
Teratogenesis, Carcinogenesis, and Mutagenesis 9:111-118 (1989) 

Effects of Quinoline and 
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by the Micronucleus Assay 
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Both quinoline and 8-hydroxyquinoline (HOQ) were tested for their genotoxicity 
in CD 1 male mice by using a bone marrow micronucleus assay. Mice were 
intraperitoneally treated in single injections with three dose levels (25, 50, and 
100 mg/kg) of each chemical with corn oil as solvent vehicle. Bone marrow was 
sampled at 24, 48, and 72 h postinjection. Quinoline resulted in a significant 
dose-related increase in the number of micronucleated polychromatic erythro­
cytes (MPCE) at the 24 h sampling time for all doses tested. The high dose ( 100 
mg/kg) and the medium dose (50 mg/kg) also induced statistically significant 
increases (P < .05) in the number of MPCEs at 48 h interval. The ratios of 
polychromatic to normochromatic erythrocytes at the 24 h sampling time were 
lower for the treated than the control animals. Although HOQ resulted in some 
increases in the number of MPCEs over the control, this compound induced a 
statistically significant increase in the number of micronucleated normochro­
matic erythrocytes (MNCEs) at all three doses following 24 h treatment. Both 
low and medium doses also induced a higher incidence of MNCEs at the 48 
and 72 h sampling times. No data were available for the high dose at these 
times. The cytotoxic effect of this compound was expressed as low PCE/NCE 
ratios with all doses at 24 h after injection and as a high mortality rate in animals 
treated with the high dose ( 100 mg/kg). 
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INTRODUCTION 

Many chemical compounds present in our environment or used by man 
for different purposes are mutagenic. The identification of these mutagenic 
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compounds is of prime importance to avoid or limit unnecessary exposure to 
them. Therefore, many short-term tests (STTs) have been developed to detect 
these potentially hazardous chemicals. Since many of the cancer-causing agents 
are mutagenic, and mutation is likely to be involved in the initiation of 
carcinogenesis, many in vivo and in vitro STTs were used for the prediction of 
chemical carcinogenicity [de Serres and Ashby, 1981; McCann and Ames, 
1976; Purchase et al., 1976]. Although the results obtained with such STTs as 
predictors of carcinogenicity are controversial at present [Brockman and 
DeMarini, 1988; Tennant et al., 1987], the ability of these SITs to detect 
genotoxic agents is well documented. These genotoxic agents may play impor­
tant roles in the cause and/or progression of some human diseases other than 
cancer [Hartman, 1983; Hartman and Morgan, 1985]. 

The micronucleus assay (MNA) in mammalian bone marrow is one of 
the SITs used for the detection of genotoxic agents [Schmid, 1975, 1976; 
Heddie et al., 1983]. The principal value of MNA is for the in vivo system 
which may pick up genotoxic effects at the chromosomal level not covered by 
other STTs or in vitro assay systems [Jenssen and Ramel, 1980]. The available 
information indicates that the MNA is useful for the detection of clastogens as 
well as spindle poisons [Racine and Matter 1984]. 

Quinoline is a major industrial chemical and a common environmental 
pollutant. It is mainly used for food flavoring, in the manufacture of dyes, and 
as an antimalarial agent. Its monohydroxy derivative 8-hydroxrquinoline 
(HOQ) is used as fungicide, bactericide, and disinfectant. Quinoliile was re­
ported to be carcinogenic [Hirao et al., 1976; LaVoie et al., 1987], while HOQ 
gave no evidence of carcinogenicity in rodents [Gold et al., 1987; Haseman et 
al., 1987], although it has a colchicinelike effect on chromosomes [Grant et al., 
1981] by damaging the spindle apparatus and preventing the completion of 
mitotic cycle beyond the metaphase. The present study was aimed at determin­
ing the ability of these two related compounds to induce micronuclei in CD1 
male mouse bone marrow erythrocytes. 

MATERIALS AND METHODS 
Chemicals 

Quinoline(benzo[B]pyridine; CAS No. 91-22-5; MW= 129.15)andHOQ 
{oxybenzopyridine; CAS No. 148-24-3; MW= 145.16) were obtained from 
Radian Corporation (Austin, TX). The structure of these two chemicals is 
presented in Figure 1. Triethylenemelanine (TEM) was purchased from Poly­
sciences Laboratories (Warrington, PA). 

Animals 

Six- to 8-wk-old male CD, mice obtained from Charles River Breeding 
Laboratories {Wilmington, MA) were housed five per cage and acclimatized 
for 5-7 d prior to dosing. Bedding consisted of hardwood chips and excelsior 
nesting material. Water and purina laboratory rodent chow were given ad 
libitum. 
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a, 
Quinoline 8-Hydroxyquinoline 

Fig. 1. Chemical structures of quinoline and 8-hydroxyquinoline. 

Chemical Treatment 

Each chemical was tested in three different doses (25, 50, and 100 mg/ 
kg). Selection of these dose levels was based on the information from in vivo 
sister chromatid exchange studies sponsored by The National Toxicology 
Program (Shelby, personal communication). Chemicals were intraperitoneally 
administered as single injections in a volume equivalent to 10 ml/kg body 
weight. Corn oil was used as vehicle for both test chemicals. In both experi­
ments, TEM, dissolved in sterile phosphate buffered saline, was used (0.5 mg/ 
kg) for positive controls. At least 15 animals were treated for each dose level 
for each chemical. Five animals were used for negative and positive controls, 
respectively, for each experiment. 

Sampling and Bone Marrow Preparation 

Three posttreatment times, i.e., 24, 48, and 72 h, were selected for both 
test compounds while positive and negative controls were sampled once only 
at 24 h posttreatment. At each sampling time, animals were sacrificed by 
cervical dislocation. Femura were removed and the marrow was flushed from 
bones with 3 ml of fetal bovine serum into a 15-ml centrifuge tube. Tubes were 
then shaken and centrifuged at 1,000 rpm for 5 min. 

Preparation and Staining of Slides 

Following centrifugation, all but a small portion of the supernatant was 
discarded and the cells were resuspended in the remaining serum. Four replicate 
slides were prepared from each animal by using the slide-drawn smear method. 
Overnight air-dried smears were fixed for 15 min in absolute methanol and 
stained by using a May-Gruenwald-Giemsa staining technique [Schmid, 1976]. 

Scoring of Slides 

From the coded slides, a total of2,000 polychromatic erythrocytes (PCEs) 
per animal were scored for the presence of micronuclei (MN). As measurement 
of the toxic effect of the test compound to the erythropoietic tissue, the PCE 
normochromatic erythrocytes (NCE) ratios were calculated by scoring the 
number of NCEs encountered during screening the first 1,000 PCEs. Since 
HOQ is known to inhibit the spindle in plants, the number of MNCEs among 
2,500 NCEs was also scored for animals treated with this compound. Scoring 
was based on the number of micronucleated cells regardless of the number of 
micronuclei per cell. A PCE ( or NCE) with micronucleus, regardless of the 
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number, was counted as one MPCE ( or MNCE). The criteria for the identifi­
cation of micronuclei were those of Schmid [1976]. 

Statistical Analysis 

The two-tailed Student's t-test was performed to compare MPCE values 
between treated and control animals. The Cochran-Armatage two-tailed trend 
test was used to determine the dose-response relationship [Snedecor and 
Cochran, 1967]. The zero dose was not used in this test. 

RESULTS 

The effects of different dose levels of quinoline (25, 50, and 100 mg/kg) 
on the frequency of MPCEs in CD1 male mouse bone marrow at three 
posttreatment intervals (24, 48, and 72 h) are shown in Table I. At 24 h, all 
three doses resulted in a significant increase in the numbers of MPCEs, while 
at 48 h, the medium and high doses resulted in significant elevations. The 
increase in MPCEs is significantly dose-related. The repeat experiment, at 24 
h sampling time, gave similar results (Table I). The toxicity of this compound 
was also seen 24 h after treatment, as judged from PCE/NCE ratios in treated 
animals. These ratios appeared lower than those from control animals, but the 
response was not dose related. At 48 and 72 h after treatment, however, the 
ratios from treated animals were relatively higher than that from the control. 

The results obtained with HOQ are presented in Table II. The high dose 

TABLE I. Micronuclei Induced in Bone Marrow Polychromatic 
Erythrocytes (PCEs) of CD1 Male Mice Mter Single Ip Treatment With 
Quinoline 

Sampling 
time 
(h) 

24 

48 

72 

24c 

Dose 
(mg/kg) 

0 
25 
50 

100 
25 
50 

100 
25 
50 

100 
0 

25 
50 

lOOd 

MPCE/ 
1,000 

PCE ± S.E.a PCE/NCEb 

3.0 ± 0.3 0.82 
4.7 ± o.s• 0.69 
9.2 ± 1.7** 0.61 

12.5 ± 1.7** 0.79 
3.9 ± 0.2 0.82 
7.0 ± 0.5** 1.08 
8.3 ± 0.5** 1.04 
2.8 ± 0.4 1.33 
2.5 ± 0.4 1.27 
3.0 ± 0.6 1.08 
2.4 ± 0.3 0.85 
4.9 ± 0.4** 0.69 
6.9 ± 0.3** 0.72 
7.9 ± 0.6** 0.75° 

• Total MPCE/10,000 PCE (2,000 PCEs were scored for each of 5 animals). 
b Based on 5,000 PCEs. 
c Results from repeat experiment. 
d Only 4 animals were analyzed. 
e Based on 4,000 PCEs. 
* P < .05 (compared to zero dose). 
** P < .OI (compared to zero dose). 
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TABLE II. Micronuclei Induced in Bone Marrow Erythrocytes of CD1 Male Mice 
After Single Ip Treatment With 8-Hydroxyquinoline 

Sampling 
time Dose MPCE/1000 MNCE/1000 
(h) (mg/kg) PCE ± S.E.a NCE±S.E.b PCN/NCEC 

24 0 2.5 ± 0.2 1.5 ± 0.2 1.04 
25 2.9 ± 0.4 3.0 ± 0.3·* 0.64 
50 3.6 ± 0.4 3.2 ± 0.4•• 0.69 

100'1 4.7 ± 0.8* 5.3 ± 0.6** 0.59 
48 25 4.0 ± 0.6* 3.6 ± 0.1•• 0.85 

50 3.4 ± 0.3• 3.5 ± 0.2** 1.08 
72 25 2.5 ± 0.3 2.2 ± 0.2• 0.85 

50 3.0 ± 0.2 3.0 ± 0.2** 0.92 
24e 0 2.7 ± 0.3 1.6 ± 0.1 1.04 

25 2.7 ± 0.3 2.7 ± 0.2** 0.69 
SO' 3.0 ± 0.2 4.4 ± 0.4** 0.59 

a The number is based on 10,000 PCEs (2,000 PCEs were scored for each of 5 
animals). 
b The number is based on 12,500 NCEs (2,500 NCEs were scored for each of 5 
animals). 
cBased on 5,000 PCEs. 
d Only 3 animals were analyzed. 
• Results from repeat experiment. 
r Only 4 animals were analyzed. 
• P< .05. 
•• P< .01. 
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(100 mg/kg), however, was very toxic and resulted in death of many mice 
several hours after injection. Thus only 24 h data could be obtained for this 
dose. There was a slight increase in the number of MPCEs in treated animals 
over controls. The increases were statistically significant at 24 h for the medium 
and high doses and at 48 h for the low and medium doses. There was a 
significant dose-related response only at 24 h (P < .01 ). This was not confirmed 
with the repeat 24 h data. The numbers of MNCEs induced by all doses over 
all three sampling times were small but significantly different from the controls, 
and there was also a significant dose-related trend at 24 h, which was confirmed 
with the repeat 24 h data. The peak incidence of induced MNCEs was at or 
close to 48 h after treatment. The PCE to NCE ratios for treated animals were 
much lower than controls, particularly at 24 h sampling time. 

DISCUSSION 

In rodent carcinogenicity studies, quinoline has been found to be carcin­
ogenic in both mice and rats. Quinoline induced hepatic tumors in newborn 
male CD1 mice and leukemia or lymphoma in female mice [LaVoie et al., 
1987]. Quinoline also is hepatocarcinogenic in rats [Hirao et al., 1976]. The 
available mutagenicity data seem to indicate that quinoline is a promutagen. It 
was found mutagenic in a Salmonella histidine reversion system only when 
Arcolor-induced rat liver homogenate also was present in the incubation 
mixture [Epler et al., 1977; Hollstein et al., 1978; Seixas et al., 1982; Yoshikawa 
et al., 1982]. Quinoline has been shown to induce unscheduled DNA synthesis 
in primary cultures of rat hepatocytes and to bind to RNA, DNA, and certain 
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polynucleotides in the presence of NADPH and rat liver microsomes [Tada et 
al., 1980]. Quinoline also produced nucleic acid adducts only when tested in 
the presence of liver extract [Kubinski et al., 1981). Although reported to be 
negative in the chrmhosomal aberration test in in vitro studies in Chinese 
hamster cells [Ishidate and Odashima, 1977], quinoline induced DNA single­
strand breaks in the alkaline elution/rat hepatocyte assay [Sina et al., 1983]. In 
the present study this compound was found to induce micronucleus formation 
in the bone marrow of CD, male mice. This result is in agreement with the 
aforementioned reports about carcinogenicity and mutagenicity of quinoline. 

The carcinogenicity data on HOQ is not clear. It has been reported to be 
a weak carcinogen [Shubik and Hartwell, 1969]. However, in two recent rodent 
carcinogenicity studies conducted by the National Toxicology Program, this 
compound was judged to show no evidence of carcinogenicity [Gold et al., 
1987; Haseman et al., 1987]. This compound is known to have colchicinelike 
effects and is recommended as a spindle inhibitor in plant chromosomal studies 
[Grant et al., 1981]. 

HOQ has been treated in several in vitro assays for genotoxicity. It was 
found to be mutagenic in Salmonella when assayed by the histidine reversion 
test [Epler et al., 1977; Talcott et al., 1976; Tennant et al., 1987] and was 
effective in inducing chromatid aberrations in human leukocytes [Epler et al., 
1977]. It was also reported to be mutagenic, either with or without exogenous 
activation, in mouse lymphoma cells, and to cause chromosome aberrations 
and sister chromatid exchanges in Chinese hamster ovary cells [Tennant et al., 
1987]. In addition, HOQ produced nucleic acid adducts when tested with the 
DNA-cell-binding assay [Kubinski et al., 1981]. In the present study, HOQ 
induced a significant number of MNCEs, although it did not produce high 
numbers of MPCEs over the three sampling times tested. This may indicate 
that HOQ affects the later stages of the cell cycle. The micronucleated cells 
resulting from HOQ treatment had probably passed the PCE stage 24 h after 
treatment and thus could not be detected as MPCEs. This finding agrees with 
the hypothesis that the proportion of micronucleated NCEs increases if the 
agent acts on G2 chromosomes or on the spindle apparatus [Schmid, 1976] and 
that the incidence of more than one MNCE per thousand PCE indicates an 
effect on cell stages past the S phase [Maier and Schmid, 1976]. The results 
obtained with HOQ, therefore, parallel those of in vitro genotoxicity assays and 
can be reconciled with the fact that this compound is used as a spindle inhibitor. 
However, the relationship of HOQ to carcinogenicity remains unclear. 

The toxicity of HOQ is much higher than that of quinoline. This was 
evident, since many mice died several hours after injection of the 100 mg/kg 
dose level of HOQ, while the same dose level of quinoline did not produce any 
animal mortality. 

ACKNOWLEDGMENTS 

The· senior author was supported as a postdoctoral fellow by the Agency 
for International Development. We express our gratitude to Dr. Michael Shelby 
of NIEHS for providing the compounds used in this study. 



Quinoline/8-Hyd.roxyquinoline Effects 117 

REFERENCES 
Brockman HE, DM DeMarini: Utility of short-term tests for genetic toxicology in the aftermath 

of the NTP's analysis of 73 chemicals. Environ Mol Mutagen 11:421-435, 1988. 
de Serres FJ, Ashby J: "Evaluation of Short-Tenn Tests for Carcinogens, Report of the Interna­

tional Collaborative Program." New York: Elsevier/North Holland, 1981. 
Epler JL, Winton W, Ho T, Lairmer "FW, Rao TI<, Hardigree AA: Comparative mutagenesis of 

quinolines. Mutat Res 39:285-296, 1977. 
Gold LS, Slone TH, Backman GM, Magaw R, DaCosta M, Lopipero P, Blumenthal M, Ames 

BN: Second chronological supplement to the carcinogenic potency database: Standardized 
results of animal bioassays published through December 1984 and by the National Toxicology 
Program through May 1986. Mutat Res 74:237-239, 1987. 

Grant WF, Zinov'eva-Stahveitch, Zura K.D: Plant genetic test systems for the detection of chemical 
mutagens. In Stich HF, San RHC: "Short-Tenn Tests for Chemical Carcinogens." NY: Springer­
Verlag, 1981, pp 200-216. 

Hartman PE: Mutagens: Some possible health impacts beyond carcinogenesis. Environ Mutagen 
5:139-152, 1983. 

Hartman PE, Morgan RW: Mutagen-induced focal lesions as key factors in aging: A review. In: 
Sohal RS, Birnbaum LS, Cutler RG: "Molecular Biology of Aging: Gene Stability and Gene 
Expression." New York: Raven Press, 1985, pp 93-136. 

Haseman JK, Huff JE, Zeiger E, McConnel EE: Comparative results of 327 chemical carcinoge­
necity studies. Environ Health Perspect 74:229-235, 1987. 

Heddie JA, Hite M, Kirkhart B, Mavoumim K, MacGregor JT, Newell GW, Salamone MF: The 
induction of mironuclei as a measure of genotoxicity. A Report of the U.S. Environmental 
Protection Agency. Gene-Tax Program. Mutat Res 123:61-118, 1983. 

Hirao K, Shinohara Y, Tsuda H, Fukashima S, Takahashi M, Ito N: Carcinogenic activity of 
quinoline on rat liver. Cancer Res 36:329-335, 1976. 

Hollstein M, Talcott R, Wei E: Quinoline: Conversion to a mutagen by human and rodent liver. 
JNCI 60:405-410, 1978. 

lshidate M, Jr, Odashima S: Chromosome tests with 134 compounds on Chinese hamster cells in 
vitro-A screening for chemical carcinogens. Mutat Res 48:337-354, 1977. 

Jenssen D, Ramel C: The micronucleus test as part of a short-term mutagenicity programme for 
the prediction of carcinogenicity evaluated by 143 agents tested. Mutat Res 75:191-202, 1980. 

Kubinski H: Gutzke GE, Kubinski 20: DNA-cell-binding (DCB) assay for suspected carcinogens 
and mutagens. Mutat Res 89:95-136, 1981. 

La Voie EJ, Shigematsu A, Rivenson A: The carcinogenicity of quinoline and benzoquinolines in 
newborn CD1 mice. Jpn J Cancer Res 78(2):139-143, 1987. 

Maier P, Schmid W: Ten model mutagens evaluated by the micronucleus test. Mutat Res 40:325-
338, 1976. 

McCann J, Ames BN: Detection of carcinogens as mutagens in the Salmonella microsome test. 
Assay of 300 chemicals: Discussion. Proc Natl Acad Sci USA 73(3):950-954, 1976. 

Purchase IFH, Longstaff E, Ashby J, Styles JA, Anderson D, Lefevre PA, Westwood FR: 
Evaluation of six short term tests for detecting organic chemical carcinogens and recommen­
dations for their use. Nature 264:624-627, 1976. 

Racine RR, Matter BE: The micronucleus test as an indicator for mutagenic exposure. Top Chem 
Mutagen 2:217-231, 1984. 

Schmid W: The micronucleus test. Mutat Res 31:9-15, 1975. 
Schmid W: The micronucleus test for cytogenetic analysis. In Hollaender A: "Chemical Muta­

gens," Vol. 4 New York: Plenum Press, 1976, pp 31-53. 
Seixas GM, Andon BM, Hollingshead PG, Thilly WG: The aza-arenes as mutagens for Salmonella 

typhimurium. Mutat Res 102:201-212, 1982. 
Shubik P, Hartwell JL: Survey of compounds which have been tested for carcinogenic activity. 

Public Health Service Publication No 149, Suppl 2. Washington, DC: Government Printing 
Office, 1969, pp 671. 

Sina JF, Bean CL, Dysart GR, Taylor VI, Bradley MO: Evaluation of the alkaline elution/rat 
hepacyte assay as a predictor of carcinogenic/mutagenic potential. Mutat Res 113:357-391, 
1983. 



118 Hamoud et al. 

Snedecor GW, Cochran WG: "Statistical Methods," 6th Edition. Ames, IA: Iowa State Press, 
1967. 

Tada M, Takahashi K, Kawazoe Y, Ito N: Binding of quinoline to nucleic acid in a sub-cellular 
microsomal system. Chem-Biol Interact 29:257-266, 1980. 

Talcott R, Hollstein M, Wt!i E: Mutagenicity of 8-hydroxyquinoline and related compounds in 
the Salmonella typhimurium bioassay. Biochem Pharmacol 25:1323-1328, 1976. 

Tennant RW, Margolin BH, Shelby MB, Zeiger E, Haseman JK, Spadling J, Caspary W, Resnick 
M, Stasiewicz S, Anderson B, Minor R: Prediction of chemical carcinogenicity in rodents from 
in vitro genetic toxicity assays. Science 236:933-941, 1987. 

Yoshikawa K, Nohmi T, Miyata R, Ishidate M Jr: Differences in liver homogenates from Donryu, 
Fischer, Sprague-Dawley and Wistar Strains of rat in the drug-metabolizing enzyme assay and 
the Salmonella/hepatic S9 activation test. Mutat Res 96:167-186, 1982. 




