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Introduction:-

Lead (Pb) is a toxic and the most abundant heavy metal in nature. It occurs naturally in the earth’s crust but various
human activities such as mining, burning fossil fuels, manufacturing etc. has caused its widespread distribution and
mobilization in the environment (Tong et.al. 2000; www.mayoclinic.org). Owing to its continuous uses, level of Pb
rises in almost every country and becomes highly persistant in the environment. Various occupations like those deal
with smelting of Pb, Pb based painting, Pb containing pipes, battery recycling, pigments, pottery etc. cause toxic
exposure of this element to human (Wani et al, 2015). Effects of Pb are same whether it is inhaled or taken orally
and correlated with blood Pb level (Abadin et al, 2007). Apart from occupational lead exposures and inhalation of
air containing lead resulted from the combustion of lead containing fossil fuels, this heavy metal can also get access
in the human body from foods and soil (Lu et al , 2015). Lead exposure through drinking water occurs mainly due to
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its presence in older pipes, solders and fixtures (Abadin et al, 2007). Children are more susceptible to lead exposure
as they put hands , toys and other materials contaminated with lead containing dirts in their mouth (Agrawal et al,
2009). Adverse effects of Pb poisoning in human include irreversible brain damage, damages in liver, kidney and
gastrointestinal system, mental retardation and intellectual deficiencies in children, developmental delay, fatal infant
encephalopathy(Abdullahi, 2013; Safaee et al, 2014) as well as many forms of cancer
(https://ntp.niehs.nih.gov/ntp/roc/content/profiles/lead ). A number of water soluble and water insoluble Pb
compounds that are used in various industries increase the chances of lead toxicity in human. For example, soluble
lead compounds such as lead acetate, lead acetate hydrate, lead nitrate are used in cotton dyes, varnishes and in the
manufacture of matches and explosives respectively. Insoluble lead compounds such as lead azide, lead carbonate,
lead fluoride, lead phosphate are used in manufacturing military weapons, contigs for thermographic copying,
electronic industries and plastic industries respectively (https://ntp.niehs.nih.gov/ntp/roc/content/profiles/lead). Pb
can cross the placental barrier as it has been found to be present in the fetal tissues and exhibited negative
developmental outcomes such as spontaneous abortion and still birth (Amadi et al, 2017). Although lead toxicity in
animals is well known (Assi et al, 2016), dose dependent effects of this heavy metal is imperative to understand its
toxic potential. Comparartive analysis of whole genome sequence established that nearly 75% of the human disease-
related genes have functional homologs in this fly (Pandey et al, 2011 ). Due to such extensive genetic homology
between human and Drosophila, it seems possible that in vivo health related experimental results obtained from this
eukaryote may correspond to similar situations in humans. In fact a number of experiments have been carried out to
assess the effects of some lead salts on the developmental outcome of Drosophila melanogaster in dose dependent
manners(Haq et al, 2011; Safaee et al, 2014). However, no report is still available regarding the dose dependent
effect of any lead salt on the development and simultaneous susceptibility of chromosomes at any particular stage
of development of this fly. Thus in this present study an attempt has been made to understand the dose dependent
effects of a lead salt, lead nitrate (Pb(NO3),), on the development of Drosophila melanogaster and to assess the
simultaneous effect of different doses of this heavy metal salt on polytene chromosomal architechture at the third
instar larval stage of this fly.

Material and methods:-

Chemicals:-

Lead nitrate (Pb(NOs),),Nice Chemicals, India), agar, sodium chloride (NaCl, Sisco Research Laboratories, India),
potassium chloride (KCI, Sisco Research Laboratories, India), calcium chloride (CaCl,, Sisco Research
Laboratories, India), yeast (Kothari fermentation and biochem Ltd, India), glacial acetic acid (CH;COOQOH, Sisco
Research Laboratories, India), propionic acid ( CH;CH,COOH, Sisco Research Laboratories,India), methyl paraben
( methyl-p-hydroxybenzoate, Loba-Chemie, India), Ethanol ( Merck Specialities Private Limited ,India), Lactic acid
( CH3;CH(OH)COOH, Sisco Research Laboratories, India), orcein( for microscopy, Loba-Chemie, India) were used
for this study.

Fly culture:-

Five adult male and five adult female Drosophila melanogaster were allowed to mate in each 50 ml glass culture
vial with 10 ml standard Drosophila culture medium containing agar, maize powder, molasses, yeast, propionic acid
and antimicrobial agent methyl paraben with varying concentrations (100 mg/L, 200 mg/L, 300 mg/L, 400 mg/L,
600 mg/L) of Pb(NOgz),. Control vials also contained five male and five female mating partners and the medium
included all the above mentioned ingredients except for Pb(NOs),. Five repetitions in each concentration of
Pb(NO;), and control were used in this study. All the cultures vials were maintained at 25°C in a B.O.D. After the
initial appearance of a pupa in a culture vial, the breeding male and female flies were removed from that culture
vials. In the same way mating partners were removed from other culture vials also.

Preparation of polytene chromosomes of Drosophila for microscopic examinations:-

Mature third instar larvae exposed to different concentrations of Pb(NO3), as well as control larvae were used for
the isolation of polytene chromosomes. Larvae were harvested from culture vials, washed thoroughly in ringer
solution to remove food materials and transfered on a grooved slide in ringer. A pair of salivary glands was
dissected out from each larva under a dissecting microscope. Three pairs of such dissected glands were removed
from third instar larvae exposed to each concentration of Pb(NO3), separately on a glass slide. Aceto-alcohol (1:3
ratio of glacial acetic acid and ethanol) was added to them drop wise for two minutes for fixation. After fixation, the
glands in slides were stained with aceto-orcein for 10-15 minutes keeping them covered under a petridish. Following
this, stain was carefully absorbed by a filter paper from the slides and glands were washed with a few drops of 50%
acetic acid to remove any excess stain. Excess acetic acid was absorbed with a filter paper and 1-2 drops of lacto-
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orcein was added on the glands on glass slides. A cover glass was mounted over the glands and the whole slide was
wrapped with filter paper to remove excess mounting material. Uniform and gentle thumb pressure was applied on
the cover glass above the glands to squash them for proper spreading of polytene chromosomes.

Data Analyses:-

Data were analyzed in following three aspects:

1. Assessment of intermediate time (in hour) needed for stage-specific development: It was done by counting
the number of hours required for the developing flies to reach a particular stage of development considered
under our study i.e. third instar larva, pupa or adult from the time (hour 0) during which parental male and
female flies were released into each culture vial for mating.

2. Assessment of the number of representatives individuals of pupal and adult stages: It was done by
counting the total number of pupae and young adults appeared in each culture vial till 200 hours from the initial
time of their appearances.

3. Assessment of chromosomal rearrangements: It was performed by high resolution microscopic (Olympus
Microscope, Japan, Model L-200A) examination of the prepared polytene chromosomes in the glass slides
obtained from third instar larvae of control and test groups. Photographs of selected chromosomal aberrations
were taken at X100 magnification by a camera (Nikon, Japan, Model- EH-53).

Statistical Analyses:-

Numerical values were expressed as the mean =+ standard deviation (SD). ‘t’ test was performed to i) determine the
deviation of the test group, if any, from the controls with respect to number of hours required for initial appearances
of third inster larvae, pupae and young adults from hour ‘0’ and ii) deviation of the test group, if any, from the
controls with respect to number of representative individuals of developmental stages like pupa and adults upto 100
hours from the initial time of appearances.

Results:-

Assessment of intermediate time needed for stage-specific development:-

Figure 1 shows that as compared to controls, number of hours needed for the initial appearances of third instar
larvae, pupae and young adults from hour ‘0’ increased significantly and in a dose dependent manner from Pb(NO3),
concentration of 300mg/L, followed by 400 mg/L and 600mg/ L.. Levels of significance of deviations in
developmental time course in response to the exposure of flies to these three concentrations of Pb(NO3), gives the p
value < 0.05, which is under accepted level of statistical significance at 95% confidence level and 5 degrees of
freedom. Compared to controls no significant difference in the appearance of these three stages of development was
observed owing to the exposure of the flies to Pb(NO3), concentration of 100 and 200mg/ L , as all of which
showed p values > 0.05.
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Figure 1:- Time course of developmental stages of Drosophila melanogaster exposed to varying concentrations of
Pb(NO,),. Data are represented as the number (Mean +/-SD) of hours required for initial appearances of the
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particular stages of development of Drosophila melanogaster from ‘0’ hour during which adult male and female
flies were released into the control and test culture vials for mating. (*p<0.05, **p<0.0001)

Assessment of the number of representative individuals of pupal and adult stages:-

Examination of the number (mean +/- SD) of pupae and adults generated upto 100 hours from their initial time of
appearances, as shown in Fig 2, reveals that compared to controls, the fly cultures exposed to varying concentration
of Pb(NO3),, showed dose dependent significant reduction in their number starting from Pb(NOs), concentration of
200 mg/ L. However, highly significant reduction (p value <0.0001) in the number of representative individuals of
both these stages of development were noticed from Pb(NOj3),concentration of 300 mg/ L onwards reaching the
hallmark at 600mg/ L where the population of both pupae and emergent adults were drastically reduced by more
than 50% compared to such populations of control cultures. No significant difference in the pupa and emergent
adult populations from controls was observed owing to the exposure of the flies to Pb(NO3), concentration of 100
mg/ L. The percent reduction of population of pupae and emergent adults compared to controls in response to
exposure to Pb(NOs), concentration from 200-600mg/ L are shown in the Table 1.
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Figure 2:-Population data of Drosophila melanogaster exposed to varying concentrations of Pb(NO3),. Data are
represented as the number (Mean +/-SD) of pupae and young adults appeared up to 100 hours from their initial
time of appearances in control and test culture. (*p<0.05, **p<0.0001)

Tablel:-Percent reduction of population of pupae and emergent adults compared to controls in response to exposure
to varying Pb(NQs), concentration from 200-600mg/L

iii. Assessment of chromosomal rearrangements:

Polytene chromosomes prepared from the third instar larvae of the flies exposed to Pb(NO3), at concentrations of
300 mg/ L, 400 mg/ L and 600 mg/ L exhibited a number of chromosomal rearrangements like asynapsis (Fig. 3, Fig
4), ectopic pairing (Fig. 5), constriction (Fig3) and fusion (Fig. 6, Fig. 7), etc. Larvae harvested from any culture

Concentration of Pb(NO3)2 Percent (%) reduction of pupal | Percent (%) reduction of emergent
population adult population
200mg/ L 14.58 16.66
300mg/ L 37.93 355
400mg/ L 40.58 44.06
600mg / L 55.96 53.10
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exposed to Pb(NOs3), at concentrations lesser than 300mg/L and control culture exhibited very negligible
abnormalities. Frequencies of chromosomal rearrangements in larval polytene chromosomes was observed highest
at Pb(NOs), concentrations of 600 mg/ L followed by 400 mg/ L and 300 mg/ L .

Figure 3:- Asynapsis and constriction of polytene chromosome in response to the Pb(NO3), concentration
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Figure 4:- Asynapsis of polytene chromosome in response to the Pb(NO3), concentration 400mg/ L
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Figure 5:- Ectopic pairing of polytene chromosome in response to the Pb(NO3), concentrations 600mg/ L

Figure 6:-Fusion of polytene chromosome in response to the Pb(NO3), concentrations 400mg/ L
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Figure 7:-Fusion of polytene chromosome in response to the Pb(NO3), concentrations 600mg/ L
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Discussion:-

In this present study we have used Drosophila melanogaster for our experiments as it is an important model for
developmental biology (Sahai-Hernandez, 2012) and toxicological studies ( Hirschet al, 2003; Rand et al, 2009;
Rand et al, 2014). As human being exhibit substantial genetic similarities with this dipteran fly it is expected that
effects of toxicants on the development of this fly may reflect analogous situations in human. We have observed
that, compared to controls, exposure of flies to Pb(NO3), caused significant delay in the initial appearances of the
individuals of any particular stage of development as well as caused reduction in number of pupae and emerging
adults at the heavy metal salt concentration of 300mg/L and above. These negative outcomes in development were
culminated when the flies were exposed to this heavy metal salt at a concentration of 600mg/L in which number of
emerging adults, upto 100 hours from their initial appearances, reduced by more than 50% in comparison to controls
After an extensive search of published data we could find only one similar report (Safaee et al. 2014) regarding the
dose dependent effect of Pb(NOs), on the development of Drosophila melanogaster. Results of this study showed
that, significant delay in the appearances of individuals of different developmental stages as well as significant
inhibition of the number of pupae and emerging adults in response to Pb(NO3), exposure occurred at a concentration
as low as 50mg/L, compared to controls. However, in our case, the least concentration of Pb(NOjs), needed for
inducing significant delay in appearances of different developmental stages and significant reduction of pupal and
emerging adult numbers were 300 mg/L and 200 mg/L respectively. Heavy metal detoxification is mediated in
Drosophila by protein metallothioneins which is similar to mammals. However, the ability of detoxification of this
protein is limited and it fails to detoxify highly concentrated heavy metals inside the body (Safaee et al. 2014). As
compared to the study mentioned above, eggs and larvae of our experiments tolerated higher concentrations of
Pb(NOs),. The differences of tolerance of Pb(NOs3), may be due to the differences in strains of Drosophila
melanogaster used for experiments by us and the other group as it has been reported that strain differences of
Drosophila had led to differences in their tolerance of chemicals such as alcohol (Bokor et al. 1997). As DNA
exhibits potential sites vulnerable to chemical and physical agents, degree of chromosomal abberations induced by
such agents may imply their mutagenic potentiality. Use of polytene chromosome for studying mutagenic potential
of different agents gives us an added advantage as they allow us to see deleterious effects on chromosomes in a
magnified way due to the gigantic size of this chromosome (Chaudhry et al, 2006). It has been proposed that lead
exposure can induce chromosomal aberration by DNA breakage and inhibition of repair enzymes ( Uysal, 1997).
Very limited data is available regarding the effect of any lead salt exposure on the polytene chromosomal
architecture in Drosophila larvae. We could find one report in which exposure of lead acetate caused abberations
like ectopic pairing, breaks, asynapsis and constriction in polytene chromosome of the third instar larvae of
Drosophila melanogaster (Uysal, 1997). In our present study a number of chromosomal rearrangements like ectopic
pairing, asynapsis, fusion, constriction etc. were observed in the polytene chromosomes of the third instar larvae of
this fly exposed at concentrations of Pb(NO3), ranging from 300-600mg/l = Asynapsis i.e. the failure of pairing of
homologs of polytene chromosome were observed in larvae exposed to Pb(NOs), at both 400 and 600 mg/L
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concentrations. It has been suggested that homologs are drawn together through the contraction of fibrillar
connectors (Holliday, 1968) or bundles of microfilaments (Bennett et al, 1979) Thus it can be speculated that
asynapsis in larval polytene chromosomes may be caused by the heavy metal induced distortion of these fibrillar
connectors and microfilaments. It has been proposed that (Fung et al, 1998) that in Drosophila melanogaster gene
expression can be modulated by physical pairing. Asynapsis of homologs has shown to reduce the level of
transcription of genes as it disrupt the trans-interaction (transvection) of enhancer and promoter elements that occurs
during paired state (Goldsborough et al, 1996). Another important rearrangement that we have observed is the non-
homologous conjuction or ectopic pairing in polytene chromosomes of the larvae exposed to Pb(NO3), concentration
of 400 and 600mg/L. In ectopic pairing certain regions of a chromosome show toroidal structure with a tendency to
establish linkage through heterochromatin threads between two separated homologous nucleotides sequences. It is
possible that due to ectopic pairing discrete homologous nucleotide sequences in a chromosome may rejoin to
produce a new gene sequence (Chaudhry et al, 2006). We speculate that such newly formed gene sequence might
code for an unusual protein not normally found in Drosophila larvae and inhibited the normal development of the
fly. We have observed other rearrangements like constriction and fusion of polytene chromosome in third instar
larvae exposed to Pb(NOs), concentration of 300, 400 and 600mg/L. Constriction in chromosomes represent the
fragile sites that arise due to the inhibition of DNA replication and may undergo breakage (Zlotorynski et al, 2003).
As heavy metals are regarded as the sources of replication stresses (Sasi and Weinreich, 2016), Pb(NOs), can induce
chromosomal constrictions that may ultimately repress the gene expressions. Fusion of chromosomes might distort
the normal gene sequences and negatively affected their expressions. It has been observed in our present study that
the onset of negative influences in the development of the fly corresponded the Pb(NO3), concentration that initiated
the larval chromosomal rearrangements also. We speculate that Pb(NOs), at higher concentrations escaped the
natural detoxification ability of the fly and hindered the normal expression of genes required for development due
to deleterious rearrangement of chromosomes that probably disrupted interactions of controlling elements of gene
expressions or simply changed the normal gene sequences. Due to extensive genetic homology between human and
Drosophila melanogaster, it is possible that maternal exposure of Pb(NOj3), at higher concentrations during human
pregnancy can bring about similar detrimental effects on the chromosomes of developing embryo leading to
deleterious effect on child birth.

Conclusion:-
It can be concluded that, heavy metal exposure during development impose serious chromosomal abnormalities that
may interfere the normal developmental gene expression, which is manifested as abnormal development.
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