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Abstract

The antioxidant enzyme system is an important defense mechanism to cope with Reactive Oxygen Species (ROS)
produced due to exposure to heavy metals. In the present study lead (Pb), chromium (Cr), arsenic (As), cadmium
(Cd) and nickel (Ni) in water and the antioxidant activity of superoxide dismutase (SOD), catalase (CAT) and
peroxidase (POD) was investigated in three species (Metrocoris communis, Limnogonus fossarum fossarum, and
Aquarius adelaidis) of water striders collected from the industrial triangle of Punjab, Pakistan. The results of present
study revealed that Pb, Cr, As, Cd and Ni were according to the permissible amount of WHO. The antioxidant
activity of SOD, CAT and POD was found significantly different among species against oxidative stress, but found the
highest activity of determining parameters in A. adelaidis. This is one of the pioneer studies in Pakistan reporting
the role of water striders as a bioindicator of heavy metals present in the water through antioxidants enzyme
variations. The current results supported that variant level of antioxidant enzyme activities in different species
of water strider were reflective of heavy metal pollution in the Industrial triangle of Punjab, Pakistan and will be
a useful ecotoxicological tools to evaluate the detrimental effects of heavy metal pollutants in aquatic organisms.
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Resumo

O sistema enzimatico antioxidante é um importante mecanismo de defesa para lidar com Espécies Reativas de
Oxigénio (EROs) produzidas por causa da exposi¢do a metais pesados. No presente estudo, o chumbo (Pb), o cromo
(Cr), o arsénio (As), o cadmio (Cd), o niquel (Ni) em agua e a atividade antioxidante da superéxido dismutase
(SOD), catalase (CAT) e peroxidase (POD) foram investigados em trés espécies (Metrocoris communis, Limnogonus
fossarum fossarum e Aquarius adelaidis) de gafanhotos coletados no tridangulo industrial de Punjab, Paquistdo. Os
resultados do presente estudo revelaram que Pb, Cr, As, Cd e Ni estavam de acordo com a quantidade permitida
pela OMS. A atividade antioxidante de SOD, CAT e POD foi significativamente diferente entre as espécies diante
do estresse oxidativo, mas encontrou a maior atividade de determinacdo de parametros em A. adelaidis. Este é um
dos estudos pioneiros no Paquistdo que relatam o papel dos water striders como bioindicador de metais pesados
presentes na dgua por meio de variagdes de enzimas antioxidantes. Os resultados atuais indicaram que o nivel
variante de atividades de enzimas antioxidantes em diferentes espécies de water striders refletiu a polui¢do por
metais pesados no tridngulo industrial de Punjab, Paquistdo, e serd uma ferramenta ecotoxicoldgica ttil para
avaliar os efeitos prejudiciais de poluentes de metais pesados em organismos aquaticos .

Palavras-chave: enzima antioxidante, water strider, triangulo industrial, metais pesados, polui¢do.

1. Introduction

Various metallic elements like arsenic (As), cadmium
(Cd), lead (Pb), chromium (Cr), nickel (Ni), iron (Fe), copper
(Cu), zinc (Zn) and manganese (Mn) act as the major
environmental pollutants in the water due to urbanization
and industrialization (Rehman et al., 2008). The presence
of these heavy metals is detrimental for the aquatic
ecosystem and biodiversity due to bioaccumulation of
heavy metals through food chain in the body (Aljahdali &

Alhassan, 2020; Govind & Madhuri, 2014). Bioaccumulation
of these trace metal elements induces the production
of reactive oxygen species (ROS), which might cause
oxidative stress in the organisms exposed to these toxic
metals (Cuny et al., 2004). In addition, biotic and abiotic
factors such as pathogens, drought, salinity, chilling, UV-B
radiation, toxic substances, and diet produce oxidative stress
in all aerobes. Oxidative stress is harmful to organisms
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disrupting the structure of lipids, proteins, free amino
acids and nucleic acids (Cross et al., 1987; Missirlis et al.,
2001; Schieber and Chandel, 2014; Sharma et al., 2012).
Organisms may avoid environmental stress by adapting
behaviorally, biochemically and through other physiological
mechanisms (Migula et al., 2004).

ROS produces highly reactive chemical species like
free oxygen, hydroxyl radical and hydrogen peroxide that
can initiate the harmful chain reactions causing damage
to cells. ROS scavengers act as a secondary messenger
or signaling molecule to control physiological activities
against environmental stress by balancing ROS production
(Finkel, 2011; Sharma et al., 2012).

Insects possess antioxidant enzyme systems such as
SOD, CAT, POD, glutathione transferase, and glutathione
reductase to detoxify ROS (Ahmad, 1992). Similarly, some
water-soluble and lipid-soluble antioxidants such as
ascorbate, glutathione, tocopherols and carotenoids have
not been well studied in insects. Still, may play significant
antioxidant roles to overcome ROS toxicity (Felton and
Summers, 1995).

Water striders are predators that feed on terrestrial
insects that fall in the water and planktonic crustaceans
and fish larvae (Cheng, 1974). It is reported that water
striders can accumulate heavy metals due to the scavenging
activities and acts as a bioindicator to heavy metal
contamination (Jardine et al.,2005; Nummelin et al., 1998).
The present study was designed to study the antioxidant
activity in water striders (Hemiptera: Gerridae) to assess of
their role as bioindicators. These insects are very common,
widely distributed in small streams to large rivers, ponds,
lakes, and even over the ocean’s surface (Andersen, 1982;
Andersen, 1995; Spence and Anderson, 1994). However,
so far, no published literature is available on antioxidants
produced to cope with heavy metal stress in water striders.
In this study, we evaluated the antioxidant enzyme activity
of SOD, CAT and POD in commonly available species of water
striders collected from the industrial triangle of Punjab,
Pakistan containing heavy metals in the water bodies.

2. Materials and Methods

2.1. Study areas

The industrial triangle comprises three districts, i.e.
Gujrat(32.39°-33.03° N, 73.59°-74.46° E), Sialkot (32.05°-
32.84° N, 74.20°-74.94° E) and Gujranwala (31.81°-32.55°
N, 73.67°-74.58°E) districts of Punjab, Pakistan. This
triangle is a business bay for agriculture, ceramics, fan,
furniture, textile, sports, steel and leather. These industries
release waste water effluents in the water bodies, which
is the leading cause of water pollution (Azam et al., 2015;
Nasir et al., 2012; Rafique et al., 2010). In addition, metal
elements including arsenic (As), cadmium (Cd), lead
(Pb), chromium (Cr), nickel (Ni), copper (Cu), zinc (Zn),
manganese (Mn) and iron (Fe) have been reported in water
due to discharge of municipal and industrial waste in these
cities (Ali et al., 2013; Masood et al., 2019; Qureshi et al.,
2015; Waseem et al., 2014).
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2.2. Water striders collection

Adult water striders were collected from 23 sites of
Industrial Triangle of Punjab viz district Sialkot: Marala
Ravi Link Canal near Basiwala Pul (S1), Marala Ravi Link
Canal near Kotli Baba Faqir Chand (S2), Marala Ravi Link
Canal near Canal City Housing Society (S3), River Chenab
Head Marala (S4), Upper Chenab Canal near Malkhnawala
(S5), Upper Chenab Canal near Zafarwali Bus Stop (S6),
Marala Ravi Link Canal near Motra (S7), Banbawali Ravi
Badian Canal near Circular Road, Daska (S8), district
Gujrat: Upper Jhelum Canal near Pathan Colony Kharian
(S9), Upper Jhelum Canal near village Jaura Kharian (510),
Upper Jhelum Canal Grand Trunk Road Sarai Alamgir (S11),
Upper Jhelum Canal near Simbli Sharif Road Sarai Alamgir
(S12), River Jhelum (S13), Upper Jhelum Canal Gujrat
(S14), Halsi Nala Gujrat (S15), district Gujranwala: Upper
Chenab Canal, Nandipur (S16), Upper Chenab Canal near
Chan Da Qilla (S17), Upper Chenab Canal, Kamoki-Tatle
Aali Road (S18), Nullah near National High Way Kamoki
(519), Nowshera Virkan (S20), Nullah Palkhu, Grand Trunk
Road Wazirabad (S21), Gammon Lake, Wazirabad (S22), and
Lower Chenab Canal Wazirabad (523) (See Figures 1,2, 3,4)
during October and November 2018. Geographical and
Ecological data are shown in Table 1.

2.3. Enzyme assay

Three species of water striders were selected for the
assay. Adult gerrids were brought alive to the laboratory
to further analyze CAT, POD and SOD. Water striders
acclimatized in the laboratory were used as control. Fresh
insect samples were anesthetized using ice with their wings
and legs excised to check the enzyme activity. Samples
were homogenized at 4°C in 2.5 ml of 0.05 M Sodium/
Potassium buffer at pH 7.4. The homogenates were filtered
and centrifuged for 10 min at 15,000g and stored at -70°C
for further analysis (Lee et al., 2005).

The SOD activity was determined using a method by
(Kakkar et al., 1984) with some modifications of (Das et al.,
2000). The absorbance was measured at 560nm. Catalase
activity was assayed following Luck (1974). CAT activity
was determined by measuring the absorbance at 240nm.
POD assay was carried out following the method of Piitter
(1974) by measuring the absorbance at 470nm.

2.4. Water samples collection and heavy metal analysis

Water samples were also collected from the same sites in
sterilized plastic bottles washed with double distilled water
and 20% HNO, and brought to the laboratory. Water samples
were filtered using a 0.45-mm Whatman pore membrane.
Water samples were acidified with nitric acid (HNO,, 69%)
to prevent adsorption and crystallization. Water samples
were stored in a refrigerator at 4°C until analysis. The water
samples were analyzed for Pb, Cr, As, Cd and Ni using Flame
Atomic Absorption Spectrophotometer (APHA, 2005).

2.5. Statistical analysis

The sample sites are mentioned on the map using the
ArcMap 10.3.1 version. For enzyme assay, the three variables
were analyzed by one-way Analysis of Variance (ANOVA)
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Figure 1. Map of sampling sites showing industrial triangle of Punjab, Pakistan using ArcMap 10.3.1 version.

Figure 2. Sampling site at Upper Jhelum Canal, Grand Trunk Road,
Sarai Alamgir, district Gujrat.

using the software ‘R'version 3.5.3 (R Core Team, 2017).
To check the distribution of the reads among the samples,
bar charts were plotted using R-package“ggplot2”(Wickham,
2009). The normality of the data was checked by the
Shapiro-Wilk test in ‘R’. After analyzing the data using one
way ANOVA, it was observed that there was a significant
difference between species based on three considered
locations. Therefore, the data were analyzed using the
POSTHOC test to determine the significant difference of M.
communis (sp1) with F. fossarum (sp2) and A. adeladis (sp3)
and vice versa. Similarly, the POSTHOC test was also used

Brazilian Journal of Biology, 2024, vol. 84, e258106

Figure 3. Sampling site at Gammon lake, Wazirabad, district
Gujranwala.

to analyze the significant difference of enzyme activity in
species between sites in package DescTools available in R
software version 3.5.3. Descriptive statistics and correlation
analysis were used for heavy metals in ‘R’. A bar chart was
created to show average values of heavy metals using
package “ggplot2” (Wickham, 2009).

3. Results

The SOD, CAT and POD were calculated to determine the
enzymatic activity in considered species (M. communis, L.

3/9



Saleem, R. and Afsheen, S.

Figure 4. Sampling site at Marala Ravi Link Canal near Basiwala
Pul, district Sialkot.

fossarum and A. adelaidis) collected from water containing

heavy metals. Statistical analysis was performed to
explore the significant difference among species (p<0.05)
based on three considered sites (Gujranwala, Gujrat and
Sialkot). Graphical visualization of SOD, POD and CAT is
represented in Figure 5.

Graphical representation of SOD showed that SOD
activity was highest in sp 2 (L. fossarum) in Gujrat.
SOD activity was high in sp 3 (A. adelaidis) in Gujranwala
and Sialkot than sp 1 (M. communis) (See Figure 5a).
One way ANOVA revealed that enzyme activity in three
considered species was significantly different. Similarly,
according to three considered sites, it was observed that
the SOD activity was also significantly different.

The POSTHOC test was also performed to observe the
difference of SOD activity among sp 1, sp 2 and sp 3; and
vice versa. It was determined that the enzymatic activity
was significantly different (p<0.05) in sp1, sp2 and sp3.
Furthermore, by considering sites it was observed that
there was a significant difference (p<0.05) between Gujrat-
Gujranwala and Sialkot-Gujrat but the results were distinct
within Sialkot-Gujranwala (See Figure 6a).

It was illustrated in Figure 5b. that CAT activity was
higher in A. adelaidis (sp 3) than L. fossarum (sp2) and M.
communis (sp1). One way ANOVA showed that CAT activity
was significantly different in three species. Similarly, CAT
activity was significantly different based on three sites.

The POSTHOC test determined the difference in
CAT activity among the three species. CAT activity was
significantly different in the three species. According to
the sites, CAT activity was significantly different in Gujrat-
Gujranwala and Sialkot-Gujranwala but in Sialkot-Gujrat
CAT activity was non-significant (p>0.05) (See Figure 6b).

The POD activity was highest in A. adelaidis (sp 3) in
three different sites (See Figure 5c). The POD activity in
L. fossarum (sp 2) was higher in Gujrat than Gujranwala
and Sialkot where M. communis (sp1) showed the lowest
activity. One way ANOVA showed that the POD activity
was significantly different in three considered species
(P<0.05). Similar significant results were determined based
on three considered sites (See Figure 6¢).
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Figure 5. (a) Activity of Superoxidase Dismutase in different species
of water strider from three districts. (b) Activity of Catalase in
different species of water strider from three districts. (c) Activity
of Peroxidase in different species of water strider from three
districts. sp1= M. communis, sp2= L. fossarum, sp3= A. adelaidis.
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Descriptive statistics of heavy metals in water
samples collected from three Districts presented in
Table 2. The results revealed that the mean value of lead
in Sialkot, Gujranwala and Gujrat was 0.012 £ 0.001,
0.013 £ 0.004 and 0.012 £ 0.004, respectively. Similarly,
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Figure 6. (a) Superoxidase Dismutase in water striders collected
from Gujrat, Gujranwala and Sialkot using POSTHOC test; (b) Catalase
in water striders collected from Gujrat, Gujranwala and Sialkot
using POSTHOC test; (c) Peroxidase in water striders collected from
Gujrat, Gujranwala and Sialkot by using POSTHOC test.

Antioxidant activity in water striders

the amount of Chromium was less than water quality
standards by WHO in Sialkot, Gujranwala and Gujrat, the
average contents were 0.006 = 0.001, 0.006 + 0.001 and
0.005 £0.001 respectively. The average amount of Arsenic
in district Sialkot, Gujranwala and Gujrat was 0.003
0.001, 0.003 + 0.001 and 0.003 + 0.001which was within
the limit of standard value of WHO (0.01mg/1). The mean
content of cadmium was 0.002 + 0.001,0.006 + 0.001 and
0.004 £0.001 in Sialkot, Gujranwala and Gujrat respectively.
On the other hand, the average amount of nickel was high
in district Gujrat than Sialkot and Gujranwala, i.e. 0.068 =
0.013 (See Table 2, Figure 7).

Correlation analysis of heavy metals of three districts
displayed in Table 3. Lead showed a positive association
with chromium (r = 0.009) and arsenic (r = 0.113) but
a negative relationship with cadmium (r = -0.064) and
nickel (r = -0.269). A negative relationship of chromium
was revealed with nickel (r = -0.065) but showed a
positive relationship with arsenic (r =0.558) and cadmium
(r = 0.005). Similarly, a positive association was found
between arsenic and cadmium (r = 0.026) but a negatively
correlated with nickel (r =-0.141). The study determined a
negative relationship between cadmium and nickel among
all considered districts.

4. Discussion

In the current study, heavy metals in water samples
were determined and evaluated the antioxidant activity
in water striders collected from water bodies. It was found
that lead, chromium and arsenic were in the range of
permissible amounts compared with Pakistan National

oy Ditricts

[
o
Saner

Figure 7. Average amount of heavy metals in water samples
collected from industrial triangle of Punjab.

Average amount of heavy merals mgn

Metals

Table 1. Geographical location and Ecological data of Sampling Sites.

o lade gse NN e e
Sialkot 32.05°-32.84° N 74.20°-74.94° E 2312+29 19.75+ 0.81 35 +6.06
Gujranwala 31.81°-32.55° N 73.67°-74.58°E 22.87+2.8 19.37+ 1.50 4312 +4.11
Gujrat 32.39°-33.03°N 73.59°-74.46° E 29.42 +1.8 23.28+0.70 37.85+9.76
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Table 2. Descriptive statistics for heavy metals of water samples in Industrial Triangle.

o Metals N Range Minimum Maximum Mean De\fitadt.ion Skewness Kurtosis
Districts
(mgh) . - - - . Std. - . Std. . std.
Statistic Statistic Statistic Statistic Statistic Error Statistic Statistic Error Statistic Error
Sialkot Pb 8 0.009 0.008 0.017 0.012 0.001 0.004 -181 752 -1.481 1.481
Cr 8 0.013 0.001 0.014 0.006  0.001 0.004 1.243 752 2.263 1.481
As 8 0.006 0.002 0.008 0.003  0.001 0.002 2113 752 5.007 1.481
cd 8 0.007 0.000 0.007 0.002  0.001 0.003 1.268 752 -.222 1.481
Ni 8 0.043 0.000 0.043 0.017 0.005 0.014 0.685 752 .705 1.481
Gujranwala  Pb 8 0.027 0.004 0.030 0.013 0.004 0.011 0.770 752 -1.577 1.481
Cr 8 0.005 0.004 0.009 0.006  0.001 0.002 0.791 752 .266 1.481
As 8 0.005 0.006 0.007 0.003  0.001 0.002 0.916 752 -.969 1.481
cd 8 0.008 0.003 0.01 0.006  0.001 0.003 0.372 752 -1.924 1.481
Ni 8 0.018 0.000 0.017 0.012 0.002 0.006 -1.425 752 2.295 1.481
Gujrat Pb 7 0.026 0.004 0.029 0.012 0.004 0.012 1.201 794 -.793 1.587
Cr 7 0.006 0.003 0.009 0.005  0.001 0.002 495 794 -.885 1.587
As 7 0.005 0.001 0.006 0.003  0.001 0.002 .585 794 -1.852 1.587
cd 7 0.007 0.002 0.008 0.004 0.001 0.002 .880 794 -410 1.587
Ni 7 0.079 0.030 0.108 0.068 0.013 0.033 -.103 794 -2.375 1.587
Table 3. Correlation for heavy metals in Industrial Triangle of Punjab.
Metals (mgj/l) Pb Cr As Ccd Ni
Pb 1 0.009 0.113 -0.064 -0.269
Cr 1 0.558** 0.005 -0.065
As 1 0.026 -0.141
cd 1 -0.044
Ni 1

**Correlation is significant at the 0.01 level (2-tailed).

Environmental Quality Standards (NEQS, 2000) and World
Health Organization (WHO, 2011). In contrast, it was found
the amount of lead and chromium was high in drinking
water in Sialkot (Ullah et al., 2009). In contrast, Masood et al.
(2019) assessed the heavy metals in the drinking water
of the industrial zone of Gujrat and found high level than
the permissible amount. Similarly, Waseem et al. (2014)
reported high heavy metal concentrations in water, soil
and vegetables in Pakistan. The presence of heavy metals
in the study area was due to the discharge of industrial
effluents, anthropogenic activities, agrochemical discharge,
domestic sewage or the effect of runoff that ends up in
water sources. Cuny et al. (2004 ) reported that these heavy
metals accelerate the ROS activity in insects which cause
oxidative stress. It has been well documented that high
oxidative stress leads to the production of SOD, CAT and
POD (Dutta et al., 2016). In order to find the differences
in the antioxidant activity of SOD, CAT and POD, three
species of water strider were assessed, collected from three
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districts of the Industrial triangle of Punjab. SOD, CAT and
POD activity was significantly different in three species of
water strider collected from study area showing the high
concentration of heavy metals. SOD, CAT and POD are
important enzymes that can work against oxidative stress
produced by ROS activities in the cell (Yang et al., 2010).
It has been evaluated that SOD is involved in removing
superoxide radicals (Celino et al., 2011). SOD activity was
found in three species of water strider but it was observed
that the catalytic activity of SOD was high in A. adelaidis
in district Sialkot and Gujranwala but L. fossarum showed
more activity in district Gujrat.

It was also reported that SOD activity was high due
to metal exposure in Oxya hyla hyla (Azam et al., 2017).
Similarly, the SOD activity was high in the brain of 5th
instar nymphs of Aiolopus thalassinus, collected from high
polluted site (Yousef et al., 2019). In contrast, SOD activities
were reduced in carnivorous Pterostichus oblongopunctatus
collected from a highly polluted site than a less polluted site

Brazilian Journal of Biology, 2024, vol. 84, e258106



(Migula et al., 2004). There was a relationship between CAT
and SOD because this enzyme catalyzes the reduction of
H,0, and lipid hydroperoxides (Felton and Summers, 1995).
It is well documented that CAT works efficiently when the
cellular concentration of H,0, is high (Ahmad et al., 1991).
CAT activity was significantly elevated in three species of
water striders. Similar findings were found in the 3¢ and
5% instars of armyworm when exposed to peroxidant
allelochemicals (Pritsos et al., 1988). Barata et al. (2005) also
reported high catalytic activity of CAT in Caddisfly larvae
of Hydropsyche exocellata collected from metal-polluted
water. Similarly, (Islam et al., 2019) revealed that muga
silkworm, Antheraea assamensis showed high CAT activity
when exposed to heavy metals. POD is present in many
insects and removes H,0, during oxidative stress (Felton
& Summers, 1995). In the current study, three species of
water strider showed POD activity collected from Industrial
waste water. Our results are in line with previous studies
that also reported high POD activity in O. hyla hyla when
exposed to Cd, Pb and Hg (Azam et al., 2017). Similarly, Wu
& Yi(2015) found that Galleria mellonella larvae showed high
POD activity when exposed to dietary Pb and Cr. Similarly,
POD was investigated in the midgut of larval Helicoverpa
zea due to exposure to xenobiotics. (Felton and Summers,
1995). The antioxidant enzymes activities in water striders
might an attempt to neutralize the detrimental effect of
the ROS on heavy metal exposure.

5. Conclusion

Our results indicate that metal pollutants induced
oxidative stress in three species of water strider. SOD, CAT
and POD activities were significantly different in three
species of water strider and provide a protective mechanism
against the damaging effects of reactive oxygen species in
water striders. Changes in the antioxidant enzyme activity
in three species of water strider validate their role as a
bioindicator and biomarker of heavy metals which are
significant environmental pollutants. The present study
is the pioneering work on the water strider of Pakistan,
which will lead to further investigation of the antioxidant
activity in water strider using different parameters in the
laboratory.
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