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ABSTRACT
This present report reveals the important aspects of sodium and potassium nitrite-induced genotoxicity during the development
of a model organism, Drosophila melanogaster. Dietary sodium nitrite at >20 mM concentration caused significant nuclear deformation
of two important larval cells, namely hemocytes and neuroblasts, that play important roles in immunity as well as growth and meta-
morphosis of the fly. In contrast, potassium nitrite induced significant nuclear deformities only in hemocytes at 30 mM concentration.
Due to the unavailability of any report regarding the developmental genotoxic effects of nitrite food preservatives in immune and
neural stem cells, results of our study deserve special mention as these provide first evidences of genotoxicity in these cells of the

developing Drosophila larvae by these food additives.
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Introduction

Sodium and potassium nitrite (NaNO, and KNO,) are
widely used as food preservatives in meat preparations
and in several meat products. These inhibit Clostridium
botulinum, a gram-positive bacteria whose toxin causes
a serious food poisoning, namely botulism, with a high
mortality rate. Moreover, it provides color, flavor and anti-
oxidant capacity to meat products (Sprong et al., 2017).
However, excessive dietary intake of nitrites pose threat to
human health as they react with amines and amides in the
stomach to form nitroso compounds that increase the risk
of cancer (Braun et al., 1977; Mirvish,1994). Nitrosamines
raised the intracellular reactive oxygen species (ROS) in
human culture cells and caused damage to cellular DNA
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indicating the genotoxic potential of NaNO, and KNO,
(Erkekoglu & Baydar, 2010).

By using a versatile model organism, Drosophila
melanogaster (D. melanogaster), Sarikaya & Cakir, 2005
had demonstrated that NaNO, and KNO, were associ-
ated with developmental genotoxicity in this eukaryote.
The results of our work (Basak et al., 2017) published in
this journal also demonstrated that the exposure of the
fly to NaNO, was associated with its developmental
inhibition by delaying metamorphosis and reducing the
number of pupae and young adults in a dose dependent
manner. The developmental inhibition of the fly was
also accompanied with the increase in the number of
polytene chromosomal aberrations of the larval salivary
gland. As an extension of that study, in this report we
had tried for the first time to demonstrate whether
NaNO, and KNO, exerted genotoxicity or not in two
important larval cells that were considered to be vital for
immunological defense, cellular differentiation, growth
and development of the fly (Holz et al.,2003; Kaplan
et al., 2008; Johnson et al., 2018; Nanda et al., 2019). As
D. melanogaster possesses substantial genetic homology



with human and harbors several orthologs of human
disease genes (Mao et al., 2018), our report envisages the
possibility of similar vulnerability of dietary NaNO, dur-
ing human development.

Material and methods

Chemicals

Sodium nitrite (NaNO, >98%, impurities: chloride
<0.005%, sulfate <0.005%, lead <0.0005%, calcium
<0.001%, arsenic <0.00004% etc., Merck, India), potassium
nitrite (KNO, 97%, impurities: chloride 0.02%, sulfate
0.02%, sodium 0.05% etc., CDH, india), sodium chloride
(NaCl 99%, Merck, India), potassium chloride (KCl >99%,
SRL, India), calcium chloride (CaCl,. 2H20 >99% , Merck,
India), di-sodium hydrogen phosphate (Na,HPO, 99%,
SRL, India), potassium dihydrogen phosphate (KH,PO,
>99%, Merck, India), glacial acetic acid (CH3;COOH,
Merck, India), propionic acid (CH;CH,COOH, Merck,
India), methyl paraben (Loba-Chemie, India), ethanol
(Merck, India), lactic acid (CH3;CH(OH)CO,H, SRL,
India), orcein (for microscopy, Loba-Chemie, India), agar,
yeast (Kothari fermentation and biochem Ltd, India),
n-phenylthiourea (C;HgN,S, Central Drug House, India)
and 4',6-diamidino-2-phenylindole (DAPI) (Himedia
Laboratories Pvt Ltds, India) etc. were used for this study.

Fly culture

Drosophila culture medium was prepared according to
the method described by Basak et al. (2017). For mating,
five adult male and five adult female Drosophila mela-
nogaster were released in each 50ml glass culture vial
containing 10 ml of culture medium without (control)
or with a specific concentration of NaNO, and KNO,
(15mM, 20mM and 30 mM of each compound). Culture
vials were maintained at 25°C in a BOD (bio-oxygen
demand) incubator. Mating flies were removed from each
culture vial, immediately after the initial appearance a
pupa. Five replications of culture, representing either
control or a specific concentration of NaNO, and KNO,
were made.

Isolation of larval hemocytes and neuroblast
Isolation of circulating hemocytes of the third instar lar-
vae was done following the method of Basak ez al. (2019),
which was a modified version of the procedure originally
reported by Sierra et al. (2014). Briefly, a sterilized larva
was placed in 20l of phosphate-buffered saline (PBS,
137mM NaCl, 2.7mM KCl, 6.7 mM Na,HPO, and 1.5 mM
KH,PO, pH74) containing phenylthiourea on a glass
slide. Hemolymph containing hemocytes was allowed to
spill out of the larva by disrupting its cuticle taking care
not to put injuries to the internal organs. Hemolymph
of 40 larvae, either from control culture or from each of
the NaNO, and KNO, treatment, were pooled to obtain
sufficient number of hemocytes.

Isolation of neuroblasts of the third instar larvae,
either from control or treatment, was done following
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the method of Basak et al. (2019), which was based on
the procedures reported by Dual et al. (2010) and Sierra
et al. (2014). Briefly, each third instar larva was washed
very well with Ringer’s solution (2mM CaCl,, 35 mM
KCI, 130mM NaCl, pH7.2) and placed in 20ul of the
same solution on a glass slide. Holding the larva at the
posterior of the midpoint by a forcep, the cuticle was
ruptured behind mouth hooks with another forcep and
the mouth parts were removed. The brain was detached
from the surrounding tissues and transferred to a Ringer
drop on paraffin film, wrapped over a glass slide. Brain
lobes of five larvae of a particular group were broken, torn
and shredded in the Ringer drop. Individual neuroblasts
were obtained by adding 20 pul of Ringer to the brain cell
suspension, followed by their pipetting up and down for
several times with a micropipette.

DAPI assay

Necessary steps needed in this assay were performed fol-
lowing the method of Basak et al. (2019). Hemocytes and
neuroblast preparations were centrifuged at 3000 rpm for
10min at 4°C. The supernatants were discarded and 20 pl
of PBS (pH 7.4) was added to each precipitate. The whole
content was flushed very well with a micropipette to make
a cell suspension. 10 pul of aqueous DAPI solution (1 pg/ml)
was added to the suspension after its transfer onto a clean
glass slide. The solution mixture was mixed very well by
pipetting up and down with the help of a micropipette.
A cover glass was put over the solution and the slide was
kept in the dark for 10 min. Visualization of the stained
nuclei of hemocytes and neuroblasts was done under
an inverted fluorescent microscope (Olympus (CKX53)
using a software (Q imaging).

Data analyses

Assessment of nuclear deformations of larval hemocytes
and neuroblasts was performed by counting the number
of hemocytes or neuroblasts with abnormal nuclear mor-
phologies out of 20 randomly selected DAPI stained cells
in a single slide. Three replications of slides of each group,
i.e. either control or a NaNO,/KNO, treated group were
made. Percentage (mean + SD) of cells with deformed
nuclei in a single slide belonging to control or a treatment
group was calculated by the following formula:

Number (mean+SD) of cell with deformed nuclei
Number of total cells oserved (n=20)

x100

Levels of differences of the percent nuclear deformities
of hemocytes and neuroblasts of the larvae between the
control and each test group was determined by t-test.

Results

Compared to control, DAPI assay demonstrated increased
structural deterioration of the nuclear architecture of lar-
val hemocytes (Figure 1) and neuroblasts (Figure 2) with
the increasing dietary concentrations of NaNO, (Figures 3
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Figure 1. Detection of nuclear morphological abnormalities of hemocytes by DAPI assay. a — control showing round-shaped nucleus, b - diffused
nucleus at NaNO, 20 mM, c - granular nucleus at NaNO, 30 mM, d - diffused nucleus at NaNO, 30 mM, e - fragmented nucleus at NaNO, 30 mM,

f - triangular nucleus at KNO, 30 mM.

--

Figure 2. Detection of nuclear morphological abnormalities of neuroblasts by DAPI assay. a — control showing circular nucleus, b - hook-like
nucleus at NaNO, 20 mM, ¢ - granular nucleus at NaNO, 30 mM, d - diffused nucleus at NaNO, 30 mM.

and 4). However, significant (*p<0.05, **»p<0.0001) nuclear
deformations of both hemocytes and neuroblasts occurred
due to exposure of developing flies to NaNO, 220 mM.
On the other hand, KNO, treatment caused significant
(*p<0.05) nuclear deformations of hemocytes only at
30mM concentration without rendering any significant
nuclear abnormality of neuroblasts. Exposure of larvae to
30mM NaNO, demonstrated nearly 20% higher nuclear
deformations in hemocytes than those induced by KNO,
at this concentration (Figure 3). In addition nearly 20%
more nuclear deformities were induced in hemocytes by
NaNO, at 30mM than in the neuroblasts at the same
concentration of this food additive (Figures 3 and 4).

In contrast to general spherical nuclear appearances
of hemocytes (Figure 1a) and neuroblasts (Figure 2a) in
control, nuclei of these cells in treated larvae underwent
deformities and exhibited various defective shapes such
as diffused (Figures 1b, d and 2d), fragmented (Figure le),
hook-like structure (Figure 2b), granular (Figures 1c, 2c),
triangular (Figure 1f) etc.
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Discussion

In this report, we have shown the genotoxic influence
of NaNO, and KNO, in two important larval cell types
of D. melanogaster, which are used as tools in assessing
the genotoxic potential of various chemicals (Sierra et al.
2014). These two cells, namely circulating hemocytes and
neuroblasts, enable the larvae to combat infections and
promote their growth and development (Holz et al., 2003;
Kaplan et al., 2008; Johnson et al., 2018; Nanda et al.,
2019). Although dietary NaNO, and KNO, in this study
induced dose dependent nuclear deformations of both lar-
val hemocytes and neuroblasts, significant nuclear abnor-
malities in these cells were noticed under the exposures
of the developing flies to NaNO, >20mM. In contrast,
KNO, only induced significant nuclear structural abnor-
mality of hemocytes at 30mM concentration indicating
the lesser genotoxic potential of this food additive than
NaNO,. In a previously published article in this journal
(Basak et al., 2017), we had shown that dietary NaNO,
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Figure 3. Percentage of hemocytes with deformed nuclei of the third instar larvae of D. melanogaster. It appears that dietary NaNO, caused dose-
dependent increases in nuclear abnormalities of the larval hemocytes with significant changes at NaNO, =20 mM. KNO, caused significant nuclear
abnormalities 30 mM only. *p<0.05 (significant), **p<0.0001 (extremely significant).
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Figure 4. Percentage of neuroblasts with deformed nuclei of the third instar larvae of D. melanogaster. It appears that dietary NaNO, caused dose-
dependent increases in nuclear abnormalities of the larval neuroblasts with significant changes at NaNO, =20 mM. KNO, failed to induce any
significant nuclear deformation in larval neuroblasts. *p<0.05 (significant), **p<0.0001 (extremely significant).

caused the dose dependent delay in metamorphosis as
well as reduction of progeny yield of the fly in response
to 10-30mM concentration, but significant inhibitory
influence was observed only at 30 mM NaNO,. Moreover,
KNO, was unable exert any genotoxic influence in the
development of the fly.

Although our previous study failed to demonstrate the
significant inhibitory effect of 20mM NaNO, and any
dietary concentration of KNO, on the development of the
fly, induction of significant nuclear deformities of larval
hemocytes by KNO, and a further lower concentration
of NaNO, is alarming. In addition, documentation
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of neurogenotoxic effect of NaNO, in this study implies
vulnerability of one of the most vital organs i.e., brain due
to the dietary intake of this food additive.

Hemocytes in Drosophila larvae provide immunologi-
cal defense by engulfing and melanizing pathogens and
secreting antimicrobial peptides. Furthermore, hemo-
cytes phagocytose the apoptotic cells and thereby promote
embryonic tissue formation as well as organ remodeling
in this fly during metamorphosis (Holz et al 2003; Nanda
et al., 2019). On the other hand, neuroblasts, the stem
cells in the larval brain, release a protein nucleostemin
3(NS3) that control their body growth by regulating the
insulin signaling pathway. It has been shown that ns3
mutant flies exhibited substantial developmental delay
and many of them died before emerging as adults (Kaplan
et al., 2008; Johnson et al., 2018). It seems that nuclear
deformities in hemocytes and neuroblasts might damage
the genes related to immunity, growth and development
of the larvae. We speculate that NaNO, -induced func-
tional disruptions of these genes might be responsible for
inhibition of immune functions and growth signals that
led to delayed metamorphosis and population inhibition
of the developing flies in our previous report (Basak et
al., 2017). As the larval neuroblasts are differentiated to
adult neurons (Riebli et al., 2013), loss of functional larval
neuroblasts may underpin the deficiencies in the devel-
opment of central nervous system. Owing to extensive
genetic similarities (nearly 65—80%) between Drosophila
and human (Mao et al., 2018), NaNO, and KNO,-induced
possibilities of injuries of the nuclear genetic materials
during human development cannot be ruled out. The
functional similarities of Drosophila larval hemocytes
and vertebrate macrophages (Gold & Briickner, 2015)
may indicate the innate immune system of the develop-
ing mammals including human as the possible target of
NaNO, and KNO, mediated genotoxicity. Our experi-
mental results obtained from the fly also confirmed the
developmental neurogenotoxic effect of NaNO, that may
be a possible factor for neural defects during mammalian
development.
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