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ABSTRACT

Bone marrow chromosomes are known to be highly radiosensitive. The current study seeks to examine the changes
in chromosomal morphology post exposure to gamma radiation in Swiss albino mice. Observation of slides of
control mice show no significant damage in chromosomes number (40) and morphology. However, after
administration 0.20 Gy, 0.40 Gy, 0.60 Gy, 0.80 Gy of 60 CO-gamma rays a humber of abnormalities were observed.
Chromosome fragments, breaks, appearance of rings, dicentric chromosomes were found in all cases. The only
difference was in their frequency. When the doses were higher the variations were observed more frequently.
However, at a dose of 0.60Gy and 0.80 Gy in addition to the aforesaid abnormalities, aneuploidy was also
observed. Bone marrow cells showing such defective morphology possibly may also suffer from attenuation of their
genetic, physiological and biochemical mechanism(s). These observations indicate the sensitivity of the genomic
apparatus of mice subjected to low doses of gamma radiations. The biomedical importance of this study can be
easily visualized in the possible cytogenetic effects that would influence the generations to come. The rampant use of
this radiation therefore warrants further, indepth investigation in view of the long term genetic hazards and
impairment of fertility of an individual dueto gamma rays.
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INTRODUCTION

Natural background radiation of various forms existthe biosphere and comes from three well knamshstudied
sourcesi.e.,, cosmic rays, living cells and earth crust. Livinglls, which have the inherent capability to bio-
accumulate and bio-amplify radioactive isotopesrfrine environment. A variety of radioactive elensestich as
radium, thorium and uranium are present in theh&adrust and emit, B, y-rays. Such radioactive elements are
extracted and put to use in various industries,leaucweapons test explosions, medicine, power goer
agriculture and radio-sterilization (Singh, 2011agkmareet al. 2013; Zalewska et al. 2014). In &udito the
aforesaid useful effects certain radiations are dle principle causative factors for somatic lasioecrosis;
carcinogenesis, mutagenesis and teratogenesiam@reio88;Upton et al.1992; Nikula et al. 1995, IARQ02;
Eberhard et al. 2013; Comishet al.2014).

Radiation damages occur through collision of phqtarticles with atoms and molecules in cells whimhize to
give rise to ions and free reactive radicals. Fegkcals are believed to play a major role in mtben sixty different
health conditions including the ageing processcearand arthrosclerosis (Sanaa et al.2015). Ganaliation
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induced damage manifests itself in somatic and geelts in a variety of ways for ex.non disjunctiamn-
duplication of chromosomes, DNA damage and ref@ae( et al., 1983; Guedeney et al.1989; Almodovaal e
1994; Barnard et al. 2013). The consequential efféthis is characterized by mutation and cellleydelay. Loss
of reproductive abilities and even survival are ttieg term effects of these cellular and molecylathologies
(Hittleman et al.1980;Fowler1989;Sanaa et al.20Db)iding and propagating cells are more vulnerableadiation
damage vis-a-vis non dividing cells. The bone marie highly susceptible to oxidative damage indudsd
irradiation(Umegaki and Ichikawa 1997; Sanaa @04I5)

Cytogenetic damage caused by ionizing radiatiorvesy well known (Krepinsky et al. 1983;Kadhim et al
1995;0ttolenghi et al2001; Milacic2003). Gamma atidn and other types of ionizing radiation randpmtisturb
the morphology of chromosomes. However, the ultintatget in the mammalian cells is DNA base damageh
leads to various forms of mutation. The main n@tite changes in chromosomes are their fragmenjatioantric
rings, gaps, break and translocation (Lambin 1S24awarthy et al.2000; Milacic 2004).

Therefore, a careful perusal of the literature be subject shows fragmented, controversial andnipbete
information on the comparative aspect of the eftédlifferent doses of gamma radiation on the ridtotdex and
chromosomal morphology .The present study is, thezecarried out on the bone marrow cells of séyuaature
adult male of Swiss albino mice to fill in sometloése gaps.

MATERIALS AND METHODS

Procedure of radiation

The animals were restrained in position by tyingber bands around the forelimb and hind limbs. Tiveye
exposed to single pulse of various doses of ganadetion by Cobalt -60 camera. Radiation was agpitethe
abdominal region where the paired testes wereddcat

Sexually mature Swiss albino mice weighting_18 #@&ng were used in the present studies. Five growgse set up
each having 5 mice.

Group 1:served as control, and were sham irradiated
Group 2: were irradiated by 0.2Gy-ofadiations
Group 3: were irradiated by 0.4Gyofadiations
Group 4: were irradiated by 0.6Gyofadiations
Group 5: were irradiated by 0.8Gyofadiations

All experimental groups and control group sacrificafter 24 h after giving single dose of irradiatiolThese
experiments were repeated twice. Control and iatadi mice were injected intraperitoneally 0.04%ckwmines per
100 gm body weight. After one hour the animals wsaerificed by cervical dislocation. Femur weresdiged out
and their heads were cut. Bones were flushed wjffotonic solution and their contents collected émtcifuge
tubes, which were incubated at’3@r 30 to 40 min. After incubation, tubes were tcénged at 800 -1600 rpm for
10 min and their supernatant discarded. Freshlygesl fixative was added to the residue and this ceatrifuged.
This step was repeated 3-4 times for optimal wagldh cell by fixative. The suspension of cells wasther
processed as follows:

Ultraclean chilled slides were held between fingars4%. The suspension containing bone marrow cells were
delivered drop by drop on tilted slide from a dmsta of 20-30 cm for effective breaking of cells ahdrefore the
chromosomes spread clearly. The slide was theregasger sprit lamp to burn excess acetic acid. Wasming
was done quickly to avoid cooking of chromosomes.

The prepared slides were observed for morphologynaitotic index was calculated using the followifiogmula:
A

where, M.l = Mitotic index; A = Number of metaplegslate (dividing cell); B = Number of non-dividirnglls.

14
Scholars Research Library



Arib Anjum Rehman Annals of Biological Research, 2016, 7 (9):13-21

RESULTS

Mice Irradiated by 0.20Gy

This was the lowest experimental dose of the stlilg. metaphase plates manifested the following rabalities:
The breaks and fragments were also observed wh@380vere. Rings were also observed and the avenags
value was estimated to be 1.067. Small number adrdiic chromosomes were also visualized and tinagrage
mean number was0.533. Other types of aberrations m@& seen at this dose level. The mitotic indeowsed small
decrement as compared to control and was 24%.

Mice Irradiated by 0.40Gy

This type of aberrations observed on this doseirmgments and breaks which numbered 1.600. Thebau of
rings seen were 1.13. The incidence of dicentriomiosomes were calculated to be 0.8. The mitotiexnwas
20%.The other parameters of the observations wegative.

Mice irradiated by 0.60Gy

This type of aberrations increased in ratio of bigtlose. The number of fragments and breaks wé6e dngs were
1.6, and calculated dicentric chromosomes were 31.83 addition to these aberrations aneuploidy \ab®
observed which was computed to be 0.73. The miiotiex was estimated to be 19.6%.

Mice irradiated by 0.80Gy

This was the highest experimental dose of the ptesidy. At this dose highest frequency of abamatvere
recorded. The fragments and breaks were 2.13. Vdrage number of rings were computed to be 2. 4ffEgpiency
of dicentric chromosomes was 1.73. Aneuploidy wiaseoved in large number of dividing cells and wstineated
to be 1.13. Mitotic index was 17.68%.

2.7 T T T T T T T T T T T T T
B —m— Breaks & Fragmenis 1
24 |- —e#— Ring Chromosome —
L Dicentric Chromosome ]
w 21 | —v— Aneuploidy |
e 2
s 5 .
=
£18 % -
[0
2 | e ]
Zasf % .
=
g | ]
12 | —
S I v
E i 1 1
e o9 ]
£
() - 4 1
06 |- —
03 |- —
| v 4
00 1 L 1 L 1 L 1 " 1 " 1 L 1
02 03 0.4 05 0.6 o7 0.8
Dose (Gy)

1IY.1 VAIIUUD LINUITIUDUITIGE AUTHTAUUI D VI UHHITITHUUDITD Ul yal a1 auiauul

15
Scholars Research Library



Arib Anjum Rehman

Annals of Biological Research, 2016, 7 (9):13-21

45

40

35

30

25

20

15

10

Percentile Decrement in Mitotic Index

Total Aberrations

Fig. 3 Decremental impact on Mitotic Index of Swis#\lbino Mice as increase the dose of radiation

Fig.2 Total chromosomal aberrations on various doseof gamma radiation
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Fig. 4 Morphological changes observed in bone marve chromosomes post administration of Gamma radiatio

Fig. 5 Chromosomal aberrations induced by various dses of gamma radiation. Dicentric chromosomes (DCRing chromosomes (R);
CB - chromatid break (CB); CC — chromatid constricion
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Fig. 6 Conventionally stained metaphase of Swisshétho mice showing aneuploidy

Control

This group of mice which was sham irradiated showedabnormalities in their chromosome morphology an
number. The mitotic index was computed to be 26%.Atmber (2n) of chromosomes was 40. Autosomesaxd
chromosomes were clearly visible.

At the doses of 0.2 Gy, a variety of aberrationgenebserved fragments formation, appearance ofriagd
formation of dicentric chromosomes by Robertsorfizsion. The average aforesaid abnormalities weeatgr in
frequency as the dose increased i.e. 0.4, 0.6 #n@Winspite of previous aberrations aneuploidyg &kso observed
at the dose of 0.60 Gy and 0.80Gy. This showsdivading cells of the bone marrow are severely @fe at higher
doses.

The Mitotic Index in irradiated mice gradually deases. At the dose of 0.20Gy the percentile decreweas 7.69%
vis-a-vis control. The dose of 0.40Gy, 0.60Gy, G80the computed values of percentile decremené\28r07%,
24.61%, 42.30% as compared to control (considesedDa%).

DISCUSSION

In the present study it was observed that the atierrin morphology and mitotic index manifestetinear dose
related decremental trend. This is compatible withobservation of Awa et al.,1971;Sofuni et B9.78, Evans et
al.,1980,Gupta and Umadevi 1986, Kligerman et 388 Diener and Voglan,1988, Jagetia 1993 , JaBb 19
Sarawarthy, R.et al 2000, IARC 2002, lvancsits 1e2803, Beels,et.al 2010,Roy L.et al.,2012), onasdety of
placental as well as humans subjected to cancesiffies by using cobalt-60 gamma radiation. Highenioer of
abnormalities in peripheral blood lymphocytes aw I[dose ( Umagaki, K. and Ichikania, T.1997) .Sdma
R.M,Kumar ,A.,(2003) also reprted chromosal ab&mnatin bone marrow of mice. These observationsegrell
with the abnormalities detected in bone marrowsceli mice in the present study. Sarawarthy, R.et2@00
observed dicentric chromosomes at low doses o6§.® 0.5Gy.This data is supportive of the resaftthe present
studies. Kovacs et al.1994 and Barnard et al.,20k8rved breaks and exchanges at the dose of &3y2dfhours
of post irradiated in humans. Lambin et al (199%ided chromosomal aberrations in two human tunumils
(MeWo and HT29) using fluorescence (ionized radigtiand reported high radiosensitivity of MeWortheT29
cell. They observed break, fragments and transtmtaat dose from 0.25Gy to 5.0Gy. Somewhat similar
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observations have been detected in the present siutie bone marrow cells of Swiss albino micéhaligh the
cell type are different structurally , physiolodigaand metabolically.

Diener et al.,(1988) Saraswarthy, and Natrajan(R@d@ Sanaa A.,et al.,(2015) observed dicentriorobsomes,
acentric fragments. And ring chromosomes in ragiiativorkers and patients suffering from Morbus Hadgk
disease, Xeroderma pigmentosum, Fanconi anemienpgtafter radiation therapy. A linear relatioipshetween
aberrations and dose was observed by them. Simgkarts were reported in patients afflicted wittkyasing
spondylitis by Bucktoret al.,(1962.This is in the close agreement with the presenlitiigs in as far as aberrations
are concerned after administration of gamma ramhati

Results of many studies on human lymphocytes hlageis a significant decrease in aberrations whee date was
lowered from 50 Rad/min to 0.3 R/min (Scott et1®7,0,Brewen and Luippold 1971, Lloyd etE77, Ottolenghi
et al, 2001; Beels, et al., 2010).The results irgdato the low dose are compatible with the predimdtings on the
bone marrow cells of Swiss albino mice.

Mabhieu et al.,1994,Richardson and Jasin,2000 and Roy L et 4R 2@ported dicentric rings, translocations,
chromatid and chromosomes fragments, chromatid igapatients of thyroid cancer after treating theith a dose

of 1850 MBqg of 131 Various types of chromosomal abmalities have been detected in humans exposed to
uranium, radiations emanating mines and from nughents (Chernobyl) ( Brandom et al.,1972 and éstrer,
1993)

Increased emphasis has been laid and efforts ntadedode the enigmatic molecular mechanism(s)imglao
stable type of chromosomal abnormalities. It haanbstated that impairment of DNA organization; DS&guence
damage and DNA strand break induced by ionizedatimti in mammals (Natrajan et al.,1986 ,Fornace2199
Lagroye and Poncy 1997, Ding et al., 2000)

Breaks in the double strand of DNA designated amlimdamage are known to be the cause of mutatitmwever,
because of structural stability of DNA its repairdaremoval by cellular mechanism takes a long t{#Zeideret
al,1994; Barnard,et al.,2013).

It is of interest to record here the observatiorPohl-Ruling et al.,1983 and Klingermanal.,(1988) who treated
mouse and human peripheral blood lymphocytes Hereiitial doses e.g.,1.0 , 2.0 , 3.0 ,4.0 G§°o6- radiation.
They found dicentric ring chromosome and deletion itro as well as in vivo).This trend of aberoati also

manifested a linear relationship with the dose. &dW(1995) has reviewed the literature on this etspad has
concluded that the aforesaid response is madelliypas of cells hitherto studied when challenggddiferent

doses of gamma radiation.

In the present study the mitotic index was sigatffity altered vis-a-vis control. Such significalteeations have
also been reported in other mammals including hentgnLajtha and Oliver 1961; Brooks1980; Hall 196®ard
and Chenn, 1990 and 1994, Roy, L. et al.,2012)

Dieneret al.,(1988) Thomson et al.,(1988) found decrement ifsgaimber as the dose was increased in Morbus
Hodgkin patients after radiation therapy. Thus thiotic index was also influenced by ionizing raaias. This
agrees with the present study although the tredtinehis case is related to healthy bone marraig o mice.
Dose-related damage to the dividing cells has noet to attract the attention of many workers. Thligerman et

al., (1988) showed this in mouse and human dftes gamma radiation. This report is supportive & fiiesent
observations on mice.

The questions of vulnerability and responsivenésarget cells to gamma radiation have been studiregeneral, it
has been stated that the proliferation kineticeadif in certain organs with a fast turnover ofxslich as the bone
marrow, blood, skin and the gonads appeared thdetime target (Liu, et al., 2006; Khan,et al.120 On the
other hand, organs having slow turnover of celte lihe kidneys, lungs, the heart and in muscles,ddmage
appears after some weeks or even monthst(ali,1994).
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CONCLUSION

The result of the present study clearly indicates the mitotic index of irradiated mice was selyesdtered and
many aberrational changes occurred in the chromesoorphology. This may be due to disturbancesiasioihs in
the molecular mechanism/ interactions. Bone maro@ils showing such defective chromosomal morphology
possibly may also suffer from attenuation of thggnetic, physiological and biochemical mechanismibus, the
current and rampant use of ionized radiation wasréurther, in-depth investigation in view of lobgrm genetic
hazards.
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