE R B A 2 T B
BEE, AR EEE | BB R L MRS,
L Ay BRI JFE I R oy FH e K Wi o H A 32 42
A 3 RERRSCEH Y2 (1) BREE
T AN OK 4 JE S L E AR IR L R A
S0 LR SCHUR A A R 2R AT, R R T
Ride . WREE, SRR T IR AR 25 5 i 40 1R
PR, DT AT RE G B2 il TR 4 K ORL - 3R 1 75 4 1)
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W, (2) ZFRKREEM B E GBS 2 4R A
AR 5 o TR A, ZFhak
CREAREMEERS, —FaEA s
U CR R, AT D) — P JC 2 M 1 A A
AR 53 15T, FEREARHE P Y [R] Bt DR 15
THRERE . 248 A a0 K B0k 4 4 (an
ZnxMgl—xO . Ta 2% ZnO ., Ag/Fe;0, WK E &
ARt AT figp e 4l < i AR A0 ) 8 oK JB0RE S B
) v 2 B B 1 B AT SR ), A EE S BT AL A
A 2 AR BRI E  ff pe r RB0 L (3) L
AR GEBACKR RGN, LB, TR
— KT, AKERESAERVKEPUE
ROCR G, JOe S A 22 IR B P I 2 B PR 2
AR I BRPUE SR, J4h, X FHAR
WE. IRRFER. THER. RNV E. PSR
MEEHTAE R SPOREAER, A4 MDR 47
T B EYCRCY, ARt RAAERE S
Ja& AN KKK FH B 65 2 25 P IH: MIC, T LLKy
AN K 4 T R pR T R R T 7 A B )
BRI , 40 Tram ZE0L BB R 59K EERL T
WH, BN R, T EREERY
VRE 1) MIC F&fI% 4-16 5. Ut 290K4)E K&
HAEAY St RBAHORE, TReCh kbt
A ZR N 24V (R DL S 2 oK 4 i 9 o wE PR Y

FEzZ—.

6 A E AR IR

6.1 ERHESES

K 4x 8 S AE AR R A T ISP BUR
BERAIE, IESEARR )T S T E B B
A Mo BRI, ke EE . BRR TR W)
PROMEE. FRE. BIBSMEFED, FEbe iR,
N DK AL T e W S T B e D 5 11 )%
ge  fEIEONE A, REAIRIEE SRR, 7
KATHMRLSU, S POREBURL I R G-k T
12 1 -co-3- 72 5L R I8 ) 0 K 2 4 S 3R AU AT
RAFH A IS, T TR rEReER, AT T
KT EHAP FEE KR, AR b A
R, SYURBR GRS B K AR
PSR R TERCR ,  HICH] 5 A I i a0 0 I/ Al
RER VIS, “F 88 T 4l (dental pulp stem
cells, DPSC)Tf PE L R4, A 2 0B fA 2 it
IR )y 20O R AR RN PR AR ST, gk
)8 S A AR gl S5 T A 48 L
R.OBHBELE . IRIBRGERIEBIFIGIT
6.2 FEAEIRTT G

YK 4 Jm S L E AR ) T IS BT B R R
P A RN TR AERI T O, R 2 AT

®2 EWEATEMRIRE AT A EHERETT R

Table 2 Research on the application of nano-silver prepared by biological method in the treatment of human

cancer cells

Synthesis Cancer cells Reference
Biosynthesis (dandelion) Human hepatoma cell (HepG2) [57]
Commelina communis plant extrac HCT-116 colon cancer cells [58]
Guava Colorectal adenocarcinoma [59]

Plant extracts from cloves

Human kidney cancer,

Human chronic myeloid cell carcinoma,

Leukemia
Myeloma

Human cervical cancer

&: 010-64807509
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SR P A= 02 ) A0 DK BRI 7P 1 A A IO 98 4
MIEIT RIRESE AT LUR B N e . e
S5 i Je A M 2 HAR B T BURCR . b, A
K AR BREA GG, DRV s U
JOE AR A B, RS A YL G Y4
B BNGORURLR 0TE BA AL bR, E AT TR e HE
[REPEdaa

7 E#

Wi EALEE, IR AR EIE . (1) 90K
G ALY EEALE 0 RGN . R T
HfE, 149K okik, 2 JEGREER .
Anis S AN, AORHE A — O L B
Ay, —EA TR BRI LA
HAFSEAERE . (2) el &EA T w, PIBLL
AL Ak e W W AR A, Foh IR A
Grisr @Y A L RA BRI AR 3) H
Hi 46 78 RO BE T LB T A0 R AR A i i L 2R 1k
W, B DNA MIFEEARAN MRS 4 Bl 94
K Jm LALEALY RS | JBAR L M RIS T
AR PE B MY A k. (4) YL
VeI, MR B R AR R
IR TSRS . HAT A 3 KRR L
B AL WREGENIAREE MR
WK . ROFSEM S, ZRAKkE )R
PR & 8 2 B 8 B AL AR BURL 55 i
ARG ERAKEL T HREBUE . (5) FENR RN
M7, BERTUR . AR YT . WG T
LRSS SN IUE75 o

AN 4 i S AR A A L ) R 2 U )
FHRBIF ST AT VF 2 Fe i e i T Y, o il £
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GURHA EEOFANE, RAUE PR —Fh
HRGTE Y BT, BESCBE IR, PR
DL IR Btk — 0 R, AR e i
e A RO . PRI AOK G Rk TRLAR, BFSE
H5BEAME, Al AEY®HE. £
G JE AN 5 L RE A A DR AT 2R A — o B A
2= I F S BN SR 7 ey A v )
B KRG SPUERMIRSUEEN, fE
% W E WG IRPTRACR , WABRRARAI &, ke ™
AN 20, A B O P T B b,
7 T A B AR W PV 2 AN BE 2 Tt e 2 M%)
AL CA . R S A S R
F RN A KA S AT SRR AR A W R . AR
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