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SOMMARY
Hm: groups of Oreochromis niloticus fish each
ansisting of 50 fish were used to assess the effect
of pesticides on immunological response in fish.
Four  groups immunized with
Sphylococcus  aureus antigen plus complete
' Fends adjuvant, Four other groups were not
 immunized, but injected with the adjuvant. Fish in
| dl groups were exposed to 1/10 of LC50 of the
hf“‘fd pesticides namely, lindane, dialdrin,
mﬁaﬂd malathion. One group was exposed
B msultswater treatment and served as controls.
revealed that the mean total RBCs,
tounts, PCV, Hb, MCV, MCH, MCHC
" :::l lower in vaccinated groups than in
' PS exposed to the tested pesticides.
Ay Protein, globulin and serum enzymcs
M:T i‘:‘luﬂs were lower in vaccinated
. we;omrols. Phagocytosis and
lower in vaccinated as

‘ algg to th
€ non-vaccinated groups.

were
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INTRODUCTION

At present, several types of chemical
including insecticides, fungicides, a
herbicides, algaecides and molluscocides are
in agriculture in many parts of the woﬂiiiaf '
control of plant and animal pests . |

The main source of pollution of water bodies wit
pesticides is the melt waters, rain waters
underground waters. Pesticides may reach water
bodies through the air at the time of th
application to objects located nearby. Insecti
are applied to water (o prevent m
aquatic phase of blood sucking insects. Pe
reaching water SoOurces can be sub
included in the trophic chains and
various substances. AS a'result of
pesticides in a water body,
accumulate in fish, silt, bottom,
algae and aquatic  plan
pesticides accumulate in-
visceral fat, whereas the |
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st through air and water
1 through consumption of fish or
ergam in which pesticides are
Jlated (Vighi and Funari, 1995)-

decades that

("'-; It has been presumed for
environmental pollutants especially pesticides can
ﬁwt one or more of the immunological
functions in fish, for it is almost common
knowledge that fish frequently then become more
susceptible to various diseases (Snieskzo, 1974).
Given the extreme variety of pesticides used, it is
almost surprising so little is known about how
pesticides affect the immune systems of fish
(Plumb and Areechon, 1990). Zeeman and
Brindley (1981) suggested a decreased disease
resistance in fish exposed to various pesticides.

MATERIALS AND METHODS

Experimental fish

_ Oiwdaromit niloticus fish weighing 150-200 gm
: _ fmfn the aqua culture department,
"y Meulhuc in ‘Egypt. Fish were
“’“‘“"’; : conditions at least three
-.. Fish were kept in
¥hising m-x& X 45 cm, water

) b .
,,:,—:ﬂfﬂ_lﬁ V. :L"\L" e

Nine groups of O. niloticusL
of 50 fish were used to
pesticides on immunological res B
Four groups were immunized wiﬂa. 0
Staphylococcus aureus antigen plus g
Freund's adjuvant, the first group was exposeq s
lindane treatment, the second group wagm
to dialdrin, the third group was expod.'
diazinon, the forth group was exposed &
malathion. The four other groups weme mt
immunized, but injected with the adjuvant, whis
the ninth group was exposed to distilled wasr

treatment and served as control group.

Haematological examination

vaccinated i
taken from ‘“
o was divided B

Blood from

non-vaccinated groups Wer®
caudal vein of fish. Each sampl o
two portions, the first one Was hepar! ‘
the second was centrifugated at 300()&“%
minutes to obtain serum. The total M
count (RBCs) and haemogolbin €0 1
(Hb) were determined by using °l°_° T
cell counter (Cell Dyne, 300; Sequor

leucocytic counts (WBCS) e
isley {

samples

according to Blaxhall and D&
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counts.  Aspartic

(ASAT) and  alanine
(ALAT) were determined
Jlowing the techniques described by Reitman
and ankcl (1975). Total protein, albumin and
‘ . concentration of serum Wwere estimated
following  the methods  described by
Weichsolbaum (1946) and Drupt (1974). Protein
fraction horizontal zone electrophoresis  was

carried out following the technique described by
Schalm (1979).

Determination of median lethal concentrations

(LC50) of pesticides
Four toxicity bioassay experiments Werc
conducted separately  for
following the techniques described by the United
States Department of Interior Fish and Wildlife
(1964). Three replicate aquaria each containing
20 fish per tank were used for each pesticide that
Wwere prepared in distilled water and three tanks
Wm. used as controls. Treatments in the tests
:‘s"mng in a series of eight concentrations
Oonin: from 0% in the control to the lowest
%4::“0“ that resulted in 100% mortality
ours for each pesticide. Mortality in fish
ﬁm‘tﬂt:;cally analyzed according to Hubert
regression lines were drawn by

each pesticides

“.Vol 46, No.4B(1998)

was performed to deternime

exposed to acaricides treatment. Ninety
vinyl assay microtiter plates (Costar, Cambridge
MA) were coated overnight at 4°C with Sug eif
Staph. aureus antigen per well in 100 ul of 0.1 M
carbonated buffer. The plates were then washed
with Dulbecco's phosphate-buffered saline
(D-PBS) containing 0.05% Tween-20. Each well
was blocked with 100 pl of 1% normal goat sera
and 0.5% normal O. niloticus fish sera, incubated
for 1 hour at 37°C and then washed three times
with D-PBS + Tween-20. A 0.1 of fish serum was
added to each well, incubated at 37°C for 1h. and
then washed three times. Rabbit anti-fish serum
was added to each well and incubated at 37°C for
1 h. Goat anti-rabbit immunoglobulin conjugated
with alkaline phosphatase was added to each well
and incubated at 37°C for 1 h. After an additional
3 washes, 100 pl phosphatase substrate was added

| and incubated at 37°C for 1 h. The
in each well was

to each wel
resulting enzymatic reaction
determined by ELISA Reader.

Macrophage phagocyosis assay

Macrophage phagocytosis was conducted in vitro '
in the Staph. aureus
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- - served as control to ensure that fish had no

TS
'y = { _.4|
A B

ly (i..p.) injected with 0,05 ml
ioglycolate and the remaining 25 fish were

previous bacterial infection and to evaluate the
macrophage elicitation. Thioglycolate was added
to Staph. aureus culture and incubated for 24
hours, after incubation the culture was diluted to
1:10 and 0.05 ml of the diluted culture was 1.p.
injected into each of the 25 thioglycolate injected
fish. Twenty four hours after injection, all fish
were sacrificed and imprints from the peritoneal
cavity were made on glass slides and stained with
Giemsa. The number of macrophages containing

Staph. aureus bacteria were counted under light
microscope.

RESULTS AND DISCUSSION

In common with other vertebrates, the fish
immune system is used to defend against invading
harmful organisms. Haematological picture is an
index of the health status of fish and other aquatic
organisms. The results recorded in Table (1)
revealed that the haematological picture in 0.
niloticus fish exposed to sublethal concentrations
of diazinon and malathion pesticides indicated
that there was a decrease in mean values of PCv,

Hb, MCV, MCH, MCHC and total RBCs count,
Anaemia is characterized b

counts, while there wag an in,
thrombocyte counts ip all

both types of pesticides. Lymph%f m
most predominant cells of WBCS,.fOﬂov}edh 7
thrombocytes, neutrophils ang Monocytes, T,
results were supported by the

results of by
Ellsasser et al, (1985) who mentioneg

lymphocytes are the dominant cells in blogq of
channel catfish. Leucopenia is mainly dge ¢,

reduction in the number of circu]ating

lymphocytes. The decrease in leukocyte counts iy
environmental stressed fish in comparison with
controls was supported by the finding of Dheer et
al., (1987). Both environmental stressors and
€xposure to sublethal concentrations of pollutants
are known to cause lymphopenia in Colisa fish
(Agrawal and Srivastava, 1976) as well as in
other teleosts (Hickey, 1976 and McLeay and
Howard, 1977).

Initial non-specific  aspect  of impnure
responsiveness is carried out by macrophages and

ted t0
neutrophils. Certain immune cells are attmf 2
these incly

: . R
the site of foreign antigen entry e biood

tissue macrophages and monocytes in -
which phagocytize the invading ar;havc
Macrophages may actually be monocytes han, 8
entered the tissues and differ™
Macrophages are considered to be of %
immunological importance in fish than
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logical picture in vaccinated and non-vaccinated pesticides exposed

and control O. niloticus fish .

s Lindane Dialdrin Diazinon Malathion P
@ﬁm <ﬂuﬁ§a Non - accinated | Non - Vaccinated | Non - Vaccinated | Non - Control
] 2 vaccinated ’ vaccinated B vaccinated %4 Twoﬁua&/
5314002 | 5.6540.04 [ 5.4340.07 | 5.67:0.05 5014003 |5.474006 | 4891001 |5:33:0.04 5.76+0.03
10.8+0.33 | 20.740.46 [} 19.940.23 | 20.940.37 18.4+029 2012037 | 193026 |20.74039 22.6+0.40
11.340.02 | 11.840.05 |f 10.90.02 11.440.06 | 10.540.05 | 120001 { 106003 11.9+0.04 | 13.6:0.07
30.2+1.96 | 33.941.23 | 29.741.05 3294135 | 28.241.58 |32.741.29 279+1.06 | 30.641.35 | 3691164
18.5+0.51 | 2002030 [| 18.910.20 19.840.37 | 1824058 | 19.640.27 1724039 | 1931043 | 2173035
5244128 | 56.741.59 || 53.6+1.28 5524173 | 5034207 | 54742.36 5064127 | 53.4+193 | 5924167
0.6140.53 | 9.9340.74 || 9.7010.32 9.89+0.48 | 9.06:0.36 |9.63+041 9.4540.36 | 9.7940.55 | 10694032
2244068 | 2431096 | 2170.57 23840.73 | 2.14£0.69 |242:0.82 2.0240.76 | 2.3240.94 2.85+0.59
1.07+0.83 | 1.1310.79 1.0140.63 | 1.0540.46 | 0.9310.33 0.99+0.25 | 0.95+0.47 | 1024039 1.10£0.16
5324073 | 5.7640.59 || 5:4240.69 5744091 | 5.1910.57 |5.58+0.68 5.2140.69 | 6.0110.63 | 6284050
. ;%b:ouo%.s 0374004 | 0.40£0.01 | 0.330.04 ]0.44+0.08 0.36+0.06 | 0.42+0.09 c.ﬁ%@

Wy
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gbstances. | Neutrophils
have been reported to be phagocytic
ur and Fletcher, 1985).

and

¢ results displayed in Table (2) showed that
.‘ here Was 2 general decrease in the mean total
i, albumin and globulin values in serum
samples collected from O. niloticus fish exposed
{0 diazinon (4.49 + 0.67, 2.14+0.99, 2.79 +0.65,
espectively) and malathion (5.01 £0.43, 2.15
£021,2.83 + 0.54, respectively) as compared to
tat of lindane (5.07+0.68, 2.09 +0.19, 2.46
4083, respectively) and dialdrin (5.28 +_ 0.49,
203 +0.14, 2.13 +0.48, respectively). The mean
values of those parameters were lower than that in
controls. The results of electrophoretic pattern of
serum protein revealed a decrease in the gamma
globulin fraction. The mean globulin fractions
were lower in the vaccinated groups exposed to
organophosphorus ~ in
eXposed to organochlorine pesticides The mean
Value of alpha 1, alpha 2 and beta fractions of
:rum globulin was lower in vaccinated group
Posed to malathion being 18.67 + 2.32, 5.17
083 and 9,03 4 1 i
8 + 1.35, respectively. Gamma
: as lower in vaccinated groups
"Posed 10 diazinon and malathion being (11.09
1 g gy
e G”"‘mgl 9% £ 102, respectively).
Obuling have been primari .
~ Vith gy, tibog n primarily associated
Y Production. In general, a decrease

comparison to those

1 lysozymes that des |

to organophosphorus pesticides (
malathion) were significantly lower (8
& 9232 + 4.62) than those record
organochlorines (lindane & dialdrin) (103.14 st
4.62) & 105.08 + 4.62.. In addition, the mean
serum ASAT values were lower in diazinon and
malathion (59.31+ 4.66 & 61.05 +3.54) in
comparison to dialdrin & lindane (67.58+ 521 &
68.90 +3.67). ALAT and ASAT enzymes arc
good indices for the health status of liver.
Parenchymatous tissue necrosis is considered the
main source of ASAT and the increased activity
in serum of O. niloticus declared the necrotic
Exposure of fish to

necrobiotic  changes.
environmental  pollutants
stimulation or depression of the enzyme activity
depending on the concentration of pollutant and

the duration of exposure (Venberg and Venberg,
1974).

might result in

Concerning the phagocytic activity in fish groups
vaccinated and non-vaccinated with Staph. aureus
antigen, it was evident from the results shown in
Table (4) that there was a sgnificant ( P < 0.01)
decrease in phagocytic activity in vaccinated

groups exposed to diazinon and malathlm e

Monocytes actively phagocytize bacteria (Suzuki, .
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ytic activity, which would
the survival of any invading organisms.
arini-Dunier, (1987) and Coassarini - Dunier
etal, (1’98'7) had tested Atrazine and lindane for
their direct effect on carp macrophage
~ phagocytosis in vitro. No effect was found at
concentration up to the limit of their solubility in
water.

From the results recorded in Table (5), it was
clear that there was a significant (P < 0.05)
decrease in the mean antibody titer in vaccinated
fish groups and exposed to diazinon (7.65 + 1.28)
and malathion (8.01 +1.89). However, the
decrease in the mean antibody
insignificant in lindane (11.44+ 1.37) and dialdrin
(10.29 + 2.05) exposed fish groups. The specific
immune response must be included in reactions to

titer was

individual antigens. Humoral immunity is
essentially the production of antibodies from
lymphocytes. Production of lymphocytes in fish is
apparently in the head of kidney, gut-associated
tissues and spleen. In fish, however, only the IgM
antibody class has been found. Antibodies do not
destroy antigen-bearing invaders, they instead
inactivate antigens and mark them for destruction
B R "by :nacrophages and complement (Jurd, 1990).
A lmmm obtained in this study, it was

that there was a dccrease n antibody titer

 have relevance when these gesﬁﬂﬁbﬁ |

immune responsiveness in trout fish at least whe,
exposures arc at low levels, even for long times
but, if exposures produce a generalized stress
response reflected in an elevated serum contisg),
then immunosupression may occur.

Moreover, Cleland and Sonstegard, (1987) and
Cleland et al., (1988) have tested Mirex, an
organochlorine insecticide in fish via
inclusion in the diet at 50 ppm. This dietary
exposure caused little effect on humoral immune

trout

expression. Similar negative results were found
when humoral immune expression was measured
in carp given food contaminated with lindane (up
to 1000 ppm) for 2-3 months (Cossarinj-Dunier,
1987). When trout fish were given a daily dose of
Img/kg of lindane in their diet for 30 days.
decrease in chemiluminescent response wz?s
observed but there was no effect on Iymphoc)_’tlc
proliferation and on the number of circulating
B-lymphocytes (Dunier et al., 1994). From the

ars
very limited work that has been done, it appe
may 4

that organophosphorus insecticides .
jer ¢

exhibit relatively little immunotoxicity- by
al., (1991) tested the effect of trichlorofon *"
dichlorvos on lymphocytic prolife raﬂo:wwd
phagocytosis in vitro using carp- This ™Y
suppression of these two f'm"“m, Ww
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0.052 0.062 0.043 2.796 5 284 | o
0.572 0.684 0.461 3.118 4.899

| Malathion | 1160 | 1.430 | 0891 | 1456 | 6718
e J

- Table (4): Macrophage phagocytic activity in Staph. aureus antigen
Ao vaccinated and non-vaccinated O. niloticus fish exposed to

pesticides
\
E - Mean macrophage phagocytic index
© | Treatment
Lindane Dialdrin Diazinon Malathion | Control
Vaccinated 28.58 25.46* 19,734 16.35%* 32.39
Non-vaccinated 31.89 28.57 26.23 27.64 40.21
e Y,

* : Significant at P < 0.05  ** : Significant at P <0.01 N
Macrophage phagocytic index = Number of macrophages containing
Staph. aureus organisms / 100 macrophages

Table (5): Antibody titer in Staph. aureus antigen vaccinated and
non-vaccinated T. nilotica fish exposed to pesticides

i s b
Mean macrophage phagocytic index
Lindane Dialdrin Diazinon | Malathion | Control

P ——
| i 12.63+2.5
Vaccinated 11.44+1.37| 1029%+2.05 | 7.65*+1.28 | 8.41**£1.89 i

Treatment

| Non-vaccinateq 0.0 0.0 0.0 0.0 - J

%, Significant at P < 0.05
: Significant at P <0.01
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T ™

Jy agglutination (Plum® and
These results supported  the
ed in this study suggesting that
pesticides are relatively more

organochlorines on

than
sion of fish.

unosupre

N
f‘u; The other major arm of
~ response is the cell mediated type wh
on the function of T lymphocytes. The
of T lymphocytes in fish was for some time
controversial but nNow they are generally
considered to be present (Anderson, 1990 and

Sachell, 1991).

the specific 1mmune
ich depends
presence

[ -

t =
ks
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