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Abstract: The current study estimated the immunotoxicological effects of the herbicide chlorpyrifos — Article history:

at sub-lethal concentration and the potential ameliorative effects of galactooligosaccharide (GOS) in  Received 22 July 2017

Danio rerio. Fish was sampled after a 56-days feeding with GOS and then exposed to 15 mg/l Accepted 27 October 2018
chlorpyrifos for 7-days to assess the non-specific immune responses (total protein, immunoglobulin ~ Available online 25 April 2018
and ALP activity). The results revealed that feeding zebrafish with 1% dietary GOS increased total

protein levels (£<0.05), but no significant effect was noticed between groups fed 0.5 and 2% GOS
and control (P>0.05). There were significant difference between total immunoglobulin levels 1% and
control group (£<0.05). Furthermore, in case of ALP activity no significant alteration was noticed
between GOS fed fish and control (P>0.05). The present findings revealed that dietary
supplementation with GOS could be useful for modulation of the immunity in response to
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chlorpyrifos exposure, thereby presenting a promising feed additive in aquaculture.

Introduction
Aquatic ecosystems that run through agricultural areas
have probability of contamination by several
chemicals such as pesticides that are used extensively,
which on entails multiple change to the aquatic
ecosystem, resulting in multiple changes in organism,
such as altering the growth rate, patterns of behavior,
nutritional value and etc. Aquaculture is a major part
of the world’s food production, therefore it is essential
to maintain fish health (Tripathi et al., 2002).
Obviously, water contaminated with chemical
pesticides and stressful conditions may increase the
incidence of infectious diseases by opportunist
bacteria (Moraes et al., 2007; Rudneva, 2006).
Chlorpyrifos (O,)-diethyl-O3,5,6-trichlor-2pyridyl
phosphorothioate (CPF) is located in an expansive
group of organophosphorus insecticides that is
commercially used to control foliar insects and affects
agricultural products (Rusyniak and Nanagas, 2004)
and subterranean termites (Venkateswara Rao et al.,
2005). It was first introduced in 1965 and used to
control insects in agriculturally and in the home.
Organophosphorus compounds (OP) are acetylcholin-
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esterase (AChE) inhibitors generally used to control
snails. Annually more than 3 million cases of acute
poisoning whit organophosphorus compounds are
reported, resulting deaths of 300,000 people
(Bertolote, 2006). Exposure to OP prevents AChE
activity leading to the accumulation of the
neurotransmitter acetylcholine (Ach), activation of
Ach receptors, and high stimulation of cholinergic
neurons and seizures. It has been observed that
vitamins and minerals could ameliorate pyrethroids
effects on chicks (Aslam et al., 2010). Although, there
is no report available on fish. Lately, much attention
has been paid to approaches for decreasing damaging
effects of pesticides on fish.

Galactooligosaccharide (GOS) is a prebiotic,
produced through the enzymatic conversion of lactose
and mainly consists of galactose and glucose
molecules (Sako et al., 1999). In recent years,
zebrafish, Danio rerio, raised a model for quick
analysis of genes function and biological activities of
organic molecules. In this way, possibility of
compounds test will be performed (Crawford et al.,
2008).
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Using prebiotics can be a convenient and cost
effective way to reduce the inevitable intake of
pesticides in humans and wildlife. Despite limited
works on potential of prebiotics to reduce stress,
several studies have reported beneficial effects on
prebiotics and algae. Those stress agents are
transportation, temperature stress, environmental
pollution and other stressful situations (Carvalho et
al., 2009; Liu et al., 2010). Dietary administration of
probiotics improved fish immune parameters under
stressful conditions (Taoka et al., 2006; Gomes et al,
2009). By inversely regulating the gut colonization of
the probiotic bacterial strain and body cortisol level
(Carnevali et al., 2006). Perhaps the mechanism of
action of prebiotics is like probiotic. The use of
probiotic Alchem Poseidon (containing a mix of
Bacillus  subtilis, Lactobacillus  acidophilus,
Clostridium  butyricum  and  Saccharomyces
cerevisiae) increased stress tolerance capacity in
Paralichthys olivaceus (Taoka et al., 2006). In
addition, Spirulina platensis is used to combat organ
toxicants by heavy meals, including lead and cadmium
(Taoka et al., 2006). Despite the potential of
prebiotics, there is very limited available information
about possible ameliorative effects of prebiotics when
fish exposed to pesticides. Thus, the present study was
performed to elucidate possible ameliorating effects of
dietary prebiotic galactooligosaccharide immune-
logical stress Danio rerio as a result of Chlorpyrifos
exposure.

Materials and Methods

Fish and experimental condition: The current study
was conducted at Aquaculture Lab of Gorgan
University of Agricultural Science and Natural
Resources. Four hundred and twenty zebra fish fry
were purchased from a private of ornamental fish
center (Golestan Orovince, Iran). Fish (4510.1 mg)
were adapted for two weeks to experimental condition
then randomly released into 12 aquarium (60 L), at a
density of 35 fish per aquarium. Treatments were
under static aerated water conditions with 50% change
every day during rearing.

Experimental diets and feeding trial: Vivinal-GOS®

was kindly supplied by friesland foods Domo
Company (Zwolle, The Netherlands). A commercial
diet (Biomar Fish Foods, protein 54%, fat 18%,
moisture 10%, Digestible energy 4 cal/gr) were
supplemented by different levels of GOS (0, 0.5, 1 and
2%). The prepared diets were kept 24 hours in room
temperature, dried and stored in plastic bag at -4°C.
Fish were hand-fed three times a day(09:00-11:00-
13:00) for 8 weeks to satiation. At the end of feeding
trial, prebiotic fed fish were exposed to a pre-
determined LCso of chlorpyrifos (15 mg/l) for one
week.

Evaluation of immune parameters

Samples collection: Six fish were randomly sampled
under sterile conditions after anesthetized with clove
solution with dose of 2000 ppm were cut head and
fins, whole body were taken as sample according to
Holbech et al. (2001). Then, they were homogenized
and transferred to 1.5 ml sterile tubes, centrifuged
(2000rpm for 10 min at 4°C) and the obtained
supernatant were stored at -80°C until analyses.
Whole body total protein: Whole body total protein
levels were measured by biuret method using a
commercial kit (Pars Azmun co, Ltd., Tehran, Iran)
according to company protocol and their absorption
was at 560 nm.

Whole body total Ig: The total protein was measured
according to the method explained above and 12%
polyethylene glycol solution was added to
supernatant. After centrifugation immunoglobulin
molecules were precipitated and total protein levels
were measured again.

Whole body Alkaline phosphatase activity (ALP):
ALP activity of the whole body was determined using
a commercial kit (Pars Azmun co, Ltd., Tehran, Iran)
(Hoseinifar, 2015). Samples were prepared following
company protocol and their absorption was read at 405
nm.

Statistical analysis: After checking the normality of
the data, statistical analysis was performed using One
way ANOVA followed by Duncan's multiple-range
test. The significant difference levels was considered
when P<0.05. The statistical analysis was performed
by SPSS software 19 (SPSS, USA).
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Results

The results of total immunoglobulin of GOS fed
zebrafish exposed to the chlorpyrifos are shown in
Figure 1. There were significant different between
total immunoglobulin levels of 1% GOS fed zebrafish
and control group (P<0.05). However, no significant
difference was noticed between 0.5 or 2% GOS and
control group (P>0.05).
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Figure 1. The total immunoglobulin levels of GOS fed zebrafish
exposed to chlorpyrifos (Values are presented as the meantS.D.; the
bars assigned with different letter denote significant difference
between treatments (£<0.05)).

Following pesticide exposure, in case of ALP
activity no significant was noticed between GOS fed
and control group (P>0.05) (Fig. 2). Although, ALP
levels were slightly decreased in GOS fed fish.
Furthermore, feeding zebrafish on 1% dietary GOS
increased total protein levels (P<0.05), but no
significant difference was noticed between groups
feeding on 0.5 and 2% GOS fed and control (P>0.05)

(Fig. 3).

Discussion

Fish are constantly exposed to chemicals released into
aquatic system and therefore are organisms that are
always exposed to disruption of innate and adaptive
immune reasons (Watzke et al., 2007). Pesticides are
considered as one of the main stressors in the
environment which in living organisms cause induce
oxidative, metabolic, immunological stress and
growth retardation (Slaninova et al., 2009; Sahar et al.,
2011). In fact, serum immune parameters are very
good indicator of immune system (Nayak, 2010). The
immune response 1S a protective response against
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Figure 2. The ALP activity of GOS fed zebrafish exposed to
chlorpyrifos (Values are presented as the meantS.D.; the bars
assigned with different letter denote significant difference between
treatments (£<0.05)).
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Figure 3. The total protein levels of GOS fed zebrafish exposed to
chlorpyrifos. Values are presented as the mean%S.D.; the bars
assigned with different letter denote significant difference between
treatments (£<0.05)).

infective agents enter the body. Hence it is host
resistance challenge test determines the immune
system function with highest level of communication
biological relevance, because it measures an
integrated immune reasons at the level of the whole
organisms (Kollner et al., 2002). Immunoglobulins are
natural antibodies that are produced in the absence of
stimulant external antigens (Magnadottir et al., 2011).
In the present study, the total protein and
immunoglobulin was found increased in group fed 1%
GOS and pesticide exposed. However, in case of ALP
activity, no significant was noticed between GOS fed
fish and control. However, being fed with prebiotic
supplemented  diets, the values increased
considerably. This might suggest the positive role of
the prebiotic in enhancing the immune status of the
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pesticide exposed fish. Although there are several
reports of the effect of prebiotics on the immune
system, so that reported increased immune response
administration of GOS in Rainbow trout (Hoseinifar
et al., 2015) and goldfish (Miandare et al., 2016) diet
significantly increased level mucus total protein.
However, there is a limited studies on protective
effects of prebiotic in pesticide exposed fish. Jayantha
Rao et al. (1984) reported that 7ilapia mossambica,
treated with phosphamidon, an organophosphate
insecticide, showed a higher serum bilirubin level and
severe liver damage. Also, Mohapatra et al. (2012)
reported that values of total protein and albumin were
decreased in the fenvalerate exposed Labeo rohita as
to the probiotic supplemented fish. Also, it has been
reported that fenvalerate exposed fish in comparison
to the non-exposed fish high level of serum ALP and
ACP. The improved immune system caused using
GOS can be due to the production of short chain fatty
acids (SCFAs) (Guerreiro et al., 2015) that is result of
GOS fermentation by beneficial intestinal microbiota.
SCFAs binding to receptors GPR43 which is
modulated innate immune response and inflammatory
cells (Maslowski et al., 2015). Furthermore, the
effects of prebiotics on immune response attributed to
modulation of intestinal microbiota and increase in
lactic acid bacteria and Bacillus which their cell walls
(lipopolysaccharide) function as immunostimulant
(Song et al., 2014; Hoseinifar et al., 2012).

This study indicate the impacts of chlorpyrifos on
fish. In addition, the role of GOS in protecting immune
cells against chlorpyrifos induced immunotoxicity by
improving innate immune system to defend against
infections through stimulation of innate immune
responses, which underlines the important role of
dietary GOS supplements in aquaculture. Further
research using different concentrations of GOS
supplementation should be performed to provide a
complete protection and help on understanding the
role of GOS in defending against chlorpyrifos induced
immune-toxic impact.
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