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Abstract

Quinolone antimicrobial agents (quinolones), which have been widely used for
clinical and veterinary therapies, inhibit DNA synthesis in bacteria. They act by
inhibiting DNA gyrase (bacterial topoisomerase II) or topoisomerase IV and are known
to have slight inhibitory effects on eukaryotic topoisomerase I, which is homologous to
DNA gyrase in mammals.  However, neither the in vivo genotoxicity nor
carcinogenicity of quinolones in mammals has been clarified. Thus, the present study
was conducted in order to examine whether any quinolones have genotoxicity and
whether their genotoxicity results in carcinogenicity.

To investigate the in vitro genotoxicity of quinolones, 4 old quinolones [nalidixic
acid (NA), pipemidic acid (PPA), oxolinic acid (OA), and piromidic acid (PA)] and 4
new quinolones [enoxacin (ENX), ofloxacin (OFLX), ciprofloxacin (CPFX), and
norfloxacin (NFLX)] were selected. A WTKI1 human lymphoma cell line, which had
been incubated for 2 days, was used. The cells in medium were placed in dishes, each
quinolone was added, and the cell culture dishes were incubated for 2, 4, or 20 h. At
the end of each treatment period, the cell cultures were used for the comet assay at pH >
13. In this assay, CPFX and NFLX produced a significant concentration-dependent
and time-dependent increase in the DNA migration. Furthermore, the cell cultures that
were treated with each of the 2 quinolones (CPFX and NFLX) for 20 h were used for
the comet assay at pH 10 and 12.1. DNA migration in these cells treated with CPFX
and NFLX for 20 h was compared at pH 10, 12.1, and > 13. Increased DNA migration
was observed in the comet assay at pH 12.1 and > 13 after 20-h treatment with CPFX

and NFLX, and no differences were observed in the DNA migration values. On the
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other hand, the comet assay at pH 10 did not show any positive responses. Since the
comet assay detects double strand breaks (DSBs) at pH 10, DSBs and single strand
breaks (SSBs) at pH 12.1, and strand breaks and alkali-labile lesions derived from
AP-sites at pH > 13, primary DNA damage caused by CPFX and NFLX that was
detected in the comet assay is SSBs but not alkali-labile sites. Furthermore, 4
quinolones (NA, PPA, CPFX, and NFLX) were selected to examine the fate of the DNA
lesions caused. After the treatment with each quinolone for 20 h, the cell cultures were
washed with fresh medium and incubated for 0, 2, 4, or 24 h. They were used for the
comet assay at pH > 13. The significant increase in DNA migration disappeared after
the recovery period following the 20-h treatment with CPFX and NFLX. DNA
migration decreased rapidly during the 2 to 24-h recovery periods, suggesting that
almost all the SSBs caused by CPFX and NFLX were rejoined after they were removed
from the culture medium. Further, no increase in DNA migration during the recovery
periods was noted for the other 2 quinolones (NA and PPA). Subsequent to treatment
with the 4 quinolones for 20 h, the cell cultures were used for the micronucleus (MN)
test. The cell cultures were washed with fresh medium, treated with cytochalasin B
was added, and incubated for 24 h. NFLX produced a significant
concentration-dependent increase in the incidence of MN. Based on these findings, it
can be concluded that the 2 new quinolones (NFLX and CPFX) caused SSBs, and
NFLX-induced SSBs resulted in chromosome aberrations (Chapter I).

In order to examine the in Vivo initiation activity of the quinolones NA, PPA,
CPFX, and NFLX, an in vivo short-term liver initiation assay was performed. Male
F344 rats were subjected to a two-thirds partial hepatectomy on day 0 and treated once

orally with each quinolone or vehicle 12 h after completion of the partial hepatectomy.
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Subsequently, they were fed a basal diet for 14 days and a diet containing 0.015%
2-acetylaminofluorene for the next 10 days. On day 19, a single oral dose of 0.8 ml/kg
carbon tetrachloride was administered to the rats. On day 34, they were euthanized
under ether anesthesia, and liver slices, one each from all liver lobes, were fixed in 10%
neutral buffered formalin for immunohistochemical examination of glutathione S-transferase
placental form (GST-P) positive foci that are regarded as hepatocellular preneoplastic lesion
in rats. Administration of NFLX increased the mean number and area of GST-P positive
foci. These results suggest that under the present study conditions, only NFLX has an
initiation activity in rats, and that the genotoxic potential of NFLX, which was detected
by the in vitro comet assay and MN test, causes DNA damage and tumor initiation in the
liver of the partially hepatectomized rats by administration of a single oral dose.
Therefore, administration of NFLX along with tumor promoters caused hepatocellular
preneoplastic lesions. The results in Chapters I and II suggest that the genotoxic
potentials are different among quinolones (Chapter II).

To examine whether or not the in vivo initiation activity of NFLX results in
carcinogenicity, male F344 rats were subjected to a two-thirds partial hepatectomy and
treated with NFLX or the vehicle once daily for 3 weeks. From 2 weeks after the
completion of NFLX treatment, the rats were given 500 ppm PB in their drinking water for 51
weeks. After promotion treatment by PB for 17, 34, or 51 weeks, the rats were
euthanized under ether anesthesia, and the macroscopic hepatic tumors were counted.
Liver slices, one each from all liver lobes, were fixed in 10% neutral buffered formalin for
immunohistochemical examinations of GST-P positive foci. Administration of NFLX did
not increase the mean number or area of GST-P positive foci as well as hepatocellular

tumors. These results suggest that under the present study conditions, the initiation
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activity of NFLX does not result in the induction of hepatocellular tumors and that the

initiation activity of NFLX is extremely weak (Chapter I1I).
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Table 3-1. Body weights of rats in Experiment 1

Group Control NFLX

mg/kg 0 750 1500

Number of rats 10 10 10

Day or month
Day 1 136 £ 7 138 £+ 8 139 £ 7
Day 5 146 =+ 7 147 £ 9 151 £ 8
Day 8 157 £ 6 157« 7 156 + 11
Day 12 176 £ 6 175 £ 7 176 £ 10
Day 15 184 £ 7 180 £ 7 180 £ 12
Day 19 194 £ 7 190 £ 8 185 £ 15
Day 22 200 + 8 194 £ 10 187 £ 18
Day 29 217 £ 10 203 £ 16 200 + 18
Day 36 227 £ 11 218 £ 12 215 £ 16
Day 43 243 + 12 236 + 11 232 + 20
Day 50 250 + 12 245 £ 13 241 + 21
Day 57 256 + 12 254 + 16 250 + 22
Day 64 263 + 12 265 + 14 259 + 21
Day 71 267 £ 12 270 + 17 267 + 22
Day 78 272 £ 12 276 £ 17 272 £+ 22
Day 85 273 + 13 278 + 17 274 £ 25
Month 4 288 + 13 293 £ 19 291 £ 26
Day of euthanasia 295 + 18 307 + 20 308 = 31

Each value shows mean (g) = S.D.

Significantly different from control group (*: P <0.05).
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Table 3-2. Body weights of rats in Experiment 2

Group Control NFLX

mg/kg 0 750 1500

Number of rats 15 15 15

Day or month
Day 1 134 £ 6 135+ 6 135+ 5
Day 4 128+ 9 131 £ 7 131 £ 6
Day 8 140 £ 10 145 £ 7 141 +£ 10
Day 11 153 £ 10 154 £ 7 156 £ 6 (14)
Day 15 169 £ 10 168 £ 8 168 £ 7 (14)
Day 18 182 £ 8 177+ 9 177 £ 9 (14)
Day 22 189 £ 10 185 + 11 185 £ 10 (14)
Day 29 209 + 12 197 =+ 14 * 196 + 11 * (14)
Day 36 225 +£ 12 213 + 14 * 216 £ 12 (13)
Day 43 238 + 13 226 £ 15 * 231 £ 12 (13)
Day 50 253 + 15 240 + 15 * 245 £ 12 (13)
Day 57 261 + 17 249 + 15 256 £ 15 (13)
Day 64 271 £ 16 261 + 16 268 £ 14 (13)
Day 71 279 £ 16 271 £ 16 280 £ 14 (13)
Day 78 284 + 16 277 £ 17 287 £ 15 (13)
Day 85 291 + 16 285 + 17 294 £ 13 (13)
Month 4 318 £ 20 312 £ 20 324 £ 17 (13)
Month 5 330 + 27 325 +£ 25 339 £ 21 (13)
Month 6 346 + 24 342 + 25 357 £ 21 (13)
Month 7 357 £ 26 352 £ 25 366 £ 18 (13)
Month 8 367 £ 29 362 + 26 376 £ 22 (13)
Day of euthanasia 383 + 28 376 £ 24 398 £ 20 (13)

Each value shows mean (g) = S.D.

Significantly different from control group (*: P <0.05).
Figures in parentheses indicate number of rats.
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Table 3-3. Body weights of rats in Experiment 3

Group Control NFLX

mg/kg 0 750 1500

Number of rats 15 15 15

Day or month
Day 1 139 £ 6 140 £ 6 141 £ 6
Day 4 130+ 5 133 £+ 8 132+ 6 (13)
Day 8 142 £ 6 147 £ 9 141 £ 10 (13)
Day 11 156 + 8 159+ 9 155+ 9 (13)
Day 15 174 £ 8 174 £ 10 172 £ 8 (13)
Day 18 183+ 9 184 + 11 185+ 7 (13)
Day 22 197 £ 10 194 + 11 197 £ 8 (13)
Day 29 216 £ 10 205 + 13 199 + 17 * (13)
Day 36 231 £ 10 220 + 12 * 220 £ 10 * (13)
Day 43 247 £ 11 238 + 11 * 239+ 8 (13)
Day 50 259 + 11 252 + 12 254 £ 9 (13)
Day 57 271 £ 11 265 £+ 14 266 £ 10 (13)
Day 64 277 £ 11 270 £ 15 271 £ 12 (13)
Day 71 288 + 12 282 + 15 284 £ 15 (13)
Day 78 296 + 11 292 £+ 15 292 £ 14 (13)
Day 85 302 £ 13 297 + 16 297 £ 14 (13)
Month 4 334 + 15 (14) 326 + 18 327 £ 17 (13)
Month 5 348 £ 15 (14) 342 £ 19 344 £ 21 (13)
Month 6 362 + 16 (14) 356 + 18 363 £ 19 (13)
Month 7 374 + 14 (14) 367 + 18 370 £ 19 (13)
Month 8 386 + 17 (14) 375 £ 19 381 £ 22 (13)
Month 9 397 £ 15 (14) 391 £ 19 392 £ 23 (13)
Month 10 404 = 16 (14) 399 + 20 403 £ 22 (13)
Month 11 410 £ 16 (14) 401 £+ 20 410 £ 23 (13)
Month 12 414 = 17 (14) 407 £ 19 411 £ 24 (13)
Day of euthanasia 427 + 19 (14) 418 + 20 422 + 22 (13)

Each value shows mean (g) = S.D.

Significantly different from control group (*: P <0.05).

Figures in parentheses indicate number of rats.
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Table 3-4. Liver weights of rats in Experiment 1

Group Control NFLX

mg/kg 0 750 1500

Number of rats 10 10 10

Body weight (g) 295 £+ 18 307 £+ 20 308 + 31

Liver (g) 10.87 = 0.86 11.28 £ 1.05 11.15 £ 1.07
(g%) 3.70 £ 0.25 3.68 £ 0.23 3.62 £ 0.13

Each value shows mean + S.D.
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Table 3-5. Liver weights of rats in Experiment 2

Group Control NFLX

mg/kg 0 750 1500

Number of rats 15 15 13

Body weight (g) 383 + 28 376 + 24 398 + 20

Liver () 13.38 + 1.41 12.71 £ 1.10 13.73 = 1.29
(g%) 3.49 + 0.20 3.38 +£ 0.14 345 + 0.18

Each value shows mean + S.D.
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Table 3-6. Liver weights of rats in Experiment 3

Group Control NFLX

mg/kg 0 750 1500

Number of rats 14 15 13

Body weight (g) 427 £ 19 418 £ 20 422 + 22

Liver (2) 13.94 = 0.99 1443 £ 091 14.61 = 1.49
(g%) 327 £ 0.32 345 + 0.11 346 £ 0.23

Each value shows mean + S.D.
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