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Abstract: One hundred and fifty O. niloticus (35+0.5g) were collected from Abbassa Fish Hatchery, Sharkia, Egypt to
determine the changes in immune parameters (after 15 and 30 days) of Oreochromis niloticus exposed to Organophosphrous
insecticide (Chlorpyrifos) and infested with Cichlidogyrus sp. In addition, this study was carried out to evaluate the effect of
the Chlorpyrifos exposure on the intensity and vitality of Cichlidogyrus sp. Chlorpyrifos decreased significantly both parasitic
intensity and vitality. Serum total proteins, albumin and globulin were significantly decreased in both infested group and
infested ones with pesticide exposure. Serum IgM level was elevated in infested group after 15 days of the experiment and
decreased after 30 days of the experiment. Serum lysozyme and nitric oxide were elevated in all experimental groups after 15
and 30 days of the experiment. While phagocytic % and Phagocytic index were significantly decreased in all experimental
groups after 15 and 30 days of the experiment. The expression of IL-1B were significantly increased after 15 days of the
experiment, while both infestation and Chlorpyrifos exposure showed no significant differences after 30 days. In conclusion,
infection with Cichlidogyrus sp. in fish exposed to Chlorpyrifos pollution had the highest drastic effect on the health and

immune status of fish.
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1. Introduction

There are many biotic and abiotic stress factors affecting
fish health condition. Parasites considered one of the
important biotic stress factors affecting their hosts [1]. In
Egypt, the studies of fish parasites become very important,
because fish are playing a compensatory source of protein.
The quality and palatability of fish reduced due to the
presences of parasites. Fish gills are one of the biotope
organs, which attacked by many fish ectoparasites [2].
Among these ectoparasite, the monogenetic trematodes,
which cause severe destruction of the gills and severe
economic losses [3]. Monogenetic trematodes are flatworms;
mostly infest the gills, skin and fins of fishes and lower
vertebrates. About 100 families of monogeneans found on
fishes of the world, in fresh and salt water, and at a variety of
temperatures [4].

Pesticide pollution considered one of the important abiotic

stress factors affecting health of aquatic organisms.
Organophosphate insecticides were produced and entered the
environment in large amount than other pesticides; this is due
to due to its rapid degradation in the environment the rapid
degradation of these pesticides in the environment [5].
Organophosphate escape into water bodies as consequence of
rain and leaching from the soil lead to pollution of water in
which fish life [6]. Chlorpyrifos is an organophosphrous
pesticide that is highly toxic and has a bad effect on the
behavioral responses of fish [7].

In recent years, there is increasing awareness that fish
parasites have been proposed as effective bioindicators for
the environmental pollution [8, 9]. Little information are
available on the simultaneous effects of parasites and
pollutants on the immune status of fish. Undoubtedly, that the
infected fish would suffer more than uninfected one from
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environmental pollution because of their repair and
detoxification systems are not working adequately [10].
Therefore, the aim of the present study is to investigate the
effect of Chlorpyrifos pollution on the intensity and viability
of parasites and to investigate the combined effects of
Cichlidogyrus sp and Chlorpyrifos pollution interact and
their effect on immune status of the Oreochromis niloticus.

2. Material and Methods

2.1. Experimental Design

One hundred and fifty naturally infested Oreochromis
niloticus were selected according to parasitological
examination (Fish have sufficient number of monogenetic
trematodes = 3-6 parasite/ field). Fish (35+0.05g) were
obtained from Abbassa Fish Hatchery, Sharkia, Egypt. Fish
specimens were kept in glass aquaria (80 x40 x30 cm) filled
with 50 L of dechlorinated tap water and kept for two weeks
for acclimation. Fish were allocated into five groups; each
group had three replicates (10 fish replicate™). The LCs, at 96
hrs of Chlorpyrifos was previously determined by El-Bouhy
et al. [11]. Groupl (G1; control negative group) fish was
non-infested, which were treated with Nacl 2 g/l with
continuous water exchange to kill any monogenetic
trematode infestation and non-exposed to pesticide. Group 2
(G2; control positive group) fish was infested with
Cichlidogyrus sp without pesticide exposure. Group 3 (G3)
were Cichlidogyrus sp infested fish exposed to 1/8 96 hrs
LCso (0.008 mg/l) of Chlorpyrifos. Group 4 (G4) were
Cichlidogyrus sp infested fish exposed to 1/20 96 hrs LCs,
(0. 0035 mg /1) of Chlorpyrifos and group 5 (G5) were
Cichlidogyrus sp infested fish exposed to 1/43 96 hrsLCs,
(0.0016 mg/l) of Chlorpyrifos. The fish were fed on basal
diet obtained from Fish Research Unit, Faculty of Veterinary
Medicine, Zagazig University; diet was given two times
daily. The mortality rate were recorded during the
experimental period (30 days).

2.2. Parasitological Examination

Parasitological examination was carried once on the middle
of the first week of the experiment and then were examined
daily at other three week of the experiment. Gills were
examined by naked eye then was separated and each was
microscopically examined by compression technique at lower
power magnification (4x). The intensity of ectoparasites was
determined according to Bush et al. [12]. The vitality of
parasites was reported based on a score system; score 1:
parasite was inactivated and dead, Score 2: parasite was
sluggish in movement and score 3: parasite was moderate in
their vitality and movement. Finally, score 4: the parasite was
with high vitality, where, Cichlidogyrus sp. appeared bobbing
or stretching and compressing their body fast [13].

2.3. Non-specific Immune Parameters

Blood samples were obtained by puncturing the caudal
blood vessels after 15 and 30 days of the experiment. The

blood samples were collected without heparin for serum
separation and were centrifuged at 3000 rpm for 15 min then
stored at -20°C until analysis. Serum total protein, albumin
and globulin levels were assayed [14-16]. Immunoglobulin
M (IgM) was determined using ELISA Kit. Lysozyme
activity, nitric oxide, phagocytic activity was determined
according to Mohrig and Messner [17], Sun et al. [18] and
Thompson [19].

2.4. Expression of IL-1f by Quantitative RT
(Real Time)-PCR

Total RNA was extracted from the spleen tissue after 15
and 30 days of the experiment using easy-REDTM following
the manufacturer protocol (iNtRON Biotechnology, South
Korea). The concentration and purity of the extracted RNA
were determined via spectrophotometry using a Nano Drop.
Complementary DNA was produced following the
manufacturer's instructions of a Quantitect® Reverse
Transcription kit (Qiagen, Germany). Quantitative real-time
PCR analysis was performed with SYBR green PCR master
mix (Step OnePlus, Applied Biosystem, USA). The target
gene chosen was IL-1B (F: 5'-
TGCTGAGCACAGAATTCCAG-3'; R: 5'-
GCTGTGGAGAAGAACCAAGC-3"); as internal standard
EF-la (F: 5-CCTTCAACGCTCAGGTCATC-3'; R: 5'-
TGTGGGCAGTGTGGCAATC-3") [20, 21]. The following
thermal cycling conditions were used for the exposed gene:
initial denaturation at 94°C for 5 min, 40 cycles of
amplification (DNA denaturation at 94°C for 15s, annealing
at 62°C for 30s, extension at 72°C for 30s). The final
extension at 62°C for 1min.

2.5. Statistical Analyses

The data were analyzed by compare means differences
using analysis of variance (One Way ANOVA). Two way
ANOVA were used to determine the significant effect of the
doses of Chlorpyrifos and time of exposure on intensity and
vitality of Chichlidogyrus sp. A P- value of < 0.05 (P < 0.05)
was considered statistically significant. The data were
analyzed using STATISTICA program (StatSoft, Inc., 2008,
version 8).

3. Results and Discussion
3.1. Mortality Rate

The mortality rate of O. niloticus was the highest in G3
(infested and exposed to 1/8 96 hrs LCsy of Chlorpyrifos)
followed by G4 (infested and exposed to1/20 96 hrs LCs, of
Chlorpyrifos) compared to control group (Fig. 1). This may
be returned to the stress condition (the presence of parasite
infestation and Chlorpyrifos pollution), which fish reared in
it. This result agree with Chindah et al, [22] who founded
that Tilapia guineensis exposed to sub lethal concentrations
of Chlorpyrifos (0.0125; 0.025; 0.05 and 0.1 mg/l) showed
increase mortality with increase concentration level and
exposure time.



10 Zeinab M. El-Bouhy et al.: Assessment of Chlorpyrifos Pollution on Cichlidogyrus sp Infestation and the
Oreochromis niloticus Immune Status

35

30

25

20

Mortality %
3

1

bc

Gl G2

G3 G4 G5

Fig. 1. The effect of different Chlorpyrifos concentrations on fish mortality rate at the end of experimental period (30 days). Bars with different superscripts (a,

b and c) are significantly different (P < 0.05, using a one-way ANOVA).

3.2. Effect of Different Chlorpyrifos Concentrations on
Cichlidogyrus sp Intensity and Vitality

The Cichlidogyrus sp. intensity and vitality were decreased
with the increase of Chlorpyrifos concentrations during the
first nine days of the experiment. The significant decrease
was recorded in G3 (infested fish and exposed to 1/8 96 hrs
LCsy of Chlorpyrifos), which the average of intensity were
1.66+0.33, 1.33+0.33 and 0.66+0.33 at 3, 7 and 8 days of the
experiment, respectively then followed by G4 and GS5. While

5.0

the highest of these groups was the second group (G2)
(Cichlidogyrus sp infested fish without pesticide exposure)
with an intensity average 3.33+0.33, 3.00+0.00 and
1.66+0.33 at 3, 7 and 8 days of the experiment. At day 9 of
the experiment, there were no significant differences between
all experimental groups, after that the infestation disappear.
Zaki et al. [23] mentioned that pesticides and heavy metals
affect external parasite irreversibly. This may be attributed to
the killing effect of Chlorpyrifos on the monogenea sp. [24].
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Fig. 2. The effects of the different concentrations of Chlorpyrifos and time of exposure on Cichlidogyrus sp. intensity and vitality.
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3.3. Non-specific Inmune Parameters

The results of total proteins, albumin and globulin levels
(Fig. 3) were recorded significant decreased in all
experimental groups after 15 and 30 days of the experiment
compared to control group (G1). Decreased total proteins,
albumin and globulin in infested group (G2) may be
attributed to stress condition caused by parasite, also some
level of liver dysfunction under infestation condition.
Infested gills lead to disturbance of osmoregulation, so the
decrease in these parameters may be due to hemodilution
[25]. Additionally, the decline in the total protein level may

be due to the feeding habit of parasite that consumes the
nutrient materials as supported by Eissa et al. [26]. This
observation also agreed with Ozdemir et al. [27] who
reported the decrease in the total proteins and globulin in
Bogue fish (Boops boops), which parasitized by the
ectoparasite; Ceratothoa oestroides. While decrease of these
parameters under both infestation and Chlorpyrifos could be
attributed to stress caused by both parasite and Chlorpyrifos
pollution. Stress condition caused by pesticide pollution
resulted in catabolism of the proteins to provide energy by
the fish to withstand these stress condition [28].
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Fig. 3. Effects of the different concentrations of Chlorpyrifos on total serum protein (g/dl), albumin (g/dl) and globulin (g/dl) of Cichlidogyrus sp infested O.
niloticus after 15 days (4) and 30 days (B). The bars with different superscripts (a, b, and c) are significantly different (P < 0.05, one-way ANOVA).
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IgM level were significantly increased in G2 (infested with
Cichlidogyrus sp) after 15 days and decreased after 30 days
of the experiment (Fig. 4) where fish respond to gill
monogeneans infestation by forming a specific immune
response and then the level decreased after 30 days due to
absence of the infestation. Similarly, Vladimirov [29]
recorded an increase immunoglobulin production against
Dactylogyrus vastator and D. extensus infection in carp. [gM
specific antibodies was significantly increase in sera of
tilapia infested with the Cichlidogyrus sp and monogentic
trematode as mentioned by Jaso-Friedmann et al. [30] and
Abdel-Karim [31]. While IgM level decreased in all infested
groups and exposed to Chlorpyrifos after 15 and 30 days of
the experiment. The effect of Chlorpyrifos on the level of
IgM was dominant than the infestation with Cichlidogyrus
sp. The IgM level decrease was attributed to the inhibitory
effect of Chlorpyrifos to immunity of fish as mentioned by
Diaz-Resendiz and Giron-Perez [32] who recorded decrease
in the plasma level of IgM in O. niloticus exposed to
Chlorpyrifos (0.051 mg/mL).

Concerning, the level of lysozyme it was founded that,
increase lysozyme in all experimental groups in compare to

molecules produced by fish against infestation, this explain
increase lysozyme level in infested groups with
Cichlidogyrus sp as that recorded by Alvarez-Pellitero [33]
who noticed change in the serum lysozyme levels in fish in
response to parasite infestations.

In the similar manner, the nitric oxide was increased in all
experimental groups in compare to control group (G1) after
15 and 30 days of the experiment (Fig. 5). Increase nitric
oxide level in infested groups may be attributed to that; fish
immune system respond to withstand the infestation, which
nitric oxide are considered a very important molecule that
involved in the regulation of various physiological and
pathophysiological ~ mechanisms in  nervous  and
immunological systems [34]. The phagocytic % and
phagocytic index were decreased in all experimental groups
compared with control (G1) after 15 and 30 days of the
experiment (Fig. 5) where the Cichlidogyrus sp infestation
and Chlorpyrifos pollution are considered as biotic and
abiotic stress factors, which suppress the phagocytosis in
fish. This result agree with that obtained by Lindenstrom et
al. [35] who reported that; phagocytosis by spleen and head-
kidney cells increased early after infestation, but later

control group (G1) after 15 and 30 days of the experiment phagocytosis became depressed and parasite burdens
(Fig. 4). Lysozyme considered one of the non-specific  decreased.
=Gl mG2 G3 WG4 =G5
025 |
a a a
02 | L L
; |
S os| b 3
= ¢ ¢ 2 |
o d |
£ oa '
©
0.05 |
0 3§ B
1gM (ug/ml) Lysozyme (ug/ml)
WGl MG2 < G3 WG4 wGS
0.18 -
0.16 - a
a
» 014 b b
8 o012 - ab ab L
- ¢ c
¥ X C
S o1t R §
g oos - |
% < 3
0.06 | 3
0.04 - |
0.02 +
o — —_— — b —_— —_— —d
1gM (ug/ml) Lysozyme (ug/ml)

Fig. 4. The effect of the different concentrations of Chlorpyrifos on IgM (ug/ml) and lysozyme activity (ug/ml) of Cichlidogyrus sp infested Oreochromis
niloticus after 15 days (A) and 30 days (B). The bars with different superscripts (a, b, and c) are significantly different (P < 0.05, one-way ANOVA).
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Fig. 5. Showing the effect of the different concentrations of Chlorpyrifos on nitric oxide (mmo/l), phagocytic % and phagocytic index of Cichlidogyrus sp
infested Oreochromis niloticus after 15 days (4) and 30 days (B). The bars with different superscripts (a, b, and c) are significantly different (P < 0.05, one-

way ANOVA).
3.4. IL-1f Expression Gene

The expression of IL-1P increased significantly in G2
followed by G3 than other experimental groups and control
group (G1) after 15 days of the experiment. While, no
significant differences between groups after 30 days of the
experiment (Fig. 6). The infestation of O. niloticus with
Cichlidogyrus sp was stimulate the production of the pro
inflammatory cytokines IL-1f as defense mechanism against
the infestation. Lindenstrem and Buchmann [36] reported
that salmonids infested with Gyrodactylid respond initially to
parasite invasion through discharging the contents of mucus
cells and producing IL-1f. Also, Lindenstrom et al [37] and

Lindenstrom et al. [35] reported increase the expression of
IL-1P after infestation by Gyrodactylus derjavini in rainbow
and G. salaris in Atlantic salmon, respectively. The increase
in the expression of IL-1f in Chlorpyrifos treated groups
with infestation may be attributed to the immune response of
fish to stress factor caused by pesticide pollution especially
after 15 days of the experiment and returned to the normal
level after 30 days of the experiment due to adaptation to the
persisting stress condition. Wang et al. [38] reported an
increase in the expression of mRNA of IL-1 B of C. carpio
that exposed to Chlorpyrifos (1.16, 11.6 and 116 pg/L) for 24
hrs.
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Fig. 6. The effect of the different concentrations of Chlorpyrifos on IL-1[ gene expression of Cichlidogyrus sp infested Oreochromis niloticus after 15 days (4)
and 30 days (B). The bars with different superscripts (a, b, and c) are significantly different (P < 0.05, one-way ANOVA).

4. Conclusion

It can be concluded that, the conditions in which the fish

are grown in terms of rearing in agricultural discharge water
in addition to ectoparasitic infestation especially in intensive
culture lead to high drastic effect on the immune system of
fish, which adversely affect the yield of the fishery economy
and a lack of productivity. However, further researches are
needed in two main axes, first, how to treat the agricultural
drainage water before used in fish farms. The second, by use
new trends from immunostimulant in fish farms.
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