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Abstract: [Objective] The antibiotic resistance poses great challenges to the prevention and
treatment of bacterial infections in animals, and biofilm formation is one of the main factors
inducing the resistance. We determined the effects of chloropropanoyl clinafloxacin on the
growth and biofilm formation of seven strains of bacteria, with a view to finding out whether
chloropropanoyl clinafloxacin has antibacterial activity. [Methods] The inhibitory activity of
chloropropanoyl clinafloxacin was determined by routine drug sensitivity test. The perforation
method and microbroth twofold dilution method was employed to determine the minimum
inhibitory concentration (MIC) and minimum bactericidal concentration (MBC). The
biofilm-forming abilities and growth rates of the seven strains exposed to sub-inhibitory
concentrations of the drug were examined by crystalline violet staining. [Results] The
fluoroquinolone derivative chloropropanoyl clinafloxacin showed the MIC<10 mg/L and
MBC<48 mg/L against four Gram-negative strains and was sensitive to three Gram-positive
strains (MIC<10 mg/L and MBC<10 mg/L). The biofilm formation and growth of the seven
strains were significantly inhibited by chloropropanoyl clinafloxacin at the sub-inhibitory
concentrations, which indicated that chloropropanoyl clinafloxacin had good antibacterial
activity at sub-inhibitory concentrations. [Conclusion] Chloropropanoyl clinafloxacin can be
used as an antibacterial agent and provides a basis for the development of new agents or drugs
targeting biofilm for the treatment of bacterial infections.

Keywords: fluoroquinolones; drug sensitivity test; minimum inhibitory concentration (MIC);
minimum bactericidal concentration (MBC); biofilm
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Figure 2 Effect of chloropropanoyl clinafloxacin on Gram-negative and Gram-positive bacterial strains. A:
Aeromonas veronii. B: Aeromonas hydrophila. C: Stenotrophomonas maltophilia. D: Edwardsiella tarda. E:
Staphylococcus aureus. F: Streptococcus agalactiae. G: Staphylococcus sciuri.
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Figure 3 Circle of inhibition of chloropropanoyl clinafloxacin by pathogenic bacteria.
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hydrophila. C: S. maltophilia. D: E. tarda. E: S. aureus. F: S. agalactiae. G: S. sciuri.
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Table 1 Susceptibility of pathogenic bacteria to chloropropanoyl clinafloxacin

Test bacteria Drug concentration (mg/L) Diameter of inhibition (mm) Sensitivity

A. veronii 15 14.83+1.12 Highly sensitive

A. hydrophila 10 14.23+1.24 Highly sensitive

S. maltophilia 10 17.33+0.68 Highly sensitive

E. tarda 15 17.12+1.00 Highly sensitive

S. aureus 10 14.06+1.12 Highly sensitive

S. agalactiae 10 15.28+1.12 Highly sensitive

S. sciuri 15 12.334+0.36 Moderately sensitive
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Figure 4 Images of bacteria exposed to drug MBC concentrations for 48 h. A: A. veronii. B: A. hydrophila. C:
S. maltophilia. D: E. tarda. E: S. aureus. F: S. agalactiae. G: S. sciuri.
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Figure 5 MIC and MBC of chloropropanoyl clinafloxacin on the tested bacteria.
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Figure 6 Effect of different concentrations of chloropropanoyl clinafloxacin on biofilm (mean+SD, n=3).
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C: S. maltophilia. D: E. tarda. E: S. aureus. F: S. agalactiae. G: S. sciuri.

2.5 HAESE KD

R T PRGN B[] 0 G P9 I 366 s bRy A %of
YR A K RS O, 7E 1/4xMIC ., 1/2xMIC Fl
IXMIC P MESE e MR VD VR BE AL PR S, 90 SR 4

PR AR A B o J8 2o N )2 K3l g2 T LR AR
PTG e AR B XoF - J 20 T A R e AOR 1
WA 7). S5RRW], ANIRIHR R B SN THESE
SO 2 R AR AR R B IR

& « Control B « Control C « Control o « Control
1.0, I/4xMIC 1.0 . 1/4xMIC 1.0 .+ 14XMIC 0.5 *+ 1/4xMIC
« 1/2xMIC «1/2xMIC « 1/2xMIC - 1/2xMIC
1xMIC _08 L 1xMIC _0.8 1 1xMIC _ 1xMIC
206 20.6 20.6 203
Q Q
S 04 Q0.4 +4 Q04 S 02
0.2 0.2 4 0.2 0.1
0 0.0 A 0.0 0
246 8 10121416 246 810121416 246 8 10121416 246 810121416
Growth time (h) Growth time (h) Growth time (h) Growth time (h)
. s Cfontrol g Control
0, 1/4xMI 00
1.0 9 I/ZXMIS 1.0 + 1/4=xMIC ¢ Control
0.8 1xMIC 0.8 | . 1/2xMIC » 1/4xMIC
£0.6 206 | + IXMIC o 1/2xMIC
Q a 1xMIC
C 04 < 04 s
0.2 ‘ 02| S
0.0! 0.0
246 810121416

24681021416 90246 810121416
Growth time (h) Growth time (h) Growth time (h)

E7 ATRRENSABETRDENAEE KN NFZN

Figure 7 Effect of different concentrations of chloropropanoyl clinafloxacin on bacterial growth kinetics
(Mean%SD, n=3). A: A. veronii. B: A. hydrophila. C: S. maltophilia. D: E. tarda. E: S. aureus. F: S. agalactiae.
G: S. sciuri. The test organisms were treated with different concentrations (1/4xMIC, 1/2xMIC, and 1xMIC) of
chloropropanoyl clinafloxacin. Untreated growth cycles of the test bacteria were used as growth controls. The
optical density at 600 nm was measured at regular intervals over a 2 hour period.
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