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Abstract: Nowadays genotoxicity of anticancer drugs to normal cells is one of the most serious problems of
chemotherapy due to the possibility of inducing secondary malignancies. Daunorubicin (DNR) is an anthracycline
antibiotic. It has been used for a variety of malignancies. Thus the objective of this investigation is to measure the
potential cytotoxicity of DNR alone and in combination with vitamins (FA, VB12 and VC) on the cancer cell line
McF7. Also this study aims to assessment the mutagenic effect of DNR in mice normal cells by using different doses
as well as the protective role of the previous vitamins in a trial to minimize the genotoxicity of this chemotherapy. The
genotoxic potential of DNR was evaluated in vivo using different mutagenic end points. 1- Cytogenetic analysis
(chromosomal aberrations in somatic and germ cells, SCEs in bone-marrow and sperm shape abnormalities). 2- DNA
fragmentation assay in mouse spleen cells. 3- The protective role of folic acid (FA), vitamin B12 (VB12) and vitamin
C (VC) on genotoxic effect of DNR. For chromosome analysis, mice were treated i.p. with 1, 3 and 5mg DNR/ kg b.
wt. Samples were taken 24h, 7 and 14 days after treatments. DNR induced a statistically significant increase in the
percentage of chromosomal aberrations in both somatic and germ cells with dose and time relationship, which declined
with time of recovery for 14 days. The mean frequency of SCEs/ cell was three folds higher than the control indicating
that DNR is a strong inducer of SCEs. DNR also induced highly significant percentage of abnormal sperms. The
results indicated that DNR increased the percentage of DNA fragmentation in mouse spleen cells as measured
colorimetrically with diphenylamine assay and confirmed by agarose gel electrophoresis. The protective role of
vitamins, FA (10mg/kg b.wt.), VB12 (0.3mg/kg b.wt.) and VC (50mg/kg b.wt.) was demonstrated after oral
administration of these vitamins concurrently with 3mgDNR/kg b.wt. Significant inhibitions in the percentages of
chromosomal aberrations induced in somatic and germ cells were demonstrated. Also, vitamins reduced the
percentages of DNA fragmentation in mouse spleen cells when administered simultaneously with 5mg DNR/kg b.wt.
In conclusion, the results demonstrate the genotoxic effect of DNR on McF7 cell line even with vitamins indicating
that vitamins do not reduce the bioactivity of DNR on cancer cell lines. Also, the study illustrates the beneficial role of
vitamins against the mutagenicity of the anticancer drug on normal cells in vivo.
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1. Introduction exchanges (Noviello et al,

1994; Szabova, 1996).

Daunorubicin (DNR) is an anthracycline antibiotic
isolated from streptomycin products (Blasiak et al.,
2002a), in particular the rhodomycin products. It has
been used for more than 30 years for a variety of
malignancies such as,. acute lymphocytic and acute
myelogenous leukemias, Hodgkin's and non-Hodgkin's
lymphomas, multiple myeloma, carcinomas of breast,
lung, ovary, stomach, thyroid and various childhood
malignancies (Doroshow, 1986; W.iernik and
Dutcher, 1992; Hortobagyi, 1997).

One of the main actions of the antineoplastic DNR
on DNA occurs through the induction of free radicals,
which in turn may produce several types of genotoxic
damages is the increase in the rate of sister chromatid
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Nowadays genotoxicity of the anticancer drugs to normal
cells is one of the most serious problems of chemotherapy
due to the possibility of inducing secondary malignancies.
Beside, there is no doubt that DNA damage plays an
important role in most mechanisms underlying the action
of anticancer drugs interacting with DNA (Gentile et al.,
1998). Recently, it is very important to search for
protective substances against mutagenic-carcinogenic
agents. Some vitamins may scavenge harmful species, free
radicals or electrophiles, which damage DNA and other
cell targets (Ames and Gold, 1991; Odin, 1997). Such
agents not only have the potential to diminish
physiological side effects of the antitumor treatments, but
also, provide the potential to limit genotoxic side effects.
Our study aims to focus on natural vitamins already found
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in food to see their ability to reduce the genotoxicity
may be induced by DNR. These vitamins such as folic
acid (FA), vitamin B12 (VB12) and vitamin C (VC)
are necessary constituents of man's diet.

Folic acid (petroylglutamic acid) is converted to the
active form tetrahydrofolic acid which is important in
DNA biosynthesis and therefore in cell division
(Laurence et al, 1997). Vitamin B12
(cyanocobalamine) is closely related metabolically to
folic acid and taken part in methyl group transfer from
N5- methyltetrahydro-FA to homocysteine (Brody et
al., 1984). The antigenotoxic properties of FA and/or
VB12 were demonstrated in number of genetic tests
(Renner, 1990; Fenech et al., 1997). Vitamin C
(ascorbic acid), the enolic form of 3-keto-L-
glucofuranolactone takes an active part in tissue
metabolism and is connected with numerous electron-
transport processes, where it behaves as a strong
reducing agent (Odin, 1997). VC decreases the
genotoxicity and mutagenicity of several agents
(Sharma et al., 2000; Ghaskadbi et al.,, 1992;
Blasiak et al., 2002b).

The objective of these investigations is to
measurement of potential cytotoxicity of DNR and
vitamins (FA, VB12 and VC) on the cell line McF7
and to study the mutagenic effect of DNR in mice at
different doses by using different mutagenic end points
as well as the protective role of the previous vitamins
in a trial to minimize the genotoxicity of DNR.

2. Materials and Methods
2.1. Test substances:

Daunorubicin  (C27H29NO10 HCL) (Fig.1) is
purchased from Pharmacia and Upjiohn, Italy. The
human therapeutic dose 20mg/kg was used in our
study. This dose was converted to the mice dose
according to Paget and Barnes (1964). The vitamins
were purchased as follows: Folic acid (FA) from Nile
Co. for Pharm. and Chem Ind. Cairo, Egypt, Vitamin
B12 (B12) from Amriya Pharm. Ind., Alexandria,
Egypt and Vitamin C (VC) from S.D. Fine-Chem.
Ltd., Mumbai, India.
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Figure 1: Daunorubicin-HCI

http://www.sciencepub.net/researcher

17

Aly, et al., The protective role

2.2. Measurement of potential cytotoxicity:
2.2.1. Doses of DNR and vitamins:

Tested concentrations of DNR were 10, 20, 40ug/ml. the
doses of vitamins were FA (5, 10, 20ug/ml), VB12 (0.15,
0.30, 0.60ug/ml) and VC (25, 50, 100ug/ml. the study was
carried out on the breast cancer cell line McF7.

2.2.2. Measurement of cytotoxicity:

Potential cytotoxicity of DNR alone and DNR with each
of the three vitamins separately by Sulfo-Rhodamine-B
stain (SRB) assay was carried out using the method of
Skehan and Storeng (1990).

2.3. Cytogenetic studies:
2.3.1. Animals:

Laboratory-bred strain Swiss albino male mice of 8-10
weeks old with an average weight of 27.5+2.5g obtained
from the National Research Center, Cairo, Egypt, were
used .Animals were housed in groups (5animals/ group)
and maintained under standard food and water ad libitium.
2.3.2. Doses and Treatments:

DNR doses were 1, 3, 5 mg/ kg b.wt. as single doses.
Vitamins were 10mg FA/ kg b.wt. 0.3mg VB12/kg b.wt.
and 50mg VC/ kg b.wt. The anticancer drug DNR and
vitamins were dissolved in distilled water. Control groups
of animals received distilled water and others received
vitamins alone were collected continuously with the treated
groups.
2.3.2.1. Chromosomal Aberrations in Somatic and
Germ Cells:

Samples were harvested after 24h, 7 and 14 days of
treatment with the different doses of DNR. The groups of
animals received the concurrent administration of 3mg
DNR/ kg b.wt. with each of the three vitamins separately
were sacrificed after 24h.
2.3.2.2. Sister Chromatid Exchange (SCEs):

Samples were harvested 24h after treatment with the
different doses of DNR.
2.3.2.3-Sperm-Shaped Abnormalities:

Mice were treated once i.p. with each of the three doses
of DNR. Samples were collected after 35 days from the
treatments.

2.3.3. Cytogenetic Paramters:

-For chromosomal aberrations in somatic and germ
cells, bone-marrow metaphases were prepared according to
Yosida and Amano (1965). The diakinase-metaphase |
cells collected from the spermatocytes were made
following the air-drying technique of Evans et al. (1964).
Slides were stained with 7% Giemsa stain in phosphate
buffer (pH6.8). 100 well spread metaphases per animal
were analyzed for chromosome aberrations. The types of
aberrations in  bone-marrow cells included breaks,
deletions, fragments, centric fusions, centromeric
attenuations...etc. The types of aberrations in
spermatocytes were XY univalents, autosomal univalents,
fragments, breaks and chain 1V.

-For sister-chromatid exchanges, the method described
by Allen (1982) was used with some modifications. Bone-
marrow cells were fixed and stained with fluorescence plus
Giemsa method of Perry and Wolff (1974). The frequency
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of SCE's was recorded for each animal in at least 30
metaphases with second division.

-For sperm-shape abnormalities, the epididymides
excised and minced in isotonic sodium citrate solution
(2.2%). Smears were prepared and stained sperms with
Eosin Y (Wyrobek and Bruce, 1978). At least 1000
sperm per animal (5000/group) were assessed for
morphological abnormalities of the sperm shape.
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Figure (2): Metaphases with chromosomal aberrations (a&b)
breaks and fragments, © sister chromatid exchanges in bone-
marrow cells and (d) diaknesis-metaphase | cell with XY and
autosomal univalents in mouse spermatocyte after i.p. treatment
with DNR.

2.4. DNA Fragmentation Assay:

The groups of animals treated with different doses
of DNR were collected 24h after treatments. The
other groups of animals received concurrently 5mg
DNR/kg b.wt. with each of the vitamins doses were
sacrificed 24h after treatment The method of DNA
fragmentation assay was carried out according to
Perandones et al. (1993). Mouse spleen was
mechanically dissociated in hypotonic lysis buffer.
The cell lysate was centrifuged at 13.000xg for 15
min. then the supernatant containing small DNA
fragments was separated immediately, half the
supernatant was used for gel-electrophoresis. The
other half, as well as the pellet containing large pieces
of DNA were used for the colorimetric determination
Diphenylamine (DPA) assay.

2.5. Statistical Analysis:

The significance of the experimental from the
control data was calculated using chi square statistic
table (X?-test) for chromosomal aberrations in somatic
and germ cells and t-test for cytotoxicity, SCE's,
sperm-shape abnormalities and DNA fragmentation
assays.

3. Results
3.1. Cytotoxic effect:

The cytotoxicity of the anticancer drug DNR
increased with increasing its concentrations. FA,
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VB12 and VC are not reducing the effect of DNR on the
breast cell line (McF7). Table (1) demonstrated a highly
significant percentage of bioactivity compared to control
(p<0.001). FA, VB12 and VC statistically demonstrated
non-significant ~ percentage  compared to  DNR
concentration treatments.

3.2. Genotoxic effect of DNR:
3.2.1. Effect of DNR on somatic cells:
3.2.1.1. Chromosomal aberrations:

A significant increase in the percentage of chromosomal
aberrations was observed in mouse bone-marrow 24h, 7
and 14 days after treatment with 1, 3, and 5 mg/kg b. wt.
(Table 2). The percentage of induced aberrations decreased
with increasing the time.of recovery and was found to be
statistically highly significant (Fig. 2a and b).
3.2.1.2. Sister chromatid exchanges:

DNR induced a highly significant and a dose dependent
increase in SCE's frequencies in mouse bone-marrow cells
(Table 3) and (Fig. 2c).

Table (1): Mean percentages of cell viability induced in
MCF7 cell lines 48h. after treatment with DNR, FA,
VB12 and VC alone or in combination.

Doses and Treatments O.D. % Cell
Mean+SE Viability®

I. Control® 2.104+0.065 100.00
FA20 pg/ml 2.066+0.073 98.19
VB12 0.6 pg/ml 1.974+0.043 93.82
VC100 pg/ml 2.008+0.074 95.44
I1. DNR 10pg/mI®© 1.31620.029™" 62.55
DNR+5ug FA 1.377+0.014 65.45
DNR-+0.15ug VB12 1.286+0.027 61.12
DNR+25ug VC 1.339+0.032 63.64
111. DNR 20pg/ml© 1.13620.022"" 53.99
DNR+10pg FA 1.242+0.096 57.60
DNR+0.3ug VB12 1.219+0.060 57.94
DNR+50pg VC 1.279+0.041 60.79
IV. DNR 40pg/mI© 1.056+0.018™" 50.19
DNR+20ug FA 0.893+0.061 42.44
DNR+0.6pg VB12 0.898+0.052 42.68
DNR+100ug VC 0.978+0.031 46.48

(*) %Cell Viability: All treatments compared to control.
® No significance between the O.D. of different vitamins compared to

control.

© No significance between the O.D. of different doses of DNR plus

vitamins compared to related DNR dose.
***p< 0.001 significant of DNR compared to control. (t-test)
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Table 2: Number and mean percentage of different types of chromosomal aberrations induced in mouse bone-marrow cells 24h., 7 and 14 days after

treatment with different doses of DNR.

Dose Duration % of cells with different types of structural aberrations % of cells with different | Total Chromosomal
of types of numerical Aberrations
treatments aberrations
Gap Br.or F. Del. C.F. C. A G. + Br. Br. + F. 41 Ch. i Tetrap. Including Excluding
: : : : . and/or F. i Gaps Gaps

No. % :No. % :No. % :No. % :No. 9% :No. 9% :No. 9% |MNo. 9% No. 9% | No. % | No. 9%
1. Control 24h. 10 200:5 100:0 000:1 02:0 000:0 000:0 000|0 0001 020 17 340 | 7 140
7 Days 10 200 ‘4 0.80 ‘0 0.00 ‘1 0.20 ‘1 0.20 : 0 0.00 : 0 0.00 | 0 0.00 | 1 020 | 17 340 | 7 140
14 Days 7 140 : 4 0.80 : 0 0.00 : 0 0.00 : 1 0.20 : 1 0.20 : 1 020 | 0 0.00 | 2 040 | 16 320 | 9 180

I1. DNR Dose : : : : : : ; ek ek
1mg/kg 24h. 10 200 : 23 460 1 0.20 : 7 140 : 4 0.80 : 2 040 : 3 0.60 | 0 0.00 ! 4 080 | 54 108 | 44 88

. . . . . - ! *kk Fkk
7 Days 10 200 :18 360 :0 000:0 000 :4 08 :1 020:4 08 |0 0.00 | 6 120 | 43 860 | 33 6.60
14 Days 8 160 - 11 220 : 0 0.00 ‘6 120 - 3 0.60 - 1 0.20 - 3 0.60 | 1 020 1 9 180 | 42 840 | 34 6.0

- - - . . - E FhKk *hk
3mg/kg 24h. 45 900 : 43 860 2 040 : 8 160 © 1 0.20 : 7 140 - 8 1.60 | 2 040 1 7 140 | 123 246 | 78 156
7Days |42 840 123 460 2 04035 100:3 0605 10010 200 |1 0209 18 | 100 200 | 58 116

B B N . . - ' FhKk *hk
14 Days 38 760 126 520 0 0.00 : 2 040 : 0 0.00 @ 2 040 : 10 200 | 2 040 | 12 240 | 92 184 | 54 108

! ! ! ! ! ! ! - .
5mg/kg 24h. 54 108 |66 132 !0 0.00 ! 2 040 | 4 080 14 280130 600 |1 020 ! 9 1.80 | 180 360 | 126 252

] ] ] ] ] ] ] KKk *kk
7Days |50 100 ! 41 8200 000 4 08 :0 000:9 18018 360 [0 00011 220 | 133 266 | 83 1656
14 Days 46 920133 660 ! 1 0.20 | 4 080 ! 5 100 1 11 220 ! 3 0.60 | 0 0.00 ! 16 320 | 119 238 | 73 146
The total number of scored cells is 500 (5 animals/ group), G.: Gaps, Br.: Breaks, F.: Fragments, Del.: Deletions, C. F.: Centric Fusions, C. A.: Centromeric

AttenuationsTetrap.: Tetraploidy,***p<0.001.(X>-test)
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3.2.2. Effect of DNR on germ cells:
3.2.2.1. Chromosomal aberrations:

Table (4) illustrates the number and percentage of
diakinase metaphase | cells with chromosome
aberrations induced by DNR 24h, 7 and 14 days. This
percentage was increased gradually parallel to dose
increasing and decreased gradually with increasing the
time of recovery (Fig. 2d).
3.2.2.2-Sperm- shape abnormalities:

The changes, which may be induced in sperms by the
anticancer drug, were studied. The main percentage of
abnormal sperms was highly significant (p<0.001) with
all the doses. Table (5) represents the different types of
observed abnormalities (Fig. 3).

Ay

- |9 h i ¥

Figure (3):Types of sperm-shape abnormalities found in normal
and DNR treated mice .(a) normal sperm with a definite head by
a marked hook and tail , (b) amorphouse shape, (c) triangular, (d)
without hook, (e) banana shape, (f) big head, (g) small head,(h)
forked head, (i) coiled tail, (j) head without hook and coiled tail.

3.3. The protective effect of vitamins:

The protective effect of FA, VB12 and VC
administered as a single dose on the induction of
chromosome aberrations in somatic (bone-marrow
cells) and germ cells (spermatocytes) is presented in
tables (6 and 7) respectively. The results showed that
FA, VB12 and VC exerted a significant reduction in the
percentage of chromosome aberrations induced by 3mg
DNR/ kg b. wt. in somatic and germ cells.

3.4. DNA fragmentation assay:
3.4.1. Effect of DNR:
3.4.1.1. DPA assay:

Table (8) demonstrates the mean percentage of
DNA fragmentation induced by DNR in mouse spleen
cells. The percentage of fragmentation was increased
highly significantly (p<0.001) after treatment with the
different doses. The maximum percentage of DNA
fragmentation was 12.86% after treatment with 5mg
DNR/Kkg b. wt.
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3.4.1.2. Agarose gel-electrophoresis:

DNA fragmentation assessed by agarose gel-
electrophoresis was increased in a dose dependent
manner with increasing the dose of DNR (Fig. 4).

3.4.2. Protective effect of vitamins:

Table (8) illustrates the mean percentage of DNA
fragmentation induced in mouse spleen cells after i.p.
treatment with 5mg DNR /kg b. wt. and oral concurrent
treatment with 10, 0.3 and 50mg /kg b. wt. FA, VB12
and VC respectively. The percentage of DNA
fragmentation decreased to 5.67%, 5.13% and 8.76%
after treatment with FA, VB12 respectively compared
with 12.86% for DNR alone. Figure (4) shows the DNA
fragmentation assessed by agarose gel- electrophoresis,
which was decreased after treatment with vitamins
compared to that with 5mg DNR/kg b.wt.

Table3: Frequency of sister chromatid exchanges in
mouse bone marrow cells induced by different doses
of DNR.

Dose No. of Total No. of Meant SE
Scored Cells SCE's

1. Control 150 583 3.89+0.058
11.DNRDose bl

1mg/kg 173 1477 8.54+0.28

3mg/kg 171 2525 14.77+0.76
*kk

5mg/kg 156 3214 20.60+0.73

*** n<0.001. (t-test)

4. Discussion

The majority of anticancer drugs are specifically
designed to interfere with DNA synthesis, cellular
metabolism, and for cell division. Due to this mode of
action, these drugs are expected to cause different
mutations and cytogenetic abnormalities (Pedersen-
Bjergaard et al., 1991). Daunorubicin is one of these
anticancer drugs which have the ability to intercalate
with DNA, therefore blocking DNA, RNA and protein
synthesis. Also, it can bind with DNA and inhibits
DNA replication and DNA- dependent RNA synthesis
(Barton-Burke et al., 2001).

The present studies indicate that DNR has a
significant (p<0.001) and a dose dependent genotoxic
effects on mouse bone- marrow cells and
spermatocytes. These results are in agreement with
previously reported, induction of chromosome
abnormalities by anthracyclines in patients received
chemotherapy (Pedersen-Bjergaard and Philip, 1987;
Andersen et al., 1998).
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Table 4: Number and mean percentage of different types of diakinase metaphase I cells with chromosomal
aberrations induced in mouse spermatocytes 24h., 7 and 14 days after treatment with different doses of DNR.

Dose Duration of % of cells with different types of chromosomal aberrations Total
treatments Chromosomal
XY un. Auto.un. XY+ Br.or F. Chain (1V) Aberrations
Auto.un. No. %
No. % No. % No. % No. % No. %

1. Control 24h. 8 160 - 3 0.60 0 000 : 0 000 0 0.00 11 2.20
7 Days 7 140 4 080 0 000 : 1 020 0 0.0 12 2.40
14 Days 6 120 : 3 0.60 0 000 : 0 0.00 0 0.00 9 1.80

I1. DNR Dose - : Fxk
1mg/kg 24h. 22 4.40 11 2.20 2 040 - 3 060 :© 0 0.00 38 7.60

z . *

7 Days 12 240 11 220 2 040 1 2 040 : 0 000 27 5.40

: : n.s.
14 Days 8 1.60 11 1.20 1 020 2 040 0 0.00 17 3.40
3mg/kg 24h. 33 6.60 17 3.40 5 100 - 4 08 : 0 0.0 59 11.8
7 Days 19 3.80 15 3.00 2 040 4 0.80 0 0.00 40 8.00

- - *kk
14 Days 13 2.60 14 2.80 1 020 - 4 08 : 1 0.20 33 6.60

5mg/kg ' : Kkk
24h. 32 6.40 36 7.20 4 08 | 6 120 ; 1 020 79 15.8
7 Days 32 6.40 10 2.00 5 100 ! 4 08 ! 1 020 52 10.4
14 Days 14 2.80 12 2.40 4 080 ! 5 100 ! 0 0.00 35 7.00

The total number of scored cells is 500 (5 animals/ group); XY un.: XY univalents, Auto.un.: Autosomal univalents, XY+ Auto.un.:

XY

univalents plus Autosomal univalents, Br.: Breaks, F.: Fragments, *p<0.05, **p<0.01, ***p<0.001, n.s.= not significant. (X*-test).

In addition, many studies demonstrated the
genotoxic effects of adriamycin (doxorubicin) on
somatic and germ cells of mice (William and Hsu,
1980), induction of chromosome damage in Ames
assay (Bhuyan et al., 1983) and on mammalian germ
cells (Witt and Bishop, 1996). Othman (2000)
demonstrated that Epirubicin (anthracyclin analogue)
induced genotoxic effect on cultured Chinese hamster
cells. Our studies demonstrated that high frequencies
of chromosome aberrations induced by different doses
of DNR in somatic and germ cells declined with time
of recovery up to 14 days. In respect to the structural
aberrations, breaks and/or fragments were represented
the dominant types of aberrations in bone-marrow
cells. Separations of chromosomes forming univalents
(XY and autosomal univalents) were the most
common types of aberrations. XY univalents were
much more frequency. It worthy to mention that DNR
induced numerical aberrations (hyperdiploidy) which
were dose dependent and increased with time recovery
to reach its maximum value after 14 days. The positive
correlation between tetraploid cells and long duration
of treatment might lead to induction of secondary
carcinoma (Kubota et al., 1997; Silva et al., 2002).

http://www.sciencepub.net/researcher

21

The experimental data indicated that DNR was a
strong inducer of SCE's. The mean frequencies were
higher than three folds of the control. Other antitumor
drugs induced SCE's in human cell culture such as
adriamycin (Lambert et al., 1983; Mareczewska et
al., 2004).

Sperm abnormalities are usually taken as a
characteristic criterion and as an applied test for
monitoring the mutagenic potential for many
chemicals (Brusick, 1980). The results showed that
DNR induced significant sperm abnormalities after
treatment with different doses. Both head and tail
abnormalities were recorded. The head abnormalities
most probably reflect a change in DNA content
(Wyrobek and Bruce, 1978). Coiling of sperm tail
mainly involves its orientation, which gives an
impression of limitation the sperm movement. Such
tail deformities were reported to reduce fertility in
human and animals (Topham, 1983).

Apoptosis is a form of programmed cell death
shown to play a key role in normal development and
oncogenesis. Its hallmark biochemical feature is

endonuclease activation, giving rise to
internucleosomal DNA fragmentation (Arends et al.,
1990; Perandones et al., 1993). DNR has the ability
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Table 5: Number and mean percentage of different types of sperm shape abnormalities in mouse sperms induced by different doses of DNR.

Dose No. of No. of Mean (%) £ No. and % of Different types of abnormal sperms

Scored Abnormal SE

sperms sperms Amor. Triang. W. Hook Ban. Shape Big Head Small Forked Coiled Tail | Head and

Head Head Tail

No. % No. % No. % No. % No. % No. % No. % No. % No. %

1. Control 5099 99 1.94+0.23 52 1.02 17 033 12 024 2 004 2 004 2 004 0 0.00 11 022 1 002
I11. DNR Dose FrK

1mg/kg 5387 387 7.18+0.25 223 4.14 73 1.36 17 032 8 015 7 013 3  0.06 3 006 51 0.95 2 004
*k*k

3mg/kg 5586 586 10.4940.33 396 7.09 46 0.82 38 0.68 16 0.29 10 0.18 15 027 0 0.00 64 1.15 1 002

5mg/kg 5719 719 12.57+0.39 250 4.37 71 1.24 42 0.73 10 0.17 45 0.79 7 0.12 1 0.02 283 4.95 10 0.17

Amor.: Amorphous, Triang.: Triangular, W. Hook : Without Hook, Ban. Shape: Banana Shape, ***p<0.001. (t-test)

Table 6: Number and mean percentage of chromosomal aberrations in mouse bone marrow cells induced by 3mg/kg b.wt. DNR plus folic acid, vitamin B12
or vitamin C.

Dose No. of cells with different types of structural aberrations No. of cells with Total Chromosomal Aberrations Inhibition %
G. Br.or Del. C.F. CA. G+Br. Br.+F. numerical aberration Including Excluding Of Aberrant Cells
F. and/or Gaps Gaps Excluding Gaps
E 41 Ch. Tetrap. No. % No. %
1. Control 10 5 0 1 0 0 0 0 1 17 3.40 7 1.40 -
FA 11 9 0 0 0 2 0 0 3 25 5.00 14 2.80 -
VB12 12 8 0 0 0 1 0 0 2 23 4.60 11 2.20 -
VC 10 8 0 2 0 0 0 0 4 24 4.80 14 2.80 -
I1. Treatment with the anticancer drug alone
*kk *k*k
DNR (3mg/kg) 45 43 2 8 1 7 8 2 7 123 24.6 78 15.6 -
111. Treatment with the anticancer drug and vitamins
DNR+ FA 25 17 0 1 3 2 5 0 10 63 12.6 38 7.60 51.28
DNR+ VB12 31 25 0 2 0 1 3 0 5 67 134 36 7.20 53.85
e0e (1]
DNR+VC 28 25 0 3 1 3 7 0 7 74 14.8 46 9.20 41.03

The total number of scored cells is 500 (5 animals/ group); ***p<0.001: Significance compared to Control; «p<0.01, «p<0.001: Significance compared to treatment with DNR; G.: Gaps, Br.:
Breaks, F.: Fragments, Del.: Deletions, C. F.: Centric Fusions, C.A.: Centromeric Attenuations, 41 Ch.: 41Chromosomes, Tetrap.: Tetraploidy, FA: 10mg/kg b. wt.; VB12: 0.3mg/kgb.wt.
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Table 7: Number and mean percentage of diakinase metaphase I cells with chromosomal aberrations in
mouse spermatocytes induced by 3mg/kg b.wt. DNR plus folic acid, vitamin B12 or vitamin C.

Dose Normal XY un. Auto.un. XY+ Br.or F. Chain Total Aberr. Inhibition % of
Cells Auto.un. (V) No. % Aberrant Cells
1. Control 489 8 3 0 0 0 11 2.20 -
FA 487 7 6 0 0 0 13 2.60 -
VB12 488 8 1 0 3 0 12 2.40 -
VC 490 8 2 0 0 0 10 2.00 -
11. Treatment with the anticancer drug alone e
DNR (3mg/kg) 441 33 17 5 4 0 59 11.8 -
I11. Treatment with the anticancer drug and vitamins
DNR+ FA 475 15 7 3 0 0 .2.5. 5.00 57.63
ooe
DNR+ VB12 477 9 1 1 2 0 23 460 61.02
DNR+VC 470 16 1 1 2 0 30 6.00 49.15

The total number of scored cells is 500 (5 animals/ group), ***p<0.001: Significance compared to Control; *ep<0.01, ***p<0.00:
Significance compared to treatment with DNR; Br.: Breaks, F.: Fragments, FA: 10mg/kg b.wt. VB12:0.3mg/kgb.wt.; VC: 50mg/kgb.wt.

(X?-test)

to intercalate DNA causing DNA breakage, producing
oxidative stress and triggering cell apoptosis
(Aligiannis et al., 2002).

The present study indicates the apoptotic changes
induced by DNR in mouse spleen cells (in vivo) by
measuring the percentage of DNA fragmentation
calorimetrically with diphenylamine (DPA) assay and
confirming the DNA fragmentations with agarose gel-
electrophoresis. The observed increase in the DNA
fragmentation might be due to the induction of DNA
strand breaks by this compound. These in agreement
with  the established mechanism  underlying
anthracyclines cytotoxicity- topoisomerase 11 mediated
DNA cleavage (Binaschi et al., 1997).

Breaks detected by chromosome aberrations in
mouse somatic and germ cells and DNA fragmentation
assay may be an indication of reactive oxygen species
that arise during the metabolism of DNR. These
suggestions agree with Blasiak et al., 2002a) who
reported that idarubicin (anthracycline analogue)
possesses a methyl group in its structure which by
unknown way can transfer onto DNA bases, thus
methylation might contribute to the DNA damaging
effect of the drug. They also hypothesized that
oxidative DNA damage observed upon the action of
idarubicin might be evoked by free radicals generated
by the drug. The genotoxic effect of DNR may be
considered as the origin of its anticancer activity but
that exerted by the drug on normal cells should not
surpass the effect on cancer cells.

Recent studies revealed that DNR induced DNA
fragmentation in Hela cells (human leukemia cells)

http://www.sciencepub.net/researcher

Table 8: Mean percentage of DNA fragmentation
induced in mouse spleen cells 24h. after treatment
with different doses of DNR and concurrent
treatment with DNR plus folic acid, vitamin B12
and vitamin C.

Dose DNA DNA
Fragmentati Fragmentation
on Inhibition %
Mean%+SE
1. Control 2.95+0.621 -
FA 2.56+0.869 -
VB12 3.17+0.787 -
VvC 2.87+0.716 -
I1. Treatment with the anticancer drug alone
DNR *kk
1mg/kg 10.75+0.778 -
*kk
3mg/kg 12.35+0.776 -
*kk
5mg/kg 12.86+0.746 -

111. Treatment with the anticancer drug and vitamins

DNR (5mg)+FA 5.67+0.618 55.89
DNR(5mg)+VB12  5.13£0.525 60.09
DNR (5mg)+VC  8.76+0.665 31.84

(5 animals/group), ***p<0.001: Significance compared to
Control; +p<0.01, <p<0.001: Significance compared to
treatment with DNR, FA: 10mg/kg b. wt.; VB12: 0.3mg/kgb.wt.;
VC: 50mg/kg b.wt. (t- test)
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and DNA fragmentation was dose and time dependent
(Chan and Chan, 1999). DNR induced apoptosis
chromatin condensation, nuclear fragmentation and
internucleosomal DNA degradation in A-431 cells
(human epidermoid carcinoma cell line (Chen et al.,
2000). Also, Masquelier et al., (2004) studied the
relationship between DNR concentration and apoptosis
induction in leukemia cells.

Vitamins play a beneficial role against the
mutagenicity of some chemicals (Odin, 1997). In a
trial to minimize the genotoxicity of DNR in somatic
and germ cells of mice, vitamins (FA, VB12 and VVC)
were administered separately simultaneously with the
anticancer drug DNR. The mechanism of FA action is
connected with thymidylate synthetase activity and
through it with DNA synthesis (Glover, 1982) and
with modifying cellular nucleotide pools (Kunz,
1988). Also, FA is involved in both methyl
metabolism and in DNA repair. VB12 is required for
the synthesis of methionine and S-adenosyl thionine,
the common methyl donor require for the maintenance
of methylation patterns in DNA that determine gene
expression and DNA confirmation (Zingg and Jones,
1997). Laurence et al. (1997) demonstrated that VC is
a powerful reducing agent (antioxidant) and play a part
in intracellular oxidation/reduction system, and
scavenging of free radicals produced endogenously.
VC can promote the removal of oxidative DNA
damage from the DNA and/or nucleotide pool, through
the upregulation of repaired enzymes perhaps induced
by the vitamins pro-oxidative properties (Cooke et al.,
1998). The used vitamins (FA, VB12 and VC) were
not reducing the effective of DNR on McF7 cell line.
So they must be used as antigenotoxic agents to
protect the normal cells from genotoxicity of DNR.

The results indicated that the applied doses of FA,
VB12 and VC inhibited significantly the percentage of
chromosome aberrations in both somatic and germ
cells, also the percentage of DNA fragmentation in
mouse spleen cells induced by DNR. The inhibition
percentage reached 51.28%, 53.85% and 41.03% in
mouse bone-marrow cells after treatment with 10mg
FA/ kg b.wt., 0.3mg VB12/ kg b.wt. and 50mg VC/ kg
b.wt. respectively. It reached 57.63%, 61.02% and
49.15% in mouse spermatocytes after treatment with
the same doses of vitamins. The results showed that
VB12 has the maximum protective effect against the
chromosome  aberrations induced by DNR
(VB12>FA>VC). A number of vitamins have been
tested to determine their antimutagenic potential,
among these vitamins A, E, C and B12 are known to
be strong mutagenic inhibitors against the anticancer
drugs (Water et al., 1998; Blasiak et al., 2002b;
Wozniak et al., 2004; Yunca et al., 2004).

The present study indicates that the anticancer drug
DNR is genotoxic in mouse somatic and germ cells.
Vitamins (FA, VB12 and VC) are not reduced the
effect of DNR on breast cancer cells and they play a
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Figure (4): Effect of DNR on DNA fragmentation. Lanes 1-3:
DNA of mice treated with 1,3 and 5mg DNR /kg b. wt.
respectively. Lane M:1K base DNA ladder . Lane 4: control
.Lanes 5-7: DNA of mice administered FAVB12 &VC
respectively. Lane 8: DNA of mice treated with 5mg DNR /kg b.
wt. Lanes9-11: DNA of mice treated concurrently withDNR plus
FA,VB12 &VC respectively (FA,10mg/kg b. wt.,VB12 0.3mg/kg
b. wt., VC 50mg/kg b. wt.)

beneficial role against the genotoxicity of DNR on
normal cells. Thus they may be beneficial with
chemotherapy treatments as the active form of these
agents being essential for DNA synthesis, cell
proliferation and in the oxidation-reduction processes.
Further investigations must be carried out to evaluate
the importance of vitamins therapeutic regimens with
the anticancer drugs. Suitable doses of vitamins can
protect the normal cells from the genotoxic effect
induced by chemotherapies.
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