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Abstract; The antibiotics and nanopartilces acting as antimicrobial agents may both have harmful effects on the
environment and the human health. In order to explore the toxic effects of them against the bacteria, 4 sulfonamides
(sulfachloropyridazine (SCP), sulfapyridine (SPY), sulfamethoxazole (SMZ) and sulfadiazine (SD)) and 3 metal ox-
ide nanoparticles (n-ZnO, n-CuO and n-Cr,0O,) were investigated for their single toxicity and binary joint effects on
Vibrio fischeri. The results showed that the single toxicity of SCP to V. fischeri was significantly greater than the
other three sulfonamides; and n-ZnO showed significantly greater toxicity than n-CuO and n-Cr,0,. Three types of
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joint effects, i.e., antagonistic, additive and synergetic, were observed with the binary mixtures of sulfonamides and

nanoparticles, among which the synergetic effect was the most frequently observed. It was suggested that the metal

oxide nanoparticles can enhance the biological toxicity of sulfonamides, and the coexistence of them in the environ-

ment may bring about greater environmental risks.
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n-TiO, % 2% FCHI R A9 20 B 1T 4 n-TiO, <n-CuO
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1 ##l57 % (Materials and methods)
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1.2 V. fischeri )55 553
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R &80 2 g EALEN, pH T E 8.0 Z£ 47, RIGTE
121 °C KB 20 min, R H 568147 T 4 CokFE b
M EARRE AR A AR SR 3 0 e 7 SEml_EmA
1.5% ~2.0% BIIENEHS , KU 5 BOH A 6l R
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2 Z5% (Results)
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Fig. 1 Dose effect curve of sulfonamides to V. fischeri (15 min)
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Fig. 2 Dose effect curve of Meo-NPs to V. fischeri (15 min)

K1 BEREEAMHSUEER
Table 1 Toxicity results of sulfonamides

)8 TG 1) 4l .
EC5y/(mg-L7)*
Compounds Molecular formula Structure
itk i ik 1 C,oH,CIN,0,8 \//
14.83~18.19
Sulfachloropyridazine (SCP) (285) M
ik ez i CiH;N;0,8 &2 H~ /
J 132.92~152.36
Sulfapyridine (SPY) (249) //\o
it i H 5k S s CioH N, 058 NH
\ 156.78 ~178.06
Sulfamethoxazole (SMZ) (253) 04

B CioHioN, 0,8 —( )
1010 N4 Oy \Q\S/—ﬁ_ 281.00~321.12
(250) I

Sulfadiazine (SD)

T ECso N E BN e BE 5, 855K 95% 19 B G KT

Note: ECy, is concentration for 50% of maximal effect; a, results are 95% confidence level.

x2 SEEWHHKEHK (Meo-NPs) HIIEL SH
Table 2 Physical and chemical parameters of metal oxide nanoparticles (Meo-NPs)

4z Ja SE AR AN K IBURL 4R % EUE AN W) B AR m® Zeta B/ /mV BC,, /(g LY
Meo-NPs Purity/% Particle size/nm * Hydrodynamic diameter/nm ° Zeta potential/mV *
n-ZnO =999 30+10 501 -46.8 6.6~9.02
n-CuO =99.5 40 721 -22.8 280.65~297.13
n-Cr, O, =98 60 1 055 -18.0 174.38~188.14

ca, ORI R B BER TP 5 b, AR F1 2% AR zeta LA #RJ2FI ] Zetasier Nanio Z instrument (Malvern Instruments Ltd., UK E [ 5 ¢, 455 A
95% I B G AT

Note: a, particle size is provided by the supplier; b, hydrodynamic diameter and zeta potential were measured by Nanio Z instrument Malvern (Instru-

ments Ltd. Zetasier, UK); c, results are 95% confidence level.

&3 ®EPRT0 Meo-NPs XT V. fischeri FIBX&1ER *
Table 3 Joint effects of sulfonamides and Meo-NPs to V. fischeri *

n-ZnO n-Cr, 0, n-CuO
SCP 1.31~1.49(}%5 4T Antagonism) 0.88~0.98(FH /i Addition) 0.91~1.07(#H/i Addition)
SPY 1.42~1.56(#5HT Antagonism) 0.22~0.44(1/3[F] Synergism) 0.56~0.68(t/}F] Synergism)
SMZ 0.15~0.29(#3[7] Synergism) 0.26~0.46({/}[7] Synergism) 0.66~0.76(}[7] Synergism)
SD 0.25~0.43(HpF Synergism) 0.55~0.71(H3IF] Synergism) 0.39~0.51(HrF Synergism)

Hea, 555900 95% (B 15K,

Note: a, results are 95% confidence level.
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Fig. 3 Diagrammatic sketch of “Trojan horse effect”

3 itif ( Discussion)

16 12 H_JuBRAEBEE T A 8 4 BLPHR]
WOV, ] BE R IR S, Meo-NPs LA 7R 3 £k 1% [} &E
FETR B R 25 BB AR it e WL o A JC R 1, R iE A
2 T Y B PN, T A R i R AR T, W&l 3, Meo-
NPs 73X — b # Hrfp il — 2 T “ g R 57
() Ff1 8 R — 350 B B Ry < AR Sh R " Bl
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X B — A FH B P 2 5 22 Hb e S0 240 L P, DT 2
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A SRR TIRE , PR 7 B 2 vl A2 i 384k
25 Rene B in 7 53 W R ¥R VER
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