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Abstract: With the frequent detection of non—steroidal anti—inflammatory drugs (NSAIDs) in the environment, their toxic
effects on organisms have become a hot research topic. Common NSAIDs such as diclofenac sodium (DIC), ibuprofen sodium
(IBU), and naproxen sodium (NAP) were selected as the target contaminants, using Q67 (Vibrio cyanobacteria sp.—Q67, Q67)
as the test organism, and three binary mixture systems and one ternary mixture system were designed by using the direct equi-
partition and uniform design ray methods. The concentration addition (CA) and absolute residual (dCA) models were used
to qualitatively and quantitatively analyze the toxicity interactions in mixture systems, using heat map method to analyze
the changing trends of interaction intensity. The dose reduction index (DRI) was used to assess the contribution of each
component to the overall toxicity of the mixture. The physiological and biochemical indexes of Q67 at the endpoint of the

experimental exposure were determined synchronously. Changes in the structure and morphology of Q67 cells before and after
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the effects of NSAIDs and their mixtures were observed by electron microscopy. The results showed that the toxicity of

the three NSAIDs and their mixtures on Q67 exhibited an

“S” shaped with significant time— and concentration—depen-

dent inhibition. The order of the toxicity of the three NSAIDs at the endpoint exposure time of 12 h was DIC>NAP>IBU. Tox-

icity of binary and ternary mixtures was closely related to the concentration ratio of each component in the mixture system, and

showed component ratio—dependent toxicity. Except for a few rays, which showed partial synergistic and additive effects, the

rest of the mixture rays showed time—dependent antagonistic effects. The strongest antagonistic effect appeared in DIC-IBU—

R1 rays with a dCA value of 0.58 at the exposure time of 12 h. According to DRI, the contributions of the three compo-

nents to the antagonistic effect may be ranked as NAP>IBU>DIC. In the presence of NSAIDs and their representative mix-

tures, Q67 cells showed surface crumpling, adhesion and even rupture, and the mixtures showed a more pronounced degree of

disruption of the cellular structure compared to single drugs. By inducing excessive accumulation of intracellular perox-

ides, the peroxides further lead to lipid peroxidation of the cell membrane, which in turn disrupts the integrity of the biofilm.

The cellular damage is exacerbated by the leakage of intracellular conductive fluid and increased protein solubilization, which

further exacerbated cellular damage and ultimately caused cell death.

Key words: non—steroidal anti—inflammatory drugs; microplate toxicity analysis method; toxic effects; Vibrio cyanobacte-

ria sp.—Q67; physiological and biochemical effects
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Table 1 Basic physical and chemical information of the target pollutant

HFR fRiFR 53 CAS—5 SyFi 4% WAl o 8 RMSE R ECs/(mol-L™)  pECs
2 1498 290  0.076 0.9546 5.11E-06 5.29
8.16 1.50  0.061 0.9670 2.07E-06 5.68

peE AN DIC C,H.CLNNaO, 15307-79-6 318.13 >99.0
e AR, 877 165 0.097 09141  2.90E-06 5.54
12 1254 237 0061 09731 3.58E-06 5.45
2 2.96 1.24  0.025 0.9926 2.08E-03 2.68
. 3.36 127 0036 09878 1.16E-03 2.93

54 IBU C;H:NaO, 31121-93-4 22826 >95.0
5.79 254  0.041 09861 3.77E-03 2.42
12 7.96 350  0.029 09936 4.18E-03 2.38
2 3.54 125  0.024 0.9945 7.50E-04 3.12
. 4.85 1.84  0.058 0.9811 1.46E-03 2.83

ZEEEA NAP CH;;NaO, 26159-34-2 25224  299.0
6.64 274 0.059 09841 2.77E-03 2.56
12 5.53 219  0.026 09956 2.03E-03 2.69

11 RMSE 2 iR 25, R B R EL
1.2 ZXAMBEAIER (1),
SRR Q67 WA 1342 S A BB AT R R 1
I(]

Al FH IR Q67 S IR 5 R A7 I 2 UL SCHR[19].
1.3 BFE RS R

SR AT B ) 96 LIS VE Ry S5 28 4, HLARK
HBAES WLICHR[20],

A Q67 M & T (22+1) CIHIR I F=4
Bi 3% TER R R R I R] (24,812 hy G, FHEFAR X
(Synergy 2,BioTek Instruments, Inc. , 3% [E])il| 5 A& 5%
B, THRAN AR BE TS e 6t Qo7 1 & i % (x) , B

K, LR 2 VAR Y RO AL TR A TR
YA BEAE NG KOG P34 G HA0
1.4 RAEIRIRt

K E I 73 14k (EquRay)W —JTiR & WA 5
R RS TE LU AT B (po) L R FH 1128503 % (UD-Ray)
Wit =R WIR R E L) BAEEREAR
GBI A B OR B L LR 2,

&2 NSAIDs BE&ERHASMMRIRELL

Table 2 Component composition and concentration ratio of the mixture system of NSAIDs

BM1 Poic Py BM2 Poic Prap BM3 Pisu Prap T™M1 Poic Py DPrap
R1 4.27E-03  9.96E-01 R1 8.75E-03  9.91E-01 R1 9.11E-01  8.86E-02 R1 1.54E-03  3.27E-01  6.71E-01
R2 1.71E-03  9.98E-01 R2 3.52E-03  9.96E-01 R2 8.05E-01 1.95E-01 R2 2.66E-03  8.73E-01 1.24E-01
R3 8.57E-04  9.99E-01 R3 1.76E-03  9.98E-01 R3 6.73E-01  3.27E-01 R3 1.34E-03  6.00E-01  3.99E-01
R4 4.29E-04  1.00E+00 R4 8.82E-04  9.99E-01 R4 5.07E-01  4.93E-01 R4 1.52E-03  8.96E-01 1.03E-01
R5 1.71E-04  1.00E+00 R5 3.53E-04  1.00E+00 R5 2.92E-01  7.08E-01 R5 9.30E-04  7.22E-01  2.77E-01
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Fig.1 Thermogram of pEC;, versus time for three NSAIDs and their hybrid systems
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