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Abstract We tested the impacts of pyrethroid pesticide
deltamethrin and its amelioration by a flavonoid, quercetin,
using tissue macromolecules (protein, amino acid, carbo-
hydrate and glycogen) and antioxidant enzymes (superox-
ide dismutase, catalase and peroxidase) as biomarkers, on
fish, Channa punctata, gill and liver. Our study proved that
quercetin supplement alone, in the absence of pesticide,
might be detrimental to fish health, in terms of depletion
of major tissue macromolecules, but, such supplement
may be beneficial to fish with pesticide associated oxida-
tive stress. Multivariate analyses predicted that the antioxi-
dant enzymes and lipid peroxidation were closely associ-
ated biomarkers; whereas tissue macromolecules formed a
different cluster. Hence, oxidative stress biomarkers in fish
can be considered a valuable tool in assessment of deltame-
thrin stress and its amelioration by quercetin. The work can
pave the way for further research in establishing quercetin
as a probable curative agent.

Keywords Pyrethroid - Oxidative stress - Flavonoid -
Multivariate analysis

The pyrethroid pesticide deltamethrin (DM) is widely
used in India due to its high bio-efficacy and relatively
low mammalian toxicity as compared to organochlorine,
organophosphorus and carbamate pesticides (Devi and
Gupta 2014). DM [S (a) cyano-3-phenoxybenzyl (IR,
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3R)-3-(2,2-dibromovinyl)-2,2-dimethylcyclopropane-car-
boxylate] is broadly used in agronomy and forestry against
varied insect pests (Marques et al. 2014), as well as against
ectoparasites of poultry and farm animals (Whyte et al.
2014). However, non-target organisms, like fish, often end
up as targets to this pesticide due to spray drift, leaching
or rain (Kumari et al. 2007; Abhilash and Singh 20009).
Fish do not have the enzyme system that hydrolyzes DM,
making them sensitive to aqueous exposure (Sayeed et al.
2003). Furthermore, rapid gill absorption, lipophilicity, and
the ability to target Na+channels of the nerve cell mem-
brane contribute to its toxicity in fish (Widmark et al. 2011;
Oliveira et al. 2012). DM is also known to produce reactive
oxygen species (ROS) and cause oxidative stress by target-
ing the anti-oxidative defense system (ADS) of fish (Yonar
and Sakin 2011).

The flavonoid quercetin (3, 5, 7, 3, 4-pentahydroxy fla-
von), is a semi essential food component abundantly found
in glycosylated form in French beans, broccoli, apples and
onions (Wach et al. 2007). The phenolic hydroxyl groups
of quercetin confer strong antioxidant property, acting as a
ROS scavenger (Boots et al. 2007). In rats, quercetin has
been reported to be ameliorative to pesticide stress (Demir
et al. 2011). However, no such reports have been found in
fish. Interactions of antioxidants, such as, lycopin, ascor-
bic acid and Vit E, with pesticides, and possible reductions
of pesticide induced stress has been reported (Vani et al.
2011; Yonar and Sakin 2011; Kalender et al. 2005). How-
ever, quercetin has not been tested as an antioxidant supple-
ment against pesticides, in fish. The goal of this research
is, therefore, to understand the impact of pesticide DM
and its interaction with quercetin in fish. For this purpose,
we analyzed the suitability of certain biochemical (tissue
macromolecules and antioxidant enzymes) biomarkers.
Further, we used multivariate analyses (MVA) to predict
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which biomarkers played a greater role in establishment of
quercetin amelioration of DM toxicity. MVA are a collec-
tion of statistical tools that can help in better understanding
and interpretation of complex data matrices and allows for
their grouping based on similarities between them (Kannel
et al. 2007). We used principal component analysis (PCA),
factor analysis (FA), correlation matrix, and one-way anal-
ysis of variance (ANOVA) in this study.

Materials and Methods

Channa punctata weighing 27.5+0.1 g and measur-
ing 17.53+0.2 cm, were bought from a fishery, imme-
diately transferred to a water tank in the laboratory and
kept for 3 week’s acclimatization. The water in the tank
was dechlorinated tap water having pH between 6.4 and
6.6, temperature 23.3-25.8°C, electrical conductivity
82.2-84.6 pS cm™!, and dissolved oxygen 6.9-7.3 mg L~!.
The fish were fed a commercial fish diet (Tokyu fish pel-
let procured from Fish Aquarium Home, Laxmi Nagar,
Delhi, and contained 32% protein, 4% fat, 5% fiber, 10%
crude ash, 9% moisture and 31% nitrogen free extract).
Tank water was aerated and changed regularly. Commercial
grade deltamethrin 2.8% E.C. (Trade name Decis — Bayer
Crop Science Agrochemical India Ltd) was obtained from
an agrochemical retailer. Quercetin (Himedia, Mumbai)
was procured from an authorized dealer. Based on the 96-h
LC50 of 0.3 uL L™! (v/v) calculated from a prior study, six
experimental groups, each with three replicates and three
fish in each replicate, were set up for this study. These were
control (pesticide and quercetin-free tap water), %2 96-h
LC50 of deltamethrin (0.15 uL L', Y2 DM), 1/10th 96-h
LC50 of deltamethrin (0.03 pL L~!, 1/10 DM), quercetin
(0.14 g L7, Q), ¥ 96-h LC50 of deltamethrin and Q (¥
DM+Q) and 1/10th 96-h LC50 of deltamethrin and Q
(1/10 DM + Q). The fish were fed twice daily throughout
the test period. Water used for experiments had temperature
(22-23°C), pH (6.4-6.7), dissolved oxygen (6.4-6.8 ppm),
total hardness (225-282 ppm) and nitrite (385410 ppm).
Both DM and Q exposures to fish were waterborne and
their co-exposures were at the same time. After 21 days,
liver and gill tissues were dissected from the control and
treated fishes for further biochemical estimation.

The deltamethrin and quercetin conc. in test water was
confirmed weekly by gas chromatography (GC, Nucon
5765) equipped with 63Ni electron capture detector, as per
Singh and Singh (2008) and Soleas et al. (1997), respec-
tively. Briefly, 100 mL of sample was separately extracted
with methylene chloride (DCM) for DM and ethyl acetate
for Q, using a separatory funnel. Both the extracts were
separately dried with sodium sulfate, evaporated in a rota
evaporator and the solvent was exchanged into petroleum
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ether for DM or with bis(trimethylsilyl) trifluoroacetamide
(BSTFA) for Q. For DM, the extract was concentrated to
approximately 1 mL and adjusted to 2.0 mL with isooctane.
For Q, the residue was derivatized with BSTFA by heat-
ing for 2 h at 70°C. The derivatized samples were analyzed
in GC. For both DM and Q, the mean value was found to
be within 5% of the desired value. Standard DM and Q
were bought from USEPA and made up in isooctane and
methanol, respectively. The target analytes were identi-
fied by comparing the retention time from the standard and
calculated using the response factors from five level cali-
bration curves of the standard. Procedural blanks (analyte
concentrations were less than method detection limit), ran-
dom duplicate samples (Standard deviation <5), and matrix
spike recovery of 100+20% was carried out for DM and
88.6+12% for Q.

Total carbohydrate and glycogen were analyzed using
Anthrone reagent (Carrol et al. 1956), protein by Lowry
et al. (1951) and free amino acid using Ninhydrin reagent
(Moore and Stein 1954). Lipid peroxidation was determined
indirectly in terms of MDA content, which was measured
by thiobarbituric acid (TBA) reaction at 532 nm (Ohkawa
et al. 1979). Unit was presented as pM g~' FW. Spectro-
photometric analysis of total SOD (EC 1.15.1.1) (Beau-
champ and Fridovich 1971), CAT (EC1.11.1.6) (Maehly
and Chance 1955) and GPx (EC 1.11.1.9) (Rotruck et al.
1973) were performed. One unit of SOD was defined as the
enzyme activity that inhibited the photoreduction of NBT
to blue formazan by 50%, and expressed as units/g of pro-
tein. The specific activity of CAT or GPx was expressed as
mM/min/g of protein. Protein levels were estimated by the
method of Lowry et al. (1951) using bovine serum albumin
as a standard.

PCA, FA, correlation matrix, and ANOVA were carried
out using SAS JMP (Version 12. SAS Institute Inc., Cary,
NC, 1989-2015) statistical software. PCA is mostly used
to identify dimensionality of a data set while endeavoring
to keep the relationships in the original data intact. FA was
done on PCA based on the maximum likelihood method.
The normality of the data was examined by Shapiro Wilk
W Test and presuming its normal distribution, the data
were tested for correlations between them using Pearson’s
correlation coefficient. ANOVA followed by Tukey-LSD,
for multiple comparisons, was used to establish signifi-
cant differences between control and trial groups, if any (at
p<0.05).

Results and Discussion
The measured concentrations of DM and Q were within

5% of the desired concentrations such that 2 DM
was within 0.143-0.147 uL L', 1/10 DM was within
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0.028-0.029 pL L~'and Q treatment was found to be
between 0.135 and 0.138 g L™! in respective test waters.
Changes in major macromolecules relative to DM and
Q exposure are shown in Fig. 1. There were significant
decreases in carbohydrate (la), glycogen (1b), protein
(1c) and free amino acid (1d) levels on exposure to both
doses of DM in gill and liver as compared to the control.

DM influences the various biochemical systems that are
involved in cycling of biomolecules, such as protein, carbo-
hydrate and lipids, rendering them unsuitable for biochemi-
cal purposes. Proteins are cellular building blocks, the
reduction of which in fish tissues, under DM stress, might
hint towards increased proteolysis (Levine et al. 2000),
impaired synthesis, increased oxidation of protein (Parvez
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Fig. 1 Tissue biochemical constituents: a carbohydrate b glycogen ¢ protein d amino acid contents in the liver and gill of control and experi-
mental groups. Values are mean + SD. Levels not connected by same letters indicate significant difference at p <0.05
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Fig. 2 MDA contents in the liver and gill of control and experimental groups. Values are mean=+ SD. Levels not connected by same letters indi-

cate significant difference at p<0.05

and Raisuddin 2005), or serve as a compensatory mecha-
nism to meet the energy requirements that is evident in DM
stress (Kamalaveni et al. 2001; David et al. 2004). Carbo-
hydrates are the energy source of cells, and DM stress leads
to impaired carbohydrate metabolism (Kamalaveni et al.
2001). DM alters membrane permeability by lipid peroxi-
dation (especially unsaturated lipids) (Sayeed et al. 2003).
Interestingly, Q treatments alone had adverse effects on
fish, significantly reducing the tissue carbohydrate, protein
and free amino acid content, when compared to the con-
trol. Glycogen levels significantly increased in liver and
remained unaltered in gills due to Q treatments. However,
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there were clear increments in these macromolecules
when combinations of Q and DM treatments were applied
(»<0.05). The adverse effects of Q treatment alone, in the
absence of pesticide, indicated that Q supplement may not
be beneficial without oxidative stress (Conquer et al. 1998).
Further, Q might be forming potentially toxic oxidation
products (Boots et al. 2007) leading to macromolecular
damage. The same cannot be said for glycogen content, as
it is the storage form of carbohydrate and less susceptible
to stress (Kieffer 2000).

Malondialdehyde (MDA) content generated as an indi-
cator of lipid peroxidation (LPO) in fish tissues is shown in
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Fig. 3 SOD activity in the liver and gill of control and experimental groups. Values are mean+ SD. Levels not connected by same letters indi-

cate significant difference at p <0.05
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Fig. 5 GPx activity in the liver and gill of control and experimental groups. Values are mean=+ SD. Different letters indicate significant differ-

ence at p<0.05

Fig. 2. While the control and Q treatments (in both the liver
and gill tissues) generated similar patterns of MDA, both
doses of DM in gill and 0.15 pL L™! DM (%2 DM) in liver
significantly elevated LPO. Significant declines in MDA
were observed in DM + Q treatments, with activity of liver
LPO being statistically similar to the respective control val-
ues. Deltamethrin is known to induce oxidative stress in
fish like C. punctata (Sayeed et al. 2003), Carassius aura-
tus gibelio (Dinu et al. 2010), Cyprinus carpio (Yonar and
Sakin 2011) and Danio rerio (Sharma and Ansari 2013).
DM can interfere with the cellular detoxification mecha-
nisms that counteract oxidative stress, and thus result in the
generation of ROS (Yonar and Sakin 2011). Levels of LPO
in liver was more than that in the gill. Fish liver is metabol-
ically active and induces relatively high rates of mitochon-
drial ROS production. Consequently, more ROS-mediated

lipid destruction can be observed in liver (Sayeed et al.
2003).

DM treatments induced SOD production while Q treat-
ments in combination with DM lowered it (Fig. 3). Simi-
larly, CAT (Fig. 4) and GPx (Fig. 5) activities were induced
under DM treatments but Q supplements lowered their
activities. SOD functions in the dismutation of the 02 to
H,0, and O,, to minimize the damage of ROS in the organ-
ism; while CAT is mainly responsible for the reduction of
H,0, and GPx reduces both H,0, and organic peroxides
by a glutathione-dependent reaction (Morales et al. 2004).
Conversely, lowered SOD, CAT and GPx production might
imply lowered ROS production after Q treatments. Querce-
tin is known to be a pro-oxidant that mobilizes anti-oxi-
dative enzymes, opening the scope for detoxifying ROS.
Additionally, mounting evidence supports quercetin as an

Table 1 Pearson correlation

. . SOD CAT GPx LPO Protein Carbohydrate Glycogen Amino acid
matrix between different
biomarkers on exposure to Gill
quercetin and pesticide mixtures SOD 1.000
CAT 0.846 1.000
GPx 0.932  0.805 1.000
LPO 0.476 0.709 0473 1.000
Protein -0.724 -0.702 -0.580 -0.733 1.000
Carbohydrate —0.728 -0.776 -0.573 —0.838 0.912  1.000
Glycogen -0.487 -0.766 —-0.506 -0.903 0.645 0.737 1.000
Amino acid -0.885 -0.810 -0.757 -0.718 0.905  0.937 0.657 1.000
Liver
SOD 1.000
CAT 0.672 1.000
GPx 0.895 0.861 1.000
LPO 0.664 0.723  0.865 1.000
Protein —0.831 -0.746 —-0.907 —0.847 1.000
Carbohydrate —0.717 -0.952 -0.810 -0.604 0.716 1.000
Glycogen —-0.511 -0.834 -0.596 -0.314 0345 0.874 1.0000
Amino acid —-0.778 -0.869 -0.831 -0.631 0.803 0.950 0.7344 1.0000

Positive correlations were bold faced
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Table 2 Total variance and

. . Gill Rotated varimax

rotated varimax (two principal

components selected) for tissue Eigenvalues Percent Cumulative % Parameters Factor 1 Factor 2

biomarkers on exposure to

quercetin and pesticide mixtures 1 6.15 76.94 76.94 SOD -0.367 0.930
2 1.00 12.51 89.46 CAT -0.527 0.702
3 0.527 6.5 96.05 GPx —0.203 0.922
4 0.136 1.7 97.75 LPO —0.846 0.178
5 0.095 1.1 98.95 Protein 0.793 —0.465
6 0.064 0.80 99.76 Carbohydrate 0.900 —0.428
7 0.013 0.16 99.92 Glycogen 0.706 —0.244
8 0.005 0.07 100.0 Amino acid 0.724 —0.666

Liver

1 6.267 78.33 78.33 SOD 0.771 —0.424
2 1.061 13.27 91.60 CAT 0.602 —0.771
3 0.365 4.565 96.17 GPx 0.833 —0.502
4 0.210 2.631 98.80 LPO 0.836 —0.218
5 0.062 0.786 99.59 Protein —0.993 0.230
6 0.024 0.308 99.89 Carbohydrate —0.560 0.815
7 0.005 0.064 99.96 Glycogen —-0.131 0.993
8 0.003 0.038 100.00 Amino acid —0.687 0.659

Bold face indicated strong factor loading (as per Liu et al. 2003)

agent of enhanced SOD and GPx activities (Amalia et al.
2007).

The correlation matrix between different biomarkers
in gill and liver tissues is shown in Table 1. Antioxidant
enzymes and lipid peroxidation were positively correlated
with each other, while being negatively correlated with
major tissue macromolecules. Factor analysis was per-
formed on the principal components (PC) and correspond-
ing rotated varimax and factor loadings were presented for
various biomarkers in fish tissues (Table 2). Eigen values
>1.0 was considered significant (Kim and Mueller 1987)
and equal number of varimax factors were obtained for two
tissues through factor analysis performed based on maxi-
mum likelihood. Liu et al. (2003) classified factor loadings
as strong if the corresponding loading values are >0.75 and
moderate, if <0.75-0.5>. For gill, PC1 and PC2 explained
76.9% and 12.5% of the total variance, respectively. Here,
Factor 1 and 2 contributed to 45.7% and 42.5%, respec-
tively. Similarly, for liver PC1 and PC2 explained 78.3%
and 13.2% of the total variance, respectively. Here, Factor
1 and 2 contributed to 51.8% and 40.2%, respectively. Mul-
tivariate analysis has been shown to be an effective predic-
tor of the impact of contaminants in fish tissues (Mohanty
and Samanta 2016). We found that in both gill and liver,
the antioxidant enzymes and lipid peroxidation were pre-
dicted to be closely associated biomarkers, having highest
association as predictors of impact, as against tissue mac-
romolecule, which formed a separate cluster. Hence, oxida-
tive stress biomarkers in fish can be considered a valuable
tool for assessment of DM stress and its amelioration by Q.
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Further, biochemical studies demonstrated that quercetin
supplement alone, in the absence of pesticide, may be detri-
mental to fish health in terms of major tissue macromolecu-
lar depletion. Q supplementation may be beneficial to fish
with pesticide associated oxidative stress and has potential
as a curative agent.
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