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Abstract
Influence of malathion at 5mg/L on the lysozyme contents, antibacterial activity and antibody
titre in serum and tissues of kidney and spleen of common carp (C. carpio) immunized with heat-
inactivated Aeromonas hydrophila was studied at 22±2°C for up to 3 weeks. The antibacterial ac-
tivity of sera was almost identical in test and control groups, whearas such activity in tissues of
kidney and spleen of test groups was generally significantly lower than control ones (P<0.05).
No difference was found in the level of lyzosyme of sera between fish exposed to the toxicant
and controls (P>0.05). Also, lyzosyme contents of spleen and kidney were nil in fish exposed to
toxicant, whearas those of positive and negative controls were detectable. Antibody titre in fish
exposed to malathion was lower than positive control (P<0.1), whearas antibody production
was identical in both test groups treated with the toxicant before and after receiving the booster
vaccine.

Introduction
The  function of malathion, a wildy insecti-
cide used in agricultural practice, on fish im-
mune response is not clearly investigated.
Results of other authors who have studied the
reactions of fish immune system to
organophosphates varied depending on the
type of toxicant and its application in fish,
species  of fish and water quality parameters
of experimental studies. Areechon, and Plum
(1990)  found sublethal concentrations of
malathion caused some haematological and
histological damages including erythrocyto-
sis and leucopenia in channel catfish (Ictalurus

punctatus). In their studies Siwicki, Cossarini-
Dunier, Studnicka and Damael (1990)  ob-

served a decrease in the levels of phagocyto-
sis and lysozyme activities in common carp
following exposing fish to trichlorophon,
whearas Cossarini-Dunier, Damael  & Siwicki
(1990)  found the antibody production in com-
mon carp was not affected following expos-
ing fish to this organophosphated toxicant.
Demonstration of sublethal concenctration of
malathion at 2mg/L caused diversity effects
in the contents of antibacterial activity, non-
specific immunocomplexes and antibody pro-
duction in common carp immunized with in-
traperitoneal injection of a single dose (1.5
x108 cells/fish) of Aeromonas hydrophila bac-
terin (Mikriakov, 1999). This study was initi-
ated to determine if malathion affects the im-
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mune response of carp immunized with heat
inactivated A. hydrophila. Particularly, we ex-
amined the effect of malathion on  antibody
production, antibacterial activity and lys-
ozyme levels of serum, kideney and spleen
of immunized fish exposed to the toxicant be-
fore and after receiving the booster vaccine.

Materials and Methods
Fish.
One hundred and forty apparently healthy
common carp (Cyprinus carpio) weghing 150-
320g from a fish farm were used for the ex-
periments. The fish were acclimatized to labo-
ratory conditions for 7 days in 1000L tanks
with aeration. The fish were fed with commer-
cial pelltets and water temperature was kept
at 22±2°C.

Bacterium
A virulent isolate of Aeromonas hydrophila

strain 77-18 was used for antigen preparation.
The bacterium was isolated from affected
common carp showing motile Aeromonas

septiceamia in Moldova Rpublic.

Antigen preparation
The bacterium was first grown in fish pep-
tone broth at 25°C for 24 hour and subculture
was carried out on nutrient agar at 25°C for
30 hours under static conditions. The cells
were harvested in normal physiological saline
(0.7% NaCl), heat-inactivated at 60°C for 30
minutes and stored at 4°C until used.

Immunization protocol and application of
toxicant
One hundered and fifteen fish were dip im-
munized with the antigen at concentration ca.
1 x109 cells/ml at 24°C for 5 minutes. The
immunized fish were then transfered to three

1000L fiberglass tanks containing 35 fish in
each tank. Two weeks following first immu-
nization, the second immunization (booster
vaccine) was undertaken as a bath immersion
at concentration of 2 x107 cells/mLof the bac-
terin for 30 minutes. First group was exposed
to malathion 12 hours prior to second immu-
nization, while the second group was given
malathion bath 12 hour post-second immu-
nization. Both groups were exposed to
malathion at concentration of 5mg/L for 12
hours under sutible aeration. The third group
recieved the booster vaccine and considered
as positive control. Thirty five fish were also
considered as negative control (unimmunized
fish) and were kept separatly. During
throughout the experiment, water quality
consisted of water temperature at 22±2°C, pH
7.3, dissolved oxygen 7-8mg/L and a com-
plete water exchange (water flow) per a day.

Collection and processing of samples
Samples were collected on days 1, 4, 7, 14 and
21 post-second immunization. Five fish were
used each sampling time. Blood was obtained
by cutting fish tail  after stunning with a sharp
blow to the head and removing the scales and
scraping the tail with alcohol. The bloods were
kept at room temperature for 3 hours and sera
were separated and kept at 4°C until used for
antibacterial activity and lysozyme assay as
well as antibody titration by bacterial
microagglutianation procedure within 72
hours. The fish were then dissected and whole
organs of kidney and spleen were weighed,
trasfered into four parts (W/V) of sodium
phosphate buffer (0.004M, pH 6.2) and freezed
at -5°C for 2 weeks, thawed at roome
termperature,  hemogenized in sterile tubes,
refreezed at –5°C for overnight, centrifuged
at 7500g for 30 minutes and the supernatants
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were used for both antibacterial acivity and
lysozyme assay as described in the following
sections.

Antibacterial activity
Antibacterial activity of sera and the
supernatants of tissue samples consisting of
kidney and spleen was undertaken according
to procedure described by Smirnova and
Kusmina (1966). Volume of 100 µL of samples
was added to tubes containing 2.9mL fresh
nurient broth and 40µL of A. hydrophila sus-
pension (1 x 109 cells/ml) prepared in sterile
normal saline was then added to each tube.
The optical density of samples was measured
immediately and after 3 hours incubation at
26°C by spectorophotomeric at 670nm wave-
length. Nureint broth was considered as the
blank. Also, nutrient broth containing normal
saline (100 µL) and the bacterial suspension
was included as control. The bacteriostatic
activity of sera and tissue samples were ex-
pressed as percentages of absorbance in nor-
mal saline control groups.

Lysozyme assay
Lysozyme level in sera and the supernatants
of tissue samples consisting of kidney and
spleen were determined by the turbidimeteric
assay according to the method described by
Ellis (1990) with slight modifications. Volume
of 1.75mL of Micrococcus lysodeikticus suspen-
sion (0.375mg/mL 0.05M sodium phosphate
buffer (PBS), pH 6.2) was mixed with 250µLof
each sample and the optical density was
measured after 15 and 180 seconds by spec-
trophotometer at 670nm wavelength. PBS was
considered as the blank and results were ex-
pressed in amounts of lysozyme (µg) per one
milliliter/miligram of sample using standard

curve drawn with hen egg white lysozyme
(Sigma) in the PBS.

Serum agglutination
The antigen consisted of a washed suspension
(adjusted such that a 10-fold dilution gave a
final optical density of 0.2) of A. hydrophila that
had been inactivated at 60°C for 30 minutes.
Serum samples (100µL) were added to the first
well of a 96-well round bottomed microtiter
plate and serially doublly diluted with nor-
mal saline (0.85% NaCl). To each of these wells
100 µL of the antigen suspension was added
and the plate was incubated at 20°C for 4
hours. The reciprocal of the last serum dilu-
tion that agglutinated the bacteria was taken
as the titre. The sera of immunized fish with-
out malathion bath was considered as a posi-
tive control, and non-immunized fish sera as
a negative control.

Statistical analysis
All data were analyzed using Student,s t-test.
A value of P<0.05-0.1 was considered to be
significant.

Results
As shown in Table 1 the antibacterial activity
for sera of test and control fish was generally
identical (P>0.05). Also, such activity was not
generally detectable almost in all kidney sam-
ples of immunized fish exposed to malathion
compared with both positive and negative
control groups (P<0.05). In addition, except
for samples obtained  7 and 14 days post-ex-
posure to the toxicant, antibacterial activity
was nil for tissues of spleen compared to both
positive and negative control groups. No dif-
ference was found in the level of lyzosyme of
sera between fish exposed to the toxicant and
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control groups (P>0.05) (Table 2). Also,
lyzosyme contents of spleen and kidney were
nil in fish exposed to toxicant, whearas those
of positive and negative controls were detect-
able. Antibody titre of immunized fish groups
exposed to malathion was generally  higher
and lower than negative and positive controls,
respectively (P<0.1)(Table 3). Also, the fish
that were exposed to toxicant 12 hours after
second immunization showed higher titres of
antibody production than fish exposed to
malathion 12 hours prior to second immuni-
zation (P<0.1).

Discussion
These data show that a 12–hour bath immer-
sion of immunized carp with malathion at
5mg/L may affect lysozyme contents, antibac-
terial activity and antibody production par-
ticularly in haematopoietic tissues of kidney
and spleen (Tables 1, 2 & 3). In perivious study
by Mikryakov (1999) short term exposure of
carp previously interaperitonally immunized
with a single dose of A. hydrophila antigen
caused a considerable increase in the  level of
serum antibacterial activity only 24 hours
post- exposing fish to malathion at 2mg/L at
19-21°C. However, in this study antibacterial
activities were indentical in sera of both test
(fish receiving booster vaacine 12-hour before
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A B C D

mureS

1 2±59 0±001 1±001 0±001

3 0±001 0±001 2±79 2±89

7 1±99 0±001 1±001 2±69

41 2±29 2±49 1±69 2±39

12 a4±49 7±98 5±28 2±57

yendiK

1 0 0 2±5 1±3

3 0 0 2±7 1±5

7 0 0 4±21 1±8

41 0 0 a6±61 2±7

12 0 0 a5±03 1±2

neelpS

1 0 0 1±3 2±3

3 0 0 2±7 2±5

7 3±9 3±5 4±01 2±5

41 3±8 2±3 b,a5±22 4±9

12 0 0 a4±02 1±5

Table 1. Contents of antibacterial activity in sera and tissues of  kidney and spleen of immunized common
carp following exposure to malathion at concentration of 5mg/L at 22±2°C. (n=5, M ±St.Error). A= Fish
were exposed to malathion 12 hours prior to second immunization. B= Fish were exposed to malathion 12
after second immunization. C= Positive control (immunized fish without malathion bath). D= Negative
control (unimmunized fish). a: Indicating values are significantly different from negative control. b: Indicating
values are significantly different from A and B groups.
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and after exposure to the toxicant) and con-
trol fish for up to 3 weeks post-exposure to
malathion, while such activity  was  signifi-
cantly higher in haematopeoitc tissues of kid-
ney and spleen of immunized carp without
treatment with the toxicant (positive control).
In addition, no considerable differences were
found in the contents of antibacterial activity
and lysozyme content of both fish treated with
malathion 12-hour before and after second
immunization. However,  antibody produc-
tion in fish treated with malathion 12-hour
after booster vaccine was higher than the fish
exposed to the toxicant 12-hour prior to re-
ceiving the booster. Also, the antibody titre

was higher in positive control than fish groups
exposed to the toxicant 12-hour before and
after receiving the booster. In a study by
Mikryakov (1999) lower antibody titre (1:16-
1:320) was detectd in unimmunized carp ex-
posed to this toxicant than immunized group
(1:64-1:2560) with A. hydrophila bacterin.
Therefore, malathion could affect the second-
ary humoral immune respone of carp prob-
ably through a negative effect on the prolif-
eration of memory lymphocytes, although
exposing fish to this toxicant at concentration
up to 5mg/L causes a synthesis of antitoxic
antibody by fish.  This is supported by
observaitions of a decrease in lymphocyte

elpmas
)yad(emit
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A B C D

mureS

1 10.0±20.0 30.0±70.0 20.0±50.0 10.0±30.0

3 20.0±50.0 30.0±50.0 10.0±10.0 10.0±20.0

7 20.0±70.0 20.0±50.0 20.0±50.0 30.0±60.0

41 30.0±60.0 c60.0±91.0 20.0±30.0 20.0±40.0

12 20.0±20.0 40.0±90.0 60.0±41.0 20.0±50.0

yendiK

1 0 52.0±65.0 03.0±04.1 23.0±53.1

3 0 0 80.0±48.0 60.0±61.0

7 0 0 70.0±53.0 40.0±51.0

41 0 0 90.0±52.0 90.0±01.0

12 0 0 80.0±1.0 70.0±1.0

neelpS

1 0 0 60.0±23.0 50.0±61.0

3 0 0 23.0±5.0 50.0±1.0

7 0 0 40.0±80.0 30.0±60.0

41 0 0 40.0±80.0 40.0±80.0

12 0 0 40.0±1.0 30.0±50.0

Table 2.  Contents of lysozyme  in sera and tissues of kidney and spleen of immunized common carp following
exposure to malathion at concentration of 5mg/L at 22±2°C. (n=5, M ±St. Error). A= Fish were exposed to
malathion 12 hours prior to second immunization. B= Fish were exposed to malathion 12 after second
immunization. C= Positive control (immunized fish without malathion bath). D= Negative control
(unimmunized fish). c: Indicating values are significantly different from A, C and D.



Bull. Eur. Ass. Fish Pathol., 23(1) 2003,  23

populations of treated fish with malathion
compared to control fish (data not shown;
Siwicki, Studnicka & Morand, 1995). Also,
Mikryakov et al. (2001) found a decrease in
lymphocyte count when unimmunized carp
were exposed to 1 and 5 mg/L of malathion
at 20°C. However, Cossarini et al., (1990) re-
ported that antibody production was not af-
fected when  unimmunized carp were treated
with another organophophated toxicant,
trichlorophon.

In conclusion, malathion at 5mg/L as a 12-
hour bath supplied 12-hour before or after the
booster vaccine may affect lysozyme contents,
antibacterial activity and antibody synthesis
of immunized  carp particularly antibody pro-
duction may be suppressed if immunized fish
are exposed to the toxicant before receiving
the booster vaccine. Therefore, in aquaculture
practice long-term exposure of fish to
malathion at below 5mg/L probably affects
both non-specific and specific immunity of
carp, although more works using higher sen-
sitive procedures are required to evaluate
such side effects of this toxicant on fish im-
mune responses.
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