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Abstract: Phthalic Acid Esters (PAEs) are mainly used in the plastics
industry as adhesives and plasticizers. Di-n-Butyl Phthalate (DBP) is one of
the important members in the family of PAEs was listed as environmental
priority pollutants by the US Environmental Protection Agency. The
objective of this study was to evaluate the toxicological consequences in Nile
Tilapia Oreochromis niloticus L. fingerlings, exposed to 1/10 and 1/20 LC50
of DBP for 8 weeks, via determination of its effect on growth performance
and mortality rate, behavioral changes, DNA damaging potential using comet
assay (SCGE) in gills, oxidative stress biomarkers via serum reduced
glutathione content (GSH), Superoxide Dismutase enzyme activity (SOD)
and Malondialdehyde (MDA) concentration as a marker of lipid peroxidation,
determine serum Alanine Aminotransferase (ALT), cortisol, creatinine, urea
and IgM. Histological alterations occurred in liver, kidneys and gills. In this
study 90 O. niloticus L. fingerlings were used. Mortality was investigated in
DBP exposed fishes. There was significant decrease in final body weight,
weight gain and body gain percentage, condition factor was decreased in fish
which exposed to 1/10 and 1/20 LC50 DBP. Behavioral changes were
observed. Significant increase in tail length, tail DNA % and TM in DBP
exposed groups than the control ones except in 1/20 DBP exposed group the
increase in tail length and tail moment was non-significant. Significant
reduction in serum GSH content, significant increase in SOD, MDA, ALT,
cortisol, creatinine and urea levels in groups of DBP exposed fish compared
with control one. In the other hand there was a significant decrease in total
serum IgM in DBP exposed groups. There were variable histo-pathological
alterations in liver, kidney and gills depending on the dose and duration of
DBP exposure. The results indicate that DBP induced oxidative stress and the
fish seemed to activate compensatory antioxidant defense to cope with the
imposed substance. Considering these results, it can be concluded that there is
still a need for simultaneous assessment of toxicological consequences of
different phthalate esters on multiple cellular target.
Keywords: PAEs-Di-n-Butyl-Phthalate, O. Niloticus L. Fingerlings, Growth
Performance, Oxidative Stress, Comet Assay

Introduction
A plethora of chemicals enter animal feed, human
food and water either as undesirable contaminants or as a
part of the components of a diet. Phthalate esters,
Phthalic Acid Esters (PAEs), are used as plasticizers to
increase the flexibility and durability of various materials

and primarily used in manufacturing Polyvinyl Chloride
(PVC) polymers and Plastisol (Staples et al., 1997).
They are also used in personal care products, paints,
adhesives, agricultural adjuvants, food products, building
materials, medical devices, detergents and surfactants,
children’s toys, printing, pharmaceuticals, inks and
coatings (Hauser and Calafat, 2005). Though most
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Experimental Design

phthalate esters have low acute toxicity, phthalate esters
are potentially harmful when exposed to humans that can
cause toxic and mutagenic effects (Zeng et al., 2009).
Di-N-Butyl-Phthalate (DBP) is one of the most
common phthalates. DBP leaches from many products and
has become a common contaminant that is present in the
environment (ATSDR, 2001). These chemicals can enter
aquatic environment through in correct waste disposal from
manufacturing units, accidental spillage from industries,
effluents from waste water treatment plants and consumer
products. Fresh water in South Africa was reported to
contain up to 1 mg L1 of DBP (Fatoki and Noma, 2002).
Fish like other aquatic organisms may be exposed to a
great range of pollutants includes PAEs absorbing them
from water through gill respiration, ingestion of
contaminated food particles and dermal exposure (Streit,
1998). Hence, these pollutants may significantly damage
certain physiological and biochemical processes when they
enter into the organs of fishes (Banaee and Ahmadi, 2011).
So, the effects of these pollutants on fishes are of great
concern. PAEs also could induce oxidative stress in aquatic
organism, such as abalone (Zhou et al., 2011). Therefore,
the health of aquatic organisms is linked to hyper
generation of ROS and antioxidant compound. Harmful
effects of ROS include lipid peroxidation, DNA damage
and cell death (Winston and Di Giulio, 1991).
Nile Tilapia fingerlings were employed as a target
replica in our study because it is very sensitive to various
pollutants and easy to culture and handle in laboratory. In
the previous studies, PAEs induced oxidative responses and
the antioxidant enzymes played important roles in the
defense strategy against PAEs stress. The objective of this
investigation was to study the toxicological and pro-oxidant
effects on health of Nile Tilapia fingerlings in response to
Di-n-butyl phthalate exposure via determination of its
adverse effects on growth performance and mortality,
behavior, DNA damaging potential in gills, serum
biochemical parameters, oxidative stress biomarkers and
histopathological changes in gills, liver and kidneys.

After acclimatization, Nile tilapia (Oreochromis
niloticus L.) ﬁngerlings (n = 90) with 10.14-10.4 g mean
body weights were randomly divided into three groups
each with 30 individuals. Each group with two replicates
containing fish at density of 15 fish per aquarium. Group1
was reared in free tap water and treated as control. Fish
belonging to group 2 and 3 were exposed for 8 weeks to
1.18 mg/L and 0.59 mg/L, respectively of DBP that
corresponding to 1/10 and 1/20 of LC50 value. LC50 used
in this study was (11.8 mg/L) according to (Hakim and
Ali, 2014). Throughout the experimental period fish were
fed daily with commercial food at a rate of 4% of their
body weights. Food was not given for 24 h prior to
experiment and dissection. Aquarium water was
completely changed every 48 h to maintain water quality
with the appropriate pesticide amount.

Sampling
Blood samples of fish from all groups were taken
from caudal vein and processed immediately according
to (Lied et al., 1975). Sera were separated and
immediately frozen at -80 further estimations of
biochemical parameters. After the end of the
experimental period fish were killed immediately and the
tissues (liver, kidneys and gills) were collected and fixed
in 10% buffered neutral formalin solution and then passed
to 70% ethanol, dehydrated through graded ethanol series
(70-100%), cleared in xylene and embedded in paraffin.
Five micron thick paraffin sections were cut and stained
with Haematoxylene-Eosin (H&E) and examined under a
light microscope (Bancroft and Gamble, 2008).

Comet Assay (SCGE)
After the end of the experimental period fish were
killed immediately and the tissues of gills were
immediately taken, washed with phosphate buffer saline
then kept at -80 for determination of DNA damage by
alkaline comet assay according to Singh et al. (1988).

Materials and Methods
Study Species

Oxidative Stress Biomarkers

Nile tilapia (Oreochromis niloticus L.) ﬁngerlings
(n = 90) were obtained from the AL Abassa fish farm,
Sharkia province with average weights were (9±0.5
g). Fishes were randomly divided into experimental
aquaria (80X 30X40) and acclimated for laboratory
conditions for 10 days (10 ﬁsh/aquarium). During
acclimatization, fish were held in permanently aerated
tap water. Water renewal was made twice weekly.

Serum samples were used for detection of Superoxide
Dismutase (SOD) activity according to the method
described by Kakkar et al. (1984), Malondialdehyde
(MDA) concentration as a marker of lipid peroxidation
according to the method adapted by Ohkawa et al.
(1979), reduced glutathione (GSH) content according to
the method described by Moron et al. (1979).

Chemicals

Serum Biochemical Parameters

DBP used in this study was of analytical standard
grade (CAS number: 84-74-2) and purchased from
Sigma-Aldrich Chemical Corporation (Egypt). All the
other chemicals were of analytical grade and obtained
from Sigma-Aldrich (Egypt).

Serum Alanine Aminotranseferase (ALT) was
determined colorimetrically according to method of
(Reitman and Frankel, 1957) and modified by (King,
1965), serum urea level according to the method
described by (Chaney and Marbach, 1962), serum
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creatinine according to method adapted by (Husdan and
Rapoport, 1968), serum cortisol according to the method
described by (Foster and Dunn, 1974). Finally, IgM levels
were determined according to the method described by
(Siwicki and Anderson, 1993). Protein levels estimation
were determined by the method of (Lowry et al., 1951)
using bovine serum albumin as standard.

Evaluation of DNA Damage Via Comet Assay
In the existent study, intoxication of DBP in Nile
tilapia fingerlings resulted in DNA damage as indicated
by the significant increase in tail length (px), tail DNA%
and TM in groups of DBP intoxicated fish compared
with the control ones in these experimental
circumstances as presented in Table 3 and Fig. 1. Only,
group exposed to 1/20 DBP intoxication showed nonsignificant increase in tail length and tail moment than
the control group at p<0.05.

Statistical Analysis
Statistical analysis was based on comparing the
values between the untreated control group with the low
and high acute FNT exposed groups. The results are
expressed as means ± SE. The statistical significance of
the data has been determined using one way Analysis of
Variance (ANOVA-LSD) using the Statistical Package
for Social Science (SPSS, 1997). The level of
significance was taken as (p<0.05).

Oxidative Stress Biomarkers
Relating to the effect of chronic low and high sub
lethal intoxication of Nile tilapia fingerlings to DBP on
oxidative stress parameters, the data demonstrated in
Table 4 declared a significant depletion of serum
reduced glutathione content (GSH), significant
elevation in the serum SOD activity and in lipid
peroxidation bimarker (MDA) after DBP exposure
versus control group at p<0.05.

Results
Effect of DBP Intoxication on Growth
Performance of Nile Tilapia O. Niloticus
Fingerlings

Serum Biochemical Parameters
The results demonstrated in Table 5 revealed that, the
fish exposed to 1/10 and 1/20 LC50 of DBP showed
significant increase in the level of ALT, creatinine, urea
and cortisol in comparing with control group. The fish
exposed to 1/10 and 1/20 LC50 of DBP showed significant
decrease in Igm level in comparing with control group.

In the existing study, the results demonstrated in
Table 1 showed that significant decrease in final body
weight, weight gain and body gain percentage. Condition
factor was decreased in fish after chronic exposure to
1/10 and 1/20 LC50 exposure levels of DBP compared
with control ones.

Histopathological Finding

Effect of DBP on Behavioral Response and
Mortality of O. Niloticus Fingerlings

No microscopic abnormalities were seen in the liver,
kidneys and gills of control group. In sub-chronic
exposure to 1/20 and 1/10 LC50 of DBP, liver showed
moderate vacuolations in the hepatocytes and hydropic
degeneration with pyknotic nuclei. Sometimes, the portal
areas showed necrosis in the pancreatic acini and few
lymphocytes infiltrations (Fig. 2.4). Congestion of
hepatic blood vessels and hemorrhage were detected.

The results showed in Table 2 demonstrate that, the
mortality rate to fish exposed to 1/10 and 1/20 96 hrs LC50
of DBP were 36.6 and 26.6% respectively. The previous
fish appeared sluggish and not respond to tested reflexes,
dark coloration, presence of thick mucus was present and
severe congestion in internal organs was recorded.

Table 1. Effect of DBP concentration (1/10 and 1/20 LC50) on growth performance on O. niloticus fingerlings
Group parameters
Control
1/10 LC50
Initial body weight (g)
10.14±0.49 a
10.2±0.24 a
Initial total body length (cm)
8.5±0.7 a
8.5±0.41 a
a
٭Final body weight (g)
33.41±1.4
21.5±0.35b
٭٭Final total body length (cm)
12.3±0.4a
12±0.5a
Weight gain (gm)
23.58±0.31a
11.23±0.25b
Body gain %
229
110
Condition factor
a. at start
1.65
1.79
b. at end
1.66
1.24
Percent of change condition
1.68
1.32
factor (% of initial value)
Means within the same row bearing different subscripts are significant at p≤0.05
٭Final body weight after 8 week
٭٭Final total body length after 8 week
271

1/20 LC50
10.33± 0.23 a
8.5±0.2 a
23.4± 0.45b
12.1±0.42a
13.05±0.22b
126
+14
-42
-36
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(A)

(B)

(C)

Fig.1. Nucleus of gill cells of Nile tilapia fingerlings after sub-chronic exposure to 1/10 and 1/20 DBP sub lethal concentrations (A)
control group almost normal condensed type nucleus (B) 1/10 DBP exposed group showed coma shaped nucleus (C) 1/20
DBP exposed group showed coma shaped nucleus

Fig. 2. Photomicrographs showing control liver (1). Control kidney (2). Control gill (3). Chronic exposure to DBP (4) Liver shows
moderate vacuolations in the hepatocytes and hydropic degeneration besides necrosis in the pancreatic acini and few
lymphocytes infiltrations. (5) Kidney shows congestion and hemorrhage with focal vacuolations in the renal tubular epithelia.
(6) Kidney shows coagulative necrosis and few interstitial round cells aggregations. (7 and 8) Gill shows congestion of
lamellar blood capillaries and hemorrhage besides focal epithelial proliferations, increased goblet cells and fusion at the base
of gill filaments. HE (Bar = 100 µm)
Table 2. Effect of DBP concentration (1/10 and 1/20 LC50) on behavioral response and mortality rate in O. niloticus fingerlings

Concentration of
--------------------------Group DBP (mg/L)
1
Control
2
1/10 LC50 (0.47 mg/L)
3
1/20 LC50 (0.235 mg/L)

Observation (week)
-----------------------------------------------------------------------------------------------------------------------------------------------------1st
2nd
3rd
4th
5th
6th
7th
8th
Mortality rate at the end
------------------ ---------------- --------------- ---------------------------------------------- ---------------- -----------------------ER
+++
+++
+++

MR
0
0
0

ER
+++
+++
+++

MR
0
1
0

ER
+++
++
+++

MR
0
1
1

ER
+++
++
++

MR
0
2
1

ER
+++
++
++

MR
0
1
2

ER MR
+++ 0
+
3
++
2

ER
+++
+
+

MR
0
2
1

ER
+++
+
+

MR
0
1
1

No
0
11
8

%
0
36.6
26.6

ER = Escape Reflex
MR = Mortality Rate
+++ = Fish respond well to escape reflex and showing normal activity and movement
++ = Fish moderately respond to escape reflex and showing sluggish activity and movement
+ = Fish weakly respond to escape reflex showing immotility
Table 3. Oxidative DNA damage (comet assay) observed in gills of Nile tilapia fingerlings after chronic exposure to DBP (1/10 and
1/20 LC50) (Mean± S.E.)
Tail length (px)
Tail DNA%
Tail moment
Control
12.66±1.2 b
0.197±0.02 c
0.048±0.01 b
a
a
1/10 DBP
19.5±1.04
2.73±0.24
0.513±0.16 a
1/20 DBP
14.81±1.5 b
1.48±0.21 b
0.221±0.03 ab
Means in the same column having the different superscript letter were significantly different (p<0.05)
Table 4. Changes in serum GSH content (ng/mL), SOD activity (unit/ mg protein) and MDA (nmol/mL) concentration of Nile tilapia
fingerlings after exposure to DBP (1/10 and 1/20 LC50) (Mean± S.E.)
GSH (ng/mL)
SOD (unit/L)
MDA (nmol/L)
Control
9.91±0.3 a
30.03±1.2 c
48.97±0.76 c
c
a
1/10DBP
3.12±0.3
51.7±1.3
88.55±2.57 a
b
b
1/20 DBP
5.95±0.6
35.7±0.49
57.28±1.03 b
Means in the same column having the different superscript letter were significantly different at (p<0.05)
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Table 5. Changes in serum biochemical parameters of Nile tilapia fingerlings after chronic exposure to DBP (1/10 and 1/20 LC50)
(Mean± S.E.)
Parameter group
AlT (IU /dL)
Cortisol (mg/dL)
Creatinine (mg/dL)
Urea (IU/dL)
IgM value (µg/mL)
Control
17.67±0.33c
6.14±0.005c
0.15±0.005c
7.67±0.33c
23.38±0.33a
1/10 DBP
30.67±0.67a
16.05±0.53a
1.0±0.03a
19.00±0.57a
9.33±0.08b
b
b
b
b
1/20 DBP
27.00±0.57
13.05±0.35
0.84±0.02
17.33±0.33
11.38±0.11c
Means in the same column having the different superscript letter were significantly different at (p<0.05)

exposure in Nile Tilapia fingerlings. As regards to
effects of DBP on growth performance the present
study showed that sub-chronic exposure to 1/10 and
1/20 LC50 of DBP resulted in significant decrease in
final body weight, weight gain, body gain percentage
and condition factor. These results are similar to that
obtained by (Liu et al., 2012) reported a significant
decrease in body weight of male rats after prenatal
exposure to DBP. These results are in difference with
that obtained by (Xu et al., 2014). This difference
may be attributed to species differences, different
inborn capacity of each species to detoxify pollutants
and different tolerance to DBP, or may be ascribed to
individual, seasonal and environmental variations or
may be qualified to differences in the development
stage and size of fish used.
Regarding to effect of DBP on behavior, the current
study showed that DBP exposed fishes showed
behavioral changes and did not respond to tested reflexes.
One explanation for this behavior is that DBP may act as a
stress that results in behavioral changes, general stress
behavior, as a mechanism by which animals adapt to
changes in their environment, including exposure to
contaminants as mentioned by (Kane et al., 2005). Stress
responses caused by pollution can result from
physiological compensatory mechanisms that compensate
for toxic effects of the pollutant (Beyers et al., 1999).
Regarding oxidative DNA damage, comet assay is
the most widely used as a non chromatographic method
for assessment of oxidative DNA damage (Gedik and
Collins, 2005). So we select the test for studying
genotoxicity of DBP than other genotoxicity assays (e.g.,
micronuclei,
mutations,
structural
chromosomal
aberrations). Recent in vitro studies using the alkaline
comet assay (single-cell gel electrophoresis) found Di-nButyl Phthalate (DBP) to be genotoxic in human
epithelial cells of the upper aero-digestive tract
(Kleinsasser et al., 2000a), as well as in mucosal cells
and lymphocytes (Kleinsasser et al., 2000b).
In this study Nile tilapia fingerlings showed positive
genotoxic effect of DBP using SCGE assay. These results
are in concordance with that obtained by (Duty et al.,
2003). Depletion of GSH content in DBP exposed fishes
(obtained in this study) below a critical level prevents the
conjugation of xenobiotics (DBP) to GSH for
detoxification and enables them to freely combine
covalently with DNA, RNA, or cell proteins resulting in
cellular damage (Meister and Anderson, 1993). Also,
Reduction of GSH by xenobiotics (DBP) below a certain

Slight intravascular hemolysis was rarely seen. The
kidneys showed congestion, edema and hemorrhage.
Cloudy swelling and focal vacuolations in the renal
tubular epithelia were observed (Fig. 2.5). Interstitial
aggregations of round cells were noticed. Hyaline and
cellular casts were seen inside the lumina of some renal
tubules (Fig. 2.6). The gills revealed congestion of
lamellar blood capillaries and hemorrhage. Focal
epithelial proliferations with increased goblet cells and
fusion at the base of gill filaments were visualized
besides few leukocytic infiltrations (Fig. 2.7. and 2.8.).
Therefore mentioned lesions were prominent and slightly
increased with 1/10 LC50 of DBP.

Discussion
Concerning the estimation of DBP 96 h LC50 value in
Nile tilapia fingerlings, the results of existing study
showed that DBP 96 h LC50 in Nile tilapia fingerlings is
about 12.4 mg L1. This estimate indicates that DBP is
moderately toxic to Nile tilapia. It is difficult to assess the
toxicity of DBP to Nile tilapia fingerlings from the limited
data available. Results of present study are in dissimilarity
with (Mayer Jr. and Sanders, 1973) who mentioned that
acute 96 hr bioassays indicate that the toxicity of DBP to
fish is relatively low. This may be attributed to species
differences, or may be ascribed to individual, seasonal and
environmental variations or may be qualified to
differences in the development stage and size of fish used.
Esters of phthalic acid including DBP are chemical
agents used to improve the plasticity of industrial
polymers. Their ubiquitous use in multiple commercial
products results in extensive exposure to humans and the
environment. However, the toxic effects of DBP on the
health of Nile tilapia still persistent unclear.
The previously estimated value of DBP 96 h LC50 in
Nile tilapia fingerlings showed that DBP 96 h LC50 is about
11.8 mg/L (Hakim and Ali, 2014). This estimate indicates
that DBP is moderately toxic to Nile tilapia. But, it is
difficult to assess the toxicity of DBP to Nile tilapia
fingerlings from the limited data available. The results of
the (Mayer Jr. and Sanders, 1973) who mentioned that
acute 96 hour bioassays indicate that the toxicity of DBP to
fish is relatively low. This may be attributed to species
differences, or may be ascribed to individual, seasonal and
environmental variations or may be qualified to differences
in the development stage and size of fish used.
So the aim of the present study is to assess the
detrimental consequences after DBP sub-chronic
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level allows the enhancement of lipid peroxidation and
induction of ROS, which could also cause formation of
DNA single strand breaks (Banu et al., 2001).
The antioxidant defense and immune response in fish
are the important defense against insult by
environmental contaminants. As oxidative stress is the
first response to environment stressors (Livingstone,
2001), we think that Nile tilapia fingerlings initiates
antioxidant and detoxification responses to counteract a
DBP exposure. In the present study, we found that DBP
exposure resulted in generating of oxidative stress in
Niletilapia fingerlings indicated by increased level of
SOD, MDA and depletion of GSH content. These results
are in accordance with that obtained by (Zhou et al.,
2011; Xu et al., 2013). The release of ROS is one of
essential reasons for the generation of oxidative stress
and the depletion of antioxidant defense. It is well
known that the production of ROS in biological system
in response to contamination is associated with cell
injury or death, lipid peroxidation and membrane
damage. Once the free radicals are formed, tissue cells
will protect themselves by inducing scavenging enzymes
such as Superoxide Dismutase (SOD). SOD converts the
free radicals into Hydrogen Peroxide (H2O2) and
molecular Oxygen (O2) to reduce the toxicity of free
radicals in the tissue cell. Our results showed that SOD
was increased and decrease in GSH levels in the DBPtreated groups. These results indicated that DBP seems
to induce free radicals in fish. Responding to the stress
of increased free radical, the treated fish would induce
scavenging enzymes (SOD) and depletion of antioxidant
molecules (GSH) to reduce the damage of the free
radicals as a detoxification mechanism. Increased MDA
concentration in DBP exposed fish may be attributed
to the imbalance between ROS generation and
removal results in damage to DNA, lipids and proteins
(Valko et al., 2006). Lipid peroxidation of
polyunsaturated fatty acids is initiated due to the
formation of ROS. MDA is among secondary products
of lipid peroxidation and is extensively studied as a
potential indicator of oxidative imbalance during the
onset of many diseases (Niki, 2008). These results also
indicated that DBP resulted in an increase of ROS.
On the focus of DBP effect on serum biochemical
parameters, obtained results in current study investigated
that 1/10 and 1/20 DBP significantly altered compared
with control groups. These results are in disagreement
with that obtained by (Zhong et al., 2013) who observed
non significant changes in DBP treated rats than control
ones. This may be attributed to difference in study
species. Generally elevated ALT enzyme level may
indicate degenerative changes and hypofunction of liver
as the toxicants effects on the hepatocytes are in the form
of tissue damage in which cellular enzymes are
released from the cells into the blood serum which
gives an indication of the hepatotoxic effect of

toxicants (Firat et al., 2011). The above findings were
confirmed by the obtained histopathological changes
in liver and kidney under the intoxication effect of DBP in
the present study. Phthalates such as DBP DEHP and
DINP altered liver and kidney function causing a variety
of alterations in kidney function in animals including renal
cysts, reduction in creatinine clearance and transitional
cell carcinoma (Woodward, 1990).
Concerning to cortisol level, the obtained data in the
existent investigate showed significant increase in the
serum cortisol level. Cortisol assessment generally has
been used as a sign of stress response in fish (Wendelaar
Bonga, 1997). The stress hormone cortisol has been
shown to increase glucose production in fish, by both
gluconeogenesis and glycogenolysis and likely play an
important role in the stress-associated increase in plasma
glucose concentration (Iwama et al., 1999). In regards to
the increase in urea and creatinine may be due the
decrease of glomerular infiltration rate of kidney and
tubular dysfunction (Saleh et al., 2007) which is
confirmed by the obtained significant histopathological
injury in kidneys of Nile tilapia after DBP exposure. Due
to its complexity, immune system is exceptionally
sensitive to environmental contaminants and there is
evidence that xenobiotics including PAEs can impact
cell immune response in aquatic organisms (Chen and
Sung, 2005). Alternation of immune function is used in
assessing ecotoxicological effects of contaminant
exposure (Zelikoff et al., 2002). The histopathological
changes in liver, kidneys and gills in present study may
be attributed to the generation of oxidative stress and
consequent lipid peroxidation occurred by DBP obtained
in the current study and reported in many species. Two
broad outcomes of lipid peroxidation are structural
damage of cellular membranes and generation of
oxidized products. These reactive products are thought to
be the major cause of tissue damage

Conclusion
The present study demonstrated that DBP induced
oxidative stress, immune responses and oxidative DNA
damage in Nile tilapia fingerlings. Thus, it has been
concluded that the tested oxidative stress biomarkers
should be useful as indicators for the risk assessment of
DBP in the aquatic environment and there is still a need
for further assessment of toxicological consequences of
different phthalate esters on multiple cellular targets.
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