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Introduction

Potential effects of low molecular weight
phthalate esters (C16H>,04 and C15H1404)
on the freshwater fish Cyprinus carpio

R. K. Poopal, @ *2¢ M. Ramesh,*® V. Maruthappan® and R. Babu Rajendran*c

The aim of the present study is to assess the toxic effect of dibutyl phthalate (DBP) and diethyl phthalate
(DEP) on the freshwater fish Cyprinus carpio. The median lethal concentrations of DBP and DEP for 96 h
are found to be 35 and 53 mg L™}, respectively. Fish were exposed to 3.5 mg L™* (Treatment 1) and 1.75
mg L™ (Treatment II) of DBP and 5.3 mg L™ (Treatment |) and 2.65 mg L™ (Treatment II) of DEP for a period
of 35 days. The DBP and DEP exposed fish show a concentration based toxic effect on the selected para-
meters of this study. The hematological parameters, such as hemoglobin (Hb), hematocrit (Hct) and
erythrocyte (RBC), were found to decrease in the DBP and DEP treated fish, whereas their leucocyte
(WBC) count increased compared to that of the control groups. A biphasic response is noted in the
erythrocyte indices, such as mean cellular volume (MCV), mean cellular hemoglobin (MCH) and mean
cellular hemoglobin concentration (MCHC), throughout the study period. Exposure to DBP and DEP
caused a significant (p < 0.05) decrease in sodium (Na*), potassium (K*), and chloride (CL7) levels in the
gill and brain of the fish throughout the study period when compared to that of their respective controls.
The plasma protein level decreased in all the treatments, whereas the plasma glucose level significantly
increased in the DBP and DEP exposed fish. Maximum inhibition of Na*/K*-ATPase activity was noticed in
the gill and brain of the fish exposed to DBP and DEP. The cholinesterase (ChE) activity in the brain of the
fish significantly decreased throughout the study period. A significant (p < 0.05) increase in glutamate
oxaloacetate transaminase (GOT) and glutamic pyruvate transaminase (GPT) activity was noted in the fish
exposed to both toxicants. The antioxidant enzymatic parameters such as superoxide dismutase (SOD)
and catalase (CAT) activities were found to decrease in the gill and liver of the DBP and DEP treated fish,
whereas a significant (p < 0.05) increase in lipid peroxidation (LPO) was observed. The above mentioned
parameters could be used as potential biomarkers in clinical trials for the assessment of plasticizers. This
study provides indispensable information towards future research on the effect of plasticizers on non-
target organisms including humans.

up to 60% in fully flexible PVC products.>* Some of the com-
monly used plasticizers are phthalates, adipates, citrates,

Daily, a wide range of chemicals are used for the enhancement
of mankind, which increases parallel with the population
growth. Plasticizers are manmade chemicals that are produced
and utilized in high volume industrially and in the field of
agriculture."”” For example, the concentration of plasticizers is
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camphor and acelates, among which, phthalates are widely
used in many industrial processes.”® Thus far, 23 different
types of PAEs are commercially available, which are used as
plasticizers, solvents and emulsifiers. Globally, their demand
has gradually increased up to 6 million tonnes per year.”
Phthalates esters (PAEs) are synthetic chemicals which are
industrially prepared from phthalic anhydride. Chemically,
PAEs are the ortho-isomer of 1,2-benzenedicarboxylic acid with
two side chains of either alkyl, benzyl, phenyl, cycloalkyl, or
alkoxy groups.”® Furthermore, each PAE is categorized as low
molecular or high molecular based on the carbon number of
their alcohol.’

Although PAEs have wide favorable applications, a major
concern is that they are not covalently bond to their products.
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This enhances the leaching activity of PAEs from products and
their content in the environment.’® A measurable amount of
PAEs has been detected in the air, water, soil, plastic wrapped
items and human body fluids throughout the world.>"" For
example, in the U.S. retail market, 15 PAEs were detected
(range from 0-95.2%) from 21 edible vegetable oil samples.”
The PAEs concentration was found to be very high in urban
and rural fish eaters than urban and rural vegetarians.'?
Cheng et al.'® reported the accumulation of PAEs in freshwater
and marine water fish, which had values of <3.14 pg g~' wet
weight (ww) and <7.10 pg g~ ww, respectively. PAEs have the
potential to cause birth defects and reproductive anomalies
and have hepatotoxic, teratogenic and carcinogenic effects on
organisms.">'® Recently, a novel report on the uptake of PAEs
between the blood and nails of humans was estimated by
Bui et al® using pharmacokinetic (PK) modelling from a
Norwegian cohort. Hence, PAEs are considered as a priority
chemical for scientists from a toxicological point of view. PAEs
enter the aquatic environment through various point and non-
point sources such as direct/indirect discharge, surface run-
off, atmospheric deposition, and consumer products.'”°
PAEs were detected in surface marine water’*>* and freshwater
sites®® and their concentration was found to be in the range of
0.1 to 100 pg g~ ' in river sediments.>*** These compounds
can accumulate in the environment and their bioaccumulation
rate is very high (range from 100 to 3000) in different organ-
isms.>® Fish can absorb PAEs from water through gill respir-
ation, ingestion of contaminated food particles and dermal
exposure.”®?” As a result, these compounds pose a potential
environmental threat to aquatic organisms."®'® Previous litera-
ture indicated that PAEs can cause mutagenic effects in
aquatic organisms®*® and reproductive and developmental
effects.>>*° Hence, the contamination of aquatic ecosystems
with PAEs is a serious problem throughout the world.>”"*!

Among the PAEs, dibutyl phthalate (DBP) and diethyl
phthalate (DEP) are ortho-short chain PAEs, which are used
much more than the other forms of PAEs and are listed as
Class 2 priority pollutants by the U.S. Environmental
Protection Agency and Level 4 toxic chemical substances in
Taiwan.?*** DBP enters the environment through production,
disposal in industrial and municipal landfills, waste incinera-
tion, and leaching from consumer products during use or after
disposal®® and has been detected in various environmental
matricies.>*® Likewise, DEP, which is one of the low mole-
cular weight phthalate esters, is used as a plasticizer in many
products®*™*' and enters the aquatic environment from indus-
tries and plastic and commercial products.*” These esters,
which have been identified in all environmental compart-
ments, also act as an endocrine disrupting chemicals.*® The
impact of DBP and DEP on aquatic organisms has been
reported by a few authors**™*® and are considered major con-
taminants in the aquatic environment.*

Even though plastic products are restricted for use in carry
bags, food packaging materials and medical applications, DBP
and DEP are extensively used in the manufacture of personal
care products and incense sticks, as a perfume binder.>*” In
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one of the major Indian rivers, the PAEs level detected was up
to 1640 ng L' in water samples and 1438 ng g~' dw in sedi-
ments.*® Among the PAEs, DBP and DEP were found to be the
most predominant in all the samples with a contribution of
11% and 22% and a range between 0-372 ng L™ and 36-520
ng L™ in the water samples, respectively.

The presence of PAEs in water may reach the human body
through ingestion, inhalation or dermal absorption.”® These
low molecular weight PAEs do not accumulate in the body but
are hydrolyzed to the corresponding monoesters and absorbed
through phase 1 biotransformation.’** These monoester
metabolites are oxidized in the body and conjugate with glu-
curonic acid in phase II biotransformation and are finally
excreted through urine.’>*® The monomers could elicit ROS
and cause an imbalance in the oxidative stress defence
mechanism.>® This oxidative imbalance could lead to bio-
chemical, physiological and pathological changes in a cell/
organism.

To our knowledge, most of the previous literature illustrates
the quantification of PAEs in the aquatic ecosystem. However,
toxicological profiles, especially the aquatic toxicity of PAEs are
scarce. Hence, we attempt to study the impact of DBP and DEP
on the freshwater fish Cyprinus carpio using multiple bio-
markers. Haematological, ionoregulation, biochemical,
enzymological and antioxidant biomarkers are the routinely
used biomarkers in fish which provide early warning signals in
bio-monitoring.’”>° The fish Cyprinus carpio is a widespread
freshwater fish in Indian rivers and also a cultivable fish singly
or in combination with other major Indian carps.

Materials and methods
Chemicals and reagents

All chemicals were purchased from Loba Chemie Pvt. Ltd,
Mumbai, India and were of analytical grade (99.99%) and did
not contain additives or impurities that would affect the
outcome of this study.

Animals and maintenance

Fingerlings of Cyprinus carpio (C. carpio) with an average
length of 6.0-7.0 cm and weight of 8.0-9.0 g were acquired
from the Tamil Nadu Fisheries Development Corporation,
Aliyar, Tamil Nadu, India. Fingerlings cultured from the same
brood stock were collected. After arriving at the laboratory, the
fish were stocked in a large cement tank (1000 L capacity) for a
minimum period of 30 days before the commencement of the
experiment. During the acclimation period, the fish were fed
ad libitum with rice bran and ground nut oil cake in dough form
once in day before the water was replaced. Three quarters of the
water was changed daily and the excess feed and fecal matter
were removed. During acclimatization, the fish stock was main-
tained under natural photoperiods and ambient temperature.
All experiments were performed in compliance with rele-
vant laws and guidelines of the Committee for the Purpose of
Control and Supervision of Experiments on Animals (CPCSEA),
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with approval by the Ministry of Environment and Forests,
Government of India (CPCSEA/CH/ORG/2006/2064).

Survival-to-mortality ratio at 96 h

Among the bioassay methods, the static bioassay method is
the most convenient in laboratory conditions. Hence, the
static bioassay method was chosen in the present investi-
gation.®® The 96 h median lethal concentrations of DBP and
DEP to the fish C. carpio was calculated via the probit analysis
method.®" Separate glass tanks (20 L capacity) were used and
different concentrations of DBP (5, 10, 15, 20, 25, 35 and
40 mg L") and DEP (5, 15, 25, 35, 45, 55 and 60 mg L") were
added by removing the appropriate amount of water.
10 healthy fingerlings were added to each tank. A toxicant free
control group was also maintained simultaneously. The fish
were inspected at least after 24, 48, 72 and 96 hours. Dead fish
were removed immediately. At the end of the 96 h exposure
period, the survival and mortality of the fish in the toxicant
exposed and control groups were recorded. Three replicates
were also maintained.

Sublethal toxicity studies and sampling frequency

For sublethal studies, 3.5 mg L™' (Treatment I) and 1.75
mg L™ (Treatment IT) of DBP and 5.3 mg L™" (Treatment I) and
2.65 mg L™ (Treatment II) of DEP were added in each glass
aquarium (100 liter capacity). Then 50 fish were introduced to
each glass aquarium. The water was changed daily in order to
avoid the accumulation of fecal matter and excess feed and
renewed with the toxicant. Positive and negative controls were
also maintained. Additionally, suitable replicates were main-
tained. During the experimental period, the fish were fed
ad libitum every day. The toxicity study was conducted for a
period of 35 days with sampling on the 7, 14, 21, 28 and 35™ day.

Preparation of samples and analytical procedures

Blood. Cardiac blood was collected from the DBP, DEP and
control groups in plastic disposable syringes fitted with
26 gauge needles which were pre-chilled and coated with
heparin (Beparine® heparin sodium, IP 1000 IU mL™", an anti-
coagulant). Then the blood was expelled into separate hepari-
nised plastic vials and kept immediately on ice. The whole
blood was used for the analysis of Hb, Hct, RBCs and WBCs
and the remaining blood samples were centrifuged at 93.9g, at
4 °C for 20 min to separate the plasma, which was used for the
estimation of biochemical parameters (glucose and protein)
and enzymes (GOT and GPT). A pooled blood sample was used
for the determination of all the other parameters.

Organs/tissue. After drawing blood, the fish were washed
with double distilled water and blotted dry with absorbent
paper. The gills, brains and livers were collected separately for
each group. 100 mg of each organ/tissue was homogenized
with 1.0 mL of 0.1 M Tris-HCI buffer (pH 7.5) in a Teflon
homogenizer and then centrifuged at 1000 rpm at 4 °C for
15 min. The supernatant was used for various analyses such as
ionoregulation (Na', K" and Cl7), enzymes (GOT, GPT ChE and
Na'/K'-ATPase) and antioxidants (SOD, CAT and LPO).

This journal is © The Royal Society of Chemistry 2017
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Hematological analysis

Hemoglobin content was estimated using the cyanmethemo-
globin method of Drabkin.®* Hematocrit was estimated via the
method by Nelson and Morris®® using an RM 12C micro centri-
fuge and a microhematocrit reader. Erythrocytes and leuco-
cytes were counted using a haemocytometer.®* The erythrocyte
indices, such as MCV, MCH and MCHC, were calculated using
standard formulas.

0y
MCV(cubic micra) = ,HCT,(@ 10
RBC count in millions per mm?
-1
MCH(picograms) = Hb(g ,dl, ) x 10
RBC count in millions per mm?
Hb(gdL™"
MCHC(gdL ™) = H((;g#(%)) X 100

Electrolyte analysis

Sodium was estimated using the method of Maruna® and
Trinder.®°

Step 1 Precipitation of sodium and protein: 1.0 mL of preci-
pitating reagent was added to 0.02 mL of sample and 0.02 mL
of standard solution was also added. The contents were mixed
well, kept at room temperature for 5 min and centrifuged at
2500-3000 rpm for 2 min to obtain a clear supernatant.

Step 2 Colour development: 1.00 mL of acid reagent
and 0.1 mL of color reagent were added to 0.02 mL of super-
natant and mixed well. The mixture was allowed to stand at
room temperature for 5 min and its optical density was
measured within 15 min against distilled water using a UV
Spectrophotometer at 530 nm and expressed as mmol L™

Potassium was estimated using the method of Sunderman
and Sunderman®” and Terri and Sesin.®® 1.0 mL potassium
reagent was added to 0.02 mL of sample. Similarly, blank
(0.02 mL of deionized water with 1.0 mL potassium reagent)
and standard (0.02 mL of potassium standard solution with
1.0 mL potassium reagent) samples were also prepared. The
contents were mixed well, allowed to stand for 5 min at room
temperature and the absorbance measured within 15 min
against deionized water using a UV Spectrophotometer at
630 nm and the level expressed as mmol L™".

Chloride was estimated using a modified method of
Schales and Schales® and Schoenfeld and Lewellen.”® 1 mL of
chloride reagent was added to 0.01 mL. Similarly, standard
(0.01 mL of chloride standard solution with 1 mL of chloride
reagent) and blank (0.01 mL of distilled water with 1 mL of
chloride reagent) samples were also prepared. The contents of
the tubes were mixed well, kept for 2 min at room temperature
and the optical density measured against distilled water using
UV a spectrophotometer at 505 nm within 60 min of prepa-
ration which was expressed as mmol L™".

Biochemical parameters

Plasma glucose was estimated using the O-toluidine method
of Cooper and McDaniel.”* 5 mL of O-toluidine colour reagent
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was added to 0.1 mL of sample. Similarly, 0.1 mL of distilled
water with 5 mL of O-toluidine colour reagent and 0.1 mL of
glucose standard solution with 5 mL of O-toluidine colour
reagent were also prepared as blank and standard samples,
respectively. The contents in the test tubes were mixed well,
kept in a boiling water bath for 10 min, cooled under running
tap water for 5 min and their optical density (O.D) measured
against the blank at 630 nm within 30 minutes using a UV
spectrophotometer and expressed as mg per 100 mL.

Plasma protein was estimated following the method of
Lowry et al.”? 0.90 mL of distilled water was added to 0.10 mL
of sample. A blank was prepared with 1 mL of distilled water.
A mixture of 5.0 mL of solution C [50 mL of solution A (2.00 g
of sodium carbonate dissolved in 100.00 mL of 0.1 N NaOH)
and 1 mL of solution B (500.00 mg of copper sulfate dissolved
in 100.00 mL of 1% sodium potassium tartrate solution)] was
added to both the test and blank samples, kept for
10 minutes at room temperature, then 0.5 mL of Folin
phenol reagent was added and the optical density (0.D) was
read after 15 min at 720 nm using a UV spectrophotometer.
A standard was also prepared and the protein level was
expressed as pg mL .

Enzymological analysis

GOT and GPT activity was determined following the method of
IFCC.”® 1.0 mL of working reagent was incubated at 37 °C for
1 min and 0.1 mL of sample was added. The contents were
mixed well and the initial absorbance A, was read after 1 min.
The absorbance reading was repeated after 1, 2 and 3 min. The
0.D values were measured against distilled water using a UV
spectrophotometer at 340 nm. The mean absorbance change
per minute (AA/min) was calculated and the unit was
expressed as U L.

Na'/K'-ATPase activity was estimated according to the
method of Shiosaka et al.”* 0.3 mL of Tri-HCI buffer (pH7.5),
0.1 mL of 0.02 M ATP, 0.1 mL of 100 mM NacCl and 0.1 mL of
KCl were mixed and 0.1 mL of sample was added. Similarly,
0.1 mL of distilled water with above solutions was also pre-
pared. The contents of the tubes were mixed well, incubated in
a water bath at 37 °C for 15 min and the reaction was termi-
nated with 2.00 mL of 5% TCA. The tubes were kept at 4 °C for
30 min., centrifuged for 5 min at 500 rpm. Then 1 mL of
ammonium molybdate and 0.4 mL of ANSA reagent were
added to the supernatant and it was allowed to stand for
10 min at room temperature. The intensity of the blue colour
that developed was read at 680 nm against a reagent blank a
using UV spectrophotometer. The enzyme activity was
expressed in terms of micrograms of inorganic phosphorous
formed per gram of tissue.

The cholinesterase activity was measured using the method
of Knedel and Bottger’> and Tietz.”® 0.5 mL of sample was
added to 1.0 mL of working reagent, mixed well and incubated
at 37 °C for 30 s. A blank was also prepared with 1.5 mL of dis-
tilled water. The changes were measured using a UV spectro-
photometer at 405 nm for 90 seconds with an interval of 30
seconds and the activity was expressed as U L.
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Antioxidants analysis

SOD assays were estimated following the method of Marklund
and Marklund.”” 0.5 mL of sample was added to 0.25 mL of ice
cold ethanol and 0.15 mL of ice cold chloroform in an
Eppendorf tube. The contents were centrifuged for 15 min at
13 000 rpm and 0.5 mL of supernatant was separated and mixed
with Tris buffer (2 mL) and the total volume made up to 4.5 mL
by adding distilled water. Then 0.5 mL of freshly prepared pyro-
gallol was added. Simultaneously, a blank was also prepared by
mixing 2 mL of Tris HCI and 2.5 mL of distilled water. A pyro-
gallol standard was prepared by adding 2 mL of Tris HCl, 2 mL
of distilled water and 0.5 mL of pyrogallol. A brown colour
developed in the freshly prepared pyrogallol solution as a result
of oxidation. Immediately the O.D of the sample was measured
using a UV-spectrophotometer at 470 nm for 3 min at an interval
of 1 min each and expressed as IU g™ protein.

CAT activity was estimated according to the method of
Luck.”® 0.04 mL of enzyme extract was added to 3.0 mL of
H,0,-phosphate buffer and mixed thoroughly. The time
required for a decrease in absorbance by 0.05 units was
recorded at 240 nm using a UV-spectrophotometer. An enzyme
solution containing H,O,-free phosphate buffer served as the
control. One enzyme unit was calculated as the amount of
enzyme required to decrease the absorbance at 240 nm by 0.05
units. CAT activity was expressed as umol mg™" protein.

LPO activity was estimated according to the method of
Devasagayam and Tarachand.”® 0.5 ml of Tris HCI buffer was
added to 0.1 mL of sample and 0.15 mL of 10 mM KH,PO, and
0.25 mL of distilled water added. The contents were incubated
at 37 °C for 20 min with constant shaking. 1 mL of 10% TCA
was added to stop the reaction. Then 0.75 mL of TBA was added
and the tube was kept in a boiling water bath for 10 min after
which a pink colour was observed. The contents were centri-
fuged at 5000 rpm for 10 min. The O.D of the mixture was
measured at 532 nm using a UV-spectrophotometer and the
unit was expressed in nmoles of MDA per g protein.

Statistical analysis

Statistical analysis was conducted individually for each sample
and the mean value of five individual observations was taken
for each parameter. All the values were expressed as means
and analyzed by ANOVA, followed by a DMRT test using the
SPSS software to determine the significant differences (p <
0.05) between the treatment and controls for each parameter.

Results and discussion
Animal exposure and preliminary observation

A series of behavioral changes were noted in the fish when
exposed to both DBP and DEP. At the beginning of toxicant
exposure, disruption of schooling behavior was observed, and
then the fish stopped swimming and remained static in their
position. Later, to avoid toxicant water, the fingerlings showed
sign of erratic swimming and jumping activities. Additionally,
hyper-excitability and rapid opercular movements were
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observed as surfacing and gulping of air. Their fins became
very tough and stretched due to stretching of body muscles.
Throughout their body, mucus secretion was found to be
abundant. Later, the fish lost their balance, became lethargic,
lost consciousness and settled at the bottom of the tank.
Finally, their bellies turned upward, there was no opercular
movement and they died. These changes were parallel with the
increase in concentration of the toxicants. The observed behav-
ioral changes were found to be more in the DEP treated fish.

It is clear that the load of DBP and DEP in the aquatic
environment has increased dramatically in the last few
decades. Thus, this study was performed to determine the
potential effects of DBP and DEP on aquatic organisms at low
concentrations. DBP and DEP are relatively water soluble com-
pared to the other PAEs and result in chronic rather than acute
effects in aquatic organisms.®® In general, lipophilic sub-
stances are absorbed by organic substances in the aquatic eco-
system and acclimate in sediment. This could be a potential
way PAEs enter aquatic organisms.®’ In the present study, the
behavioral changes observed in both DBP and DEP exposed
fish are a reflection of the adverse effects caused by PAEs, in
which concentration dependent behavioral changes were also
noticed. A similar behavioural response was also reported in
Gammarus pulex exposed to DBP and C. carpio exposed to
DEP.**®' The observed behavioural changes such as rapid
opercula movement, erratic swimming and loss of balance
may be due to possible nervous disorder caused by the
toxicants.®?

In the present study, the 96 h LC50 was found to be 35
mg L ™" and 53 mg L™" for the DBP and DEP exposed fish, respect-
ively. Similar results were obtained in the study of Ghorpade
et al.®® and Barse et al.** The observed LC 50 value indicates
that the toxicants (DBP and DEP) are moderately toxic to the
fish C. carpio. The lethality occurred as a result of an abnormal
oxygen supply and ion transport which affected physiological
and biochemical processes. DBP and DEP are lipophilic sub-
stances which could accumulate in the gill region and prevent
the normal influx and efflux of respiratory gases and ions. DBP
and DEP are known to be peroxisomal proliferators (mediated
by PPARo/f/y) which cause uncoupled oxidative phosphoryl-
ation in the mitochondria.®**> As uncouplers, they could with-
hold the process of energy production and ultimately create
energy demand.®®®” This could lead to over activation of other
energy producing sources and finally end in failure of the
process and death of the organism. Furthermore the mortality
of the fish may also result from oxidative stress.

Hematology

The responses of the hematological parameter of C. carpio fish
exposed to sublethal concentrations of DBP and DEP for 35
days are presented in Table 1. All the hematological values are
significant at the p < 0.05 level.

In the present study the Hb, Hct and RBC values were
found to decrease in the DBP and DEP exposed fish in both
treatments compared to that in the respective control groups.
In the DBP exposed fish a maximum mean value of 3.90 and
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4.34 g dL™' was noted at the end of the 7" day and a
minimum value of 3.25 and 3.74 g dL.”" was noted at the end
of the 35™ day in Treatment I and II, respectively. A similar
response pattern was also noticed in the DEP exposed fish in
both treatments. There was no significant change in the posi-
tive control (acetone) group when compared to the negative
control groups (toxicant and acetone free water). A significant
(p < 0.05) reduction in Hct percentage was noted both in the
DBP and DEP exposed fish in both treatments. In the DBP
exposed fish a maximum percentage of 11.01% and 12.78%
and a minimum percentage of 9.40% and 10.92% was noticed
at the end of the 7™ and 35™ day in Treatment I and II,
respectively. Similarly, in the DEP exposed fish the percentage
of the Hct value was found to be 10.92% and 11.46% at the
end of the 35™ day in Treatment I and II, respectively.

The number of RBCs in the DBP and DEP treated groups
(Treatment I and II) were found to decrease until the end of
the 35™ day of exposure when compare to that of the negative
control groups. The decrease in the number of RBCs was
found to be maximum at the end of the 7 day in both the
treatments of the DBP and DEP exposed fish. As the exposure
period extended the significant (p < 0.05) decrease in RBCs
number was found to be minimum showing 0.87 and
1.20 million per cu.mm of blood in the DBP exposed fish and
1.50 and 1.46 million per cu.mm of blood in the DEP exposed
fish at the end of the 35" day in both treatments. Among the
treatments, Treatment II was found to be more toxic and, simi-
larly, DEP was more toxic than DBP. The decreased haemo-
globin concentration is an indication of hypochromic micro-
cytic anemia and impaired oxygen delivery to the tissues,
which could result in a slow metabolic rate and low energy
production.®® Similarly, the decrease in the Het value in the
present study might have resulted from swelling of RBC due to
DBP and DEP toxicity and effects. Furthermore, the decrease
in Hct value is an indication of heamodilution due to erythro-
cyte sequestration.®® Swelling of RBC, spleen transfusion and
fluid shifts may also lead to a decrease in Hct value.’® The
reduction in Hb, RBC and PCV observed in Clarias gariepinus
exposed to DEP indicated anemic condition of the fish or
heamodilution due to erythrocyte sequestration or gill hemor-
rhage due to toxicant exposure.®” In the present study, a
decrease in RBC count was also noted in both treatments,
which indicates that the anaemic condition of the fish is due
to DBP and DEP stress.

Compared with the control groups, the WBC count in both
the DBP and DEP exposed fish was significantly (p < 0.05)
increased for Treatment I and II. The significant increase in
WBC count is directly proportional to the exposure period,
which shows a maximum value of 93.36 and 70.98 1000 cu.
mm ™" of blood in the DBP exposed fish and 60.75 and 58.73
1000 cu.mm™" of blood in the DEP exposed fish at the end of
the 35™ day for Treatments I and I, respectively. Between the
two treatments, Treatment I of both the DBP and DEP exposed
groups was found to be more toxic. Similarly, among the toxi-
cant groups, DEP was found to be more toxic. Alteration in the
WBC level is an indication of activation of the immune
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Table 1 Alterations in the hematological parameters of C. carpio exposed to PAEs for 35 days

DBP DEP
Parameters/exposure Positive Negative Treatment I Treatment II Treatment I Treatment II
period control control (3.5mg L™ (1.75 mg L™ (5.3mgL™) (2.65 mg L)
Hb (gdL™)

7 5.07 5.04% 3.90% 4.34° 4.022 4.31%
14 5.28° 5.222 3.86° 4.04%° 3.97% 4.17%
21 5.16% 5.06% 3.77° 3.95° 3.9° 4.11%°
28 5.17° 5.27% 3.60° 3.81° 3.84° 3.98°
35 5.27% 5.13% 3.25° 3.74P 3.74° 3.92°
Hct ("/0)

7 15.14% 14.52° 11.01° 12.78%° 11.822P 12.6%°
14 15.04%° 15.42° 11.3° 11.18° 11.68%° 12.18%°
21 15.3% 14.96%° 11.02¢ 11.64¢ 11.28¢ 12.00%¢
28 15.22° 15.50° 10.40° 11.38° 11.04° 11.82°
35 15.38% 15.40° 9.40° 10.92° 10.92° 11.46°
RBC (million per cu.mm of blood)

7 2.06% 2.15% 1.40° 1.822 1.80° 2.012
14 2.12° 2.07° 1.13¢ 1.64° 1.73% 1.91%°
21 2.03%P 2.212 0.99¢ 1.55° 1.69°¢ 1.823b¢
28 2.08° 2.07° 0.93¢ 1.39° 1.53P 1.74%°
35 2.27% 2.14% 0.87¢ 1.20%° 1.50° 1.46°
WBCs (1000 cu.mm ™" of blood)

7 25.45¢ 25.30° 47.44° 35.394 48.99% 40.68°
14 26.10f 27.08° 59.05% 40.51¢ 50.30° 45.02°
21 27.80° 25.82F 75.17° 61.90° 53.84¢ 48.594
28 27.05° 28.18° 88.36° 62.68° 57.82¢ 52.649
35 29.319 29.649 93.36° 70.98° 60.75¢ 58.73¢
MCYV (cubic micra)

7 73.67% 67.78%° 77.38% 69.38%" 67.15%° 62.42°
14 70.99° 75.97° 98.62° 67.30° 66.68° 63.68°
21 76.46° 68.54° 109.10° 74.35° 66.10° 66.76°
28 73.855¢ 75.65°¢ 111.15% 81.22° 71.825¢ 67.69°
35 68.23¢ 72.85°¢ 106.70% 90.74° 72.26° 79.00°¢
MCH (picograms)

7 24.68%° 23.47° 27.51° 23.59° 22.85° 21.33°
14 24.97° 25.69° 33.62° 24.49° 22.72P 21.81°
21 25.76° 23.19° 37.27° 25.23° 22.93° 22.84°
28 25.01" 25.74"¢ 38.67° 27.18° 25.05%¢ 22.89°
35 23.35° 24.23¢ 36.81° 31.09° 24.75¢ 27.02¢
MCHC (g dL™)

7 33.51° 34.76%° 35.63° 34.05% 34.04%° 34.18%P
14 35.20° 33.84% 34.10 37.50% 34.12° 34.232
21 33.70° 33.84% 34.18%° 33.95% 34.79° 34.26%°
28 33.91° 34.02° 34.80% 33.48°% 34.91% 33.85%
35 34.23° 33.29° 34.48° 34.28% 34.33° 34.20%

Means in a column followed by common superscript for the phthalate esters are not significantly different (p < 0.05) according to DMRT.

response against stress (increased) and tissue damage
(decreased).”” In the present study, the observed leucocytosis
indicates stimulation of the immune system by the fish to
protect themselves against DBP and DEP stress. The signifi-
cant increase in WBC count in Oreochromis mossambicus
exposed to DEP might have resulted from the hypersensitivity
of leucocytes to DEP stress.”” Furthermore, entry of WBCs
from the spleen into the blood circulation may also lead to an
increase in WBC count under toxic conditions.”

When compared to the control groups, the MCV values
were found to be increased throughout the study period in
Treatment I of the DBP exposed fish. However, in Treatment II

510 | Toxicol Res., 2017, 6, 505-520

the MCV value was found to be increased after the 21° day
showing a value of 74.35, 81.22 and 90.74 cubic micra when
compared to the control groups on the 21, 28" and 35" day,
respectively. In the DEP treated groups, a significant (p < 0.05)
decrease in MCV value was noted both in Treatment I and II
(except on the 35™ day). Upon comparison of the results DEP
is found to be more toxic. As shown in Table 1, the MCH
values increased in Treatment I and II (except on the 14™ day)
for the DBP exposed fish when compared to that in the normal
control groups. However, in the DEP exposed groups the MCH
values were found to decrease (except on the 35™ day) both in
Treatment I and II when compare to that of the control
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groups. The significant (p < 0.05) changes in the MCH value
was found to be maximum in the DEP exposed groups. The
MCHC values of the DBP exposed groups were found to
increase in Treatment I throughout the study period (except on
the14™ day). However, in Treatment II a significant (p < 0.05)
increase was noted at the end of the 7™ and 35™ day when
compared to that in the control groups. In Treatment I of the
DEP treated groups, the MCHC values increased (except on the
7™ day) compared to that in the normal control. In Treatment
II the MCHC values were found to increase on days 14 (34.23
g dL™"), 21 (34.26 g dL ") and 35 (34.20 g dL. ") compared to that
in the normal control group. Saleh and Marie®* stated that
MCV, MCH and MCHC are blood indices and their alteration
illustrates the anemic state of organisms. In our investigation,
a biphasic condition of the MCV, MCH and MCHC values were
recorded. An increase in MCV value is an indication of swell-
ing of RBCs, whereas a decrease in MCV value indicates
impaired oxygen uptake due to toxic stress. Similarly, an
increase in immature RBCs in circulation may result in a
decrease in MCH value.”>® In contrast, an increase in MCH
value might result from hypochromic microcystic anemia.®”
The alteration in MCHC value may be due to congenital

spherocytosis, as reported by Sobecka’® and Ramesh et al.”®

View Article Online

Paper
Electrolytes

The responses of gill and brain Na‘, K" and CI”~ levels of the
DBP and DEP exposed fish are shown in Fig. 1-3. Both the gill
and brain Na‘, K" and Cl~ levels were found to be decreased
significantly (p < 0.05) in Treatment I and II of the DBP and
DEP exposed fish. A maximum reduction was observed at the
end of the 35™ day in both treatments. No significant changes
in the level of Na' were noted in the positive control when
compared to the negative control. Generally, adrenaline-
mediated stress response and osmoregulatory failure may
decrease the gill electrolyte levels in fish.°”'°® A decline in
Na', K" and CI~ concentration in the brain of fish may be due
to the increased urinary excretion of ions due to renal tubular
dysfunction or reduced intestinal absorption.'®""'°> Previous
studies indicate that PAEs affect the Na*/K™-pump and Ca*"/
Mg>"-pump activities in abalone embryos.'® Inhibition of the
Na'/K'ATPase enzymes results in the erratic entry of ions into
the cell and as a result cell swelling could occur which finally
leads to rupturing of the cell membrane.'® In the present
investigation the significant decrease in electrolyte levels in
the gill and brain of the fish might have resulted from the
inhibition of Na'/K'ATPase activity due to DBP and DEP stress
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Fig. 1 Gill and brain sodium (mmol L™ level of C. carpio exposed to DBP (3.5 mg L™, Treatment | and 1.75 mg L%, Treatment Il) and DEP
(5.3 mg L™, Treatment | and 2.65 mg L™, Treatment Il) for 35 days. Each value represents the mean + SD of 5 individuals. The same small letter on

the different colored columns is not significantly different (p < 0.05).
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Fig. 2 Gill and brain potassium (mmol L™) level of C. carpio exposed to DBP (3.5 mg L™, Treatment | and 1.75 mg L™, Treatment Il) and DEP
(5.3 mg L™, Treatment | and 2.65 mg L™, Treatment Il) for 35 days. Each value represents the mean + SD of 5 individuals. The same small letter on

the different colored columns is not significantly different (p < 0.05).
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Fig. 3 Gill and brain chloride (mmol L™) level of C. carpio exposed to DBP (3.5 mg L™, Treatment | and 1.75 mg L%, Treatment Il) and DEP
(5.3 mg L%, Treatment | and 2.65 mg L™, Treatment II) for 35 days. Each value represents the mean + SD of 5 individuals. The same small letter on

the different colored columns is not significantly different (p < 0.05).

since significant inhibition of Na'/K'ATPase activity was
observed. Osmoregulatory failure due to DBP and DEP stress
may also lead to a decrease in electrolyte levels.

Glucose and protein level

A duration dependent effect was noted in the level of glucose
and protein in the DBP and DEP exposed fish in both treat-
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ments (Fig. 4 and 5). A maximum elevation of plasma glucose
level was noted at the end of the 35™ day in the DBP and DEP
exposed fish with a value of 170.23 (Treatment I) and 165.18
(Treatment II) (mg per 100 mL) and 160.97 (Treatment I) and
155.21 (Treatment IT) (mg per 100 ml), respectively. Similarly, a
minimum elevation was noted at the end of 7™ day in the DBP
and DEP exposed fish with a value of 149.56 (Treatment I) and
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Fig. 4 Glucose (mg per 100 mL) level in the plasma of C. carpio exposed to DBP (3.5 mg L™%, Treatment | and 1.75 mg L%, Treatment Il) and DEP
(5.3 mg L%, Treatment | and 2.65 mg L™, Treatment Il) for 35 days. Each value represents the mean + SD of 5 individuals. The same small letter on

the different colored columns is not significantly different (p < 0.05).
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Fig. 5 Protein (ug per mL) level in the plasma of C. carpio exposed to DBP (3.5 mg L™, Treatment | and 1.75 mg L%, Treatment Il) and DEP
(5.3 mg L™, Treatment | and 2.65 mg L™, Treatment Il) for 35 days. Each value represents the mean + SD of 5 individuals. The same small letter on

the different colored columns is not significantly different (p < 0.05).
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143.95 (Treatment II) (mg per 100 mL) and 141.86 and 138.75
(Treatment II) (mg per 100 mL), respectively. Recently
Mathieu-Denoncourt et al.'% reported that PAEs may interfere
with the PPARa, PPARP and PPARy genes which control fatty
acid degradation, fatty acid metabolism, and glucose levels.
Oxidative phosphorylation is the biochemical process where a
high amount of energy is produced by the transfer of electrons
in the mitochondria. DBP and DEP cross the lipid membrane
easily and are known to cause uncoupled oxidative phosphoryl-
ation in cellular organelles. Furthermore, an elevated blood
glucose level is an indication of improper carbohydrate meta-
bolism.'*® In the present study, the elevation in the glucose
level both in the DBP and DEP exposed fish might have
resulted from the stimulation of glucocorticoids by DBP and
DEP. In Treatment I and II of the DBP and DEP exposed fish
the protein levels was found to be decreased significantly (p <
0.05) throughout the study period when compared to that of
the control groups. In contrast to the glucose level, changes in
the plasma protein level were found to be more in DEP
exposed fish.

Fish under stress may also mobilize protein to meet the
energy requirements needed to sustain increased physiological
activity. In the present study, the higher energy demand during
DBP and DEP exposure might have triggered an increase in
protein catabolism, a process in which both blood and struc-
tural protein are converted into energy, thereby reducing the
protein level. Furthermore, histopathological changes due to
toxicant accumulation may lead to impaired functioning of
organs which results in a reduction in protein level.'”” Similar
to the present investigation, a significant decrease in total
protein was noted in E. fetida exposed to di-(2-ethylhexyl)phtha-
late (DEHP).'*® The significant decrease in protein content may
also be due to the induction of heat shock proteins (hsps).**
These proteins play a significant role in protein homeostasis'*
and the cellular stress response within the cell''" and also help
fish to cope with environmental changes.''*'"* Hsp90 is active
in supporting various components of the cytoskeleton''* and
Hsp70 is known to support the repair and degradation of
denatured proteins''® in fish. Expression of high levels of these
proteins has been reported in fish exposed to toxicants.'*®*'”
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Enzyme activities

GOT. Plasma GOT activity was found to be increased
throughout the study period both in Treatment I and II of the
DBP and DEP exposed fish when compared to the control
groups (Fig. 6). In the DBP treated group (Treatment I), a per-
centage increase of 50.09%, 52.26%, 56.16%, 59.32% and
62.86% was noted at the end of the 7, 14, 21, 28 and 35" day,
respectively. Similarly, in Treatment II a percentage increase of
35.88%, 40.19%, 53.39%, 57.29% and 61.27% was noted at the
end of the 7, 14, 21, 28 and 35" day, respectively. In the DEP
exposed fish a similar trend was also noticed which showed a
maximum percentage increase of 55.94% and 48.51% and
minimum percentage increase of 36.38% and 31.65% at the
end of the 35 and 7™ day in Treatment I and II, respectively.
Among the treated groups, the maximum percentage increase
was observed in the DBP treated group.

In the DBP exposed fish liver, GOT activity was significantly
increased as the exposure extended, which showed a percen-
tage increase of 96.17%, 99.63%, 105.85%, 118.66% and
125.44% and 88.40%, 99.07%, 102.32%, 113.41% and 114.26%
at the end of the 7, 14, 21, 28 and 35" day in Treatment I and
11, respectively (Fig. 6). Similarly, in the DEP exposed fish, the
GOT activity was found to be increased throughout the
exposure period, which showed a minimum percentage
increase of 88.75% and 87.42% and maximum percent
increase of 112.76% and 105.90% at the end of the 7 and 35™
day in Treatment I and II, respectively.

GPT. Throughout the study period, GPT activity was found
to be increased at all concentrations for both toxicants (Fig. 7).
Moreover, the significant (p < 0.05) increase in GPT activity in
the DBP exposed groups was directly proportional to the
exposure period, which showed a minimum percentage
increase of 26.14% and 23.37% and a maximum percentage
increase of 48.30% and 41.47% at the end of the 7 and 35™
day in Treatment I and II, respectively. A similar trend was also
noticed in the DEP exposed fish which showed a minimum
percentage increase of 20.27% and 18.10% and a maximum
percentage increase of 36.97% and 32.20% at the end of the
7 and 35™ day in Treatment I and II, respectively. Similar to the
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Fig. 6 GOT (U L™ level in the plasma and liver of C. carpio exposed to DBP (3.5 mg L™, Treatment | and 1.75 mg L™, Treatment Il) and DEP
(5.3 mg L™, Treatment | and 2.65 mg L™, Treatment Il) for 35 days. Each value represents the mean + SD of 5 individuals. The same small letter on

the different colored columns is not significantly different (p < 0.05).
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Fig. 7 GPT (U L™ level in the plasma and liver of C. carpio exposed to DBP (3.5 mg L™, Treatment | and 1.75 mg L™, Treatment I) and DEP
(5.3 mg L%, DEP I and 2.65 mg L™, DEP II) for 35 days. Each value represents the mean + SD of 5 individuals. The same small letter on the different

colored columns is not significantly different (p < 0.05).

GPT activity in plasma, liver GPT activity was also found to be
increased in the different concentrations of DBP and DEP
exposed fish when compared to the control groups (Fig. 7). In
the DBP exposed fish the maximum percentage increase of
92.75% was noted at the end of the 35" day in Treatment
I. Similarly, in Treatment II, the maximum percent increase of
85.66% was noted at the end of the 35™ day. In the DEP
exposed fish, a maximum percent increase of 83.47% and
78.11% was observed at the end of the 35™ day in Treatment I
and II, respectively.

PAEs as lipophilic substances easily penetrate the mem-
brane and their affinity with lysosomal activity could alter
enzymes. In the present study, the significant increase in GOT
and GPT levels in the plasma of fish exposed to DBP and DEP
indicates hepatic damage due to DBP and DEP accumulation
which may in turn release these enzymes into bloodstream.
Similarly, the observed increase in liver GOT and GPT activity
indicates that the fish tried to mitigate the stress caused by
DBP and DEP by an increased rate of metabolism. Ghorpade
et al.®® and Kang et al.* reported that the significant increase
in transaminase activity in fish exposed to DEP indicates that
DEP stimulates glutamate transaminase activity. This situation
is an indication of high protein turnover and amino acid
metabolism in PAEs exposed fish. Furthermore, disturbances
in the Krebs cycle caused by DBP and DEP may be another

possible reason for the observed increase in GOT and GPT
activity.

Na'/K'-ATPase activity

Changes in the gill Na'/K'-ATPase activity in the DBP and DEP
treated fish at different concentrations are presented in Fig. 8.
In the DBP treated fish, a significant (p < 0.05) decrease in gill
Na'/K'-ATPase activity was noted throughout the exposure
period in both treatments when compared to the control
groups. The significant inhibition of gill Na'/K'-ATPase activity
was found to be maximum in Treatment II when compared to
Treatment I (except at the end of the 35" day). A similar trend
was also noted in the DEP exposed fish. Between the two toxi-
cants, DEP was found to be more toxic when compare to the
DEP exposed group. No inhibitions in the activity of the gill
Na'/K'-ATPase were observed in the acetone treated groups
throughout the study period. The enzyme activity was found to
be significantly (p < 0.05) decreased in both the DBP and DEP
exposed groups at all concentrations tested (Fig. 8). In the DBP
exposed fish, the decrease in enzyme activity was indirectly
proportional to the exposure period which showed a minimum
percentage decrease of 11.12% and 15.67% at the end of the
35" day in Treatment I and II, respectively. Similarly, in the
DEP exposed group a minimum percent decrease of 14.49%
and 13.59% was also noted at the end of the 35™ day in
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Fig. 8 Na*/K*-ATPase activity in the gill and brain of C. carpio exposed to DBP (3.5 mg L™, Treatment | and 1.75 mg L™%, Treatment Il) and DEP
(5.3 mg L™, Treatment | and 2.65 mg L™, Treatment Il) for 35 days. Each value represents the mean + SD of 5 individuals. The same small letter on

the different colored columns is not significantly different (p < 0.05).
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Treatment I and II, respectively. No significant changes were
observed in the brain Na'/K'-ATPase activities between the
positive and negative control groups.

Inhibition of Na'/K'-ATPase activity in tissues indicates the
inhibition of oxidative phosphorylation.*® Oruc et al'*
reported that the inhibition of the Na'/K'-ATPase in gill may
result from toxicant-induced disturbances in the Na'/K'-
ATPase pump. In the present study, the significant decrease in
gill and brain Na'/K'-ATPase activity might have also resulted
from the direct inhibition of the enzyme activity by DBP and
DEP. The lowest amount of inhibition was recorded in the
brain probably due to the presence of the blood brain barrier
in the brain."*® The decline in brain ATPase activity in the fish
Channa punctata may be due to LPO induced structural and
functional alteration of the brain plasma membrane.'"’

Cholinesterase activity

A significant (p < 0.05) decrease in brain ChE activity was
noted at all concentrations in both toxicant exposed groups
(Fig. 9). In the DBP exposed groups, the decrease in brain ChE
activity was found to be maximum in Treatment II compared
to Treatment I. However, in the DEP exposed groups the
decrease in brain ChE activity in both treatments was relatively
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similar. Between the two toxicants, DBP was found to be more
toxic. No significant changes were observed in brain ChE
activities between the positive and negative control groups.

Generally, PAEs accumulate in aquatic animals and cause
adverse effects. In PAEs treated fish, neuronal genes (gap43,
elavl3, gfap, mbp and ngn1) were highly expressed which indi-
cates the neuro-toxicological effect of DBP and DEP."*° In the
present study, the significant decrease in brain ChE activity
might have resulted from DBP and DEP binding with a large
number of functional sulfhydryl groups or the neurotoxic
effect of these toxicants. A significant inhibition of the AChE
activity in fish exposed to DEP indicates the lipophilic nature
of DEP.*

Alterations of gill and liver antioxidant activity

SOD activity. A significant (p < 0.05) decrease in gill SOD
activity was observed at all concentrations in both toxicant
treated groups when compared to the control groups (Fig. 10).
In the DBP treated groups, a percentage decrease of 0.076%,
0.063%, 0.059%, 0.054% and 0.049% was noted at the end of
the 7, 14, 21, 28 and 35" day in Treatment I. In Treatment II, a
maximum percentage decrease of 0.155% was noted at the end
of the 7 day and a minimum percentage decrease of 0.078%
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Fig. 9 Brain cholinesterase activity of C. carpio exposed to DBP (3.5 mg
Treatment | and 2.65 mg L™, Treatment 1) for 35 days. Each value represen
colored columns is not significantly different (p < 0.05).

21 28 35
iod (in days)

L%, Treatment | and 1.75 mg L™, Treatment Il) and DEP (5.3 mg L%,
ts the mean + SD of 5 individuals. The same small letter on the different

| Positi\{e control M Negative control B DBP - Treatment | EDBP - Treatment ||l @ DEP - Treatment | [ DEP - Treatment Il

SOD activity (IU g™ protein)

Exposure

Fig. 10 SOD (IU g™ protein) activity in the gill and liver of C. carpio expose

a a aa

period (in days)

d to DBP (3.5 mg L™, Treatment | and 1.75 mg L™, Treatment Il) and DEP

(5.3 mg L™, Treatment | and 2.65 mg L™, Treatment Il) for 35 days. Each value represents the mean + SD of 5 individuals. The same small letter on

the different colored columns is not significantly different (p < 0.05).

This journal is © The Royal Society of Chemistry 2017

Toxicol Res., 2017, 6, 505-520 | 515


http://dx.doi.org/10.1039/c7tx00084g

Published on 26 April 2017. Downloaded by RSC Internal on 24/05/2018 14:47:37.

Paper

was noted at the end of the 35" day. In the DEP treated
groups, a maximum decrease (0.081% and 0.203%) and a
minimum decrease (0.036% and 0.130%) were noted at the
end of the 7 and 35™ day, respectively. There was a significant
decrease in the liver SOD activity in the fish exposed to DBP
and DEP (Treatment I and II) throughout the study period
(Fig. 10). In both the DBP and DEP exposed groups the
decrease in liver SOD activity was indirectly proportional to the
exposure period.

Similar to our study, inhibited activities of SOD, CAT and
glutathione peroxidase have been reported in the liver of the
freshwater goldfish Carassius auratus injected intraperitoneally
with 17 different PAEs."*' The alteration in the SOD activity
indicates the compensatory response in stressed fish and its
inhibitory action could be an indicator of damage in the anti-
oxidant mechanisms."* Low molecular weight compounds
such as DBP and DEP may penetrate through the cell and
generate a rapid response which leads to a decrease in SOD
activity."”® Furthermore, an excess of H,O, may reduce SOD
activity, i.e., production of oxidants or ROS accumu-
lation."”*'?** Saglam et al.'** suggested that decreased SOD
activity might be an indicator of damage in the antioxidant
mechanisms caused by toxicants. In the present study, the
decline in SOD activity also indicates damage in SOD protein
due to the overproduction of ROS from DBP and DEP stress.
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CAT activity. The catalase activity in the gill of Cyprinus
carpio exposed to different concentrations of DBP and DEP
are presented in Fig. 11. The gill CAT activities in Treatment I
and II of the DBP and DEP exposed fish showed a significant
decrease throughout the study period compared to that of the
control groups. A maximum percentage decrease of 15.90%
and 18.71% was noted at the end of the 7™ day in Treatment
I and II DBP treated groups. Similarly, in the DEP treated
groups a maximum percent decrease of 18.80% and 18.86%
was also noted at the end of the 7™ day. Between the two toxi-
cant groups, DEP was found to be the more toxic. The liver
CAT activities in the DBP and DEP treated groups (Treatment
I and Treatment II) were found to decrease significantly
throughout the study period in relation to the control groups
(Fig. 11). In the DBP exposed groups, a maximum percentage
decrease of 21.59% and 24.65% and a minimum percentage
decrease of 13.34% and 15.78% were noted at the end of the
7 and 35™ day in Treatment I and II, respectively. Similarly,
in the DEP treated group a maximum percentage decrease of
23.84% and 26.86% and a minimum percent decrease of
15.66% and 17.64% were noted at the end of the 7 and 35™
day in Treatment I and II, respectively. Similar inhibition
effects on SOD and CAT were found in Nile tilapia, Zebra fish
and rodents exposed to PAEs.'?®'?®'*” DBP and DEP at a
given dose may increase ROS production resulting oxidative

M Positive control B Negative control B DBP - Treatment | EDBP - Treatment Il @ DEP - Treatment | 0 DEP - Treatment Il

40 -

w
o
L

N
o
L

=
o
!

o
!

CAT activity (umol mg-!
protein)

aa
pa aa aa

Exposure period (in days)

Fig. 11 CAT (umol mg™ protein) activity in the gill and liver of C. carpio exposed to DBP (3.5 mg L™, Treatment | and 1.75 mg L™, Treatment II) and
DEP (5.3 mg L™, Treatment | and 2.65 mg L2, Treatment II) for 35 days. Each value represents the mean + SD of 5 individuals. The same small letter

on the different colored columns is not significantly different (p < 0.05).

] Posigve control M Negative control EDBP - Treatment| EDBP - Treatment Il £ DEP - Treatment | CDEP - Treatna1ent 1]

2R
o wn

LPO activity (umol mg-!
protein)
o wun

Exposure period (in days)

Fig. 12 LPO (umol mg™ protein) activity in the gill and liver of C. carpio exposed to DBP (3.5 mg L%, Treatment | and 1.75 mg L™%, Treatment Il) and
DEP (5.3 mg L™%, Treatment | and 2.65 mg L™, Treatment II) for 35 days. Each value represents the mean + SD of 5 individuals. The same small letter

on the different colored columns is not significantly different (p < 0.05).

516 | Toxicol Res., 2017, 6, 505-520

This journal is © The Royal Society of Chemistry 2017


http://dx.doi.org/10.1039/c7tx00084g

Published on 26 April 2017. Downloaded by RSC Internal on 24/05/2018 14:47:37.

Toxicology Research

stress in fish. The inhibition of CAT activity results due to the
accumulation or improper neutralization of H,0, by SOD in
the cell.”® Mankidy et al'®® noted the failure of gene
expression of SOD and CAT resulted as oxidative stress
caused by PAEs.

LPO activity. During the exposure period LPO activity
increased throughout the study period in both treatments
(Fig. 12). The values were found to be statistically significant at
5% when compared to that of the control groups. In the DBP
treated fish, a maximum percent increase of 21.72% and
20.04% was noted at the end of the 35" day in Treatment I
and 1II, respectively. Similarly, in the DEP treated fish a
maximum percent increase of 20.44% and 20.04% was also
noted at the end of 35™ day in Treatment I and II, respectively.
Lipid peroxidation activity in the liver was found to gradually
increase as the exposure period extended, which showed a
maximum percent increase of 32.18% and 27.55% at the end
of the 35™ day in Treatment I and II, respectively, of the DBP
exposed fish (Fig. 12). Similarly, in the DEP treated fish a
maximum percent increase of 29.17% and 24.65% was also
noted at the end of the 35™ day in Treatment I and II, respect-
ively. The statistical analysis reveals that all the values are sig-
nificant at the 5% level. Similar to our study, a high pro-
duction of LPO was noted in zebrafish embryos exposed to
PAEs."”®'?° Xu et al.'®° also noted an elevation of ROS and
MDA production in zebrafish embryos upon exposure to DBP
and DEP, which reflects oxidative stress. In the present study,
the observed elevation in LPO in the gill and liver of the fish
exposed to DBP and DEP might have resulted from the oxi-
dative stress caused by these toxicants at the given concen-
tration. Furthermore, the poor response of the CAT enzyme to
stressors could also elevate the LPO content in the organ-
isms.'*® The above alteration in antioxidant enzyme activities
indicates that both DPB and DEP stimulate organ damage
through oxidative stress via the generation of ROS, lipid peroxi-
dation and disrupting cell function."*

Conclusions

The median lethal concentration of this study reveals that DBP
is more toxic than DEP. Both DBP and DEP at sublethal con-
centrations can cause adverse effects on fish. The data on
hematological, electrolytes, biochemical and enzymological
parameters are useful as baseline data for the control of PAEs
contamination in the aquatic ecosystem. Furthermore, the
alterations of antioxidant enzymes can be effectively used as
biomarkers for the risk assessments of PAEs on aquatic organ-
isms. However, further research is needed on the molecular
mechanism and genotoxicity potential of these PAEs on
aquatic organisms.
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