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Study on bacteriostatic activity of nanocerium dioxide against two aquatic
pathogenic Vibrio spp.

YANG Yu', ZHENG Wenwen!, YU Wenbingl, XU Yingjiel, ZHANG Xingl, SONG Xuehongz, QIN Fenju1

1. School of Chemistry and Life Sciences, Suzhou University of Science and Technology, Suzhou 215009, China
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Abstract: Nanocerium dioxide (nCeO,) is an important new type of rare earth metal oxide with high oxidation resistance. In
order to develop new antimicrobial agents witch are efficient, environmentally friendly and non-resistant, we obtained nCeO,
from cerium nitrate hexahydrate by high temperature calcination. We sudied the in vitro antibacterial activity of nCeO, on two
kinds of aquatic pathogens (Vibrio vulnificus and V. parahaemolyticus), and verified the antibacterial effect of nCeO, by in vivo
experiment of Macrobrachium rosenbergii. The results show that: 1) The obtained nCeO, was relatively pure. The particle dia-
meter was 25.03 nm, the Zeta potential (mV) was —5.65, and the dispersion in the solution was relatively uniform. 2) The mini-
mum inhibitory concentrations (MIC) of nCeO, against V. vulnificus and V. parahaemolyticus were 128 and 256 pg-mL™', re-
spectively, and the minimum bactericidal concentrations (MBC) all were 512 ug-mL™'. The diameter of the inhi-
bition ring was 21.50 mm for V. vulnificus and 17.42 mm for V. parahaemolyticus. 3) The three concentrations of nCeO, (1/2

MIC, 1 MIC and 2 MIC) all significantly improved the extracellular AKP activity, relative conductivity of bacterial solution, nuc-
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leic acid content and soluble protein content in the extracellular (p<0.05). 4) The nCeO, supplementation in the feed signifi-

cantly reduced the mortality of M. rosenbrei in V. vulnificus and V. parahaemolyticus infection models (p<0.05). The results in-

dicate that nCeO, has a good inhibitory effect on aquatic pathogens V. vulnificus and V. parahaemolyticus, and the antibacterial

action may be related to its destruction of cell wall membrane integrity and cell membrane permeability.

Keywords: nCeO,; Aquatic pathogenic Vibrio spp.; Antibacterial activity; Vibrio vulnificus; Vibrio parahaemolyticus
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Fig. 1

Characterization of test nCeO,

Note: a. Results of XRD test; b. Transmission electron microscope of nCeO,.

2.2 S/NIEIRE MIC) MR/NRERERE
(MBC)
2o MG PRI, nCeO, X A5 I b FIHE %

MR 3 R B R4 A d /R, o nCeO,

X147 9 B AR SRR B MIC 43512 128 Al
256 pg'mL™', MBC ¥k 512 pgmL™" (F 1) . 45
REW nCeOy AT LA B 8 6 75 7K 7 9 I 9 1

R1 WA 2 MK REITE M &R/MIE R EF SN RERE
Table1 MIC and MBC of nCeQO, against two aquatic pathogenic Vibrio species

[t e/ NI HR BE N HRE H1H
Strain MIC/(pug-mL™) MBC/(pg-mL™) MBC/MIC
AR V. vulnificus 128 512 3
R I V. parahaemolyticus 256 512 2

2.3 nCeO, XI 1] {47 5N E 0 &l & M 5N E A9 SN E
R
£ 2 R EIR, nCeO, ¥R I H
B (21.50+1.48) mm, FRIHBAEUEAE ;. XF R
MR IR B AR N (17.4240.78) mm, R
U . SRAE MR L, nCeO, X ARG
(PR M TR P B iR
2.4 nCeO, WHE1EA
2.4.1 nCeO, 2+ 2 #IRHE £ KE %R
DI 2 Hrna] L, B 43 5B R R i R AE GE

R WRZEUEHI 2 MK EREMENNERR
Table 2 Antibacterial effects of nCeO, on two aquatic
pathogenic Vibrio species

» HERIF B
Rl Zone of inhibition/mm U
Strain Sensitivity
nl 2 n3  F¥J Mean
{
QUi 2279 19.89 21.83 21.50+1.48  +++
V. vulnificus
A I =
Al L 17.55 18.14 1659 17.42+0.78  ++

V. parahaemolyticus
T e RO+

Note: +++. Extremely sensitive; ++. Highly sensitive.
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W, AL 0 pg'mL™ B nCeO, XJHR4L, 1/2 MIC
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05 r
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- MIC 2K % {L 5l MIC nCeO,

5 WE W HIAER, M 0 pg-mL™" 1)
nCeO, X FZH , AP 9K G AR 9K E Y ODgoo nm
AT T 0.999 F11.139, 24 nCeO, Jii & ik J¥
2 MIC B, 2 FhE ) ODggp nm FeAAAE, Hik
Kz 5 emil. HILEH, nCeO, Xf 2 Fik
729 JRL SR B B BT B RE ) B 25 Wk B A 2 0
o

IV ML

20 r(b) V. parahaemolyticus

15

OD600 nm

05 r

0O 1 2 3 4 5 6 7 8 9 10 11 12
t/h

= 1/2 MIC 42Kk — % {4l 1/2 MIC nCeO,
- 2 MIC 4>k %k 52 MIC nCeO,

K2 AIEl Sk Bk — AT RO/ v I ) AR 1 2

Fig. 2 Growth curves of V. vulnificus/V. parahaemolyticus with different mass concentrations of nCeO,
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WITF RGN, B0 IR TR 5 IR 5 6 /N B 35 5 fin
(p<0.05), BRI MINETES 4 /N IF 4R 2 25 38 m
(p<0.05); MMM nCeO, WHEIREZE 1 MIC
IF, FCT R AR 2R 1 3 AR A ] e A= i RS
BITERR IR 3 /N IF IR 4R T (p<0.05);5 T4
J nCeO, WeJFHEE 2 2 MIC I, B4 9K B Fl I %
I S P VROFE R L 3 R A J 2 AR BT ) 53 31
WEFR5E 2 /SRS 1 /IS (p<0.05), 45HREE
B, nCeO, REMSA RUME IR A1 I F A1 1 5K B 41
MRy &M, HAEH#ES 5 nCeO, WREEFI/EH
Fisf ] 52 TEAH G
244 nCeO, xt 2 FrINE 2m fo it 7 H M 09 %5 vh

P L 4 mTAT, B3I R A R i 5K A Y 1 6
WEAH P B A MR AN ] PR SR I e st 6 h I, 3
Wb FEARKT, T B AR R 1/2
MIC B, 2 Fol B (%) B A% R 5 it 2 3% 18
(p<0.05), BIHKEE B MR AT P AR BT AE SR 2 /D
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54y B BRAE: R AR 2 Bl I P T AT 149
- ik 1))
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V. vulnificus e
*c
*c ¢ 4r
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Tl Tl s il 0 2
AKP activity/(U-L™)
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0
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30 - V. vulnificus
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Relative conductivity/%

t/h

M 0 pg-mL! K L4l Control
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R P 9 2 A
AKP activity/(U-L™)

0
0 1 2 3 4 5 6
BV ML
60 - V. parahaemolyticus

AHRT 5 2
Relative conductivity/%

t/h

O 1/2 MIC gk — 4464l 1/2 MIC nCeO,
B 2 MIC 4K =45 fbfli 2 MIC nCeO,

I3 NIRRT Q4 I /R M IR O B S h AP S P AR G S 6
TE: AHFEAEIEN LT, RREIMRE DK ARSI T, *. p<0.05; [F]— B AR RIS SCTRE B ARR R AR e
YK AR AR BT N [RS8 5 2 (p<0.05) 6
Fig. 3 Extracellular AKP activities and relative conductivity of V. vulnificus/V. parahaemolyticus with different
concentrations of nCeO,

Note: In the group treated with the different concentrations of nano-cerium dioxide at the same time point, *. p<0.05; Different lowercase letters
within the same color indicate significant differences at different time points under the treatment of the same
concentration of nano-cerium dioxide (p<0.05).

MIC #1 2 MIC B}, TR 0 M SMZ R ) 0 2 52 7
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BRI AN TGOS 5, 76 6 d N B
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WG, RPBTET- RN 41.67%, REELRY R
ik 57.14%, ' GIHEF A TR RIVE MRS, 6
d N RBBET- %N 93.33%, 4T 256 mg-kg™' Y
nCeO, FEEWIG, BRIETHR 35.56%, K%
4Pk 61.90% (K 5) .

3 hE

3.1 nCeO, Xt 2 FliZK =R RSN G B M SMIDE iE 1%

IR 2 H T2 K™ 258 s Wt i WL 20 T
PEPRG Z —, Xt WRRTH S22 A AR5
M, S EUR E BBET SRR E A 2 B R Ak
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03r
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B i 5K ER
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600
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300
250 r
200
150
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A A 1 R
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O 1/2 MIC g2k — 4 A4 1/2 MIC nCeO,
W 2 MIC 42K — %44l 2 MIC nCeO,

P4 R[)ve B2 oK — S AT 0 DI e /R oI B4 B S M RR A AT v P2 1
e BT SFAL T, ANFEIHRBEGK bl B T, *. p<0.05; [Al—BR AN R D& SR FARSR RA IR R BE 9ok bl B RO
[ i) 5,22 57 B35 (p<0.05) 0
Fig. 4 Extracellular nucleic acid and soluble protein content of V. vulnificus/V. parahaemolyticus with different
concentrations of nCeO,

Note: In the group treated with the different concentrations of nano-cerium dioxide at the same time point, *. p<0.05; Different lowercase letters
within the same color indicate significant differences at different time points under the treatment of
the same concentration of nano-cerium dioxide (p<0.05).

ST RE PN 2 T A AT 5817 4 IR I 7K 7™ 00 T A
LI R 25 W) Y BT ER Y . MIC 248 REAE M)
TR AR BT R B B R BE L TR AR SR
HPERERY AR, MBC RIS RERSTE TP A R H 7
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WFFEH nCeO, XA 5 TE FIEI S LK B Y MIC 43
5k 128 A1 256 pg-mL™", MBC 4}y 512 pg-mL™",

UL nCeO, MMM TR IE PETE M. AR5,
nCeO, XA 1 I B R I an S BT A 400 PR3 2 LA 53
35 (21.50+1.48) Fl (17.42+0.78) mm, ‘@7 i AU
YRR R, 21 nCeO, XF /K =9 EH H
ARG M. X AT RRJE T nCeO, FkL
RARTE/IN, AT 5 TR AR 11 2 i T B S KRN &G G s A
EEP S

B35 B A0 I i 2 5 & K = sh i sE T
1 2 FhEEELEORINE . L, S AR IR ER LK
7 SIS R i 5 LT DA 24 sl S e b i ) ) FE
Wit BRFEE LM, MREN 3.3x10° CFU-
mL™ PRI (FZ03-5X) iR 5 h, fL4&



54y W ERAE: QR AR 2 BRI 0 GRS PR Y 151
YPREAAFERL R : 128 mg-kg™! PPRE M BFERL S 256 mg-kg™
Mixed material nano cerium dioxide: 128 mg-kg™ Mixed material nano cerium dioxide: 256 mg-kg™'
100 1 () 3 100 - (b) -
3k
80 80 |
] &
E E
g 0T g 0r
3 aE
=2 40t =5 40t
B S B 5
z g
5 20 | (3 20 |
0 0}
0 1 2 3 4 5 6 0 1 2 3 4 5 6
t/h t/h
-+ FHXEZ Blank control -a— X4 Blank control
R EINE R O it - R B AR A AL

V. vulnificus infection model
= PR+ B IR TR R G
nCeO,+V. vulnificus infection model

V. parahaemolyticus infection model
- PR AR TR IR R e
nCeO,+V. parahaemolyticus infection model

K5 FERIOR AL 2 FQTH O I /w0 B R R S ARSE T A A 5]
TE: BT 525 X IRAL AR, *. p<0.05, **. p<0.01; K A fbili B2l 5 BRI TZ LU, #. p<0.05, ##. p<0.01,
Fig. 5 Effects of mixed material nCeO, on cumulative mortality of V. vulnificus/V. parahaemolyticus
infection model of M. rosenbergii

Note: Infection model group compared with the blank group, *. p<0.05, **. p<0.01; nCeO,+infection model
group compared with the infection model group, #. p<0.05, ##. p<0.01.
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