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ABSTRACT: Polyaromatic compounds are the major, widespread contami-
nants in the aquatic environment. However, the adverse impacts of these
compounds on blood pathophysiology (hematological profiling and serum
biochemical responses) are poorly understood. As a consequence, this study
was intended to evaluate the toxic effects of naphthalene, one of the polycyclic
aromatic hydrocarbons, on the blood pathophysiology of Anabas testudineus
using multiple end-point biomarker approach. A. testudineus was exposed to
short-term (1 and S d) and long-term (10, 15, and 21 d) naphthalene con-
centrations, that is, T1 (0.71 mg/L indicates 25% of LCy) and T2 (1.42 mg/L
indicates 50% of LCg, value). The results disclosed significant decrease in red
blood cells, hemoglobin (Hb), packed cell volume, and platelet levels, while
other blood parameters, namely, white blood cells, percent lymphocyte, mean
cell volume, mean corpuscular Hb, and mean corpuscular Hb concentration
showed enhanced levels under naphthalene intoxication. Results were more
detrimental under T2 concentration. Cholesterol, glucose, calcium, high-density lipoprotein, and low-density lipoprotein levels
gradually increased throughout the different exposure periods under T1 and T2 concentrations, while the triglyceride level gradually
decreased during exposure periods. Finally, integrated biomarker responses (IBR) analysis indicated that serum biochemical
parameters are more powerful than hematological parameters for determining the naphthalene-induced fish health status.
Additionally, the IBR study clearly identified that long-term (>S5 d) exposure was more harmful than short-term (<5 d) naphthalene
exposure. So, these responses may be derived as biomarkers for monitoring naphthalene pollution in an aquatic ecosystem.

1. INTRODUCTION nature of PAHs induces gene expression of cytochrome P450
(CYP) family after its entry into cells."”'* In the next step, the
expressed CYP enzyme family metabolizes PAHs to produce either
intermediate or final metabolites, which bind directly with DNA to
become mutagenic/carcinogenic.'’ The International Agency for
Research on Cancer classified the PAHs under three major
categories and grouped under carcinogenic chemicals (group 2A):
benzo[a]pyrene, dibenz[a,h]anthracene, and benzo[a]anthracene.
Additionally, the United States Environmental Protection Agency
identified 16 major representatives of PAHs as priority one from
different sources of emissions. Naphthalene, among them, is the
very simplest one which has very low photo-oxidation capability
and is highly persistent in aquatic environment."

Different studies regarding developmental toxicity, oxidative
stress, carcinogenicity, immunotoxicity, mutagenicity, and

Polycyclic aromatic hydrocarbons (PAHs) are generally
organic pollutants containing two or more condensed aromatic
rings.' They are considered as the ninth most threatening
compound to human health.” Contamination of environment
by PAHs is now becoming a serious problem worldwide because
of massive and irregular extraction of natural resources from the
earth. PAHs are widely distributed in aquatic environment
including sediments, benthic invertebrates, fish, sea birds, and
mammals.”* In particular, the naphthalene concentration in
sediments ranges between 440 and 264,000 pg/g, in water, it
ranges from 0.1 to 10 ng/L, and in biological samples, it ranges
from 0.030 to 1.004 ug/g.>° Naphthalene addressed here is a
PAH that is widely distributed in soil, water, air, and aquatic
environments.”” Generally, in aquatic environment, PAHs origi-
nated from four different sources: petrogenic fuels, incomplete
combustion (pyrogenic), organic metabolism (biogenic), and Received: ~September 19, 2020
diagenetic transformation in sediments.” Among these, petro- Accepted:  November 20, 2020
genic and pyrogenic sources are the major contributors of Published: December 18, 2020
aquatic pollution by PAHs."’
However, the major cascading aspect of PAHs is their
mutagenic and carcinogenic properties.” First, the hydrophobic
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endocrine disruption caused by naphthalene have been docu-
mented on aquatic organisms.“'_17 However, a dearth of
information is still there, particularly on the adverse effects of
naphthalene on hematological profiling and serum biochemical
responses in fish species, particularly, on air-breathing Indian
carnivorous teleosts. Blood parameters play a crucial role in
monitoring fish health status under environmental contami-
nation.'® Additionally, our previous study demonstrated the
usefulness of blood biochemistry and erythrocyte pathology to
assess the adverse effects of a large number of xenobiotics,
including naphthalene, and considered them as a convenient
and reliable diagnostic tool."” Further, dose-and-time depend-
ent studies of naphthalene toxicity on hematological and serum
biochemical parameters are very scanty. The teleost, Anabas
testudineus (Bloch), possesses both ephemeral and aestivating
(burying under moist ground) behavior against competition or
contamination defenses. This behavior specifically is consid-
ered as a key characteristic of A. testudineus for successful survival
under contaminated environment. Generally, the impact of these
xenobiotics is concerned not only with specific toxicity but also
involvement of multiple processes.10 Therefore, linking infor-
mation from multiple endpoint biomarker responses can provide
valuable insi%ht to evaluate the impact of PAHs in aquatic
environment.”” In this regard, integrated biomarker responses
(IBRs) serve as a prominent tool to evaluate adverse impacts of
xenobiotic compounds. Apart from this, there is no available
information on mechanistic linkage among biomarkers based
on hematological profiling and serum biochemical parameters
under naphthalene intoxication in A. testudineus. Accordingly,
hematological profiling and serum biochemical parameters could
be considered as early warning indicators of PAH pollution to
understand the adverse outcomes as they are detected at very
low exposures.”"**

This study, for the first time, reports naphthalene-induced
hematological profiling and serum biochemical responses in
A. testudineus under short-term (1 and S d) and long-term
(10, 15, and 21 d) exposures. Second, this study will explore
the relationship among multiple endpoint biomarkers through
IBR analysis and finally establish A. testudineus as the bio-
indicator species of naphthalene intoxication. A. testudineus was
considered as a model organism because of its capability to
provide early warning signal under both laboratory and field
exposures of xenobiotics. *>* Additionally, it is widely distri-
buted in natural environment, easily acclimated under laboratory
environment, and has high commercial value as a protein
source.'®

2. RESULTS AND DISCUSSION

2.1. Limnological Parameters. During experimentation,
there was no mortality of fish under naphthalene exposure and
control condition. Results of limnological parameters during
the entire exposure period are presented in Table 1. The pH,
electrical conductivity (EC), and total hardness (TH) are
considered as important factors regulating the bioavailability
and associated toxicity of xenobiotic compounds.”*** In our
study, these parameters (except hardness) showed significant
changes; the dissolved oxygen (DO) concentration was signifi-
cantly reduced under naphthalene exposure compared with the
control condition, but it was well above the standard value of
4 mg/L which is considered as critical for fish health.”® This
indicated that fish experienced higher metabolic activity as
adaptive responses to compensate the stress since it is directly
linked with oxygen consumption.”””® Accordingly, the fecal
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Table 1. Analysis of Physicochemical Parameters of Water
under Control and Naphthalene Exposures”

parameters control T1 T2

temperature (°C) 22.0 + 0.94 221 + 135 21.8 + 033

pH 7.1 + 0.05* 7.1 + 0.01° 7.2 £ 0.03¢

electrical 4489 + 3.17° 460.3 + 3.74° 451.5 + 3.14°
conductivity (EC),
#S/cm

total dissolved solids ~ 320.8 + 3.14 3214 + 2.08 3192 + 1.17
(TDS), mg/L

dissolved oxygen 6.9 + 0.09 6.6 + 0.19% 6.4 + 0.31°
(DO), mg/L

total hardness (TH,  134.1 + 2.94 144.3 + 13.18 143.5 + 14.18
CaCO0;), mg/L

ammonia nitrogen 1.7 £ 0.12 1.7 £ 021 1.8 £ 0.09
(AN), mg/L

nitrate nitrogen 0.4 + 0.03° 04 + 0.03 0.5 + 0.03°
(NN), mg/L

“Different letters represent significant differences among different
exposure conditions for each parameter at p < 0.05 (one-way

ANOVA).

matter production was increased, which was evidenced as
higher ammonia-nitrogen (AN) level.”* Therefore, these incli-
nations in water quality parameters are linked to the toxic responses
on blood because of naphthalene exposure on A. testudineus.

2.2. Hematological Responses. During the naphthalene
exposure, the white blood cell (WBC) count in A. testudineus
increased compared with the control, and this increment was
comparatively higher under T2 dose (Table 2 and S1). This
increment indicated higher production of lymphocytes
(LYMs) from lymphomyeloid tissues through the process of
stimulated lymphopoiesis.”” However, the increment was
gradually decreased in a time-dependent way under both T1
and T2 conditions (Table 2 and S1). Decreased WBC trend,
also called lymphopenia, was also defined in Lepomis sp. by
Lohner et al.*® and in Prochilodus linestus by Bacchetta et al.*'
during over exposure. These alterations in WBC count may
lead to development of immunotoxic effects in A. testudineus by
naphthalene exposure.

Contrarily, the red blood cell (RBC) count in A. testudineus
under naphthalene exposure (both T1 and T2) was signifi-
cantly reduced in comparison to the control condition (Table 2
and S1). Reduced RBC level indicated that impaired eryth-
ropoies is due to lower oxygen carrying capacity, which helps
to develop both anemia and hypoxic condition.”> Comparatively,
higher reduction was observed in T2 dose than T1 (Table 2
and S1), which indicated that higher dose caused more adverse
impacts and reduced compensatory mechanism. Additionally,
reduced number of RBC indicated the poor metabolism of
iron.”” Furthermore, there was a time-dependent monotoni-
cally decreased trend of RBC count under both T1 and T2
doses, which indicated the serious impairment of fish health
under long-term naphthalene exposure. Similar findings have
also been reported in different fish species under xenobiotic
exposures by several authors.” ™

During the naphthalene exposure in A. testudineus, the LYM
count gradually decreased compared with the control, and this
reduction was comparatively higher in T2 (Table 2 and S1).
During short-term exposure, higher LYM count indicated
higher adaptive capability against xenobiotic stress by A. testudineus
through immune stimulation and lymphocytosis.*® However, the
time-dependent gradual reduction under long-term T1 and T2
exposures indicated that long-term naphthalene exposure adversely
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affects the fish health. Time-dependent reduced LYM counts
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Table 4. Standardized Biomarker Response Values of Hematological Parameters in A. testudineus During Naphthalene

Exposures and Corresponding IBR Values

condition duration RBC WBC %LYM Hb
0 0 2.88 0 2.65
1D 2.8975 1.81 2.71 0.59
T1 SD 2.48 1.48 2.39 0.36
10D 2.09 1.14 2.15 0.23
15D 2.00 0.60 1.78 0.09
21D 1.76 0 1.07 0
0 0 2.83 0 2.64
1D 2.80 1.49 2.94 0.45
T2 SD 243 1.16 2.35 0.34
10D 2.27 0.72 1.95 0.21
15D 2.23 0.39 1.59 0.12
21D 2.21 0 1.41 0

PCV MCV MCH MCHC PLT IBR
2.67 0 0 0 2.82 425
0.56 2.22 1.84 1.22 1.03 11.75
0.48 2.31 2.16 1.64 0.83 10.62
0.29 2.41 2.34 2.06 0.56 9.69
0.07 2.53 2.57 2.32 0.30 8.89
0 2.64 2.73 2.87 0 8.89
2.65 0 0 0 2.786 421
0.40 2.28 2.19 1.36 0.99 10.88
0.33 2.37 2.26 1.74 0.74 9.67
0.24 2.45 2.38 225 0.61 9.12
0.14 2.51 2.57 2.54 0.15 8.63
0 2.57 2.65 2.71 0 8.34

levels. Increasing patterns of LDL and HDL levels were also
observed in a time-dependent manner in A. testudineus under
anthracene exposure.”® Additionally, Kojima et al.>" corroborated
higher LDL with changes in hepatic enzyme gene expression
such as hydroxyl-methylglutaryl-CoA reductase, which suppresses
the expression of LDL-receptor gene. However, during short-
term exposure, the LDL (1 d) and HDL (1 and S d) levels were
decreased significantly compared with the control value. Javed
et al.*° explained this reduced HDL during short-term exposure
as due to abrupt development of lipid peroxidation since HDL
scavenges CHOLES from the liver tissue. Therefore, decrease
in the HDL level in the present study could be corroborated
with increased CHOLES contents.”> Contrarily, higher HDL
level in this study during long-term exposure could be explained
by higher CHOLES level as HDL played a vital role in
transporting either reserve CHOLES or excess CHOLES from
nonhepatic cells to the liver through the blood.>® On the other
hand, decrease in the LDL level during short-term naphthalene
exposure in the present study could be corroborated with
increased Trig contents. As time proceeds, that is, during long-
term naphthalene exposure, the LDL level increased gradually,
which could be correlated with a decrease in the Trig level.
Therefore, it can be concluded that the LDL level is indirectly
proportional to the Trig fraction, while the HDL level is
directly proportional to the CHOLES fraction.

Calcium content in A. testudineus during short-term naph-
thalene exposure (1 and S d) reduced significantly, but after
that it gradually increased in a time-dependent manner (Tables 3
and S2). The maximum increment and reduction were found
after 21 d followed by 1 d exposure under T2 dose (Table 3
and S2). Naphthalene exposure in this study showed a diverse
transient effect on calcium metabolism and homeostasis.”*>
During short-term exposure, lower calcium content may be
possibly due to enhanced calcium excretion.”' Similar findings
have also been reported by Ko et al.’® in Platichthys stellatus
under chromium exposure. As time proceeds (after 5 d), the
calcium level gradually increased, which indicated that naph-
thalene might have influenced the hypercalcemic hormone
from the pituitary gland.””*® Generally, prolactin serves as a
precursor of hypercalcemic hormone in teleosts”**” to improve
the calcium reserve. Therefore, it can be concluded that naph-
thalene regulated calcium metabolism differently to maintain
the homeostasis as a compensatory response. In the present
study, glucose level significantly increased in a time-dependent
manner under naphthalene exposure. Higher the naphthalene
dose, higher was the response, that is, under T2 dose. Serum
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glucose is a reliable biomarker of xenobiotic exposure including
PAHs and is generally increased by carbohydrate metabo-
lism.>® A gradual increase in the glucose level was indicative of
intensive glycogenolysis (a process of releasing glucose into
blood by breakdown of energy reserves, namely, proteins and
HDL stored as glycogen in the liver and muscle), initiated
generally by adrenocorticotrophic and glucagon hormones
such as cortisol, glucose 6-phosphatase, catecholamines, and so
forth.®*~®> Additionally, higher glucose level indicated higher
stress condition as adaptive responses. These findings indicated
disrupted carbohydrate metabolism under naphthalene intox-
ication.

2.4. IBR. The IBR index determined by integrating individual
biomarker responses is tabulated in (Tables 4 and S). The values
widely varied for different conditions. At the serum biochemical
level, comparatively higher IBR value was observed at higher
concentration under different treatment conditions, indicating
that long-term (>S5 d) naphthalene exposure was more detri-
mental to A. testudineus. During short-term exposure (<5 d),
the IBR value was less compared with that of the control, indi-
cating that short-term naphthalene exposure was less detrimental.
Contrarily, higher IBR value was observed during short-term
(<S d) naphthalene exposure, and after that, it was gradually
decreasing in a time-dependent manner. Recorded IBRs in this
study were also in consonance with™” the IBR values calculated
by using hematological measurements, viz, RBC, WBC, PCV,
MCV, %LYM, MCH, MCHC, Hb, and PLT. Moreover, higher
IBR values were recorded at T2 dose compared to T1 for both
serum biochemical and hematological markers, indicating that
higher naphthalene concentration (T2) was more detrimental
to A. testudineus than lower concentrations (T1). Furthermore,
higher IBR values for serum biochemical parameters suggested
that serum biochemical parameters were more determinant (as
reflected in the correlation study) for evaluating the naphthalene
impacts on fish health compared to hematological parameters,
as higher IBR value indicates higher stress. Likely, star plot
representation revealed a totally different pattern (Figure 1A—D)
for both serum biochemical and hematological parameters, which
was generally used to identify predominant markers of xenobiotic
stress.”’ Star plot representation depicted that glucose and LDL
were highly responsive among the serum biochemical markers
followed by CHOLES, HDL, and calcium under T1 dose.
At T2 dose, glucose and CHOLES were more responsive
followed by LDL, calcium, and HDL. On the other hand, among
the hematological markers, RBC and LYM were highly responsive
followed by WBC and PLT under both T1 and T2 conditions
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Table S. Standardized Biomarker Response Values of Serum Biochemical Parameters in A. testudineusDuring Naphthalene

Exposures and Corresponding IBR Values

condition duration CHOLES Trig
0 2.57 1.55
1D 0 2.52
T1 5D 1.17 2.05
10D 1.75 1.04
15D 2.18 0.23
21D 2.61 0
0 2.55 1.2
1D 0 2.73
T2 SD 1.68 1.85
10D 2.07 1.15
15D 2.32 0.31
21D 2.75 0

LDL HDL Ca GLU IBR
1.31 0.55 113 0 3.46
0 0 0 0.97 241
138 023 0.34 141 2.77
1.86 1.04 124 2.04 7.89
2.31 2.07 1.92 2.28 11.71
2.92 2.44 2.71 2.76 17.35
1.35 0.67 1.16 0 3.48
0 0 0 22 2.41
1.47 0.65 0.78 2.72 6.70
1.95 137 1.65 3.43 12.76
2.37 1.92 2.13 3.61 15.34
2.89 2.76 2.81 3.94 2191

=Control
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Figure 1. (A—D): Star plots for hematological parameters (A,B) and serum biochemical parameters (C,D) of A. testudineus under T1 and T2

naphthalene exposures, respectively.

in the descending order, while MCV and MCH were prominent
in the ascending order.

Correlation study between limnological parameters and bio-
chemical and hematological parameters was varied in A. testudineus
under different naphthalene exposures (Table 6). In particular,
the hematological IBR value in A. testudineus was significantly
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correlated with total dissolved solids (TDS, —0.967). The
negative correlation indicated the negligible effect of TDS on
the hematological alterations in fish. In addition, the positive
correlation was recorded between biochemical IBR and water
parameters, namely, TH, AN, and nitrate nitrogen (NN) under
both naphthalene conditions. The positive correlation indicates
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Table 6. Correlation Coefficients (n = 6) Between
Limnological Parameters and IBR Index of Hematological
and Biochemical Alterations in A . testudineus under
Naphthalene Exposures

hematological IBR biochemical IBR

parameters T1 T2 T1 T2

temperature -0.797 0.207 —0.150 —0.052
pH —0.145 —0.307 —0.325 0.084
EC -0.192 0.006 —0.184 0.365
TDS —0.192 —0.967¢ —0.184 0.174
DO 0.091 -0.035 0.356 —0.249
TH —0.246 —0.725 0.420 0.259
AN 0.536 —0.161 0.5583 0.206
NN 0.064 0.027 0.346 0.259

“p < 0.05, p < 0.01.

that these variables caused energetic stress in A. testudineus, and
the observed biochemical and hematological inductions, at least
in part, were attributable to these parameters. Samanta et al®
reported that similar results have been reported in Z. koreanus
collected from Bucheon stream. Moreover, the comparatively
higher positive correlation between water parameters and bio-
chemical IBR values than hematological IBR values indicated
that biochemical IBR values are more determinant and inde-
pendent than hematological parameters. These findings indicated
that integration of different individual biomarker responses was
better to explain the adverse effects than individual responses.
Additionally, it can be stated that the IBR index could also be
used as a powerful technique to distinguish the short-term and
long-term toxicological effects, specifically to a particular type
of xenobiotic, naphthalene, in aquatic environment.

3. CONCLUSIONS

The present findings established the time-dependent chronic
effects of naphthalene (PAH) on hematological and serum
biochemical levels of A. testudineus (Bloch). Results inferred
that responses were exposure-specific as well as dose-specific,
and fish species were adversely affected by naphthalene toxicosis.
IBR analysis depicted that serum biochemical parameters were
more determinant for evaluating the naphthalene impacts than
hematological parameters. Gradual detrimental symptoms were
more adverse under long-term (>5 d) exposure than under
short-term (<S d) naphthalene exposure. So, these responses
may be deliberated as a biomarker for monitoring PAH pollution,
especially, naphthalene, in aquatic ecosystem.

4. EXPERIMENTAL SECTION

4.1. Fish Collection and Nourishment. Air-breathing,
carnivorous, adult freshwater Indian teleost A. testudineus-
(Bloch) of both sexes having average weight and length of
3424 + 132 g and 10.68 + 0.82 cm, respectively, were
collected from a local authorized fish farm (n = 150) and
acclimatized in laboratory conditions for 21 days in a 350 L
capacity aquarium. Fish collection and nourishment were per-
formed following the guidelines described by Dey et al.”® Water
was replaced every alternate day during the experimentation
period.

4.2, Laboratory Setup for the Experiment. Fresh
healthy acclimatized fish were grouped under three categories:
one group representing control and other two groups for naph-
thalene exposure, that is, T1 (0.71 mg/L) and T2 (1.42 mg/L),
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respectively. T1 and T2 concentrations represent 25 and 50% of
the LCs, value, that is, 2.83 mg/L, respectively. The LCs, value
used in this study was determined and recommended by dos
Santos et al.®* Each condition was run as triplicate for 1, S, 10,
15, and 21 day(s), and each aquarium (60 L capacity) contained
10 fish. One (1) and S days were considered as short-term
exposure condition, while 10, 15, and 21 d were considered as
long-term exposure condition. Primarily, naphthalene as per
required dose was dissolved in 2 mL of alcohol (95%). Later,
stock solutions were prepared in sufficient quantity by dissolving
the required quantities of solution in water. We considered
10 fish per aquarium to determine the statistical differences
more accurately. The experiment was conducted at the Department
of Environmental Science, The University of Burdwan following
the toxicological protocol laid down by the university. Water
was replaced every alternate day.

4.3. Sampling for Hematological Study. During the
entire experiment, water quality was maintained and monitored
on regular basis every alternate day.® Blood samples seven in
number in replica were collected from the same tagged fish
during the total experimental schedule periods, viz,, 1 and 5 d
(short-term) and 10, 15, and 21 d (long-term) from all sets.
The sampling of the blood sample for the hematological study
was done following the methodology established by Dey et al.,>
and blood parameters, namely, WBC, RBC, Hb, percent
lymphocyte (%LYM), PCV, MCV, MCH, MCHC, and (PLT),
were analyzed by a SYSMEX KX-21 N hematology analyzer.

For serum biochemical analysis, blood samples were collected
and prepared based on our previous published paper.”® The
different bioenzymological parameters were measured as
follows: CHOLES by ERBA kit (BLT00035); Trig by ERBA
kit (BLT00058); HDL by ERBA kit (BLT00028), LDL by ERBA
kit (BLT00041); calcium (Ca) by ERBA kit (BLT00016); and
glucose by ERBA kit (BLT00027).

4.4. IBR. IBR analysis was performed according to ref 67
with some modifications as per ref 50. At first, the mean (x)
and standard deviation (SD) for each hematological and serum
biochemical parameter under each condition were calculated.
In the next step, the standardization value (Z) was calculated
using the equation Z = (x — m)/SD, where, “m” is the mean of
each biomarker value. The standardization value (Z) will be
positive for activation or enhancement, while Z will be negative
in case of inhibition or reduction. Using standardized data, the
final score (S) value was analyzed by the following equation to
calculate the area value (star plot)

S =Z + [Minl

where S > 0 and IMinl were minimum absolute values. This
area value was used to calculate the IBR value by the equation

" (SS.
IBR = 2 ( 1£+1)

where S; and S;,; are star plot radius coordinates between two
clockwise consecutive values and # is the number of corre-
sponding biomarker radii. Higher IBR value indicates higher
toxic stress and more determinant to toxicant exposure.63
4.5. Statistical Analysis of the Study. One-way analysis
of variance (ANOVA) followed by Tukey test was used to
check the differences among naphthalene exposure conditions
within each exposure day and among exposure durations within
each naphthalene exposure (mean + SD) using SPSS (v25) at
p < 0.05. “Two-sampled paired t-test” was used to check the
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differences between control and treatment conditions within
each exposure at p < 0.0S. Pearson’s correlation study was also
performed by SPSS (v25) at p < 0.0S.).
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