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Concentration-ratio—dependent antagonism of sulfonamide antibiotics towards Vibrio ginghaiensis sp.—Q67
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Abstract: To investigate the long—term toxicity of sulfonamide antibiotics (SAs) towards organisms, five SAs: sulfamethazine(SCP), sul—
famethoxazole(SD), sulfasalazine (SPY ), sulfadiazine (SMX ), and sulfachloro pyridazine (SM2) were selected as research subjects. The di-
rect equipartition ray method was used to design ten binary mixture systems, and five rays with different concentration ratios(p;s) were ar—
ranged in each mixture system. The toxicities of the five SAs and their mixture systems towards the photobacterium Vibrio ginghaiensis sp.—
Q67 were determined using the optimized long—term microplate toxicity analysis(L-MTA ) method. Concentration addition was employed as
the standard reference model to analyze the toxicity interaction within mixture systems. The results showed that the toxicities of the five SAs
and their mixture rays displayed obvious differences after 16 h. Based on the negative logarithm of median effect concentration(pECy)), the
toxicity order of the five SAs was as follows: SMX (pEC5=3.95)>SCP (pEC5,=3.65) >SPY (pEC5=3.41)>SD (pEC5=3.36 ) >SM2 (pECs,=
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3.21). Seven out of the ten mixture systems displayed additive action and the other three, SCP-SPY, SCP-SMX, and SCP-SM2, showed dif—

ferent antagonism. Antagonism of SCP—SPY and SCP-SMX gradually strengthened with the decrease of component SCP’s p;s from R1 to R2,

and then was mostly stable from R2 to R5. The antagonism of the SCP—SM2 mixture system strengthened with the decrease of SCP’s pis

from R1 to R2, then declined gradually from R2 to RS, and synergism appeared in the relatively high concentration region of RS.

Keywords: sulfonamide antibiotics; mixture; Vibrio ginghaiensis sp.—Q67; concentration—ratio dependency; antagonism
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Table 1 Basic physicochemical properties of five sulfonamide antibiotics

HiER fiifx  CAS%& S F Syt « B RMSE R ECso/mol+L”  pECs

Tk e Uik R SCP 80-32-0  Cy,HCIN,0S 284.7 6.32 1.73 0.033 0.987 1 2.22E-4 3.65

Tk gz e SD 68-35-9  CiHNOsS 250.2 5.71 1.70 0.053 0.934 4 4.38E-4 3.36
MM R SM2 57-68-1  CpHWN,0S 278.3 3.89 121 0.040 0.964 3 6.10E-4 3.21
Tk ke Y 0 e SMX  723-46-6  C,HuN:0S 2532 3.87 0.98 0.058 0.919 1 1.12E-4 3.95

T e SPY  144-83-2  C,HuN:0S 2492 2.83 0.83 0.029 0.968 3 3.89E-4 3.41
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Table 2 The components and their concentration ratios of ten groups of binary mixture systems designed by direct equal partition ray method

R1 R2 R3 R4 RS

BM1 PSCP 9.135E-01 8.086E-01 6.788E-01 5.137E-01 2.971E-01
PSM2 8.647E-02 1.914E-01 3.212E-01 4.863E-01 7.029E-01

BM2 PSCP 1.374E-01 2.847E-01 4.433E-01 6.142E-01 7.992E-01
PSD 8.626E-01 7.153E-01 5.567E-01 3.858E-01 2.008E-01

BM3 PSCP 8.715E-01 7.307E-01 5.757E-01 4.042E-01 2.134E-01
PSMX 1.285E-01 2.693E-01 4.243E-01 5.958E-01 7.866E-01

BM4 PSCP 7.059E-01 4.899E-01 3.244E-01 1.936E-01 8.761E-02
PSPY 2.941E-01 5.101E-01 6.756E-01 8.064E-01 9.124E-01

BMS5 PSD 1.063E-01 2.291E-01 3.728E-01 5.432E-01 7.483E-01
PSM2 8.937E-01 7.709E-01 6.272E-01 4.568E-01 2.517E-01

BM6 PSD 8.950E-01 7.732E-01 6.302E-01 4.601E-01 2.542E-01
PSMX 1.050E-01 2.268E-01 3.698E-01 5.399E-01 7.458E-01

BM7 PSD 7.510E-01 5.467E-01 3.762E-01 2.317E-01 1.076E-01
PSPY 2.490E-01 4.533E-01 6.238E-01 7.683E-01 8.924E-01

BM8 PSM2 9.348E-01 8.515E-01 7.414E-01 5.891E-01 3.644E-01
PSMX 6.521E-02 1.485E-01 2.586E-01 4.109E-01 6.356E-01

BM9 PSM2 6.389E-01 4.144E-01 2.614E-01 1.503E-01 6.609E-02
PSPY 3.611E-01 5.856E-01 7.386E-01 8.497E-01 9.339E-01

BM10 PSMX 8.353E-01 6.699E-01 5.036E-01 3.365E-01 1.687E-01
PSPY 1.647E-01 3.301E-01 4.964E-01 6.635E-01 8.313E-01
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Table 3 The fitted results by Logit function and its some statistics

for the five sulfonamide antibiotics

WAER o B RMSE R

ECs/mol - L™ pECs

SCP 632 173 0.033 09871 2.22E-4 3.65
SD 5.71 1.70  0.053 0.934 4 4.38E-4 3.36
SM2 389 121 0.040 0.964 3 6.10E-4 3.21
SMX  3.87 098 0.058 09191 1.12E-4 3.95
SPY 283 083 0.029 0.9683 3.89E-4 3.41

09 -E-SCP ~®-SD -

P4 Inhibition
=4 o
) =)
kA
"
&
- -
F_:
% v
1]
S,

1E-6 1E-5 1E-4 1E-3
e & Concentration/mol « L™
1 5 FhEERRSEH A ST Q07 IR BE -3 Br #h 4%
Figure 1 The CRCs of the five kinds of sulfonamide antibiotics
on Q67
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Figure 2 The concentration—effect curves of the ten group sulfa binary mixture system on Q67



2204 bedllle sy S-Skl 25 36 555 11 51
097 ScP-sPY-R1 091 scp-sm2-R1 091" ScP-SMX-R1
8 i £ £
= 0.6F _,.-"" = 0.6 = 0.61
e y E 2
3 03f 3 03F 3 03h
= A = =
0 of Of
1E-6 1E-5 1E-4 1E-3 1E-6 1E-5 1E-4 1E-3 1E-6 1E-5 1E- 1E-3
e J&E Concentration/mg L™ e Concentration/mg -« L™ e Concentration/mg -« L™
097 scp-spY-R2 091" scp-sm2-R2 091 scp-sMx-R2
K g g
2 06} 2 06f £ 0.6
= = =
5 03f 5 03f 5 03f
E z z
g = =
0 of of
1E-6 1E-5 1E-4 1E-3 1E-6  1E-5 1E- 1E-3 1E-6 1E-5 1E- 1E-3
e Concentration/mg L™ e Concentration/mg L™ e[ Concentration/mg L™
09T ScP-sPY-R3 097" scp-sm2-R3 091 Scp-SMX-R3
= = =
=} =} =}
é 0.6F 5 0.6 __.:._’El 5 0.6
= = =
5 E ,ﬁ E
5 03F 5 03F y 3 03f
: -
= = =
Eaal - -
0F of = of
LRl LAl e LAl T R TTPT R TR T TP TP I
1E-6 1E-5 1E-4 1E-3 1E-6 1E-5 1E-4 1E-3 1E-6 1E-5 1E-4 1E-3
e JE Concentration/mg L™ e Concentration/mg -« L™ e Concentration/mg -« L™
097 Scp-sPY-R4 091" Scp-sm2-R4 091" ScP-SMX-R4
g g g
= 0.6F = 0.6F = 0.61
= = 5
= E =
ﬁ- 0.3 _ﬁ 0.3 P -i- 0.3F
= = +=
= = S =
Uy of — 0f
LilllEs EETTT BT ETIT BEN TR T 1] METET I R TITT R I FTIT TR T 'PEFTT FEETTT BER TR R TIT TR 1 T
1E-6 1E-5 1E-4 1E-3 1E-6  1E-5 1E- 1E-3 1E-6 1E-5 1E- 1E-3
e J&E Concentration/mg L™ e Concentration/mg -« L™ e Concentration/mg -« L™
09T ScP-SPY-Rs 091" ScP-sM2-Rs5 091" ScP-SMX-R5
= = =
Q Q Q
= 0.6f = 0.61 = 0.61
= = =
= = =
— — —
3 03f S 03F 3 03h
= = =
0r of OF
ikl [ETTT | Lil F Lilisal PEPPE PEPEEL PR Saleees et Lilidkl LLliidm Ll ALl Sl
1E-6 1E-5 1E-4 1E-3 1E-6 1E-5 1E-4 1E-3 1E-6 1E-5 1E- 1E-3
e Concentration/mg - L™ e Concentration/mg L™ W& Concentration/mg L
DERAE — URER — CA Fiiiligk  —— 95%EAFIXIAl

B3 3AEESHHEEERREYMERT Q67 MIiRE- MM X R

Figure 3 Ray sulfa mixture of three groups of toxic interaction of Q67 concentration — effect relationship
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(1)Logit PRELRER I b & 5 PR R b R
K HAR AW Q67 vk B -4 i Fdis . 5 b &R
X Q67 MyFEMEZE T, HAE RN h : SMX (pECsy=
3.95)>SCP(pECs5=3.65)>SPY (pEC5=3.41)>SD(pECso=
3.36)>SM2(pECs=3.21).
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Wik, T SCP-SPY Fil SCP-SMX 454 18 Fi M
R1 #| R2 Z B &, N R2 2| RS JL-PAAE, 1 SCP-
SM2 IR G WA R T 5 SIS HUERTA RT 3 R2
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RS FEdss e FE IX L 2= B T I o

S 3Lk

[1] faf {8, Jeyakkumar P, Rao A S, &%. Tt b 25 25 ) b 24 BF 53 ifk J2 [1].
FRERL 2 1k, 2016, 46(9) : 823-847.
HE Shi-chao, Jeyakkumar Ponmani, RAO Avula Srinivasa, et al. Recent

advance in sulfonamide—based medicinal chemistry[J]. Scientia Sini—
ca Chimica, 2016, 46(9) :823-847.

2] e EL. B R 2GRS IR P oK PR35 Y 43 Al R [D]. 3
IR, 2015.

JIANG Xiao—xia. Distribution characteristics of antibiotic medicines in
the aquatic environment of a typical of river basin[D]. Shenzhen : Shen—
zhen University. 2015.

B1VF & E W5, FLEEVE, 5 A DU IRBE M BT R A T3 rh
FEHLERE S R 2 BT 0], IRBE R 2E 3R, 2015, 35(2) : 550-556.
XU Jing, WANG Na, KONG De-yang, et al. Dynamics and degradation
mechanism of antibiotics sulfonamides in soils with organic maure a-—
mendment|J]. Acta Scientiae Circumstantiae, 2015, 35(2):550-556.

[4] A8 SCE, B IDehk, S, 55, | AR A48 3 O A rh s T R 28 IR e 2

BUAE RN &= S A M FHEDE L[], AR, 2011, 32(4):1188-
1193.
TAI Yi-ping, LUO Xiao—dong, MO Ce-hui, et al. Occurrence of quinolone
and sulfonamide antibiotics in swine and cattle manures from large —
scale feeding operations of Guangdong Province[J]. Environmenial Sci—
ences,2011,32(4):1188-1193.

51F FHLIE 5 BOCH, . B E KIS 2GR A3
HIRFST IR R LT]. Bl 4, 2014, 59(9):743-751.

WANG Dan, SUI Qian, ZHAO Wen-tao, et al. Pharmaceutical and per—
sonal care products in the surface water of China: A review|[J]. Chinese
Science Bulletin, 2014, 59(9).:743-751

(6] BECRER, M MR, 000, 45, BB i e S 0 AR 305 YL RAE

A 25 KBS T, o EFRE R, 2013, 33(9) 1 1664-1669.
XUE Bao-ming, YANG Wei—wei, WANG Ying—hui, et al. Occurrence,
distribution and ecological risks of sulfonmides in the Qinzhou Bay,
South China[J]. China Environmental Science, 2013, 33(9):1664-
1669.

[7]1 Li W, Shi Y, Gao L, et al. Occurrence of antibiotics in water, sediments,
aquatic plants, and animals from Baiyangdian Lake in North ChinalJ].
Chemosphere, 2012, 89(11):1307-1315.

[8] Xu J, Zhang Y, Zhou C, et al. Distribution, sources and composition of
antibiotics in sediment, overlying water and pore water from Taihu Lake,
ChinalJ]. Science of the Total Environment, 2014, 497-498(3):267-
273.

[9] Yang Y, Chen X, Cao X, et al. Antibiotic resistance genes in surface wa—
ter of eutrophic urban lakes are related to heavy metals, antibiotics, lake
morphology and anthropic impact[J]. Ecotoxicology, 2017, 26.:1-10.

[1015K B, XURIER. &7 A5 A PLBEAR 25 18] i 22 EAR EL AR . 2

SR, 2012, 7(4) :408-414.

ZHANG Jin, LIU Shu-shen. Toxicity interation between ionic liquids
and organophosphate pesticides{J]. A stan Journal of Ecotoxicology, 2012,
7(4).408-414.

(BRI, FIR, B 5, 55 BT diA: R A SO 5T

HEJE(J]. AR S BEHAE4R, 2015, 10(3): 11-27.

XU Yong-gang, YU Wan—tai, MA Qiang, et al. The antibiotic in envi—
ronment and its ecotoxicity ; A review[]]. Asian Journal of Ecotoxicolo—
gy, 2015, 10(3):11-27.

[12] Zhang J, Liu S S, Dong X Q, et al. Predictability of the time—dependent



2206

YRSt Y £ 36 EFE 11

toxicities of aminoglycoside antibiotic mixtures to Vibrio ginghaiensis
sp. =Q67[J]. RSC Advances, 2015, 5(129):107076-107082.

[13] Garcia S O D, Garcia—Encina P A, Irusta—mata R. Dose—response be—
havior of the bacterium Vibrio fischeri exposed to pharmaceuticals and
personal care products|J]. Ecotoxicology, 2016, 45(1):1-22

[14] Backhaus T, Grimme L H. The toxicity of antibiotic agents to the lumi—
nescent bacterium Vibrio fischeri[J]. Chemosphere, 1999, 38 (14 ).
3291.

[US]XUGRAT, B2, XURNEE. I PR AR5 Y o 7 8 I T 4 DI o JEE 4

Tl B & G FE ). AR SR 24, 2006, 1(2) :186-191.
LIU Bao—qi, GE Hui-lin, LIU Shu-shen. Microplate luminometry for
toxicity bioassay of environmental pollutant on a new type of fresh wa—
ter luminescent baterium ( Vibrio—qinghaiesnsis sp. —Q67)[J]. Asian
Journal of Ecotoxicology, 2006, 1(2):186-191.

[16] Dou RN, Liu S S, Mo L'Y, et al. A novel direct equipartition ray design
(EquRay) procedure for toxicity interaction between ionic liquid and
dichlorvos[J]. Environmental Science and Pollution Research, 2011, 18
(5):734-742

[17) #RREG, B ok B, 4 ST A RIS WX Fr
BREE A MR RE L T]. 2B TR 224 - 2016(6) : 67-73.
DONG Xin—-qi, CHEN Min, ZHANG Jin, et al. Time —-dependent mi—
croplate toxicity analysis (T-MTA ) of aminoglycoside antibiotics to
chlorella pyrenoidosalJ]. Journal of Anhui Jianzhu University, 2016(6 )
67-73.

(18] AAFH, XURIER, 3k 350, S5, 4% SR KA 20 OB 1 e 40 2 vk
S AR REERRARE ST, 2009, 22(5) :589-594.

ZHU Xiang-wei, LIU Shu-shen, ZHANG Qiong, et al. Short—term and
long—term toxicities of selected insecticides and antibiotics on photo—
bacteria[J]. Research of Environmental Science, 2009, 22(5):589—
594.

[19] Zhang J, Liu S S, Yu Z Y, et al. Time—dependent hormetic effects of 1-
alkyl-3-methylimidazolium bromide on Vibrio qinghaiensis sp. -Q67:
Luminescence, redox reactants and antioxidases [J]. Chemosphere,
2013,91(4):462-467.

[20] XM, Bk B, TRIVHE, 45, APTox: fb2IRAWREMETTAL 55T
[J]. tb4, 2012, 70(14 ) : 1511-1517.

LIU Shu-shen, ZHANG Jin, ZHANG Ya-hui, et al. APTox:Assess—
ment and prediction on toxicity of chemical mixtures|[J]. Acta Chimica
Sinica, 2012,70(14).1511-1517.

(21 AR, XU, B520bk, 55, Tl 2800 & F R B A5 DX A Y L AR
[J]. "PEFHEER}, 2009, 29.113-117.

ZHU Xiang—wei, LIU Shu-shen, GE Hui-lin, et al. Comparison be—

tween confidence intervals of dose-response relationships[J]. China En—
vironmental Science,2009,29.113-117.

R2IXUREE, X 3%, B TR, MR R R G W AR Al
RO L. fb2E2E4, 2013, 71(10) £ 1335-1440.

LIU Shu-shen, LIU Ling, CHEN Fu, et al. Application of the concen—
tration addition model in the assessment of chemical mixture toxicity
[J]. Acta Chimica Sinica, 2013, 71(10) : 1335-1440.

[23] Jonker M ], Svendsen C, Bedaux J J M, et al. Significance testing of
synergistic/antagonistic, dose level —dependent, or dose ratio —depen—
dent effects in mixture dose—response analysis[J]. Environmental Toxi—
cology and Chemistry, 2005, 24(10):2701-2713.

R4 Fi, 4 0L, AREE. ZOUERES B IRGYN 2 IR Ay
GREMEIFE]. 4 S, 2015, 15(1):297-300.

ZHAO Li, YANG Hong, GUO Jing—jing. Study on the combined toxicity
of binary heavy metal mixture to Vibrio fischeri[J]. Journal of Safety and
Environment, 2015, 15(1):297-300.

2518k Bt 5k B, 20V, S JURITAE 200 8 A% /N R BE Y B 1) 2
PRSI HT IR £ HAAR, 2015, 10(2) :190-197.

CHEN Qiong, ZHANG Jin, LI Xiao—meng, et al. Time-dependent mi—
croplate toxicity analysis(T-MTA ) of several antibiotics to Chlorella
pyrenoidosalJ]. Asian Journal of Ecotoxicology, 2015, 10(2):190-197.

[26] Liu S S, Song X Q, Liu H L, et al. Combined photobacterium toxicity of
herbicide mixtures containing one insecticide[J]. Chemosphere, 2009,
75(3):381-388.

[27] Zhang Y H, Liu S S, Song X Q, et al. Prediction for the mixture toxicity
of six organophosphorus pesticides to the luminescent bacterium Q67
[J]. Ecotoxicology and Environmental Safety, 2008, 71(3 ) : 880-888.

281 # W PR W, X 5, S5 IREDUE R XIS A RO
[J]. FREERFIT5T, 2014, 27(10) : 1143-1149.

CUI Han, CHEN Xiao, LIU Ying, et al. Study on the biological effects
of mixed antibiotics on Microcystis aeruginosall]]. Research of Environ—
mental Science, 2014,27(10):1143-1149.

291 e, Jr i, LT, . ZEENR ST ARG PR PR S
e AR, 2014, 35(5): 111-115.

TANG Xiao, FANG Wei, SHEN Xiu-li, et al. Synergism and antago-—
nism of flavonoid mixtures on antioxidant capacities[J]. Food Science,
2014, 35(5):111-115.

[30] Zhang J, Liu S S, Zhang J, et al. Two novel indices for quantitatively
characterizing the toxicity interaction between ionic liquid and carba—
mate pesticides|]J]. Journal of Hazardous Materials, 2012, 239-240 .
102-109.



