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AsstracT. Chromosomal aberration in bone marrow cells of albino rat
(Rattus norvegicus) were taken as an indication of genotoxic action of
chloramphenicol (CAP): Young adult male rats (Rattus norvegicus)
received oral administration of 50 and 100 mg/kg of CAP. Samples of
bone marrow cells were taken at 6, 12, 18, 24 and 30 hours post
treatment. Pregnant female rats received a similar treatment at
midterm and later stages of pregnancy in order to examine the
genotoxic effects of CAP (50 mg/kg) on embryos through
transplacental exposure. Chloramphenicol did not induce any effects
after 50 mg/kg but chromosomal aberration were recorded at 100
mg/kg at 12 and 18 hours post treatment and 24 hours later the number
of aberrent cells returned to control values in both young adult male
and newborn pups of treated pregnant female rats.

Chloramphenicol (CAP) is an antibiotic agent widely used in human practice.
However, it has various side effects.

The international agency for cancer research has classified this compound as a
drug with limited evidence of carcinogenicity in humans (IARC 1982). From the
genetic point of view, mutational assays showed that CAP is not mutagenic for
various strains of Salmonella typhimurium and E. coli sp. Negative results were also
obtained in Analidopsis and in Drosophila melanogaster. In contrast, CAP can cause
chromosomal aberrations in plant, rodent, and human somatic cells and this seems to
be the only genetic effect of the drug (Rosenkranz 1988). Chloramphenicol is an
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inhibitor of bacterial protein synthesis; it binds to the large subunit of the bacterial
ribosome, thereby blocking peptide transfer (Davis et al. 1988). Chloramphenicol
inhibits eukaryotic protein synthesis (Weisberger et al. 1963, Weisberger and Wolfe
1964). DNA replication inhibition has been also reported in mammalian cells (Yunis
and Harrington 1960, Yunis et al. 1972, Murray et al. 1983). The present work is an
attempt to examine the cytogenetic effects of CAP on adult animals and
transplacentally exposed embryos in order to understand the mechanism by which
this drug may/or may not affect dividing mitotic cells.

Materials and Methods

Experiment I:

Fifty five, (six to eight weeks old young, male rats) weighing 120 + 20 gm were
placed into three groups. The first group of five rats was left as control and given
only sodium succinate by a metallic stomach tube. The second and the third groups
25, animals each, were orally administered 50 and 100 mg/kg CAP, respectively,
dissolved in sodium succinate (4.8 mg/ml) using a metallic stomach tube. Five
animals were killed for each fixation time 6, 12, 18, 24 and 30 hours post-treatment;
two hours before killing, the animals were injected intraperitoneally with 0.5 cc of
0.04% solution of colchicine. Metaphase chromosomes were obtained from femoral
bone marrow cells, that were flushed in phosphate buffer solution. The suspension
was centrifuged for 10 minutes at 500 rpm. The supernatant fluid was discarded and
the pellet of cells was resuspended in a hypotonice solution (0.075 kcl) and kept at
37°C for 20 minutes. Cell suspensions were centrifuged for 10 minutes and the
supernatant was removed and the cells were fixed in methyl acetic acid for at least
20 minutes. Then the cells were spread on cooled slides and stained by Giemsa stain.
For each animal, 50 metaphases were examined microscopically using a 10X eye
piece and [00X oil immersion objective lens and photomicrographs were taken
whenever necessary.

Experiment I1:

Virgin females were mated and the day on which sperms were found in the
vaginal smear was designated as day O of gestation. The pregnant females were
given orally similar doses of CAP, by using a metallic stomach tube daily for 10
successive days from 8th to 18th day of gestation. Control pregnant females rats
were treated by solvent (sodium succinate). Three pregnant females for each dose
were used. After delivery, 2 newborn pups were chosen randomly from each female.
Metaphase chromosomes were obtained from femoral bone marrow cells as in
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experiment I; 50 metaphases were examined blindly for each newborn.
Chromosomal aberrations were detected and photomicrographs were taken whenever
necessary.

Statistical Analysis:
Data were statistically analysed using Student “t” test (Snedecor 1969).

Results

In the lst experiment, animals were treated with an oral dose of CAP in either
50 or 100 mg/kg. The obtained results showed that CAP (50 mg/kg) did not cause
any signiticant differences between the frequencies of aberrent cells observed in
treated and untreated animals. However, at a dose of 100 mg/kg, aberrent
metaphases were greater than those obtained with 50 mg/kg and were highly
significant compared to control values after 18 hours (Table 1). Most of the
aberration detected were dicentric chromosomes, exchange figures and chromosomal
breaks, (Fig. 2) 18 hours after treatment. There was a decline in the incidence of
aberrations to control values by 30 hours (Fig. 1).

In the 2nd experiment, pregnant females received the same treatment as a daily
dose from day 8 to day 18 of gestation. Embryos were exposed transplacentally to
CAP. Three days after delivery the pups were taken and examined for chromosomal
damage. No significant changes were seen at a dose of 50 mg/kg (2.3%) compared
to control values (0.7%). Following the high dose, 100 mg/kg, a highly significant
increase (P < 0.001) was recorded; the frequency of aberrations reached 9% (Table
2). From the obtained results, we can conclude that CAP is a genotoxic drug on
embryos and its genotoxicity on embryos is higher than that on the adult animals.

Discussion

Present results showed that CAP had somewhat limited effects in inducing
chromosomal damage in bone marrow cells in adult rats. Although _slight increases
in chromosomal aberrations were seen 12 and 18 hours post treatment, significant
changes were noted only at 24 and 30 hours post treatment. These results are in
agreement with other studies that have reported a limited mutagenicity for CAP
(Mitus and Coleman 1970, Kong-00 1979). Recently Isabella et al. (1990) concluded
that CAP acts as a radiomimetice agent directly producing double strand breaks,
after treatment lasting for a whole cell cycle. Moreover, they reported that CAP




Table 1. Chromosomal damage in bone marrow cells of treated male rats with chloramphenicol

(Mean £ S.E.)
Chromosomal damage Total damage
Fixation Treat- No. of Total
time ment examined cell i

(hour) mg/kg rat scored Dicentric EE;tt:sge Breaks No. % M+S.E

Control - 5 250 3 - - 3 1.2 06+04
6 50 5 250 3 - - 3 1:2 06104
12 5 250 3 2 | 6 2.4 1.2+£0.58
18 5 250 2 2 - 4 1.6 0.8+£0.37
24 5 250 3 - - 3 1.2 0.610.24
30 3 250 3 - - 3 1.2 0.6 £0.0
6 100 S 250 3 1 - 4 1.6 0.8+0.58
12 5 250 6 3 2 11 42 2.2+0.58
18 5 250 9 2 3 14 5.6 *2.8+0.73
24 5 250 5 | 1 7 2.8 1.4+0.75
30 5 250 3 - - 3 1.2 06104

*(P < 0.09)
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Table 2. Effect of chloramphenicol on chromosomal damage of embryo during pregnancy through transplacental exposure

(Mean £ S.E.)
Chromosomal damage Total damage
No. of No. of Total
Treatment
o) pregnant newly cell Exch
female born examined | Dicentric xchange Breaks No. %o M+S.E
figures
Conurol 3 6 300 2 - - 2 0.7 0.3+0.21
50 3 6 300 3 2 2 7 2.3 1.7+048
100 3 6 300 12 8 7 27 9.0 %4 5+0.62
P < 0.01)
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Fig. 1. Percentage of chromosomal damage in metaphases of male rats treated by chloramphenicol.
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Fig. 2. Photomicrographs of Dicentric chromosomes (d) exchange figures (e) and chromosomal
breaks (b) from metaphases of male rats treated with chloramphenicol.
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Fig. 3. Photomicrographs of Dicentric chromosomes (d), exchange figures (e) and chromosomal
breaks (b) from metaphases of newborns rat to treated pregnant mother rat with
chloramphenicol.

produced only chromatid type aberration vacuoles due to its effect on chromosome
condensation. The same CAP concentration was able to inhibit cell proliferation by
inhibition of DNA synthesis (Rainaldi et al. 1984). In this study, the most common
aberrations have been dicentric chromosomes, exchange figures and chromatid
breaks, chloramphenicol action in G2 phase of mitotic division. Chloramphenicol
has been also shown to induce either breaks or exchange when administered in G2
phase after treatment with 8 ethoxycaffeine (Nuti and Buiatti 1967) or between G|
and G2 (Wolff 1960).
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The formation of exchange type aberrations which require DNA synthesis to be
performed even shows that. CAP acts by affecting DNA replication (Kihlaman and
Natarjan 1984). A lack of a significant increase of aberrations after 24 and 30 hours,
post treatment emphasizes that treatment with CAP at high doses for a short periods
is unable to cause genotoxicity of metaphases. This indicates that CAP did not
produce direct or indirect interference with DNA replication (Yunis and Harrington
1960, Yunis et al. 1972, Murray et al. 1983). They also recorded that the prolonged
treatment with CAP did not elicit any effect on DNA replication.

Data obtained from bone marrow celis of newborn rat that had received CAP
through transplacental exposure during pregnancy showed that CAP treatment had a
more potent effect on embryonic mitotic dividing cell than on adult chromosomes.
These data indicate that CAP is genotoxic on embryonic chromosomes at midterm
and later stages of pregnancy and the most aberrations were dicentric chromosomes
(Fig. 3). CAP may have an effect on the amount of crossing over between some
types of chromosomes during mitotic cell division. An addition, other aberrations
such as exchange figures and breaks showed that CAP interferes with cell division
by inhibition. The cytogenetic studies of CAP on embryonic chromosomes remain
very rare. But other studies of CAP on embryos were recorded by (Nishimura and
Katani 1970, Rajchgat et al. 1982). They found that CAP genotoxicity on embryos
due to high degree of placental transfer, accumulation of CAP in maternal serum and
decreased hepatic conjugation; after delivery, the infant received CAP excreted in
breast milk. Decreased hepatic conjugation of CAP by pregnant females may result
in toxic accumulation of CAP and increased maternal serum concentration ratio
(Plomp er al. 1983 and Mulhall et al. 1983).
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