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Abstract
Assessment of toxicity risks posed by pesticides to aquatic organisms may be a prerequisite to
adverse effects on the ecosystem. Effects of the organophosphate pesticide (OP) profenofos
to the thiobarbituric acid reactive substances (TBARS) and genotoxicity using micronuclei
(MN) and other nuclear abnormalities (NA) were investigated. Biological samples of liver
and blood from Japanese medaka (Oryzias latipes) were used. Blood and liver samples
were collected for genotoxicity (MN and NA) and TBARS test, respectively. Profenofos
caused significant oxidative stress during Day 2 of exposure as indicated by the increase of
malonydialdehyde content in the liver samples of O. latipes. However, oxidative stress was
significantly reduced the longer the fish were exposed. In terms of MN and NA induction,
profenofos exhibited a positive dose-dependent and exposure-time-dependent relationship.
The higher the concentration and the longer the exposure time, the higher were the MN and
NA frequencies per 1000 erythrocytes. The highest recorded MN and NA frequencies per
1000 erythrocytes at Day 10 were 3 and 11; and 43.11 and 58.22, respectively, with Control
registering only 1.33 and 20.89 per 1000 erythrocytes, respectively.
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Introduction
The use of chemical pesticides is fairly
recognized as a cost effective method for
controlling pests though these chemicals are
highly toxic to other species in the
environment (Rao et al., 2003). Residues of
pesticides can reach the aquatic environment
and pose as risks for the non-target
organisms,
reaching the food chain,
threatening the ecological balance and
biodiversity of nature (Pandey et al., 2011).
Profenofos
is
a
broad-spectrum
organophosphate pesticide which is used
widely for agricultural and household purposes
in India (Rao et al., 2003), Australia (Kumar
and Chapman, 1998), Korea (Min and Cha,
2000), Pakistan and Egypt (Pandey et al.,
2011). It is very toxic to fish and published
96-h median lethal concentration (LC50)
*Correspondence: alburo rosalyn@yahoo.com

values to three species namely; crucian carp
(Carassius
carassius),
rainbow
trout
(Oncorhynchus mykiss) and bluegill (Lepomis
machochirus) varied from 80 to 300 µg/L
(Worthing and Walker, 1987).
There now exists convincing evidence that
oxidative stress and reactive oxygen species
(ROS) play important role in the etiology
and/or progression of a number of human
diseases (Halliwell and Gutteridge, 1999 in by
Dalle-Donne et al., 2003).
The medical
significance of oxidative stress has become
increasingly recognized to the point that it is
now considered to be a component of virtually
every disease process. Generation of ROS may
occur by a large number of physiological and
nonphysiological processes, which include
their generation as by-products of normal
cellular metabolism,
primarily in the
mitochondria. ROS may damage all types of
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Materials and Methods

biological molecules. Oxidative damages to
proteins, lipids, or DNA may all be seriously
deleterious and may be concomitant.
However, proteins are possibly the most
immediate vehicle for inflicting oxidative
damage on cells because they are often
catalysts rather than stoichiometric mediators;
hence, the effect of damage to one molecule
is greater than stoichiometric (Dalle-Donne et
al., 2003).

Laboratory
experiment
was
generally
conducted at the Marine Science Education
and Research Institute, Faculty of Fisheries,
Kagoshima University, Kagoshima, Japan.
Test organisms, chemicals, reagents, and
equipment were provided by Kagoshima
University.

Chemicals

Thiobarbituric acid reactive substances
(TBARS) are byproducts of lipid peroxidation
which includes degradation products of fats.
These can be detected by the TBARS assay
using thiobarbituric acid as a reagent.
Reactive oxygen species (ROS) have
extremely short half-lives, hence, they are
difficult to measure directly. Several products
of the damage produced by oxidative stress,
such as TBARS are the ones that can be
measured (Chauhan et al., 2004).

Heparin was purchased from Tokyo Chemical
Industry Co., Ltd, Japan. Dichloromethane,
hexane, and acetone used were all pesticide
grades, while silica gel (Wakogel, C100),
sodium
chloride,
disodium
hydrogen
phosphate 12-hydrate, potassium chloride,
2-phenoxyethanol and potassium dihydrogen
phosphate were all analytical grades. These
chemicals were purchased from Wako Pure
Chemical
Industries
Ltd.,
Japan.
Genotoxicity, on the other hand, describes May-Grunwald and Giemsa stains were from
the property of chemical agents that damages Merck, Germany.
the genetic information within a cell causing
Exposure Test
mutations, which may lead to cancer. Among
current cytogenetic test systems, the There were four treatments, T (control), T
1
2
assessment of micronuclei is commonly used (0.04 ppm), T (0.2 ppm) and T (1.0 ppm).
3
4
for evaluating structural and numerical The concentrations of the target pesticide
chromosomal
aberrations
induced
by were based on the result of the range finding
clastogenic and aneugenic agents (Heddle et test previously conducted wherein the range
al., 1991).
concentration that resulted in fifty percent
mortality for such pesticide to the test animal
was determined. Four aquariums (9.5 in x 9 in
x 12 in) with 10 liters water were set-up each
containing 24 freshwater O. latipes,
approximately 3–4 cm in length (carrying
capacity of approx. 1g/L) (Figure 1). The
aerated tap water exposed to activated carbon
and the O. latipes fish were provided by the
Marine Science Education and Research
Institute, Faculty of Fisheries, Kagoshima
University, Kagoshima, Japan. The freshwater
O. latipes fish have been reared in the
laboratory of the Institute. Approximately one
mL of Artemia salina was fed to the fish every
three days. A day before pesticide exposure,
eight O. latipes fish were sampled to establish

Fish are very sensitive to changes in their
environment
and
are
considered
as
bio-indicators of pollutant effects. They play
significant roles in assessing potential risks
associated with contamination of new
chemical in the aquatic environment (Pandey
et al., 2011; Lakra et al., 2009). Interest in
the development of biomarkers to assess the
sublethal effects of toxicants is growing.
Hence, this study was conducted to determine
the genotoxicity and oxidative stress
biomarker response of Japanese medaka
(Oryzias latipes) exposed to organophosphate
pesticide profenofos and to determine the
relationship between the two biomarkers as
measures of pesticide toxicity.
2
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TBARS Test

baseline
data
for
genotoxicity,
acetylcholinesterase enzyme activity inhibition
(AChE), and TBARS. This constituted the
data for Day 0. The eight fish were not a part
of the 96 fish used for the exposure test.
A 10-day exposure was applied. Related
study established that concentration of
profenofos in zebrafish (Brachydanio rerio)
maintained an equilibrium until 168 h or 7
days (Min and Cha, 2000). The flow-through
exposure method for T2 –T4 was used. The
static condition was followed for Control
(Figure 2).
Eight O. latipes fish were
collected from each aquarium on the 2nd , 5th ,
and 10th day of the exposure period. Due to
the small size of the fish, fish were composited
to represent a replicate sample. A total of 96
(24x4) freshwater O. latipes fish were used
during the risk assessment determination.
Oxidative stress and genotoxicity tests were
done every sampling period. Dissolved oxygen
(DO), pH, and temperature of the test water
were monitored daily using DO meter (Navi
Model OM-51, Horiba, Ltd., Japan) and pH
meter (Hanna, USA).

Thiobarbituric acid reactive substances
(TBARS)
content
was
determined
colorimetrically by the method of Pokorny and
Dieffenbacher (1989), which is based on the
spectrophotometric determination of the pink
complex formed after the reaction of one
molecule of malonyldialdehyde (MDA) with
two molecules of 2-thiobarbituric acid. Fish
liver sample was homogenized with phosphate
buffer (0.1g/mL) using Power masher II
(Nippi, Japan), and was centrifuged at 1000
rpm for 10 min at 4o C. One mL of the
supernatant was added with 2mL of 0.37%
(w/v) TBA:15% (w/v) TCA in 0.25M HCl. It
was heated in boiling water for 15 min and
allowed to cool to room temperature. The
supernatant liquid was collected after the
sample was centrifuged at 1000 rpm for 10
min. The absorbance was measured at 532
nm against a water blank using UV-Vis
spectrophotometer (UV-1600,
Shimadzu,
Japan). A blank reagent was run, and the
absorbance was recorded. The TBA value
(mg of malonyldialdehyde per 0.100 g of
tissue) was obtained by using the molecular
extinction coefficient for MDA 2.56 x 105
M–1 cm–1 and A = εCL where A, absorbance;
ε, molar absorptivity; C, concentration and L,
path length.
The protein content of the samples was
quantified according to the Bradford dye
binding procedure using the Bio-Rad Protein
Assay (Bradford, 1976) with bovine serum
albumin as standard.

Sampling of Fish for Biochemical Test
Fresh weight, body length, and total body
length of the fish were determined prior to
conducting further tests.
This was to
establish that the fish were approximately of
the same size and weight.
Fish were
anesthetized with 2-phenoxyethanol (0.7
mL/L H2 O) and bled by cutting the tail using
double blades following the procedure of Ball
and Ensor (1965) with some modifications.
Blood was collected by placing the severed
portion of the fish in a microtube containing
0.3 mL 0.9% saline solution with three drops
of heparin. The heparin was used to prevent
the blood from clotting. The fish was allowed
to bleed for 5 min before it was removed. The
blood solution was centrifuged at 1000 rpm
for 30s. The supernatant liquid was removed
using a Pasteur pipette and the residue after
separation from the blood solution of the two
fish were combined and used for blood smear.

Genotoxicity Test
Blood smear was prepared based on the
procedures of Cheikyula et al. (2009) as
modified by Bacolod et al. (2013). A blood
smear was air-dried for 24 h and was fixed in
absolute methanol for 30 s, washed with
distilled water, and air-dried for another 24 h
before staining. The dried smear was added
with Giemsa stain in phosphate buffer solution
(0.1g/mL)
and
counterstained
with
3
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Figure 1: Photograph of Flow-through exposure set-up. a) with cover b) without cover.

Statistical Analysis

May-Grunwald solution. Three smears were
done for each replicate sample. The dried
smear was added with Giemsa stain in
phosphate buffer solution (0.1g/mL) and
counterstained with May-Grunwald solution.
Three smears were done for each replicate
sample.
Micronuclei (MN) and other nuclear
abnormalities
(NA)
formation
were
determined using the method of Cheikyula et
al. (2009) as modified by Bacolod et al.
(2013). MN and NA were identified based on
Al-Sabti and Metcalfe (1995) and Fenech et
al.
(2003) using an Olympus CX41
microscope at 1000x magnification. A total of
1000 erythrocytes were observed per slide.
The final frequency was obtained after getting
the average MN and NA of three slides from
one replicate sample, and then finally getting
the average MN and NA from four replicate
samples.

Analysis of Variance (ANOVA) was used to
test the significance between treatments and
between
days
of
sampling.
Student-Newman-Keuls’ or S-N-K Test was
used to further test if significant differences
among treatments exists.
SNK Test was
preferred because it is more selective and
conservative.

Results and Discussion
Biochemical Test
TBARS Assay
As can be seen in Figure 2, highest TBAR
values across treatments were noted during
Day 2. During all sampling days, T3 (1.00
ppm) which was the highest concentration,
had the highest TBAR values which were
significantly different from all the treatments
except on Day 10, where it was not
significantly different from T2 and T1 but
significantly different from that of Control. It
can be inferred that generation of TBARS is
dose dependent. These results are consistent
with the findings of other studies that MDA
levels
increase
as
concentration
of
organophosphate pesticide (dichlorvos) was
also increased (Das, 2013; Lukaszewicz -

Evaluation of the TBARS and
Genotoxicity
The Spearman’s rank order correlation or
Spearman’s rho was used to compute for the
correlation between the two biomarkers. This
was chosen for its ability to deal with a
monotonic relationship between variables and
of variables with unequal number of sample
size.
4
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* Different letters are significantly different.

Figure 2: Concentration of TBARs measured as malonyldialdehyde in O. latipes.

from the metabolism of various chemicals
(Das, 2013). Many compounds in the fish
system have antioxidant capacity, such as the
enzymes
superoxide
dismutase
(SOD)
(manganese in the active enzymatic centre or
copper and zinc), catalase (CAT), glutathione
peroxidase (GPx) and glutathione reductase
(GR) (Zasadowski, 2004) and non enzymes
like the reduced form of glutathione (GSH)
and such vitamins as vitamin C, vitamin E
and beta-carotene (Gerard-Monier, 1996).

Hussainand Moniuszko-Jakoniuk, 2004; Hai et
al., 1997). The increase in TBARS value for
all treatments from Day 0 to Day 2 may be
attributed to the generation of reactive
oxygen species due to stress-related stimuli
brought by the transfer of the O. latipes to
new environment. It has now been established
that organophosphate pesticides induced
oxidative stress (Lukaszewicz-Hussain, 2010).
Oxidative stress induced by organophosphate
leads to disturbances in the function of
different organs and tissues (Ranjbar et al.,
2005).
Reactive oxygen species may be
produced as the result of the metabolism of
organophosphates by cytochrome P450s
(Chambers et al., 2001). The other way of
ROS generation in OP toxicity is high-energy
consumption coupled with inhibition of
oxidative phosphorylation (Milatovic et al.,
2006).
An antioxidant defense system (ADS) is
needed by organisms to protect biomolecules
from the harmful effects of the reactive
oxygen species.
Fish are endowed with
defensive mechanisms to neutralize the impact
of reactive oxygen species (ROS) resulting

Accordingly, such capacity for fish to
metabolize OPs can also be seen in Figure 2
wherein the highest peak of TBARS (MDA)
content was detected during Day 2 of the
exposure period, followed by a significant
decrease of TBARS content on Day 5 then
nearing plateau on Day 10.
There was
significant difference in the decrease of the
TBARS content from Day 2 to Day 10 in all
treatments, including Control. The study
confirms findings of related studies that
generation of ROS due to organophosphates
is dose dependent but ROS can be
metabolized by the fish over time.
5
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Figure 3: Erythrocyte cells of O. latipes. a) normal cells b) micronuclei c) binuclei d) lobbed
e) notched f ) blebbed

* Different letters are significantly different.

Figure 4: Frequency of Micronuclei in erythrocytes of O. latipes with respect to concentration
and exposure time.

Genotoxicity

pesticide concentration. The average number
of MN ranged between 0.33 to 14.67 per 1000
erythrocytes while average NA ranged
between 16 to 64.33.
The influence of
profenofos concentration on the development
of micronuclei in O. latipes shows high
significant differences across treatments. The

The genotoxicity in terms of micronuclei
(MN) and nuclear abnormalities (NA)
formation in erythrocytes (Figure 3) of O.
latipes as affected by exposure to profenofos
was tested in terms of length of exposure and
6
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* Different letters are significantly different.

Figure 5: Frequency of Nuclear Abnormalities in erythrocytes of O. latipes with respect to
concentration and exposure time.

2014) and the magnitude of the damage to
the test organism increases with an increase in
concentration (Pandey et al., 2011).

higher the concentration,
the more
micronuclei are formed in the erythrocyte cells
of the fish (Figure 4). Similarly, the number
of micronuclei formed significantly increased
in all treatments against control with an
increase in the length of exposure indicating
that their formation is dose-dependent (Saleh
and Alsherhi, 2011; and Pandey et al., 2014).
As observed micronuclei were found mostly at
the periphery of the main nucleus, which is
also the same observation noted by Pandey et
al. (2014) and Bacolod et al. (2013).

Both MN and NA frequencies were greater
in high exposure compared to low with more
NA recorded than MN. The highest recorded
MN and NA frequencies per 1000
erythrocytes at Day 10 were 3 and 11; and
43.11 and 58.22, respectively, with Control
registering only 1.33 and 20.89 per 1000
erythrocytes, respectively. The results suggest
that even at low concentration, profenofos
The effect of profenofos concentration on affected hematopoiesis in O. latipes.
nuclear abnormalities shows high significant
The observed increase in average MN and
differences in all treatments, generally
NA as exposed to profenofos are similar to
showing that the higher the concentration,
some fish genotoxicity studies where higher
the more abnormalities are exhibited by
MN and NA frequencies were observed in
erythrocyte cells of O. latipes.
marbled flounder (Pleuronectes yokohamae)
On the other hand, the longer the exposure exposed to dietary nitrated polycylic aromatic
of O. latipes to profenofos reveals that at hydrocarbons with 5.33 and 40.33 for average
higher concentration (1.0ppm), the number of MN and NA, respectively (Bacolod et al.,
nuclear abnormalities tend to have marked 2013);
0.2–2.79
average
MN
for
differences across periods of exposure than at Pseudopleuronectes americanus exposed to
0.04 and 0.2ppm (Figure 5). The results chlorinated hydrocarbons; 3.4 average MN for
above affirm that profenofos is highly toxic to Genyonemus lineatus exposed to mixture of
organisms particularly on fish (Pandey et al., polyaromatic hydrocarbons (PAHs) (Al-Sabti
7
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and Metcalfe, 1995); and freshwater fish also exposure-time dependent. An increase in
Channa punctatus (Bloch) exposed to inhibition and MN and NA induction were
observed the longer the exposure period.
profenofos (Pandey et al., 2011).
However, the same was not true for TBARS.
Evaluation of the Pesticide Risk
The longer the fish were exposed, TBARS
significantly reduced implying that the fish
Profenofos has significant effect on TBARS was able to metabolize the ROS caused by
measured as malonyldialdehyde on Day 2. profenofos exposure.
Evaluating the two
Even though the highest concentration T3 biomarkers, TBARS cannot be a reliable
(1.00 ppm) was significantly different from measure for toxicity to fish since fish can
that of T2 (0.20 ppm), ), the latter was still metabolize ROS caused by OPs over time.
significantly different from that of Control. In
terms of genotoxicity, the study shows that
Recommendations
MN and NA can be induced even by low
concentration of profenofos (0.04 ppm) as The study has shown that profenofos has
early as Day 2 of exposure. It was also demonstrated significant effect on the
determined that effect of profenofos to MN different biomarkers of O. latipes. However,
and NA induction was irreversible as seen in more detailed studies are required to establish
the not significant differences of MN and NA its effect on other aquatic organisms. Further
frequencies starting Day 2 until Day 10 of studies like degradation and fate and
exposure. This further implies that profenofos transport of profenofos are also recommended.
induced MN and NA and is genotoxic to O.
latipes even at low concentration.
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