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“The bad news is time flies. The good news is you’re the pilot”.
—Michael Altshuler

The loss of populations and extinctions of species are occurring at
unprecedented rates (May 2010). Some scientists believe that we are observing a
major extinction episode mirroring the five mass extinction events that have occurred
during the Earth’s history despite widespread interest in understanding extinctions
and the recognition that population decline may be complex phenomena, research
efforts directed at understanding species losses typically focus on the direct effects of
single factors. This is illustrated by attempts to understand the global decline of
amphibian population (Alford & Richards 1999: Wake & Vredenburg 2008). One
estimate suggests that the extinction rates of amphibians may be 211 times the

background rate of extinction (McCallum 2007).

According to International Union for Conservation of Nature (IUCN) criteria,
a higher percentage of amphibians are threatened than birds or mammals, with many
amphibians on the brink of extinction (Stuart et al., 2004). Amphibian species
decline is a global concern and contain multitude of factors. These may include
habitat destruction, pollution, introduced exotic species, disease oubreak, climate
change, associated atmospheric processes, and overexploitation, including collecting
for the pet and food industry (Stuart et al., 2004). All these causes may have
interacting cofactors. Moreover, causes for population declines may differ from

region to region and even in different populations of the same species. There may be
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inter-specific differences and even differences between life stages in how amphibians
react to stressors. Amphibians are continuously bombarded with numerous stressors
that may affect them directly and indirectly. Some species have disappeared; others

are no longer found (Houlahan et al.. 2000).

Nitrogen is the most abundant chemical element of the Earth's atmosphere, and
also one of the essential components of many key biomolecules (e.g., amino acids,
nucleotides). It ranks fourth behind carbon, oxygen and hydrogen as the commonest
chemical element in living tissues (Campbell 1990). Ammonium (NH."), nitrite
(NO;") and nitrate (NO3") are the most common ionic (reactive) forms of dissolved
inorganic nitrogen in aquatic ecosystems (Wetzel, 2001). Nitrogen is a major
component of agricultural manure and occurs in the form of nitrate, nitrite,
ammonium ion, and ammonia (Rouse et al., 1999). Nitrate (NO;3"), the most stable
and abundant of the nitrogen ions present in cropland and manure run-off, may pose
a threat to larval stages of amphibians when it is converted to NO,™ in the gut. The
ion NO, changes haemoglobin in the blood to methaemoglobin and reduces the

ability of the blood to carry oxygen.

Nitrate at concentrations detected in surface waters has both acute and chronic
toxic effects on several species of amphibians. Hecnar (1995) showed that physical
and behavioural abnormalities developed at concentrations as low as 3mg/L of nitrate
exposure in 96-hr LC50 tests. These effects included reduced feeding and mobility
resulting in severe weight loss and high mortality of the individuals. In addition to

reduced swimming and feeding behaviour, developmental deformities including bent
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tails, body swelling and bulging, head deformities, and digestive-system deformities
occurred. The severity of the effects was positively correlated with increasing
concentrations of nitrate (Rouse et al., 1999; Edwards et al., 2006: Krishnamurthy et

al., 2008).
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Amphibians play an important role in ecosystem functioning via nutrient
cycling; energy flow and pest control (Valencia-Aguilar et al., 2013). Increasing
concerns have therefore been raised with worldwide declining amphibian
populations, with about one third of species currently under threat of extinction
(IUCN 2017). Several underlying reasons for these declines have been identified,
including emerging infectious diseases, climate change, invasive species, habitat loss
and pollution and many more (Aratjo et al., 2014; Whitfield et al., 2016). In rural
landscapes, agrochemicals such as pesticides and fertilisers have been suggested to
pose a high risk to amphibian communities (Camargo and Alonso 2006:; Ortiz-
Santaliestra et al. 2018; Hedge et al., 2019).

Despite of the above, few studies have been conducted so far into the toxicity
of agrochemicals to amphibians when compared to other taxonomic groups (Ilha and
Schiesari 2014; Ortiz-Santaliestra et al., 2018). This lack in research appears to hold
true especially for tropical amphibian species, even though amphibian biodiversity
and population declines are higher in the tropics than anywhere else (Sanchez-
Domene et al., 2018; Schiesari et al., 2007; Whitfield et al., 2016). In addition, life
history traits differ between temperate and tropical amphibians, which dictate that
their responses to agrochemical stressors are likely to differ (Schiesari et al., 2007).

Nitrogen is one of the most abundant chemical elements of Earth’s
atmosphere. Increasing nitrogen enrichment has become one of the largest and most
pervasive threats to our environment (Galloway et al., 2002; Holland et al., 2005).
Mineral nitrogen in aquatic environments can cause declines in species diversity and
changes in community composition, through both direct and indirect effects on

individuals and populations via increased productivity, acidification, and potential
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toxicity (Camargo and Alonso 2006). Amphibians are an important group of aquatic
organisms that may be susceptible to nitrogen enrichment. Amphibians are
undergoing widespread declines; some have been caused by habitat loss and over-
exploitation, but many declines are as yet unexplained (Stuart et al, 2004).
Uncovering interactions between pollutants such as nitrogen and amphibian survival
may be critical to the long-term management and recovery of amphibian populations.
Laboratory evidence is growing on the toxic effects of nitrate on amphibians
(Johansson et al., 2001; Griffis- Kyle 2005; Smith et al., 2006): however, these
laboratory studies do not include the interacting factors that might either mitigate or
exacerbate relationships in the Wild.

Amphibians have the highest proportion of species on the verge of extinction
among the world’s vertebrates (Stuart et al., 2004), currently estimated as one in
three species under the 2004 IUCN Red List (Baillie et al., 2004). Globally,
amphibians have suffered massive, widespread, often unexplained, and probably
irreversible, declines over the last several decades (Collins and Storfer 2003: Beebee
and Griffiths 2005). In total, 21% of amphibian species are critically endangered or
endangered, whereas the proportions for mammals and birds are only 10% and 5%,
respectively, and this high level of threat might be an underestimate, as 23% of
amphibians could not be assessed because of insufficient data (Baillic et al., 2004).
Habitat loss, fragmentation and degradation, which often result from urbanisation,
currently impact 88% of threatened amphibians (Baillic et al., 2004), and are
therefore among the greatest threats to amphibian populations (Stuart et al., 2004;

Beebee and Griffiths 2005: Cushman 20006).
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During the past two centuries, and especially over the last five decades,
humans have substantially altered the global nitrogen cycle (as well as the global
cycles of other chemical elements), increasing both the availability and the mobility
of nitrogen over large regions of Earth (Howarth et al., 2000; Galloway and Cowling
2002). Consequently, in addition to natural sources, inorganic nitrogen can enter
aquatic ecosystems via point and nonpoint sources derived from human activities.
Nonpoint sources generally are of greater relevance than point sources since they are
larger and more difficult to control (Howarth et al., 2000; National Research Council
2000). Moreover, anthropogenic inputs of particulate nitrogen and organic nitrogen
to the environment can also result in inorganic nitrogen pollution (National Research
Council 2000; Smil 2001). Concentrations of inorganic nitrogenous compounds
(NH4", NO;™, NO53") in ground and surface waters are hence increasing around the
world, causing significant effects on many aquatic organisms and, ultimately,
contributing to the degradation of freshwater, estuarine, and coastal marine
ecosystems (Howarth et al., 2000; National Research Council 2000; Smil 2001:
Anderson et al., 2002; Philips et al., 2002; Constable et al., 2003; Jensen 2003; Smith
2003).

Amphibians have the highest proportion of species on the verge of extinction
among the world’s vertebrates (Stuart et al., 2004), currently estimated as one in
three species under the 2004 IUCN Red List (Baillie et al, 2004). Globally,
amphibians have suffered massive, widespread, often unexplained, and probably
irreversible, declines over the last several decades (Collins and Storfer 2003: Beebee
and Griffiths 2005). In total, 21% of amphibian species are critically endangered or

endangered, whereas the proportions for mammals and birds are only 10% and 5%,
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respectively, and this high level of threat might be an underestimate, as 23% of
amphibians could not be assessed because of insufficient data (Baillie et al., 2004).
Habitat loss, fragmentation and degradation, which often result from urbanisation,
currently impact 88% of threatened amphibians (Baillie et al., 2004), and are
therefore among the greatest threats to amphibian populations (Stuart et al., 2004:
Beebee and Griffiths 2005; Cushman 2006).

Nitrates could disrupt the gonadal functions and steroid synthesis in many
vertebrate species (Guillette & Edwards, 2005). It has been reported that nitrate
inhibits gonadal testosterone synthesis in rodents and bulls (Zraly et al., 1997:
Panesar & Chan, 2000). Larval amphibians exposed to environmentally relevant
concentrations of nitrates show altered sperm cell and ovarian follicle maturations
(Orton et al., 2006).

Very few reports were available related to nitrogen toxicity and their effect
on the immune functions on anuran amphibians. Studies revealed the effects of pulse
nitrate exposure on larval amphibians showed the depressed immune response and
RBCs in amphibians. Decreased levels of circulating white blood cells and decreased
haemoglobin content also observed in bullfrogs and leopard frogs when exposed to
9-26 g/L nitrates for 3 weeks (Dappen, 1983).

Numerous chemical contaminants like pesticides, insecticides, and other
stressors at environmentally relevant concentrations have reported to mediate various
toxic and genotxic effects on larval amphibian species (Feng et al. 2004:
Lajmanovich et al., 2005). However, no reports available related to the impacts of

nitrates on the genetic materials of anuran amphibians.
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In the light of the importance of the problem stated earlier and on the basis of

the reviewed scientific literature, the major objectives of the present study are:

1. To determine the effects of Sodium nitrate on the growth, survival
and other life history traits of anuran tadpoles Duttaphrynus

melanostictus.

2. To determine the genotoxic effects of Sodium nitrate on anuran

tadpoles Duttaphrynus melanostictus.

11
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4.1. Experimental Animal and Rearing:

Larval rearing and toxicity testing has been done as per the standard toxicology
protocols, as described elsewhere (Singha et al., 2014). In brief, tadpoles of
Duttaphrynus melanostictus (Figure 1) were used for all the experiments. The
tadpoles were collected from nearby local ponds and shallow rain fed water bodies.
The location of the pond being upstream from the nearby agricultural lands and is
unlikely to be contaminated with any pesticides. Following collection, the tadpoles
were brought to the laboratory and acclimated to the laboratory conditions in aged
well water in polypropylene containers for a period not less than 2-3 days.
Developmental stages belonging from Gosner 26-28 (Gosner, 1960) were selected
for the experiments (Figure 2 & 3). This period represents to active growth and
erythrocyte proliferation. The unused tadpoles were released at the collection site.
Whole experiments were performed at 26+1°C and 12h light and dark cycles. Larval

tadpoles were fed with crushed fish food pellets or boiled spinach leaf (Spinacia

oleracea) at every alternate days.

Figure 1: Duttaphrynus melanostictus (A) An adult frog (B) Tadpole larvae.

13
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All the experimental studies of sodium nitrate were carried out using six
concentrations of the chemical i.e. 0, 50, 60, 70, 80 and 90 mg/L. Since the LC50
values of sodium nitrate was determined to be very high as compared to the
environmental relevant concentrations (Xu and Oldham, 1997). Therefore, treatment

doses were selected based on the reported environmental relevant concentrations of

1-100 mg/L of nitrate (Rouse et al., 1999).

Tail Bud Muscular Response Heart Beat
Adhesive Gland Olfactory Pits Gill Buds
e
22 3o
o

A m ] L
g Tail Fins Transparent, Fin Circulation
H 25 A=
G Extemal Gills Auophy Mouthparts Obvious
S Operculum Covers Gill Bases Operculum Closes on Right Spiracle Forms on Left

Figure 2: Gosner*s reference chart of amphibian development (Part I)
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Figure 3: Gosner*s reference chart of amphibian development (Part IT)
4.2. Tadpole Survival Assay:

The survivals of tadpoles were monitored on daily basis and any dead

animal(s) was recorded and carefully removed from the tub with minimal disturbance
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to the remaining tadpoles. The water in the tub changed in every alternate day (static
renewal) and the treatments were reapplied. The experiment continued till all the
tadpoles either died or completely metamorphosed (Gosner stage 46). The body
weights of tadpoles were measured at the beginning of the experiments and at
metamorphosis, and the number of days taken for metamorphosis was recorded. The
metamorphs were also examined for presence of any gross physical abnormalities if
any with special emphasis on snout-vent length development. The dissolved oxygen

content was monitored all throughout the experimental period and was always > 8.4

mg/L and pH varied between 7.4-7.8 during assays.

4.3. Genotoxicity Study:

Micronucleus is a small extra-nuclear body formed due to oxidative DNA
damage that shears off a chunk of the DNA from the chromosomes (i.e. chromosome
breakage) or spindle motor protein dysfunction that might cause a lagging
segregation of chromosome prior to karyokinesis, the lagging strand fails to

incorporate the nucleic material within the main nucleus, thus forming abnormal

number of chromosome in the daughter cells (Figure 4).
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Figure 4: Schematic presentation of micronucleus formation (DCosta et al.. 2019)
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Micronucleus assay is considered as a strong genetic tool that provides
important information about a chemical’s ability to interfere with chromosome
structure and function. Evaluation of micronucleus frequency is the primary test in a
battery of in vivo genotoxicity tests and recommended by the regulatory agencies

around the globe to be conducted as part of product safety assessment (Krishna and
Hayashi, 2000).

Polypropylene tubs assigned randomly containing 8 litres of well water to
different treatment groups. The treatment groups contained negative control (without
any treatment), positive control (cyclophosphamide 2.0 mg/L) and sodium nitrate
(50, 60, 70, 80 and 90 mg/L). Erythrocytes in amphibians contain nuclei and cell
division takes place in the circulation, especially during the larval stages. Since
Sodium nitrate found to have very little genotoxic potential in amphibian species
hence the treatment groups were being selected after the 72 and 96 h of exposure
time. Therefore, 5 tadpoles from each group were anesthetized in 30% ethyl alcohol.
Blood samples obtained by cardiac puncture using a magnifying glass to facilitate
viewing. Two blood smears for each tadpole were prepared on clean grease free
slides, fixed in absolute methanol for 3 minutes and air-dried. We stained the slides
in 10% May—Grunwald—Giemsa stain in the following day and determined
micronucleus frequency in coded slides. Two thousand erythrocytes from each
tadpole (1000 from each slide) were analyzed using 1000x magnification under oil

immersion following the criteria described by ( Lajmanovich et al. 2005).

17
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4.4 Statistical Analysis:

The survival analysis of tadpoles exposed to different concentrations of

sodium nitrate done by using Kaplan-Meier product limit estimate. Analysis of

variance (ANOVA) used to analyze the micronucleus data at different concentration

levels and time points. Prior to ANOVA, we performed an F- test and data were
transformed wherever these did not meet the assumptions of normality. We used
o metamorphosis

ANOVA to compare the change in body weight as well as time t

perfonned using SPSS® 18.0 statistical software at 95%

data. The analyses were

confidence interval (CI) level. Variances were considered significant at p value less

than 0.05.

18




EXPERIMENTAL FINDINGS




5. Experimental Findings D
ibyajyoti, 2022

Effect of Sodium nitrate on Life History traits:

For determination of acute toxicity of sodium nitrate in the tadpoles of D

melanostictus, Gosner 26-30 stages were exposed to 0. 50, 60, 70, 80 and 90 mg/L of
s IVp OV, TV, /L. O

sodium nitrate. The survival was monitored up to 15 days. The rate of survival wa
. s

not affected to any significant extent in the exposed group as compared to the control

(Figure 6).
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Figure 6: Graph showing percent survival of D. melanostictus tadpoles exposed to
different concentrations of sodium nitrate (mg/L); n=30.

Apart from acute toxicity, the life history traits such as time to metamorphosis,
body weight at metam orphosis and snout-vent length at metamorphosis was monitored
following exposure to different concentrations of sodium nitrate. It was observed that
sodium nitrate did not accelerate metamorphosis process among the various treatment
¢ in the time (0 metamorphosis was statistically

groups except 90mg/L. The decreas

osed to 00mg/L of sodium nitrate (Figure 7).

significant (p< 0.001) in the group €xP
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Figure 7: Change in tim
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exposure to different concentrations

different from the control at P <0.001 (¥*%).

Sodium nitrate exposure in concentration range between 50-90 mg/L did not
at metamorphosis as compared to the control in all

significantly alter the body weight

the groups exposed (Figure 8).
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Similarly, there are no alterations in the snout to vent length of the froglets

following exposure of different concentrations of Sodium nitrate and the data

obtained also not statistically significant (Figure 9).

9 -
TMma A h L
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(3,

Control 50mg/L 60mg/L 70mg/L 80mg/L 90mg/L
Concentration in mg/L

Figure 9: Change in snout-vent length in D. melanostictus froglets following

exposure to different concentrations of sodium nitrate; (n = 30).

Induction of micronucleus in the peripheral blood erythrocytes was used to
test the potential genotoxic effects of sodium nitrate in the tadpoles of D.
melanostictus. The tadpoles were exposed to different concentrations of sodium
nitrate (50, 60, 70, 80 and 90 mg/L) for a period of 72h and 96h of fixation time. The
findings are given below (Table 1 and Figure 10). It was observed that exposure of

different concentration of sodium nitrate did not cause significant levels of

Genotoxicity in various exposed groups of tadpoles.
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Table 1: Incidence of micronucleus induced by sodium nitrate in D. melanostictus

tadpoles. a,b.
= _______ =
Exposure Time
Dose 72H 96H
Control 0.00 +0.00 0.00 +0.00
N50 0.10 +£0.03 0.12 £0.03
N60 0.13 +£0.05 0.13 £0.06
N70 0.14 £ 0.02 0.15+£0.05
N80 0.12+0.03 0.17 £0.04
N90 0.14 £0.02 0.18 £0.05

_— - -----------—-—--—---— -

 Control: No treatment was given; Sodium nitrate (N).
" Values are frequency of micronucleated erythrocytes (%o) expressed as means + SD

based on 1000 cells per animal (n=5)

0.3 1
m Control N50 ENGO mN70 mN80 mNI0

e
N

e
-

Frequency of MN (%o)

72h 96h

Concentration in mg/L

Figure 10: Histogram showing micronucleus frequency of D. melanostictus tadpoles
exposed to different concentrations of sodium nitrate at 72h and 96h fixation time

respectively. (N=Sodium nitrate).
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The global decline in amphibian populations, and more recently the disturbing

number of deformed amphibians, has caused many researchers to believe that they

may be early indicators of serious environmental problems. Species have been

reported to have disappeared from Europe, America, Australia, Asia, Africa and

elsewhere (Alford et al., 2001). Various factors have been implicated in global

amphibian declines. The animals are sensitive to pollution, because they live at the
interface of two environments — land and water — and can easily absorb pollutants
through the skin. The skin absorbs chemical contaminants from agricultural run-off
des and fertilizers.

that results from an indiscriminate use of pesticides, herbici

The deleterious effect of pollutants and chemicals have mostly been associated
with finding frogs with missing legs, extra legs, misshapen legs, paralyzed legs that
1 the body at odd places, legs that were webbed together with extra

and legs that split into two half-way; frogs

stuck out fror

skin, legs that were fused to the body,
have also been found with missing €yes and with one external eye, the second eye
growing inside the throat (Cohen 2001). Researchers have discovered that the level
of nitrogen-based compounds which the United States Environment Protection
Agency (EPA) found in agricultural areas as a result of using crop fertilizers is
enough to kill some species of amphibians, especially at their more vulnerable larval
stages (Blaustein et al., 2011). When exposed to moderate amounts of nitrates and

nitrites, some tadpoles and young frogs reduce their feeding activity, swim less

vigorously, experience disequilibrium, ~develop physical abnormalities, suffer

paralysis and eventually die.

25
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Now a report on one of the top-selling weed killers, atrazine, shows that it
affects sexual development in frogs at concentrations 30 times lower than that

allowed by the EPA, thereby raising concerns about the heavy use of this herbicide

(Hayes et al, 2002). Hayes and co-workers have showed that atrazine

demasculinizes tadpoles and turns them into hermaphrodites. The herbicide also

lowers levels of the male hormone testosterone in sexually mature male frogs by a

factor of 10, to levels lower than those in normal female frogs. It is unclear whether

these abnormalities lead to reduced fertility.

In the present study, possible deleterious effects of the contaminants like

sodium nitrate was analyzed in the species of anuran amphibians namely D.

melanostictus at their larval stages. The study parameters included analysis of acute

and sub-lethal toxicity, changes in various life history traits and induction of

Genotoxicity in the said model species.

Sodium nitrate in the concentration ranges tested (50-90 mg/L) did not cause

significant mortality in D. melanostictus tadpoles during the 15 day exposure period

(Figure 6). Similar results were also observed by Garriga et al., (2017) while working

with Alytes obstetricians tadpole and found significant alterations of growth and

survival of that species when exposed to >80mg/L of sodium nitrate.

Under stressful conditions, amphibians exhibit a great deal of plasticity in life

history traits. These could be early (Giri et al., 2012; Yadav et al., 2013; Singha et

al.. 2014) or late (Relyea and Hoverman, 2003; Liu et al., 2011) metamorphosis. The

plasticity could depend upon the nature and concentration of the toxicants and/or the

species concerned. In this experiment, sodium nitrate at highest (90mg/L)
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concentrations accelerated the process of metamorphosis in D. melanostictus (Figure

7). The observations are contrary to those reported for R. pipiens (Chen et al., 2009).

Moreover, in this study sodium nitrate did not cause statistically significant

alterations in body weight as well as snout-vent length parameters following the

concentration of doses from 50-90mg/L (Figure 8 & 9).

Genotoxicity assessment of pollutants is important because most of the

pollutants in aquatic ecosystems are present at sub-lethal toxicity. Therefore, even

these pollutants do not produce any overt effects in the short term; however, chronic

exposure over a period of time can cause population level effects. Moreover,

alteration in genetic material will have long term hereditary consequences when

these occur in germ cells.

Additionally, exposure to sodium nitrate did not alter in the level of frequency

of micronucleus in the peripheral blood erythrocyte (Figures 10). This indicates that

the environmental contaminants like sodium nitrate is having very less or no

potential to cause genetic toxicities in that experimental species concerned.
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In this interconnected world pollution of any kind is obviously going to impact
the living flora and fauna; directly or indirectly and amphibians are no exception.
Amphibians have survived five mass extinctions and the only species that invaded
land first in history. They are very sensitive to environmental contaminants and
considered as a sentinels biomarker of environmental pollution. Therefore, analyzing
the effects of contaminants on anuran amphibians may act as an early warning signal

for bio monitoring and environmental crisis.

Amphibian population crisis is of global concern where declining trend is at

alarming rate with almost 40% of the 3 species are facing the danger of extinction. In

the present study, toxicity evaluation of one of the most frequent contaminants of the

aquatic ecosystems namely Sodium nitrate were evaluated in the tadpoles of D.

melanostictus. The toxicities evaluated include various lethal and sub-lethal effects

of nitrate in the life history traits, Genotoxicity etc. of anuran amphibian tadpoles.

Many toxicity studies do not explore the possible sub-lethal effects of

environmental contaminants; instead rely on death as the toxicological endpoint.

Understanding the effects of nitrate on aquatic life can act as biological early

warning system to assess how anthropogenic sources of nitrate could shape the
biodiversity in the affected areas. The present findings are significant in the
perspective of amphibian population decline worldwide.

In the present study, it has been found that the accelerated metamorphosis,
genotoxicity and teratogenic effects induced by environmentally relevant

concentrations of sodium nitrate in 1. melanostictus tadpoles could have long-term

fitness consequence to the population as a whole. In addition, nitrate may cause
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reductions in fecundity or viability, or increased mortality and lead to a reduction in
the number of breeding adults. More studies on the effects of Sodium nitrate on

different species of amphibian as well as other aquatic organisms suggested.
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