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Abstract: Problem statement: The comet DNA assay is considered a suitable gpid tast for DNA-
damaging potential in environmental and biomoniirstudies Approach: During the study comets
were analyzed as a measure of DNA damage to qudintifdamage in the blood cells of fowsa{lus
sp.) after exposure to Zinc Phosphides@Zh Here the potential for DNA strand breaks bymwere
considered as biomarker of genotoxicity. Both Vivo” and ‘in vitro” experiments were performed to
evaluate the DNA damagResults: Data also revealed that the amount of DNA damagkeated as
damage score) for different doses, had a signifiddference with each other. And the genetic tibyic
appeared to be dose specific and dose dependeAtdBiMage was also found to be positively correlated
with period of exposure for a given do§&ancluson/Recommendations: Thus this study suggested that
Zinc Phosphide is toxic to blood nuclear DNA.
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INTRODUCTION the factors modifying mutagenicity, carcinogeniciyd
has rapidly gained importance in the fields of diene
Several chemicals find their way into the toxicology and biomonitoring (Collins, 2004). Sweldli
environment and pose health risk to animal kingdomresearchers Ostling and Johansson (1984) developed
These chemicals have been found to interact wigh ththis technique in Singkt al. (1988) later modified this
vital tissue macromolecules regulating the cellulartechnique, in 1988, as the Alkaline Comet Assaye Th
functions leading to long lasting health disordéwsute  resulting image that is obtained resembles a “cobmet
and chronic exposure to several of these envirotahen with a distinct head and tail. The head is compasfed
chemicals such as pesticide metals, Polycyclidntact DNA, while the tail consists of damaged ¢iin
Aromatic Hydrocarbons (PAHSs) solvents have beerstrand or double-strand breaks) or broken pieces of
shown to produce marked toxicity at the targetssite DNA. The Comet Assay can be used to detect DNA
Some of these chemicals affect the DNA. Hence therdamage caused by double strand breaks, singledstran
is a need to test the chemicals for their genotoxidbreaks, alkali labile sites, oxidative base damage
potential before being released into the envirortmen DNA cross-linking with DNA or protein. The Comet
The conventional methods for evaluating geneticAssay is also used to monitor DNA repair and
damage include chromosomal aberration, micronucleusutritional toxicology (Rojast al., 1999).
assay, sister chromatid exchanges. These techrégees Zinc Phosphide (Z#,) is an inorganic chemical
time consuming, resource intensive and requirecompound (75% of zinc Phosphide and 25% of
proliferating cell population. Newer and more sémsi  antimony potassium tart rate) which is generallgdis
test systems have now been introduced for assetf&ing as rodenticides. Zinc Phosphide ¢(By) is a heavy,
genotoxicity of chemicals such as comet DNA assay. finely ground, crystalline gray-black powder that i
The single cell gel electrophoresis or comet assapractically insoluble in water and alcohol. It wiarst
is a technique for quantitating DNA damage and irepa synthesized in 1740 and was first used as a
in vivo and in vitro in a eukaryotic cell and some rodenticide in 1911-12 by the Italians.
prokaryotic cells. This technique is rapid, nondsive, All species of animals are subject to zinc
sensitive, visual and inexpensive as compared ¢o thPhosphide poisoning, but avian species, specificall
conventional techniques. It is a powerful tool tody  gallinaceous birds, are the most seriously affeched
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Michigan, wild turkeys, ring-necked pheasants, klac Normal Melting Agarose (NMA) (500 mg per 50 mL in
and gray squirrels, Canada geese and possibly whitelistilled water) were prepared. These were micr@sav
tailed deer have died from zinc Phosphide poisoningr heated until near boiling and the agarose digsbl
(Lide, 2004). While NMA was hot, slides were dipped up to oneethi

DNA damage is an error in DNA. If a cell retains the frosted area. Then the slides were air dried an
DNA damage replication, transcription and tranelati stored at room temperature until needed. Genetiadly
of a gene can be blocked and the cell may die.nHen t slides were prepared the day before use.
other hand DNA repair refers to a collection of
processes by which a cell identifies and correctgell isolation/treatment: From each eppendr of, 5 pL
damage to the DNA molecules that encode its genomef the blood sample were diluted in 1000 pL of PBG.
The DNA repair process is constantly active as itul of cell suspension with 120 pL of 0.5% low mumafi
responds to damage in the DNA structure. Wherpoint agarose at 37°C, were layered on previously
normal repair processes fail and when cellular &gmip prepared slides, cover-slipped and placed in the
does not occur, irreparable DNA damage may occumefrigerator for 5 min, for solidification of theey
including double-strand breaks and DNA cross lirdsag
(Bjorkstenet al., 1971). Lysis: The cover-slips were then removed and the

The present study was investigated to assess thgides immersed in a freshly prepared lysis sofufib
Zinc Phosphide (Z4,) as a toxicant and to observe mL of Triton-X 100, 20 mL of DMSO and 79 mL of
its effect on blood nuclear DNA in terms of vivo  |ysis stock solution:25 M NaCl, 100 mM EDTA and
andin vitro evaluation. 10 mM Tris, Ph10.0-10.5) for a minimum of at ledst

h and a maximum of two, at 4°C.
MATERIALSAND METHODS
] . o Unwinding of DNA: After at least 2 h at ~4°C, slides

Sample collection and preparation: For in Vivo  \ere removed gently from the lysing Solution. Thies
experiment, ten specimens Gallus sp. commonly  gjides were placed side by side on the horizonghl g
known as fowls were collected from Buet bazar,pox near one end, as close together as possibe. Th
Dhaka, Bangladesh. These were then divided into tw@ ffer reservoirs were filled with freshly made

groups, treatec_zl and non-treated. Among the Sp_emerélectrophoresis buffer (300 mM NaOHmMM EDTA
five were considered as treated and the othernviime pH>13) until the liquid level completely coveredeth

considered as non-treated group. Then these tW@iges The slides were taken in the alkaline bufibe
groups are kept in separate chambers and they wekgy min to allow for unwinding of the DNA and the
not fed prior to experiment. Zinc Phosphide wasduse expression of alkali-labile damage.

as treatment dose. The treated group receivedrf’5 g

mL dose mixed feed through ingestion. The b|°°dEIectrophoresisof microgel dides. Power supply was
sample was collected from treated and non-treategjm on to 24 volts and 300 milliamperes by raising
fowl after 12 hours from the ingestion.of dose andIowering the buffer level. The slides were then
then comet DNA assay was performed directly. electrophoresed using agarose gel electrophoredis u

For in vitro experiment, blood samples were . .
for 30 min. After electrophoresis the power waséar
collected from the healthy fowl of Anonda bazaar, ff. The slides were lifted gently from the buffand

Dhaka, Bangladesh. Four doses respectively- 0.0 Slace on a drain tra
0.1, 0.2 and 0.5 grh mL Zinc Phosphide were ! Y-

prepared and kept in separate eppendorf tubes. On o . ,
distinct eppendrof containing fresh blood sample ﬁeutrallzatlon. Then the slides were coated drop wise

leads the control group. For each dose, thélvith Neutralization Buffer: (0.4 M Tris was addeal t
observation hours were 2, 4, 6, 8, 10, 12 and 24 800 mL dH2O and pH was adjusted to 7.5 with
respectively. During this time the samples weretoncentrated (>10 M) HCL: g.s. to 1000 mL with
placed in the incubator at 37°C. The comet DNAJHZ2O) for at least 5 min and repeated twice.
assay was undertaken according to Singhal.
(1988) and Villeleet al. (2006). Staining: Then slides were stained with 80puL 1X
Ethidium Bromide (EtBr; 10X Stock - 20 pg ). for

Preparation of slides for the comet DNA assay: 01% 5 min and then dipped in chilled distilled water to
(500 mg per 50 mL PBS) and 0.5% Low Melting Pointremove excess stain. The cover slip was then placed
Agarose (LMPA) (250 mg per 50 mL PBS) and 1.0%over it and the slides were scored immediately.
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Evaluation of DNA damage: For visualization of
DNA damage, observations were made of EtBr-
stained DNA using 20 objective on a fluorescent
microscope.100 randomly selected nucleoids were
analyzed per slide.

.. . .. . Undamaged nucleoids
Statistical analysis. Statistical analysis was performed -

using Kruskal-Wallis Test with the level of sigifince
set as p<0.05, utilizing SPSS software.

RESULTSAND DISCUSSION

Both for in vivo and in vitro experiment, the
damaged nucleoids in the treated sample showedtcome
like fashion with a typical head and tail structdree to
the DNA strand breakage where as the undamagec
nucleoids were expressed as dot like view (Fig. 1).

One hundred nucleoids per slide were analyzed
for every selected hour using visual classification
based on the migration of DNA fragments of the
nucleus. Comets were classified into four classes:
Class 0 = No damage, Class 1 = little damage, Class (b)
2 = Medium damage and Class 3 = Extensive
damage/High damage (Table 1).

Data were presented as the frequency o
damaged cells, class distribution and damage scores
The damage score was calculated as the sum of cells
in each class and the total number of cells in each

)| Damaged nucleoids

Fig. 1:Representative fluorescence microscopic

observation (200x magnification) of a comet
DNA assay showing the DNA migration pattern
from non-treated (A) and Zinc Phosphide

class multiplied by the number of classes (0-3). induced DNA damage with distinct head and tail
Scores range from zero (all cells with no damage- in the blood cells oGallus sp. (B). The symbol-
0x100) to 300 (all cells with maximum damage and + represents cathode and anode respectively
3x100), Rigonatet al. (2005) (Table 1). during electrophoresis. Arrows indicates the dot

Within the last decade, the comet DNA assay has like view of undamaged nucleoids, head and tall
been used with increasing popularity to investigage of damaged nucleoids

level of DNA damage in terms of strand breaks and
alkaline labile sites in biomonitoring studies. Aoding Th t has b full lied i
to Collins (2004)the assay has applications in testing € comet assay nas been successiutly applied in
novel chemicals for genotoxicity, monitoring erythrocyt(_es_ of several fish species, thereby.shgm
environmental contamination with genotoxins, humanth® sensitivity of the blood cells of these animads
biomonitoring and molecular epidemiology and 9enotoxic effects (Padrangial., 1995).
fundamental research in DNA damage and repair. Similarly, in the present experiment blood cells
In the present investigation this technique watete  were considered as “Sample”. Because in most cases,
to observe the effect of Zinc phosphide (rodengicidn  erythrocytes have been used as target-cells, as the
nuclear genome of blood cells of fowl. Belpaeeh@l.  require small volumes that can be obtained thromgh
(1998) stated that the comet assay can also betasednon-damaging technique and cell dissociation is not
co_mplemer_lt stu_dles of chromosome aberrationsyeeded (Belpaenet al., 1998).
micronuclei and sister chromatid exchanges. Souza and Fontanetti (2007) used erythrocytes of

Both in vivo and in vitro experiment for comet oo niloticus for the comet assay to detect
DNA assay were performed during this investigation. bl toxicants th ¢ f the Paraib
(Mitchelmore and Chipman, 1998) also found a rangé)ossI € genotoxicanis) the waters of the Faralba
of genotoxic chemicals, with and without the do Sul River in an areaffected by an oil refinery.

requirement for metabolic activation give positive Cintyaet al. (2009) also suggested that erythrocytes
effects in various cell types of vertebrate andof O. niloticus are good genotoxicity indicators
invertebrate aquatic species, followingvitro andin  through the comet assay, an efficient, fast and
vivo exposures under laboratory condition. sensitive method to detect DNA damage.
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Table 1:Invitro DNA damage analysis

Total NA* Comet classes
Doses  NA* (in observation Comets Damage
gm/mL  perslide hours) (%) 0 1 2 3 score
0.05 100 700 14.4+10.04 85.5+10.04 10.2+8.9 3.a+0.8  1.6+0.54 19.8+12.15
0.1 100 700 30.8+13.05 69.1+13.0 21.2+7.25 6.5+4.50 3.5+£3.39 43.4+22.11
0.2 100 700 41.7+£19.50 58.2+19.5 21.2+3.9 12.5+49.5 9.16+7.4 70.0+43.87
0.5 100 700 51.0+17.78 49.0£17.7 24.0+5.13 14.5+7.7 12.4+9.81 90.4+44.03

NA*= Nucleoids Analysed

Graph for dose and damage relation ship According to Molleret al. (2000) the assay is
200 easily performed on blood cells and has been
i 3 included in a wide range of biomonitoring studids o
150 D) occupational exposures encomp_a;sing styrgne, vinyl
- chloride, 1,3-butadiene, pesticides, hair dyes,
v antineoplastic agents, organic solvents, sewage and
= 100 waste materials, wood dust and ionizing radiation.
a3 But in this experiment, Zinc phosphide was used as
30 | “treatment dose and it was observed that this otemi
has effect on the blood nuclear DNA (Fig. 1 andl&ab
1). Similarly, Cintya et al. (2009) also applied
01 i , i . , i Cyclophosphamide (insecticide) to erythrocytes of
2 4 6 8 10 12 24 Oreochromis niloticus for comet DNA assay.
Hour In the present experiment it was clearly distinct
(@) that the high or extensive breakage of DNA was
R ) ) observed in a large amount having spreaded long tai
Crgphdar ionpand damastioliionshin when the sample (bloods of fowl) was treated with
200 1 Hour2 increased dose (0.5 g Zinc Phosphide per ml blaad)
fous kept for long time (Fig. 1 and 2). Similar resulasv
150 i found in case of spermatozoa, where high levels of
Hou4 s DNA strand breaks showed increased comet tail éfras

and Strzez, 2004). Irvinet al. (2000) found correlation
between poor semen quality and higher levels of
damaged DNA detected as DNA fragmentation using
the comet assay.

Data also revealed that the amount of DNA
damage (calculated as damage score) for all das®s h

Value

0.05 0.10 0.20 0.50  Missing significant differences with each other; hence the
D?bs)e genetic toxicity is totally dose dependent and dose

specific (Table 2 and Fig. 2). Time (hour) wise
variation in the DNA breakage was also detectetthis
study. It is observed that damage scores have a
relationship with doses and period of exposure r&)ou
Table 2:1n vitro DNA damage (based on score) and its relationshipand score increased with the increasing amounosé d
with doses and hours and hour (Table 2 and Fig. 2). Thus this study eatgl
Doses (gm/mL) that Zinc Phosphide is toxic to blood nuclear DNA.

Fig. 2:(a-b) Graph for hour and dose spedificvitro
DNA damage (scored as value)

Hours 0.05gm mr* 0.1gm mL* 0.2gm m*  0.5gm mL*

2 Damage score  07+.81.0 22.2+1.7 21+1.20 32.1+1.6 CONCLUSION
4 Damage score  10.5x1.2 24.1+2.8 33.2+1.5 56.2+1.2

6 Damage score  13£1.6.0 28+1.6.0 54.1+.80 58.2+1.4

8 Damage score  12.7+1.7 32+1.8.0 54+1.60 102+3.20 Zinc Phosph|de is well known as rodenticide. It
10 Damage score  29.2+1.2 56.2+1.2 71.4+2.4 10382+1.

12 Damagescore 30.1:18  66.8:2.7 114+440 1244+2. Nas extensive use to control pest including rodents
24 Damagescore 382+£90 76.1%77 1431:32 15837 This chemical is mixed with feed or water and kept
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near the seed, grain, fruits or crops storage hasgse Collins, A.R., 2004. The comet assay for DNA damage
a trap. Sometimes unexpected organism like fowls and repair. Mol. Biotech., 26: 249-261. DOI:

and other useful animals ingest those dose mixed 10.1385/MB:26:3:249

feed and die. However, some can survive due t¢raser, L. and J. Strzez, 2004. The use of consatyas

ingestion of low quantity. But these small doses ar to assess DNA integrity of boar spermatozoa
able to cause environmental hazards through the {gjlowing liquid preservation at 5 and 16°C. Folia

biomagnification in the food chain. _ Histochem. Cytobiol., 42: 49-55. PMID: 15046401

It is of public interest that hazardous Chem'calslrvine, D.S., J.P. Twigg, E.L. Gordon and R.J. Atk

should remove from the environment as soon as 2000 . . in h )
ossible. Consequently, there is a need for rapil a - DNA !ntegnty N human spermatozoa:
P ! relationships with semen quality. J. Androl., 23: 3

reliable tests that detect DNA damage of agents in
different exposure circumstances. The comet assay. 44. PMID: 10670517 ]
seems to satisfy many of these criteria. It is fasttide, D.R., 2004. CRC Handbook of Chemistry and
inexpensive and requires little biological material ~ Physics: A Ready-Reference Book of Chemical
(one drop of blood is enough for a measurement). and Physical Dat. 85th Edn., CRC Press, Boca
This has made the comet assay increasingly popular Raton, FL., ISBN: 0849304857, pp: 2712.
during the last 10 years. Mitchelmore, C.L and Chipman, 1998. DNA strand
In this investigation, comets were analyzed as a  breakage in aquatic organisms and the potential
measure of DNA damage to quantify the damage and  value of the comet assay in environmental
repair in the blood cells of fowl, influenced bynzi monitoring. Mutat., Res., 399: 135-147. PMID:
Phosphide. Zinc Phosphide was found to be toxic to  gg79656
bloo_d nucle_ar DNA and this toxicity increased with Moller, P., L.E. Knudsen, S. Loft and H. Wallin,
the increasing amount of dose. These DNA damages 2000. Th ¢ id test i
may trigger genomic instability, a crucial step in pon. The comet assay as a rapid test in
carcinogenesis. b|omoq|tor|ng occupational exposure to DNA—
So the chemical, Zinphosphide, has instant benefit da@maging agents and effect of confounding

only to control pests but indirectly it acts liksitent killer factors.Cancer Epidemiol. Biomarkers, Prev., 9:
which may destroys the nuclear DNA of the bloodiscef 1005-1015. PMID: 11045781
fowls including other animals in the environment. Ostling, 0. and K. Johanson, 1984.

Microelectrophoretic study of radiation-induced
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