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Abstract; The chronically abuse of antibacterial agents has led to a growing problem of bacterial resistance, posing
a huge threat to human health and ecological environment. Due to the widely clinical application of aminoglyco-
sides (AGs), the environmental exposure of AGs with traditional antibacterial agents or new antibacterial agents
may trigger potential risks on organisms. Furthermore, the structure, the toxic action, and the toxicity ratio of these
traditional or new antibacterial agents could all influence their combined effects with AGs. Therefore, it is necessary
to investigate the combined toxicity of AGs with traditional or new antibacterial agents at different toxicity ratios.
In this study, Escherichia coli (E. coli) was set as the model organism. While sulfonamides (sulfamethoxazole,
SMX), tetracyclines (chlorotetracycline hydrochloride, CTC), macrolides (erythromycin, ERY), glycopeptides (van-
comycin hydrochloride, VA), and B-lactams (ampicillin, AMP) are representatives of traditional antibacterial agents,
azolines (methylisothiazolinone, MIT), surfactants (dodecyl trimethyl ammonium bromide, DTAB) and quorum
sensing inhibitors (3,4-dibromo-2-hydroxy-2H-furan-5-one, DFR) are representatives of new antibacterial agents.
The combined toxicity of AGs and these agents were tested at equal toxicity ratios. The results showed that AGs
exhibited an antagonistic effect with CTC or VA (traditional antibacterial agents), and DTAB or DFR (new antibac-
terial agents). AGs induced a synergistic effect with SMX, ERY and AMP (traditional antibacterial agents). Mean-
while, there was synergism between AGs and MIT (new antibacterial agents). Because SMX, ERY, AMP and MIT
had synergistic effects with AGs on E. coli at 1:1 toxicity ratio, these agents were chosen to investigate their com-
bined toxicity with AGs at a toxicity ratio of 1:5 and 5:1. The results showed that the combined toxicity of AGs
with these agents were all synergism at test toxicity ratios. In addition, when the toxicity ratio of AGs with the a-
gents were 1:5, there exhibited the greatest synergistic effects of the mixtures, indicating the greatest environmental
risk. Therefore, it could be speculated that when AGs are exposed with the antibacterial agent that can induce syn-
ergistic effects with AGs, the increase of the ratio of this agent in the mixture may make AGs enter cells more easi-
ly to enhance their toxic effect on bacteria. This study can provide a reference for future exploring the environmen-
tal risk assessment of the combined exposure of AGs and antibacterial agents.

Keywords: aminoglycosides; traditional antibacterial agents; new antibacterial agents; Escherichia coli; combined

toxicity
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Table 1 The physicochemical parameters and the single toxicity data of the reagents
P - ARXT T .
= ‘ ‘ AT 45 ) £ (BN ~logECsy
Antibacterial CAS Relative
No. Name Abbreviation Structural formula /(mol.Lfl)
agent molecular mass
HN o
s N . HN O NH, Ho'g'OH
FIENET R TRBR IR KB R L O\ CH,
1405-41-0 GEN 575.67 O HO 0’3}"”01{' 626
Aminoglycosides Gentamicin sulfate P %
5 HO NH
HN, H,C
CH, :
NH
A
2 3810-74-0 STR 728.69
Streptomycin sulfate
3 1405-10-3 NEO 908.88
Neomycin sulfate
N
4 ) 32986-56-4 ™ 46751 6.36
Tobramycin
NH,
HN 0
N = OH 2 OH
iR R R 0
5 ) 25389-94-0 KAN 582.58 HO OH ¢f OH 571
Kanamycin sulfate
HN OH NH OH Q\SQH
HO "0
SRR 2
6 . 58152-03-7 ISE 569.60
Isepamicin
T ies Tif e H Sl
723-46-6 SMX 25328
Sulfonamides Sulfamethoxazole
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Antibacterial CAS Relative
No. Name Abbreviation Structural formula /(mol-L")
agent molecular mass
PUFRZ .
Chlorotetracycline 64-72-2 CTC 51534 771
Tetracyclines X
hydrochloride
RIFNBESR AR
114-07-8 ERY 73393 486
Macrolides Erythromycin
; HBT R
il ,
10 ) Vancomycin 1404-93-9 VA 148571 395
Glycopeptides
hydrochloride
N . . S H
B-MBENE ANEER AN
11 o 7177-48-2 AMP 403 45 Y NH 541
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O~H H
O~H
O
IR BRR A P 2 S5 I DA
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! t
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S et = S E 3/ U qH
e e JES o .
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] 3 A-J8 2 (SH) kIR Br Br
EE RIS . —
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Fig. 1 Toxic mechanism of AGs and § tested antimicrobial agents

Note: AGs stands for aminoglycosides.
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Fig. 2 TU values for AGs and tested antimicrobial agents

Note: (a) The equal toxicity ratio mixing; (b) The non-equal toxicity ratio mixing.
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6 i AGs 5 3 P BRI I 0 G B P LLIK & 75
PEECHE UL 2, I B TU 434 G018 2(a) (LA
MNFF7R, AT LLE Y, AGs 5 MR BT B 57 MIT *f

E. coli BR-AAVE TU {H19<0.8 , HIK A BEERUN 2
BEFEIVER . ST e f—a e AL, 3 AT
M, AGs 1 A A A4 ) 30S 30 3 Ak, 490 il 240 1
B AL, 0 MIT #5005 405 14 N DNA B Bl 3%
EATE R B IR A0 N DNA (854, — 3 L[]
YEFRES PR IR AN B i A= . Ik, AGs 5 MIT
BB A B S B A

AGs 5 116 PE P ) DTAB FIHE A4 8
IR HTE R DER Xt E. coli W64 FE M0 52
PSP, T eI R —d R L, AT
HEWT , DTAB B 7K A B S B 4 A 21 40 A FE %) 5 A
XAy F 2 BEREBH 1 AGs 3 A 40 7 A 3 M1
FH 5 AGs 388 33 300 ) 2 11 55 B A A e g 8 4 2 1
WD FEAIK DFR 580 8 11 (SidA 5 LsrR)AH &
YEH], I, AGs 5 DTAB H1 DFR IS TR 9
EEEAR (TN

BT FRFFE SR T LLE I AGs SHEGHTA
FI i DY R U A CTC BHIKSSHURF VA LU
5 R TR AR A 2 1 TG R 2R B ) DTAB FIEE
PO IR 2P ) DFR 7E25 351 1L T 2 B4
PUAEH, Ui B 2 7= AR B IR & V) B R 2 A
B BRI PR — T B R A B PEVE T, 7T REFEAIK 5
— PR
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AGs S5EGHTH R B RSP E 7] SMX K
I BRZEHLEE T ERY F B- N B S BT & 7] AMP L)
T 553 AT B 700 v ) e RS B B ) MIT £ S5 8 1
FIR A N2 BPMREVER, Ui Y AGs 55X S840
FNR A 7 8 TEFREE i | 2% 5% XU, R T B — i 1A
FIRI PR R 2 XS, B4 AGs 577 A X S 3T B 5]
FEAR SRR LUAE FH R 38 0] DLy A PR R G 2 kst
] A A R — e
2.2.3 AGs SEGHUR A AE S5 IR A B A

AGs SR PR F SMX  KER P BE S 5T 1E 7
ERY Fl B-MBEREZEHIA ] AMP 76 1:5 F15:1 1k
LIS a5 Feange 3 fiw MR Y TU 43 A an &l 2(b)
(B, 113 3 AIH, AGs 5 SMX Fl1 AMP
XF E. coli AE5FFEVE LU IR A B PE RSN 4 22 B b R4
. AGs 5 ERY %55, B2 ¥ % K (NEO) 5
ERY 7 1:5 f15:1 #E IR A I 2 UM, LK

ZATE 2 (TM) 5 ERY 7£ 1:5 B0 IR & VEH 2 904
BB, AR O0 T A BE R 2 MR E A . it
A ARYE TU (B A R /IN(TU {8 /N 3 B B3 [ 00 S e
58), 1] LA BRI LA kAR 255 e P [R50 AR 3
FIE 2(b) (LM AT LA H, AGs 5 SMX ERY
I AMP TEREPELE 105 BHEEEMELL 101 RS 1 BF 23
AR MRIVE R, AT e A T R A R i UK
2.2.4  AGs SH IR AEEE RN LS 0

AGs SRIREPLEF MIT 16 1:5 F15:1 #k
FE S ge 45 A3k 3 Fro, AR TU 43 A an#l 2
(b) (BERELAM) TR, H3% 3 WA, AGs 5 MIT X}
E. coli AR 55 5 1t o 36 A 35 1 R0 34 2 B D3 [ 4
o BeAh AR TU ERR/N, /T LUE H B LAY
Ao EMA PRI ROR |t 3 FIE] 2(b) (% R LA i)
AL, AGs 5 MIT ZEFEPELE 105 BIERTFEELL 1:1 A
5 01 PRI AF R PR IR D, AT AR A ORI AR
TR AU

R3 AGs SMXMEFEE SRS SEETE
Table 3 Combined toxicity data of AGs and tested antimicrobial agents in non-equal toxicity ratio

B
SMX ERY AMP MIT
A A:B
—10gECs)mix =10gECsgmix =10gECsgmix —~10gECsgmix
gEL 50, gEL 50 TU gEL 50 TU gELs5 TU
/(mol-L™") A(mol-L™") A(mol-L™") /(mol-L™")

A8 (7 10( ] 34(Hr[F] A5 (7]

GEN 1:5 5.00 0.48(E1Fl 595 0.10(Eh e 595 034(EhIFl 5.03 045(EhlFl
Synergy) Synergy) Synergy) Synergy)

5:1 551 0.69(EhIFl 598 0.38(HhIed 6.18 0.60(EhIFd 557 0 58 (Pt

Synergy) Synergy) Synergy) Synergy)

0.10(t7p[A] 0.13(#r[H] 0.33(#r[H] 0.39(Hp[m

STR 1:5 5.69 (B 5.81 (P 595 (B 5.09 (B
Synergy) Synergy) Synergy) Synergy)

T4(Hh R 39(H3F] T2(W3F] S5(13IA]

5:1 543 0.74(BhFl 590 039(8hF 593 072(Eh 555 0.55(EhiFl

Synergy) Synergy) Synergy) Synergy)

0.55(tp[A] 0.90(H 031 (/A 0.40(t/p[A]

NEO 1:5 495 (P 498 (,fﬁjm 598 (B 5.07 (O
Synergy) Addition) Synergy) Synergy)

0.62(17p[A] 090 0.69 (] 0.50(p[m

5:1 555 (B 5.60 ('fﬁﬁl] 6.11 (B 5.63 (B

Synergy) Addition) Synergy) Synergy)

p 5 [F] T4 |A] 32(WhA] A3

™ - 196 0.53 (117 507 0.74 (17 508 0.32( 17 S04 0.43(Hr1e)
Synergy) Synergy) Synergy) Synergy)

0.56(1p[w] 1.32(H54t WEICIE AT (P 7]

s 560 (A s 45 3 GHITJL 6.10 0.79(1p[] s67 0.47 (3l

Synergy) Antagonism) Synergy) Synergy)

KAN 15 499 0.50(t Il 585 0.12(H3 S04 0.33(Hhf S06 041 (P
Synergy) Synergy) Synergy) Synergy)

0.54(tp[A] 047 i 0.70( (] 0.56(173[H]

5:1 551 (B 573 Gk 5.80 (P 549 (B

Synergy) Synergy) Synergy) Synergy)

0.A49(1p[w] 0.10( 3 [F] 0.35(1pIF] 0.44(P3[A]

ISE 1:5 499 (BT 592 (B 592 (B 5.03 (B
Synergy) Synergy) Synergy) Synergy)

0.53(p[A] 0.32(tp[A] 0.56(tp 7] 0.50(t/p[A]

5:1 557 (P 598 (B 6.04 (B 559 (BT

Synergy) Synergy) Synergy) Synergy)
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BT UL BFoE 45 R, AGs 5 e 28 B
SMX . B-IN i iz 25 1 i 77 AMP il e Bk 2 B 1 7]
MIT ZEREPELE 1:1.1:5 F15:1 BEXF E. coli BYBRA B
PERON B S B FIVE T . A, AGs 50 7 19 35
PELLA 125 B4 11 A1 501 B A0 3K A 2 588 XUR: BT
Ko DIERIIFIE R, AGs 54018 7 B BT,
LRI RN R T e A 2 #E XK, Del-
is SFPILERF AR S NIT 1R 24 W0 A B AR B BTk R 2
12 ol S 5 I 24 0 =2 TR P B A5 5 P 2550 3 43 U
FENPMFEIE T, (HAE SO 5 v 38 s, P IRV 3CR:
TR I ; Nghr-Meldgaard 255 YEAFF 5% FH 22 P9 iR 5
AGs "I P& K B 280 4 B €00 8 46 Bk BT 174 B W) 4
&R, 6 R B B G 0L, 2™ AR A
A PRFECR ; Mitchell P BF5EFE S8 T 5 AGs Bk
AP IE YRR, & BB AT 22 6] A P R RERAY
PEFCILRE T R e 58 B &, Rk, FRATTHE I, 2
AGs F15HHA P FEVEH U R & 2 g, #2
FHR AR R X R BT R A XT T AGs B L, 7T fE
15 AGs SHUE A R B E I AGs B 75 ) i A4
HLIE38 58 AGs XTI MIEEEME R . BT, AEREE R
K& , AGs Fi5 L EAT U WA FH A9 B o8 0 #E 30 45 vh
LG B 8 ST AE AR B R 5 AN, ST
FITEIRA R R H AT AGs B T By H i, H
TR G 5 XU 23tk — 2038

Zi L RSCX AGs SHUERIFE A R EEME TR
E. coli WA FE MM AT IR 9T, W AT 45 5 45 n
T (1) AGs 51EGHTH 7 B U FEPU R 7] CTC
PRSP VA, 55580 BLBT B 57 v %) 2 1 30 P 57
ZEBURR R DTAB FIHE (A Jg% N 91 il 351 2 4t 1 77 DFR
FEAFTRPE LR Y RSB . k= A 5 i/E A
(A7 TR 791 5 B E P58 v T el 55 B — B 1 XU, DA T
FEARIAEE XU 5 (2) AGs SA&GHT I AR e 25 bt
FA SMX | K IR N BRZEHUER 7] ERY Fi B-PN ke 2k
PUEET AMP , 5587 BT IR 77 o i e AT B 77 MIT
ST Y 2P FAEH; 3) AGs 5 SMX,
AMP Fil MIT 7£ 1:5 F15:1 3¢ OB 1565 B 15K
NI EFER, B AGs SHUR A EEE R 1:5
BFARCR SRS 121 A S 1 B AYRCR L, BT ZE 3R 5
JRURS: T, ELAT B RIVE FH Y AGs 530 B 7 #E B EE
S Fh EE I, o34 S — 25 W A AR R B R
[l TR AR R R PU R FIAH X T AGs H il 2 5 n]
RE S E— 2D S IDE 15 2 60 1) B UG, of N 25 fi e
VIR EZSPREE 3 UM . A WFSEREAE  FR B AGs

SPGB e K RS 5 50
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