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ABSTRACT

The purpose of this study was to
evaluate the cytogenetic damage induced
by tamoxifen (z-1,2-diphenyl-1-1-[4-][2-
(dimethylamino)ethoxy]phenyl]-1-butene) §
via determining the percentages of |
chromosomal aberrations from rat bone- |
marrow cells and human leucocytes,
percentages of polychromatic erythrocytes
(PCE) cells in rat and DNA profiling extracted
from rat liver. The results indicated that
there were three main different types of aberrations (deletions, fragments and stickiness) in both rat
bone-marrow and human leucocytes, whichshowed that the aberrant metaphase total percentages
(11,18 and 27%) and (10, 21 and 32%) were increased by increasing the tamoxifen dose (0.1, 0.15 and
0.2pg/kg) and (2, 5 and 10 pg/mil), respectively. Stickiness aberrationwerethe highest percentages (6,
7 and 10%) and (4, 9 and 13%) with doses (0.1, 0.15 and 0.2 pg/kg) and (2, 5 and 10 pg/ml) from rat
bone-marrow and human leucocytes, respectively. The total percentages of micronucleated
polychromatic erythrocytes (0.43, 0.55 and 0.76%) were also increased by increasing tamoxifen dose
(0.1,0.15and 0.2 pug/kg), respectively. On the other hand, DNA rat liver showed one band with control,
treatment?2 (T,) and treatment3 (T,) (810, 480 and 810 kbp), respectively, whereas treatment1(T,)
gave two bands (777 and 472 Kbp). This demonstrated that the high percentage of aberrations at the
high concentration of tamoxifen may be caused by its capability to interfere with spindle fiber or
formed DNA adduct. In conclusion, we can confirm that, tamoxifen is capable to cause damage in
genetic material according to its dose and it may due to some reasons such as: the ability of cells to
repair the damage; cell killing effect and inactivation of drug or its metabolites.

KEYWORDS :Chromosomal aberrations, DNA, genotoxicity, human leucocytes, polychromatic
erythrocytes (PCE), rat, tamoxifen.

INTRODUCTION:
Cancer is a group of diseases characterized by the uncontrolled growth and spread of
abnormal cells. It caused by external factors like (tobacco, infectious organisms and an unhealthy diet)
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and internal factors (inherited genetic mutations, hormones and immune conditions) (American
Cancer Society, 2015). Breast cancer is the most common cancer in women worldwide and the second
most common cancer overall. It is the most frequently diagnosed cancer among women in 140 of 184
countries worldwide. Globally, breast cancer now represents one in four of all cancers in women. Since
2008,worldwide breast cancer incidence has increased by more than 20%,mortality has increased by
14% (Ferlayetal., 2012).

Tamoxifen is a synthetic anti-estrogen used as a medication in pill form that interferes with the
activity of estrogen (a female hormone), which promotes the growth of breast cancer cells (Love et al.,
1992). Tamoxifen has been used for more than 20 years to treat patients with advanced breast cancer.
The drug slowsdown or stops the growth of cancer cells that are present in the body. As adjuvant
therapy, tamoxifen helps to prevent the original breast cancer from returning and also helps to prevent
the development of new cancersin the other breast(Brown, 2009).

As tamoxifen is a relatively important drug, the full long term effects of the drug are still being
assessed through patient studies. In recent years there has been publicity about the long term effects of
tamoxifen and its possible relation with other types of cancer (Gelmon, 2000 and Novotny et al.,
2000).Data from large treatment studies suggested that there was a small increase in the number of
blood clots in women taking tamoxifen, particularly in women receiving anticancer drugs
(chemotherapy) along with tamoxifen (Sellman 2010).Bone-marrow cytogenetic analysis was
extended to evaluate drug toxicity by several inverstigators (Tateset al., 1977; Van Buual and
Gougzwaard, 1980; Temtamyet al., 1982 and Reddy, 1984). Many scientists reported the induction of
micronuclei in mice bone-marrow PCE by mutagens, drug, pesticides and plant flavonoids (Matter and
Schmid, 1971, Matter and Grauwiler, 1974; Chaubeyet al., 1978; Sahuet al., 1981 and Yamamoto and
Kikuchi, 1981).

The present study aims to investigate the genotoxicity of tamoxifen in rats and human using
evaluation of aberrations in rat bone-marrow chromosomes, micronucleus test of polychromatic
ratserythrocytes (PCE), DNA rat liver,and chromosomal abnormalitiesin human leucocytes.

MATERIALS AND METHODS
Materials:

Fisher rats, used in this study, were obtained from Faculty of Veterinary Medicine, University of
Sadat City, Egypt.

Methods:

Four groups of rats were used, each consisting of three animals; three groups for treatments
and the fourth group as a negative control, which had been given the appropriate volume of deionized
water.Three selected doses of the tamoxifen drug (0.1, 0.15 and 0.2 pg / kg) were applied orally once
daily for 10 days, since 3 animals were used for each dose. After 24 hours of the 10th day, the animals
were slaughtered. The animals were injected with 0.6 mg / kg of colchicine 3 hours before slaughtering
the rats. After slaughter, the adhering soft tissue and epiphysis of both tibiae were removed.

Analysis of chromosomal abnormalities in rat bone-marrow cells:

Part of the bone marrow was transferred to phosphate saline buffer and centrifuged at 2000
rpm for 5 min. The pellet re-suspended in 0.075 M KCI, and then re-centrifuged and the pellet suspend
again in fixative solution (methanol: acetic acid by 3: 1). The fixative solution was changed after two
hours and the cell suspension was stored at 4°C overnight,after that, dropped on very clean glass slides
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and air-dried (Brusick, 1980).

Analysis of micronucleus test of polychromatic erythrocytes rats:

Bone marrow processing was done according to Schmid (1975), where part of the bone marrow
was transferred to a centrifuge tubes containing 5 ml of fetal calf serum (tube for each animal), and
centrifuged at 1000 rpm for 5 min. The supernatant was eliminated and the pellet was transferred on
the end of the slid and spread by a cover glass held at an angle of about 45°, and then air-dried.

Staining:

In the case of chromosomal abnormalities in rat bone marrow 10% Giemsa at pH 6.8 were used.
Whereas, micronucleus test polychromatic erythrocytesin rat were stained in ordinary vertical staining
jar according to Gollapudi andKamra (1979). The slides were fixed in absolute methanol for 10 min,
then stained in Giemsa (1: 6 Gurr’s R-66 Giemsa in deionized water) and placed again in deionized
water, air-dried and cleaned in xylene for 3 min.

Screening of slides:
Analysis of chromosomal abnormalitiesin rat bone marrow:

Slides were coded and screened for chromosomal abnormalities such as: gaps, deletions,
fragment breaks, stickiness and polyploidy. A mitotic index based on at least 1000 counted cells was
recorded. For chromosomal abnormalities at least 200 metaphase cells per dose were recorded, then
compared with the negative control and statistically analyzed.

Micronucleus test analysis of polychromatic erythrocytesinrat:

In this study, a thousands of polychromatic erythrocytes per animal were scored according
toBrusick (1980) using a manual counter. The frequency of micronucleated cells has been expressed as
a present of micronucleated cells based on the total polychromatic erythrocytes percent.Micro-
nucleoli were identified as dark blue stained bodies in the cytoplasm of polychromatic erythrocytes.
The data obtained from this study were analyzed according to Hart and Pedersen (1983).

Analysis of chromosomal abnormalities in human leucocytes:

To investigate the ability of tamoxifen anti-cancer drug in causing chromosomal abnormalities
in human karyotype, heparinized venous blood were collected from normal healthy adults and
cultured on a standard leucocyte culture (Dean &Denford, 1974) consisted of an minimum essential
medium (MEM) (eagle) with L-Glutamine (SIGMA) supplemented with 10% fetal calf serum (SIGMA)
and 1% penicillin: streptomycin (1000 units: 1000 micrograms / ml). Per 10 ml of this medium, 0.5 ml
whole blood and 0.25 ml phytohemagglutinin (GIBCO) were added. The cultures were incubated in
tightly sealed tubes at 37° C for 72 hours. The three doses of tamoxifen drug were added after 62 hours
of incubation (10 hours before harvesting). Two hours prior to harvesting, 0.1 ml colcemid (GIBCO) was
added for each culture and re-incubated for two hours at 37°C.

Metaphase chromosomes were prepared according to Schwarzacher (1974) as follows: The
cultures were centrifuged for 8 min at 1200 rpm, the supernatant was discarded and the cell pellet re-
dissolved with the last point of the supernatant, then adding 8 ml of pre-warmed (37° C) hypotonic
solution (0.5 M KCI), and left for 10 min at 37° C, after that centrifuged for 8 min at 1200 rpm, then fixed
for an hour in about 8 ml freshly fixed fluid (3 parts methanol : 1 part Glacial acetic acid) and
centrifuged. The cell pellet was fixed 3 times for 10 min each.Human chromosomes were stained using
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10% Geimsa and the chromosomes were investigated for the presence of breaks, gaps and deletions....
etc.

DNA extraction and electrophoresis:

Genomic DNA of rat liver was extracted using ferments kit. Extracted DNA was electrophoresed
using 1% ethidium bromide stained agarose gel with 0.5X Tris-Borate-EDTA (TBE) buffer. Obtained DNA
bands were visualized using UV-transilluminator and immediately photographed using digital Camera
(Fuji 100) with orange filter (Life Science Group, 2000).

RESULTS
Rat bone-marrow chromosomes:

The analysis of rat bone-marrow cells are given in Table (1) and Figure (1). In this experiment 200
cells were analyzed for each treatment. Cytological examination revealed that, there were no aberrant
metaphases in the negative control group (Fig., 2), while three main different types of aberrations
(deletions, fragments and stickiness) were observed (Fig., 3). The total percentages of aberrant
metaphase were 11, 18 and 27 with doses 0.1, 0.15 and 0.2 pg/kg, respectively. However, stickness
represented the highest percentages (6, 7 and 10%) of the aberrant metaphases of the applied doses
0.1,0.15and 0.2 ug/kg b.wt., respectively. The results revealed that, deletions (2, 6 and 9%), fragments
(3,5and 8%) and stickness (6, 7 and 10%) were increased by increasing the drug dose (0.1,0.15and 0.2
ug/kg), respectively.

Table 1: Chromosomal aberrations of rat Bone-marrow after treatment with tamoxifen.

Percent of metaphases with
Dose
(Mg/kg) Chro_m 0some Fragment Stickiness % Aberrant
deletion metaphase
Control - - - -
0.1 2 3 6 11
0.15 6 5 7 18
0.2 9 8 10 27
(200 cells were analyzed).
Deletion @ Fragment Stickiness % Aberrant metaphase

o metnphore

L ri[r‘ll

Comirael .1 015 0.2
T exifen Doxes (ng kg)

Fig. 1: Chromosomal aberrations of rat Bone-marrow after treatment with tamoxifen.

Available online at www.lsrj.in 4
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Fig. 2: Photomicrograph showing untreated rat chromosomes.
-
.

Fig. 3: Photomicrograph of rat chromosomes after treatment with Tamoxifen.
(C: centric fusion; D: deletion; E: end to end association; F: fragment; S: stickiness)

d

MICRONUCLEUSTEST

The analysis of micronuclei in rat polychromatic (immature) erythrocytes (PCE) after treatment
for 10 days with antibreast cancer drug is shown in Table (2) and presented in Figs. (4-
6).Normochromatic erythrocytes (NMCs) were omitted. The total PCE counted were 400 for control as
well as for the different treatments investigated. The least PCE with micronuclei was detected at the
control test. However, by increasing the dose, PCE with micronuclei increased gradually till it reached
the maximum value (31) at the highest tamoxifen dose (0.2 ug/kg). The average percentages of
micronucleatedPCE induced by Tamoxifen pretreatment were 0.43, 0.55 and 0.76 for the used doses
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0.1,0.15and 0.2 ug/ kg b. wt., respectively, while that of the control group was only 0.18% (Fig.4).

Table 2: Polychromatic erythrocytes (PCE) cells in rat after treatment with tamoxifen.

Dose (ug/kg) | Total PCE counted | FCEWith % of PCE with
micronuclei micronucleus

Control 400 6 0.18

0.1 400 17 0.43

0.15 400 22 0.55

0.2 400 31 0.76

[—Tual PCE counted mmm PGE with micronuc el —e—"% of PCE with micronucleus j

+ 0.8
+07
{086
+ 05
1+ 04
+ 0.3
102
Lo
-0

-2 8EBYBESE

% of PCE with micronucieus

Control 0.1 0.15 0.2
Toam oxilen Doses (neke)

Fig. 4: Polychromatic erthrocytes (PCE) cells in rat after treatment with tamoxifen.

Fig. 5: Polychromatic erythrocytes in rat bone marrow (Control).
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9

), p
. .

Fig. 6: Photomicrography showing micronuclei in rat, each one with multibodies after treatment
with tamoxifen.

Analysis of chromosomal abnormalities in human leucocytes

Cromosomal abnormalities in human leucocytes after treatment with different concentrations
of Tamoxifen drug has been shown in Table (3) and Fig. (7). Results revealed that, there were three main
types of chromosomal aberrations, deletions, fragments and stickiness. The percentages of aberrant
metaphase were 10, 21 and 32% induced by tamoxifen concentrations 2, 5 and 10pg/ml, respectively,
which were increased by increasing the dose. One the other hand, comparing the normal human
karyotype with those obtained after treatment with tamoxifine drug doses,showed that the normal
chromosome morphology was altered.

Table 3: Chromosome abnormalities induced after treatment of human leucocytes with

tamoxifen.
Dose Fragment Deletion Stickiness % of aberrations
(Mg/ml)
Control 0 1 1 2
2.0 2 4 4 10
5.0 5 9 7 21
10.0 7 12 13 32
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B Deletion W Fragment 0 Stickiness 8% Aberrant metaphase

' Control 0.1 0.15 0.2
Tamoxifen Doses (ng'ml)

Fig. 7: Chromosome abnormalities induced after treatment of human leucocytes with tamoxifen.

Photo 8: Photomicrograph showing untreated human chromosomes.

-.
--

Fig. 9: Photomicrograph of human chromosomes after treatment with Tamoxifen.
(C: centric fusion; D: deletion; CG: Chromatid gap; F: fragment; S: sticky)
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Examination of Rat liver DNA using agarose gel electrophoresis:

Agarose(1%)gel electrophoresis for extracted rat liver DNA was shown in Fig. (10). It indicates
that there were differences between total DNA from control bone marrow and from treated animals.
Fig. (10) showed that control, T2 and T3 showed one band with molecular weights 810, 480 and
810Kbp, respectively, whereas T1 showed 2 bands with molecular weights, 777 and 472 Kpb.

M ¢ Ty T Ty

Fig. 10:Photomicrograph showing DNA content in rat liver cells treated with different
concentrations of Tamoxifen (M= marker, T,= 2ug/ml, T,=5 pg/ml, T,= 10 pg/ml) as well as
control( C )samples.

DISCUSSION

The results of the present study indicated that the use of tamoxifen is associated with induction
of chromosomal abnormalities. The total percentages of aberrant metaphase (11, 18 and 27%) and 10,
21 and 32%) were increased by increasing the tamoxifen dose (0.1, 0.15and 0.2 ug/kg) and (2, 5and 10
pg/ml) with rat bone-marrow and human leucocytes chromosomes, respectively. the maximal effects
of tamoxifen on abberations are stickiness (6, 7 and 10%) and (4, 9 and 13%) with doses (0.1, 0.15 and
0.2 pg/kg) and (2, 5 and 10 pg/ml) in rat bone-marrow and human leucocytes, respectively. It probably
seems that the high percentages of aberrant metaphases might be caused by cytoplasmic disturbance
induced by high concentrations.

On the other hand, the results indicated that the used doses (0.1, 0.15 and 0.2 pg/kg) of
tamoxifen induced total percentages of micronucleated PCE (0.43, 0.55 and 0.76%), respectively, and
increased by increasing the tamoxifen dose.Results gave evidence that the drug is capable to interfere
with spindle fibers.

Gotezet al. (1975) found a clear cut that cyclophosphamide dose effect relationship in the
frequency of breaks as well as abnormal metaphase. Reddy (1984) studied the effect of paracetamolon
mouse bone-marrow chromosomes and observed chromosomal anomalies such as gaps, breaks,
fragments and polyploidy nuclei. Van Buul and Goudzwaard (1980) found that the antibiotic bleomycin
induced structural chromosomal aberrations in spermatogonia as well as bone-marrow cells of mice.
Martinez-Climentet al. (2000) determined prospectively the incidence of chromosomal abnormalities
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in patients with high-risk breast cancer after high-dose chemotherapy. Hakeem and Amer (1965)
concluded that the common effects of steroid hormone on chromosomes are stickiness in diakinesis
metaphase, and bridges and sometimes lagging chromosomes in the anaphase. The in vitromicronuclei
test (MNT) allows the detection of breakage, chromosome loss and non-disjunction (Parry and Sorrs,
1993 and Kirsch-Volders, 1997). Bonassiet al. (2007) gave the preliminary evidence that micronuclei
(MN) frequency in peripheral blood lymphocytes (PBL) is a predictive biomarker of cancer risk within a
population of healthy subjects.

Atlevel of rat liver DNA profile investigation, the results showed that control and T3showed one
band with the same molecular weight (810 kbp), whereas T2 gave one band also, but with lower
molecular weight (480 Kbp). On the other hand, T1 showed two bands with molecular weights 777 and
472 kbp. It may be caused by one or all of the following reasons: i) overdose of the drug, which may
cause changes of DNA configuration; ii) some fragments founded; and iii) repairs of damaged genetic
material. Davis et al. (2000) concluded that tamoxifen causes mutations in the livers of transgenic rats,
further strengthens the causal link between DNA adduct formation and tumorigenicity of this
compound. The presence of tamoxifen-induced DNA adducts (Han and Liehr, 1992; White et al., 1993;
and Styles et al., 1994) may result in premature condensation, exchanges between chromosomes, and
chromosomal breakage. Di Paolo and Popescu (1977) indicated that tamoxifen-induced DNA damage
causes changesin cell cycle progression and further karyotypic instability.

In conclusion, the present study demonstrated that the use of tamoxifen is associated with
chromosomal aberrations and the maximal effect was observed at the highest concentration and the
common effects of tamoxifen on chromosomes are stickiness.
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