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Abstract: The present study amms to evaluate the effect of antioxidation and hypomethylation on the
genotoxicity and apoptosis induced in mice by arsenic trioxide (As,0,) in normal adult male SWR/T mouse.
Amnimals were treated with intraperitoneally (ip) injected with (2.65, 5.35 or 10.70 mg kg™ b.wt. of As,O, which
represent 0.25, 0.50 or 1 of LDy, respectively) and killed 24 h later. Another groups were treated with 30 mg kg™
bowt. of antioxidant and hypermethylizing agent butylated hydroxy toluene (BHT) 1 h prior to As,O,
administration. Another different groups were treated with three doses of 5-azacitidine (5-AzaC) 5 mg kg ~' b.wt.
As,O; administered after 6 days of the last dose. The three single doses of As,O; significantly (p<0.05)
increased the rate of total structural chromosomal aberrations (CAs) compared with the negative control. No
significant effect was observed m the combined treatment with BHT or 5-AzaC compared with single treatments.
The histopathological analyses of mice liver cells showed significantly (p<<0.05) increased in apoptosis markers
mn all three single doses of As,O, compared with the negative control and also sigmficantly (p<0.05) mncreased
with combined treatment with BHT at low and high doses compared with single doses. This study showed that
administration of As,O; had a negative effects as represented m CAs test, antioxidant as represented in
apoptosis markers and 5-AzaC as represented in rate of pulverized chromosomes, centromeric attenuations,

number of polyploidy cells.
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INTRODUCTION

With respect to humen health hazard, arsenic
consider one of the most important environmental toxins.
And It has become evident that mcreasing human
activities have modified the natural cycle of metals and
metalloids (Chowdhury et al., 2008; Alarifi et al., 2009,
Raghu and Cherian, 2009). The risk of arsenic compounds
mcreased after exposure to deferent sources and of
couwrse that was because of increasing human activities
such mimng, melting and pesticides production, so for
long period arsenic has led to gradually accumulated in
the soil (Toribio and Romanya, 2005). Arsenic 1s released
into the atmosphere from both natural and anthropogenic
sources (Reichard et al., 2007) to contaminate air, water,
food and soil, with different degrees of arsenic toxicity
(Toribio and Romanya, 2005; Chowdhury et al., 2008) and
has become a threat to the all livening organism including
the human race (Manna ef af., 2007). In spite of various
risk arsenic trioxide 1s still use agamnst some cancer
diseases (Chowdhury et af., 2008; Florea and Busselberg,
2008). The biological effects of one metal can be modified
considerably by  interaction with other metals
(Biswas et al., 1999). Studies showed that trivalent arsenic
(As™) was found to be greater toxic than pentavalent
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arsenic (As™) (Chowdhury et al., 2008). We used in this
study arsenic trioxide which is classified by the
International Agency for Research on Cancer (IARC) as
a human carcinogen and its mechanism have been subject
of extensive research but could still not be elucidated
(Brink et al., 2006; Florea and Busselberg, 2008).
Methylation status of DNA plays an important role
in organizing the genome into transcriptionally active and
nactive zones and also DNA methylation levels
somewhat changed following metal treatment (Lee ef al.,
1998; Reichard ef al., 2007, Klein et al., 2007). Apoptosis,
which is also known as programmed cell death, is an
active form of cell death which 1s plays a crucial role in the
development and maintenance of cell homeostasis and
may in fact be a key mechamsm m the development of
toxicity (Lee ez al., 2008). Apoptosis is known to be
activated by a cascade of factors and to be placed under
tight genetic regulation. Tt has now been recognized as an
important determinant of cell degeneration in many toxic
events (Yasin et al., 2003). Apoptosis may occur via a
death receptor-dependent (extrinsic) or independent
(intrinsic or mitochondrial) pathway. Over the past few
years, there has been increasing recognition of (1) the
important role of cell death in determining appropriate cell
number and (2) how a lack of cell death under physiologic
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conditions can contribute to cellular transformation and
malignant cell growth. Cell death permits the selective
elimination of excess cells and permits the mamtenance of
tissue homeostasis in morphogenesis and in the immune
system. The majority of such cell deaths share common
characteristics, such as cell shrinkage, blebbing of the
plasma membrane, chromatin condensation, apoptotic
bodies and finally fragmentation of DNA as a biochemical
hallmarks of apoptosis (Ho et al., 1999, Quitam et al.,
2009). Despite the large number of studies conducted
concerning arsenic toxicity, the effects remain poorly
understood (Doop et al., 2004; Florea and Biisselberg,
2008). But several assays performed ir vivo and in vitro
on mammalian cells have shown that exposure to arsenic
induces chromosomal aberrations and formation of
micronuclel (Biswas ef al., 1999; Bhattacharya et al., 2005;
Klein et al., 2007).

The present investigation was undertaken in an effort
to determine the effects of antioxidation and
hypomethylation on the genotoxicity and cytotoxicity
induced by arsenic trioxide in mice somatic cells to find
out the relationship between DNA methylation status and
the effect of arsenic trioxide on mice cells.

MATERIALS AND METHODS

All of the experimental procedures were conducted in
the Central Lab of Teachers College, King Saud
University, Saudi Arabia between 2008 and 2009,

Experimental animals: Normal SWR/J male mice, 8-10
weeks old and weighing 25-30 g were used throughout the
study. Animals were maintained and bred under standard
laboratory at a temperature of 22"11°C, a relative humidity
of 45"5% and photoperiod cycle of 10/14 h. Mouse food
(commercially available in Saudi Arabia) and water were
oftered ad libitum.

Treatments: A total of 65 males were used and divided
mto 13 groups, with each group contaming 5 males.
Group-1 was subjected to (i.p.) injection (0.2 mL/10 g
b.wt.) of sterile normal saline as a negative control.
Groups 2, 3 and 4 were subjected to 1.p. mjection of As,O,
in single various dose levels (2.65, 5.350r 10.70mg kg™
b.wt. which corresponds to 0.25, 050 or 1 LD,
respectively). Groups 5, 6 and 7 were treated with the
same doses as in Groups 2, 3 and 4 plus 30 mg kg™ b.wt.
of the synthetic antioxidant and hypermethylizing agent
butylated hydroxy toluene (BHT) one hour prior to As,O,
treatment. Group & was treated with only 30 mg kg™ b.wt.
of BHT. Groups 9, 10 and 11 were treated with the same
doses m groups 2, 3, 4 plus three doses of 5 mg kg™ b.wt.

722

Group 12 treated with only three doses of 5-AzaC
with 5 mg kg™ b.wt. each and three hours intervals
between them. As,O, was then admimstered after 6 days
of the last dose (Plumb et ai., 2000).

Group 13 was treated with the organic solvent
Tween-80 (0.2 mIL/10 g b.wt.), which was used to dissolve
the BHT.

Test chemicals: Arsenic trioxide, Butylated hydroxy
toluene (BHT), 3-Azacytidine (5-AzaC), Tween-80
were obtammed from (Sigma, UAS). The methods of
Preston et al. (1987) were used for the chromosomal
preparations. The method of Latt et al. (1981) was used
for the staining.

Scoring

Chromosomal aberrations (Cas): One hundred well-
spread and clear metaphases from each slide (giving
100x5 = 500/group) were examined for the momitoring of
CAs. Each selected metaphase was examined for CAs
using a light microscope (Nikon, Eclipse E600W, Tapan)
equipped with 10X and 100X oil lenses (Scappaticci ef al.,
2000).

Apoptosis markers: One hundred fifty liver cells from
each group of five fields were examined for the monitoring
of cellular and nuclear changes associated with apoptosis
(Shi et al., 1998, Johnson et al., 2000, Kawasaki et al.,
2000). Semi-thin sections (0.5 um) from each samples were
prepared by Ultramicrotome (Leica, UCT, Austria) and
examined by using a light microscope (Nikon, Eclipse
E600W, Japan) equipped with 10X and 100X o1l lenses
(Glauert, 1974).

The data obtamed m this study from CAs test were
statistically analyzed with SPSS (Statistical Package for
the Social Sciences, Chicago, IL, USA) using the Marn-
Whitney U-test. And Chi-square (¥*) 2x2 Contingency
tables was used for apoptosis markers.

RESULTS

Genotoxicity

Chromosomal Aberrations (CAs): The screened types of
structural aberrations were ncluded chromatid breakage
contained (Breaks, deletions, fragments, end to end
association, centric fusion and ring chromosome).
Whereas the numerical changes were only polyploidy
cells. The pulverized chromosome and Centromeric
attenuation were scored as indicator to chromosomal
instability. The data in Table 1 showed that all three single
doses of As,0; induced a significant (p<0.05) increase in
chromatid breakage, total number of cells with structural
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Table 1: Frequency of chromosomal aberrations induced in bone marrow cells of mice treated with arsenic trioxide (As203) alone and in combination with
butylated hydroxy toluene (BHT) or S-azacvtidine (5-AzaC)

No. of structural chromosomal aberrations

Average/Animal+SD

No. of No. of

examined examined End to end Ring
Groups Treatment (Dose mg kg™ mice cells Chromatid breakage association Centric fusion  chromosome Total
1 -ve control 5 500 1 (0.20£0.45) 1(0.20£045) 0 0 2 (0.40£0.55)
2 A0 (2.65) 5 500 6 (1.20+0.45) 1(0.2040.45)  2(040+0.55) 2 (0.40£0.55)  11* (2.20+1.30)
3 A80; (5.35) 5 500 o (1.80+0.84) 2(0.40+0.55) 3 (0.60£0.35)  2(0.40+0.55) 16 (3.20£1.10)
4 As,0; (10.70) 5 500 24° (4.80+3.77) 2(0.40+0.55)  4(0.80£045) 2 (0.40+0.55) 32 (640+3.85)
5 As;04+ BHT (2.65+30) 5 500 10° (2.00£1.87) 0 0 1(0.20£045)  11°(2.20£1.79)
6 As; 04+ BHT (5.35+30) 5 500 275 (540£3.71) 1 (0.20£045)  1(0.20£045) 2 (0.40£0.55)  31% (6.20=4.44)
7 As,Oy+ BHT (10.70430) 5 500 21°(4.2044.15) 2 (0.40£0.89)  2(040£0.55) 2 (0.40£0.35) 27 (5.4024.16)
8 BHT (30) 5 500 6 (1.20+1.10) 1(0.2040.45)  1(0.205045) 1 (0.2040:45)  ©* (1.80+0.84)
9 Asy0s+5-AzaC (2.65+3x5) 5 500 2% (4.803.70)  2(040£0.55)  1(0.204£0.45) 1 (0.2060.45) 28 (5.60=4.51)
10 As,0,45-AzaC (5.3543x3) 5 500 17% (3.4041.14) 2 (040£0.35) 3 (0.60£0.55) 2+ (0.4040.55)  25% (5.00£1.22)
11 As0:45-AzaC (10.70+3%5) 5 500 20° (5.8045.36) 2 (040£0.55) 3 (0.60£0.55) 3% (0.60£0.55) 3T (7.40+5.68)
12 5-AzaC (3x5) 5 500 19°(3.8043.35) 1(0.20£045) 0 0 20° (4.00=3.08)
13 Tween-80 5 500 3 (0.60+0.89) 0 0 0 3 (0.60+0.89)

Number of structural chromosomal aberrations

Percentage

Numerical aberrations
No. of cells with

Total No. of cells No. of cells No. of cells chromos ome No. of centromerically No. of polyploid
with strctural with one with more than pulverization attenuated cells cells
Groups Treatment (Dose mg kg™!)  aberrations aberration  one aberration  (Average+SD) (Averaget8D) (Average+8D)
1 -ve control 2¢0.40) 2 (0.40) 0 2 (0.40+0.55) 8(1.60+0.55) 0
2 As,05 (2.65) 112 (2.20) 92 (1.80) 2¢0.40) 5 (1.00+0.71) 19 (3.80+0.84) 0
3 As,0; (5.35) 15 (3.00) 92 (1.80) & (1.20) 8 (1.60+1.14) 22% (4.40+1.53) 0
4 As,0; (10.70) 25 (5.00) 142 (2.80)  11°(2.20) 118 (2.20+1.10) 11 (2.20+1.10) 1 (0.20£0.45)
5 As,0,+BHT (2.65+30) 11% (2.20) 4 (0.80) T (1.40) 198+ (3.80+0.84) 29 (5.80+3.77) 1 (0.20£0.45)
6 As,0,+BHT (5.35+30) 31% (6.20) 7 (1.40) 244+ (4.80) 17% (3.40£1.14) 63 (12.60+7.37) 1 (0.20£0.45)
7 As,0,+BHT (10.70+30) 27+ (5.40) 5¢1.00) 22° (4.40) 16° (3.20£2.77) 10453 (20.80+£6.83) 1 (0.20:0.45)
8 BHT (30) 92 (1.80) 4 (0.80) 5(¢1.00) 6 (1.20+0.84) 11 (2.204+1.30) 0
9 As,0;+5-AzaC (2.65+3x5)  24* (4.80) 7 (1.40) 17 (3.40) 12855 (2.40+0,55) 1270 (25.4049.53) 3 (0.60£0.89)
10 Ag;05+5-AzaC (5.35+3x5) 21 (4.20) 77 (1.40) 14*° (2.80) 18+ (3.60=1.14) 152+ (30.40+11.67) 3 (0.60+0.89)
11 As;0;+5-AzaC (10.70+3%5) 307 (6.00) 6 (1.20) 24* (4.80) 21+ (4.20+1.92)  117%%(23.40+5.59) 1754 (3.40+1.34)
12 5-AzaC (3x5) 13* (2.60) 5 (1.00) 8 (1.60) 3 (0.60+0.55) 103® (20.60+2.61) 4 (0.80+1.10)
13 Tween-80 3 €0.60) 1¢0.20) 2¢0.40) 1 (0.20+0.45) 10 (2.0041.00) 1 (0.20+0.45)

Chromatid breakage : includes breaks, deletion and fragments, CP: Cyclophosphamide, *Significant difference from group 1 at p<0.05; *Significant difference
from group 2 at p<<0.05; *Significant difference from group 3 at p<0.05; “Significant difference from group 4 at p<0.05; *Significant difference from group 8 at

p<0.05; Wignificant difference from group 12 at p<0.05

aberrations compared with the negative control. Single
treatment with medium and high doses of As,O; induced
a sigmficant (p<t0.05) merease n centric fusion Single
treatment with low and medium doses of As,O, induced
a significant (p<0.05) increase in the number of
centromerically attenuated cells compared with the
negative control. Whereas the combined treatment with
BHT at low and medium doses induced a significant
(p<0.05) mcrease in the number of cells with pulverized
chromosomes compared with single treatment. And also
the combined treatment with BHT at medium and high
doses mduced a sigmficant (p<0.05) mcrease in the
number of centromerically attenuated cells compared with
single treatment.

The combined treatment with Hypomethylation
reagent (5-AzaC) at low and medium doses induced a
significant (p<0.03) increase in the chromatid breakage,
number of cells with pulverized chromosomes compared
with single treatment. Also, the combined treatment with
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(5-AzaC) at all three doses induced a significant (p<<0.035)
increase in the number of centromerically attenuated cells
compared with single treatment. The combined treatment
with (5-AzaC) at high dose induced a sigmficant (p<0.05)
increase in the number of polyploidy cells compared with
single doses. However, the treatment with (5-AzaC) alone
was not mnduced a sigmficant mcrease on this
phenomenon.

Histopathological analysis: The scored types of cellular
and nuclear changes associated with programmed cell
death (apoptosis markers) in semi thin sections of liver of
different groups were mcluded apoptosis bodies, dark
cells, fragmented nuclei, condensed nuclei and irregular
nuclei (Fig. 1a-f).

In histopathological observations the appearance of
cells in control group was normal containing homogenous
nuclei and mtact cytoplasmic organelles. The data in
Table 2 showed that the exposed mice groups to As,O,
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Fig. 1. Zerni-thin sections from liver tizsue of treated mouse showing (a): Arrows shows apoptotic body engulfed by
a kupffer cell in a hepatic sinusoid (2 15007, (b Amows shows dark cells with markedly condensed nuclei, the
datk cellz are obviously shnunken with irregular outline (2 1250%; (c): Arrows shows fragmentation of hepatocytes
nuclel, hepatocyte nucleus revealing a deep constriction in its envelope as a initial step preceding the complets
fragrmentation (2 15000, (d): Arrows shows Fragmented hepatocyte nuclens. Mote that the nuclens iz fragmented
into two unequal iregular parts (20 14000 (e Amows shows condensation of a hepatocyte mucleus (20 15000 and
(£ Arrows shows irregular hepatocyte mucleus the nuclear enwelope reveals protrusions. All sections were
stained with toluidine hlue

Table 2: Cellnlar and miclear changes associated with progranmmed cell death (apoptotic changes ) in semd thin sections of liver of differert sronps of nice

Apoptotie changes

Ho.of
Groaps Treatment dose (e ke ™1 evamived cells Apoptotic hodies  Darle cells Frazmented micled Condensed mclei Iwegnlar miclei Total Pemrentaze
1 -ve control 150 u] 1 0 0 1 1 0pe
2 BTy (2635) 150 u] 1 0 3 7 11 B2
3 Az (535) 150 4 o 2 3 17 = 21.01
4 sy Ty (100907 150 u] & 0 2 0 18 1065
5 s, Oy + BHTCZ.85+30) 150 2 1 1 10 15 = 1395
3 s, O+ BHT(5.35+30) 150 4 2 0 2 2 jec} 17,29~
7 AsyTy+ BHT 10704300 150 5 3 0 0 23 3l 197
i3 EHT (30 150 3] 3 0 3 3 18 1525+
9 As Oy +5-Aed” (2E5H3x5) 150 ] 1 1 0 2 15 1159
10 Bspy+5-A=md” (5535315 150 ] 3 0 9 5 5 1952
11 sy Oy +5-Aoma” (1000 550 150 1 3 0 2 4 13 ez
12 S-fuzaC (3x5) 150 4 1 2 1 2 15 1154
13 Thareen-20 150 - - - - - - nd

nd: Mot detected, *Significant difftrenee firom groap 1 at p=005%;, Sigrificant difference fiom group 2 at p=0 05, % igmificant diffaence fiomgroap 4 at p0 035
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alone or with combined treatments revealed presence of
cells with typical alternations of apoptosis. All three
single doses of As,0, induced a significant (p<0.05)
increase i the percentage of apoptotic changes compared
with the negative control. whereas the combined
treatment with BHT at low and high doses induced a
significant (p<0.05) icrease m the percentage of
apoptotic changes compared with single treatment. No
significant effects with combined treatment with
(5-AzaC).

DISCUSSION

The genotoxic effect of arsenic compounds on CAs
has been reported in vifro and in vivo n several
publications (Martines et af., 2005, Patlolla and
Tchounwou, 2005; Florea and Busselberg, 2008;
Alarifi et al., 2009). Many studies have been pointed to
genotoxic effects of investigated arsenic trioxide (As,0;)
(Brink et al., 2006, Hagiwara et al., 2006, Florea and
Busselberg, 2008; Qurtam et al., 2009). The results of
present study showed that the single treatment with
As,O, at all used doses sigmficantly increased the
structural CAs. This structural CAs were mcluded
chromatid breakage contained (Breaks, deletions,
fragments and few of chromosome-types structural
aberrations such as centric fusion and ring chromosome).
The results of present study were corresponded with
previous studies used the live mice to detect genotoxicity
of arsenic compounds (Ochi et al., 2008; Touriguine et al.,
2008). As well as corresponded with Rahman et al. (2001)
results on people have been exposed to ligh levels of
arsenic in drinking water.

Here we noted that pulverized chromosomes were
significantly increased after treatment with only single
high dose compared with the negative control. Various
mechanisms has been suggested to explain pulverized
chromosomes formation, from these: cell fusion, failure of
cytokinesis  following  normal nuclear division
(Tsutsui et al., 2000, Och et al., 2008). Its known that
As,0; has potent to form genetically instability cells B
multi or micronucleus cells-led to pulverized chromosomes
formation in Chinese hamster (Seok er al, 2007).
Furthermore the genomic mstability phenomenon can
result from telomerase inhibition which observed in
treated NB4 cell line with arsenic trioxide (As,0,) because
of low transcription which attributed to direct affect of
arsenic on transcription factors (Chou et af., 2001,
Miller et al., 2002; Shen et al., 2008). Also in present
study, increasing in centromeric attenuation after
treatment with As,Q, was observed at low and medium
doses. And spindle fibers disorder has been suggested as
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a reason for centromeric disruption, followed with
chromatid attenuation. Pati and Bhunya (1989) study
was pouted to that present of chromatid attenuation
maybe represent important noticed related to aneuploidy,
while DeHondt et al. (1984) considered that as early stage
of endomitosis which maybe led to polyploidy.
Cytoskeleton has been mentioned as a potential cellular
target for arsenic because it's major constituent, tubulin,
which has a relatively high sulthydryl (-SH) content
(Bishayi and Sengupta, 2006; Seck et al, 2007
Chowdhury et al., 2008). Both arsenic and its metabolites
can have a variety of genotoxic effects, which may be
mediated by oxidants or free radical species (Thala ef al.,
2008). Arsenic is a prooxidant and thus may cause lipid
peroxidation, protein and enzyme oxidation, GSH
depletion and DNA adherence. Furthermore, arsenic
generates Reactive Oxygen Species (ROS) which are
known to induce poly ADP-ribosylation, which is
implicated m DNA repair, signal transduction and
apoptosis. As a result, Arsenic trioxide may induce DNA
strand-breaks (Bhattacharya and Bhattacharya, 2007). The
DNA damage caused by arsenic trioxide can be accounted
for by the experimental evidence of its genotoxic effect. Its
mode of action may include: (1) Here mhibition of various
enzymes involved in DNA repair and expression; (2)
induction of ROS capable of inducing DNA damage.
Arsenite also mduces considerable accumulation of ROS
in a variety of amimal cells (Wang ef al., 2004; Patlolla and
Tchounwou, 2005; Bishayi and Sengupta, 2006).
Furthermore, several intra nucleolus changes produced
from activation of caspases enzymes such as active
Dnase and Lamina-A degradation as apoptosis markers
(Kang et al., 2006; Mclaren et al., 2006; Yu et al., 2008).
Studies showed As,0; induced apoptosis signals from
the cell surface to the nucleus of lymphocytes through
fragmentation of DNA, activation of caspase. Arsenic
play a dual roles as anti-cancer and inducing of
gentotoxicity and cytotoxicity, its these two apparently
opposite effects on human life may share a common
molecular mechanmism. Extensive DNA damage lead to cell
dysfunction and apoptosis, this kind of cell death takes
place in a tissue or organ with distinct biochemical and
morphological markers of apoptosis (Nguewa ef af., 2003;
Raghu and Cherian, 2009). Previously studies
demonstrated that the activity of caspase that cleavage
Lamina is required for the disintegration of nuclei in the
late stages of apoptosis. The Lamina-cleavage caspase-6
15 sufficient to drive nuclear events to shutting down
nuclear processes followed by apoptotic execution
because of lamina proteins bind specifically to most
nuclear envelope proteins, histones, transcriptional
regulators, gene expression regulators. Furthermore,
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lamina filaments interfere with chromosome segregation
during mitosis. Mostly the lamina cleavage links in the
apoptotic pathway and precedes DNA fragmentation
(Takahashi et al., 1997, Chen et al., 2000, Cohen et al.,
2001 ; Bjerke and Roller, 2006). Anyway, the relationship
between arsenic dose-response and its toxic effects still
unclear because of different cell types, various biological
endpomts studied, experimental scatter (Geble, 2001). But
most studies showed that the dose-response depend on
exposure protocol, time exposure, dose (Yih and Lee,
1999). Exposure to arsenic trioxide in combination with
BHT did not induce any significant changes i the
frequency of chromosomal aberrations compared with
exposwre to arsenic trioxide alone, but we observed that
pulverized chromosomes were sigmficantly increased after
treatment with low and mediumn doses and also, the
centromeric attenuated cells significantly increased after
treatment with low and medium doses compared with
single treatments. Several mechamsms have been
proposed to account for the observed attenuation of
arsenic-induced damage by BHT. The protective action of
antioxidants operates in a dose-dependent manner
(Hocman, 1988), so, the protective role of BHT as an
antioxidant was unclear m this study perhaps due to the
low BHT concentration employed compared with previous
studies which have been used 200 and 500 mg kg™ b.wt.
BHT itself was not generally considered genotoxic,
although few studies revealed its potential to mduce
chromosomal aberrations (Grillo and Dulout, 1995).
Hypermethylation of DNA
expression of genes such as oncogenes, which in turn can
cause abnormalities mn cell proliferation leading to
carcinogenesis, a finding consistent with the usual DNA
methylation changes observed m cancers. 5-Azacytidine
was used in present study to decrease DNA methylation
status  compared with normal level methylation
(Laird et al., 1995). The all combined treatment with 5-
AzaC led to significant increase in the total number of
cells with structural aberrations at medium dose compared
with single treatments of As,0,. Also, we observed that
combined treatment with 5-AzaC led to significant
increase in the cells with pulverized chromosome at low
and medium doses compared with single treatments of
As,0, and sigmificant increase m the cell with centromeric
attenuated at all combined doses compared with single
treatments of As,0. A high rate in the number of cells
with centromeric attenuation can be explain depend on
that 5-AzaC could be interact with kinetochore protein
synthesis (VanHummelen e# al., 1992) which may led to
centromer disruption, followed by chromatid attenuation
(Dolara et al., 1994). In addition, these high rates may be
indicating to that hypomethylation led to increase DNA

could cause aberrant
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sensitivity to toxic effect by arsenic. As mentioned in few
studies that hypomethylation of DNA could cause
changes in specific regions of chromatin led to genome
instability throughout mncrease sensitivity of some DNA
sequences for DNA damage agents (Keshet ef al., 1986;
Lewis and Brid, 1991; Klose and Bird, 2006). These
increasing m the numbers of cells with chromosomal
changes after combined treatments or 5-AzaC alone reflect
genome instability (pulverized chromosome and
centromeric attenuation). This is support what suggested
before that DNA hypomethylation which occurs away
from CpG islands led to chromosomal instability which
appear in different chromosomal changes (Schulz ef al.,
2002). The results of present study refer to a clear
association between genome hypomethylation and
chromosomal instability. Several studies have been
showed in different cancer diseases that DNA
methylation affect on genes throughout different cellular
pathways involve apoptosis pathways, the defect of
apoptosis pathways in cancer cells arrest cells death.
Anyway there are a currently examination on 5-AzaC
alone or combined with another compounds such as
Phenylbutyrate or Amifostine as a climcal attempting to
treat some diseases like B-thalassemia, lymphoma, lung
and prostate cancer (ClinicalTrials. Gov., 2001). The
obtained data from histopathological analysis showed
that arsenic trioxide mduced apoptosis as evidenced by
morphological changes of liver cells, this elucidate its
potential to induce cytotoxicity. And as mentioned before
that arsenic trioxide generate (ROS) in cells-free as well as
in cellular systems and induce the opemng of the
mitochondrial permeability pore and, in addition, might
exert direct effects at the plasma membrane, potentially
activating the Jun kinase pathway (Delne ef al., 2002).
Generally, ROS and cytotoxins can cause cell death, often
1n a dose-dependent manner high dosages of the toxicant
usually result in necrosis characterized by progressive cell
and organelle membrane dysfunction, leading to loss of
1on homeostasis and secondly to the mability to maintain
mitochondrial respiration and ATP levels essential for
cellular survival. On the other hand, moderate doses of
cytotoxins or ROS can activate the apoptotic pathway
(Dehne et al., 2002). Oxidative stress 1s the inappropriate
exposure to ROS and results from the imbalance between
prooxidants and antioxidants leading to cell damage and
tissue injury. The ROS generation is increased in many
pathological situations. In liver diseases, excess of ROS
can induce cell death by either apoptosis or necrosis.
Apoptosis, or programmed cell death is an active process
characterized by cell shrinkage, chromatin condensation,
formation of apoptotic bodies and activation of caspases
{Conde de la Rosa et al., 2006). In the liver, the apoptosis
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could result from a combination of both pathways: the
mtrinsic apoptosis pathway by generation of oxidative
stress and the extrinsic apoptosis pathway by activation
of Kupffer cells which can secrete TNF (Moronvalle-
Halley et al., 2005).

CONCLUSIONS

Effect of DNA methylation status on genotoxicity
and cytotoxicity of arsemc trioxide in laboratory Mice was
clear but with unclear dose-response relationship. Arsenic
tnioxide induce genotoxicity and cytotoxicity according to
direct or indirect mechanism and had different potential
cellular targets. The hypomethylation led to increase DNA
sensitivity to toxic effect by arsenic and could cause
changes in specific regions of chromatin led to genome
instability throughout increase sensitivity of some DNA
sequences for DNA damage agents. Finally, the study
agreed with previous study by Alarifi et al. (2009) which
has been reported that the protective role of BHT as an
antioxidant was unclear in this study perhaps due to the
low BHT concentration employed, which is equivalent to
60-fold of the acceptable daily intake, the acceptable daily
intake being in the range of 0-0.5 mg kg™ b.wt. and this
area need more investigation. Also, present study
demonstrated that the potential of arsemic trioxide to
induce apoptosis in mice liver cells and this positive
results are an agreement with (Mikami et al. (2004) who
are reported that the liver has a potential to regeneration
and rapid clearance of apoptotic cells in vive and the
apoptosis was induced more rapidly in the liver than in
other tissues observed in vive. This may be one of the
manifestations of the toxicity of arsenic trioxide.
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