
The effects of low doses of cyclohexanol exposure were studied in mouse bone marrow cells including
chromosome aberrations (CA), micronucleus (MN) and sister chromatid exchanges (SCE) as biomark-
ers. Capillaries with a tested agent that was evaporated continuously were placed in an experimental
chamber for six weeks. No clastogenic and/or aneugenic effect of CA and MN induction was observed.
A significant elevation of induced damage was achieved in the SCE study (p < 0.001) that has confirmed
the early exposure of cyclohexanol to mice.

Keywords: Cyclohexanol – mice bone marrow – chromosome aberrations – sister chromatid exchanges
– micronuclei

INTRODUCTION

Cyclohexanol as a good organic solvent for fats, oil, resins and gums, has a variety
of applications in industry: it is commonly used in the production of cyclohexy-
lamine, nylon intermediates, plasticizers, rubber chemicals or selected agricultural
chemical agents.

The earliest experiments have summarized the toxicological data of cyclohexane,
and its derivatives in rodents after oral, dermal or intra-peritoneal route of adminis-
tration. Based on LD50 in rats and rabbits after the acute oral (1500 mg.kg–1) and der-
mal (500–800 mg.kg–1) injection, cyclohexanol was regarded as a low toxicity agent.
No rats died nor clinical symptoms were observed after cyclohexanol inhalation at a
dose of 3.63 mg.l–1 for four hours up to fourteen days post-exposure [15]. When
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experimental groups of Sprague-Dawley rats were treated with the agent twice daily
at a dose of 200 mg.kg–1 for five days a week and a period up to six weeks, signs of
neurotoxicity were observed [9].

Recently, the experiments have been focused on workplace exposure to cyclo-
hexane or its metabolites. Concentrations of derivatives, cyclohexanol and cyclo-
hexanone, determined in body fluids are established as a practical way to assess
internal concentration [2, 8, 11]. The significant correlations between the solvent
exposure and cyclohexanol concentrations found in urine samples of men or cyclo-
hexane in whole blood and serum were documented [7, 17].

The purpose of our study was to investigate the possible genotoxic effect of cyclo-
hexanol in mouse bone marrow cells using six-week inhalation routes by continuous
evaporation of the agent of tubes that have been components in built into devices for
comparative measurement of temperature in households [5]. In our experiments,
chromosome aberrations (CAs), micronuclei (MNi) and sister chromatid exchanges
(SCEs) were selected to detect the early effect of exposure. Regarding the long incu-
bation period for diseases that result from environmental exposure to genotoxic
agents, the data obtained from long-term exposure are of great importance. At the
somatic cell level, malignancies are the best-known and most feared examples [1].

MATERIAL AND METHODS

Chemical agent

The tubes (capillaries) filled with cyclohexanol of thermometers (Brunata S/A,
Copenhagen, Denmark) were used for the continuously exposure by the inhalation
route.

Animals

Three-month-old, healthy male ICR mice bred in the animal facilities of our
University were used in all experiments. The animals were randomly grouped and
assigned in numbers of five animals into each control and experimental groups. They
were maintained under twelve hour dark-light cycles and within limits at 22 ± 2 °C,
fed with rodent food (Top Dovo, Dobrá Voda, Slovak Republic) and allowed to drink
chlorinated water ad libitum. The experimental animals were housed in chamber at
about 10 m3 for the six weeks and two capillaries were used for the exposure. The
beginning and ending of evaporation were controlled and signed for each of the cap-
illaries.

The experiments were approved by our internal ethical committee and authorized
by the State Veterinary and Food Administration of the Slovak Republic.



Chromosomal analysis

One day after the completion of inhalations, the animals were anaesthetised, and after
they had been killed, the femur and humerus were selected. For the CA a SCE assays,
slides were obtained by the standard cytogenetic method; one hour before anaesthe-
sia and slaughter, colchicine (Merck, Darmstadt, Germany) was injected i.p. at a con-
centration of 1 mg.kg–1 body weight. SCE determination and cell cycle kinetics were
performed by multiple i.p. bromodeoxyuridine (BrdUrd, Sigma, St. Louis, MO,
USA) injections [14] 48 hours before sampling. A total of four injections at nine hour
intervals were given to the mice at a final dose of 5 mg.g–1 BrdUrd. Slides were
stained with Giemsa for CAs or FPG (Fluorescent plus Giemsa) technique to differ-
entiate sister chromatids and cell cycles [10].

For the MN, bone marrow smears were prepared and stained with May-Grünwald
and Giemsa following the procedure described by Schmid [12].

Fifty well-spread metaphases for chromosomal aberrations and thirty differential-
ly stained metaphases per animal for SCEs were examined. One hundred metaphas-
es were analysed for determination of M1, M2 and M3+ mitotic divisions. Differences
in the mitotic proportions were used for calculations of the proliferation indices (PI).
One thousand polychromatic erythrocytes (PCEs) were scored per animal, and the
number of micronucleated PCEs (MNPCEs) were recorded. Separately, the number
of micronucleated mature erythrocyte (MNNCEs) was calculated in a total of one
thousand normochromatic erythrocytes (NCEs) per animal.

Statistical analysis

A simple analysis of variance (ANOVA) was performed and then the Student’s t-test
was applied to evaluate SCEs, MNPCEs, MNNCEs, PCEs and NCEs frequency
between treated and untreated groups of animals. χ2 test was appropriated for esti-
mation of CA and the cell cycle delay.

RESULTS

The experiments were performed during two summer months from 15 July to 25
August. At the end of experiments 1.5 mm of the tested agent was read per a capil-
lary that allowed for the average value for one room of the household for given time.
In accordance with the manufacturer, taken amounts correspond to nine μl of evapo-
rated agent.

The results of all cytogenetic studies in mouse bone marrow cells after six weeks
of inhalation exposure to cyclohexanol are shown in Tables 1–3. The mean value
± SD both of the control and experimental groups are given.

In the CA assay no clastogenic effect after the inhalation exposure to cyclohexa-
nol was observed (Table 1). In comparison with the control, a slight elevation in
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chromatid breaks was observed but without statistical significance. Gaps were also
determined but excluded from the statistics.

The in vivo micronucleus test is based on finding an increase in the frequency of
micronucleated erythrocytes in bone marrow cells of treated animals as compared to
the control. Our results showed no increase in the incidence of micronuclei in PCEs
during six weeks inhalation exposure to cyclohexanol. No statistically significant
change in bone marrow cell proliferation was obtained either (Table 2).

Positive results were seen in the SCE study. Low doses of six weeks exposure to
cyclohexanol caused a remarkable elevation in SCE frequency in each of the exper-
imental animals. When compared with the control level, statistically significant
increases in the mean of SCE have been demonstrated for a whole group of experi-
mental animals (Table 3, p < 0.001). The proportions of M1, M2 and M3+ metaphases
were not different from that seen in the controls. No reduction of PI and cell cycle
delay was observed.

No gross lesions and pathological changes were obtained in liver, kidney, lung and
spleen organs.

Table 1
The frequency of CAs in mouse bone marrow cells after a low dose

subchronic inhalation exposure to cyclohexanol

Types of chromosomal

Groups/Animal
aberrations % breaks

(± SD)
G CB IB CE IE

Control group

1 2 1 – – – 2.0 ± 0.02
2 1 – – – – 0.0 ± 0.00
3 2 1 – – – 2.0 ± 0.02
4 1 – – – – 0.0 ± 0.00
5 2 – – – – 0.0 ± 0.00

Total 8 2 – – – 1.12 ± 0.10

Experimental group

1 2 1 – – – 2.0 ± 0.02
2 1 – – – – 0.0 ± 0.00
3 3 1 – – – 2.0 ± 0.02
4 3 2 – – – 4.0 ± 0.19
5 2 – – – – 0.0 ± 0.00

Total 11 4 – – – 2.25 ± 0.15a

50 widely dispersed metaphases per animal were determined.
a No statistical significant data – χ2 test.
CB, IB – chromatid, isochromatid breaks.
CE, IE – chromatid, isochromatid exchange.
G – gaps, not included in statistical data.



DISCUSSION

Our results demonstrated the genotoxic effects of cyclohexanol after a continuous six
weeks exposure to mice by inhalation routes. The capillaries filled with the tested
agent, which were the components of measurers for comparative measurement of
temperature distributed for households, were used for inhalation.

Analysis of chromosome aberrations and induction of micronuclei are the most
frequently used for screening the mutagenic/clastogenic potential of the chemical
agent. Both of the biomarkers are considered in detecting irreversible changes that
alter DNA information content and thus they are directly related to malignancy
induction [4].

Under the conditions of the present study no clastogenic and aneugenic effects of
cyclohexanol were documented. A significant increase in the number of micronuclei
after subchronic inhalation exposure to the mixture of benzene, cyclohexanone and
cyclohexane in rats has been described by Kovalkovi�ová et al. [3]. Several further
reports have dealt with the effects of low-level exposure to different agents from var-
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Table 2
The frequency of micronuclei in mouse bone marrow cells after a low dose subchronic

inhalation exposure to cyclohexanol

Groups/Animal
MNPCEs/ MNNCEs/ PCEs/1000 PCE/NCE
1000 PCEs 1000 NCEs erythrocytes ratio

Control group

1 1 0 515 0.822
2 2 0 534 1.026
3 0 0 540 1.072
4 3 0 522 0.960
5 3 1 546 1.030

Mean ± SD 1.8 ± 1.3 0.2 ± 0.45 534.4 ± 12.76 0.98 ± 0.09
for total group

Experimental group

1 1 1 528 1.016
2 0 0 589 1.416
3 0 0 554 1.218
4 2 0 558 1.176
5 1 0 601 1.508

Mean ± SD 0.8 ± 0.84 0.2 ± 0.45 566 ± 9.18a 1.27 ± 0.19a

for total group

MNPCEs – number of micronucleated polychromatic erythrocytes, MNNCEs –
number of micronucleated normochromatic erythrocytes, PCE/NCE – ratio of poly-
chromatic to normochromatic erythrocytes.

aNo statistical significance – χ2 test.
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ious environmental sources. For instance, Maeng et al. [4] have reported statistically
significant increases in micronuclei induction in Sprague-Dawley rats after thirteen-
weeks inhalation treatment with 1,1-dichloro-fluoroethane. The authors assumed that
the positive results could be achieved by cumulative effect in micronuclei induction
after repeated low levels of exposure. 

There are sporadic data regarding the genotoxic potential of cyclohexanol. In our
experiments, a significant elevation in the frequency of SCEs resulting from a low
dose of cylohexanol exposure in mouse bone marrow cells was revealed in the SCE
study. SCEs are generally considered as suitable cytogenetic biomarkers to identify
the exposure to low levels of chemical agents from the environment. Either a direct
mutagenic effect on the DNA or, alternatively, an indirect mutagenic effect via enzy-
matic modification for chemical agents should be considered. A positive SCE
response does not necessarily mean that the compound is mutagenic [13]. The epi-
genetic mechanisms-oxidative stress, activation of gene receptors, promotion of the
cells, etc. are also considered in SCE formation [16]. SCEs evaluated following in
vivo exposure show limited persistence and accumulation of damage, which reflect
DNA repair processes, as well as cell turnover [13]. Increases SCEs at rates directly

Table 3
The frequency of SCEs and proliferation indices

in mouse bone marrow cells after a low dose
subchronic inhalation exposure to cyclohexanol

Groups/Animal SCE/cell ± SD PI

Control group

1 4.00 ± 1.89 1.36
2 4.06 ± 1.81 1.33
3 3.80 ± 1.44 1.29
4 4.10 ± 1.62 1.34
5 3.83 ± 1.64 1.35

Total 3.96 ± 1.67 1.33

Experimental group

1 5.77 ± 2.34 1.34
2 5.73 ± 2.11 1.33
3 5.67 ± 2.45 1.38
4 5.63 ± 2.28 1.31
5 5.56 ± 2.72 1.29

Total 5.67 ± 2.34*** 1.33a

30 second – division metaphases per animal were
analysed for SCE.

*** Statistical significant data (P < 0.001, ANOVA,
Student’s t-test).

aNo statistical significance.



related to the accumulated dose have been shown in circulating pig and sheep lym-
phocytes after continued injection of a chemical agent in vivo [6].

The continuous low-level exposure to cyclohexanol induced a statistically signif-
icant increase of SCEs in mouse bone marrow cells. SCEs are the most widely used
bio-indicators to measure the dose of chemical agents as well as in detecting the early
effects of exposure. They provide data on the genotoxic potential of chemical agents,
the biological consequences of which could be a cause of many diseases resulting
from environmental contamination.
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