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Abstract

This study was undertaken to evaluate the influence of levamisole on the immune enhancement of Nile tilapia
(Oreochromis niloticus) against potential bacterial pathogens, Fish with weight of 98+5 g were randomly distributed
into seven groups each at a rate of 20 fish per 300-L aquarium and fed on a diet containing 0.0, 250, 500, 750, 1000,
1250 or 1500 mg levamisole/kg diet for eight weeks. After the feeding trial, fish were challenged by pathogenic Aero-
monas hydrophila, E.coli, Staphylococcus aureus and Salmonella, which was given by Intra Peritoneal (IP) injection
and Levamisole fed fish groups showed significant activation of non-specific immunological measures together with
a relative enhancement of resistance against challenged bacteria. Interestingly, the indices study indicated that the fed
group showed significant (p<0.05) increment in all immune parameters like phagocytic activity, serum bactericidal
activity and leukocrit. The challenge studies (RPS) also clearly indicated that fish supplemented diet containing 1500
mg levamisole/kg diet showed high protection (85%) over the control group. The lowest fish mortality and bacte-
rial counts were obtained when fish fed diet containing 1.25-1.5g levamisole. These results indicate that levamisole

supplementation is promising for disease prevention in tilapia culture.
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Introduction

Aquaculture represents one of the fast growing food produc-
ing sectors and in the aim to increase productivity per unit space,
fishes are usually cultured in narrow space such as pond or net
cages under high densities, thus overcrowding tends to adversely
affect the health of cultured fish making them a feasible target to
infectious disease. As a consequence, several studies have looked
into modulation of fish immune system in order to prevent the
outbreak as reviewed recently by [1]. Disease outbreaks are in-
creasingly being recognized as a potential constraint on aquacul-
ture production and trade and cause massive financial loss either
through mortality or reduced meat quality, resulting in reduced
profit margins [2].

One of the major issues in intensive finfish aquaculture is
loss associated with disease. A number of approaches have been
applied in an attempt to address this problem including sanitary

prophylaxis, disinfection, chemotherapy with a particular em-
phasis on the use of antibiotics, and in recent time’s vaccination
against specific diseases [3]. However there are practical difficul-
ties and undesirable consequences associated with some, if not all
of these approaches. For instance, prophylaxis, based on sanitary
isolation is difficult to achieve due to the presence of other fish
species, invertebrates or the water itself [3]. Antibiotic therapy is
undesirable, as there is the potential for enhanced microbial resis-
tance and the accumulation of residues in the tissues of the fish
[4]. Vaccination, although highly effective in some instances, is
time consuming, labor intensive and costly and protection is often
pathogen specific [5]. An alternative approach has been the ap-
plication of various compounds to boost or stimulate the innate
immune system of cultured fish [6].

The use of chemicals to control bacterial and other parasitic
infections in fish population resulted in bioaccumulation, human
carryover and pollution. Similarly, the widespread use of antibi-
otics leads to development of antibiotic resistant bacteria, immu-
nosuppressant and destabilization of helpful bacterial population.
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The application of antibiotics and other chemicals to pond cul-
ture is also quite expensive and undesirable, as it risks contamina-
tion of the environment and the final product as well as impaired
growth. The use of antimicrobial drugs in Norway, a major fish
producer, has dropped from approximately 50 metric tons per year
in 1987 to 746.5 kg in 1997, measured as active components, and
this is mainly due to mass vaccination and selection programs for
important diseases [7].

Considering the recent successes of these alternative ap-
proaches, the Food and Agriculture Organization of the United
Nations (FAO) defined the development of affordable yet efficient
vaccines, the use of immunostimulants and non-specific immune
enhancers, and the use of probiotics and bio-augmentation for the
improvement of aquatic environmental quality as major areas for
further research in disease control in Aquaculture [8]. One of the
main emphases in Ethiopia is to develop aquaculture to its full
potential making a big contribution to national food availability,
food security, economic growth, and trade and improved living
standards. However, along with the growing interest in the devel-
opment of fish industries in the different sites of the area, there
will be an increasing awareness of importance of fish disease as
one of the major detrimental factors in culturing fish in the coming
future.

Objectives of the study were

*  To assess the concentration response and time course effects
of levamisole treatment through oral route on selected com-
ponents of the immune system of Nile tilapia (Oreochromis
niloticus) and to evaluate the responses of levamisole treated
Nile tilapia (Oreochromis niloticus) to the experimental bacte-
rial challenge.

Materials and Methods

Fish and Husbandry Conditions: Fishes samples were col-
lected using different centimeter mesh sizes of gillnets from se-
lected water bodies. Gillnets will be set at certain study sites of the
lake during day time and throughout the night. Immediately after
capture, Total Length (TL) and Total Weight (TW) of each speci-
men will be measured to the nearest 0.1 cm and 0.1g, respectively.
The fish was immediately disinfected with 3% sodium chloride
for 5 min and they were kept for 2 weeks under observation for
acclimatization in water tank. Fish was randomly distributed into
each of 7 PVC tanks (300 liter capacity) filled with 150 liters of
water. Each tank was supplied with aerated de-chlorinated fresh
water every four days; water temperature was maintained at 25 +
1°C with dissolved oxygen of 8.5 ppm.

Diet Preparation: A fish feed was prepared by first mixing
dry ingredients fish meal together for 15 minute to ensure homo-
geneity and then adding in hot water. This mixture was steamed for
15 min, allowed to cool and levamisole at 0.0, 250, 500, 750, 100,
1250 and 1500mg/kg of diet was added to steamed and cooled feed

mixture and then palletized. All pellets was separately air dried and
stored in tightly sealed plastic bags at 8-10°C until they used in the
feeding experiments. Levamisole Treatment: Fish was randomly
distributed into each of 7 PVC tanks (300 liter capacity) filled with
150 liters aged tap water with continuous aeration. Fish in each
tank were fed with 0.0, 250, 500, 750, 100, 1250 and 1500mg le-
vamisole/kg diet, on the first day and every 3rdday for 16 days (7
doses, two divided doses per day) and fed with the control diet
for the remaining days. Half of the water in each of the tanks was
exchanged with fresh aged tap water every four days.

Blood Sampling: Collection of blood samples was taken
place from five fish from each tank at 14 and 21 days after the last
application of levamisole for immunological assay. Blood samples
were taken from the fish by bleeding from caudal vein by using 21
G needles. Fish was anaesthetized in neutralized benzocaine (200
mg L-1) prior to blood sampling [9]. Haematocrit and leucocyte
counts: At the end of the feeding trial, fish were fasted for 24 hours
immediately prior to blood sampling and five fish per aquaria were
randomly chosen and anesthetized with benzocaine (200 mg L-1).
The blood was extracted from the caudal vein in Eppendorf tubes
with sodium heparin ate (500 U/L), used as anticoagulant, for the
counting of White Blood Cell (WBC) at 14 and 21 days after the
last application of levamisole. For detection of the haematocrit lev-
els, blood samples was taken into heparin zed capillary tubes and
centrifuged in the haematocrit centrifuge at 2000 rpm for 20 min.
Heamatocrit (PCV) value of each sample was measured using the
haematocrit gauge. Total leucocyte count was determined using
Shaw’s solutions as dilution fluids following the method of [10]. A
Blood smear of the fish was prepared, fixed in 100% methanol and
stained with Wright-Giemsa stain. Different types of leucocytes
were identified as described by [11].

Phagocytosis Assays: Phagocytic cells were detected using iden-
tified bacterial pathogen of fish as described by [12]. A sample
(0.1 mL) of blood was placed in a micro titer plate well, 0.1 mL
of Aeromonas hydrophila, E.coli, Staphylococcus aureus and Sal-
monella cells suspended in phosphate buffered saline was added
and then mixed well. The bacteria-blood solution was incubated
for 20 minutes at room temperature. SpL of this solution was taken
on to a clean glass slide and a smear was prepared. The smear was
air dried, then fixed with ethanol (95%) for 5 min and air dried.
Then the smear was stained with Giemsa stain for 10 min. The two
smears were made from each fish. The total of 100 neutrophils and
monocytes from each smear was observed under the light micro-
scope and the number of phagocytizing cells and the number of
bacteria engulfed by the phagocyte were counted. Phagocytic rate
was calculated as follows: Phagocytic activity equals the number
of phagocytizing cells divided by the total number of phagocytes
counted.

PR= (Number of phagocytes with engulfed bacteria/Number of
phagocytes) X 100
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Relative percentage of survival: Bacterial pathogen was taken
from Ethiopia Institute of Health and Nutrition Research and was
inoculated in a tryptone soy broth and was incubated at 30°C. Af-
ter centrifugation at 800g for 15 min, the packed cells were washed
and prepared in PBS. At the end of the study, fish in each aquarium
were divided into two groups. The first group was challenged with
0.1 ml dose from virulent bacterial pathogen. The second group
was [P injected by 0.1 ml of saline solution as a control. All groups
were kept under observation for 10 days to record any abnormal
clinical signs and the daily fish [13]. Relative Percentage Survival
(RPS) was calculated as follows: Mortality (%) of untreated minus
Mortality (%) of treated divided for Mortality (%) of untreated
controls multiply by 100.

Bacteriocidal Activity: Bacteriocidal activity in fish samples
mortality rate. The cause of death was ascertained by re-isolating
the bacteria from the kidney and liver of dead was analyzed ac-
cording to the Miles-Misra technique [14]. Aeromonas hydrophila,
E.coli, Staphylococcus aureus and Salmonella used in this assay
was stocked at-80°C in glycerol solution. This strain was inocu-
lated with tryptone soy broth (TSB). Bacteria culture was grown
for 24 h at 300C on TSB medium, and the culture broth was cen-
trifuged, washed with saline solution and suspended in Gelatin Ve-
ronal Buffer (GVB). Viable counting was conducted by inoculat-
ing with serial dilution in GVB on tryptone soy agar (TSA). The
serum sample was mixed with GVB (1:1 v/v) and stored at 40C.
Serum samples were mixed with an equal volume of bacterial sus-
pension and incubated at 300C. The number of viable bacteria was
then calculated by counting the resultant colonies from the incu-
bated mixture on TSA (Tryptic Soy Agar) plates after incubation
for 24 h in duplicate

Data Management and Analysis: Statistically data was analyzed
using descriptive statistics and mean comparison procedure of the
Statistical Package for Social Science Software (SPSS 20.0).

Results and Discussions

Fish fed on diets containing 750-1500mg levamisole /kg diet
exhibited similar RBC and WBCs counts and their ranges were
2.22-2.64 x 10%uL and 3.39-4.34x10%/uL, respectively. The low
counts of RBCs and WBCs were obtained at the control diet 1.66
x 10%uL and 2.94x10%/uL, respectively (Table 1). No significant
changes in lymphocytes were observed at 750-1500 mg/kg diet,
whereas the lowest one was observed at the control diet (81.4%).
Contrarily, the control diet produced the highest monocytes and
granulocytes, which decreased with the increase of Levamisole
levels in fish diet (P< 0.05; Table 1). The bacterial count after in-
cubation with fish sera decreased with increase of levamisole level
in fish diets. The lowest bacterial count was obtained in fish fed
750-1500mg levamisole/kg of diet, whereas the highest one was
obtained when fish fed control diet (Table 2).

Fishes fed with higher concentration (750-1500mg levami-
sole/kg of diet) showed significant survival rate when challenged
with Aeromonas hydrophila, E.coli, Staphylococcus aureus and
Salmonella. High mortality rate was observed in control group.
The experimental groups that received low doses of levamisole
showed mortality at a lower rate when compared to that of control
group. The total fish mortality 10 days after IP with pathogenic
bacteria decreased significantly (P< 0.05) with the increase of le-
vamisole supplementation (Fig. 1). No significant leukocyte con-
centration (x103cells/mm3) was observed in throughout the study
period. The group fed 1500mg/kg levamisole supplemented diet
showed elevated leukocrit value, but not statistically significant
one (p>0.05). Phagocytosis Rate (PR) on bacterial cells was not
much influenced by levamisole supplementation but in high dos-
ages PR was significant (p<0.05) than control and other group. The
groups fed with lower concentration of levamisole did not showed
significant bactericidal activity (p>0.05) but higher concentration
(1500mg/Kg) showed significant bactericidal activity (p<0.05).

[tems Levamisole levels (mg/kg diet)
0.0 250 500 750 100 1250 1500
RBC (x10%/uL) 1.66+0.087b | 1.92+0.079b | 2.07+0.127 ab | 2.22+0.153 a 2.48+0.158 a 2.5440.127 a 2.64+0.138 a
WBC (x105/uL) 2.94+0.124b | 3.21+0.133b | 3.294+0.176 ab | 3.39+0.098 a 3.97+0.127 a 4.024+0.133 a 4.3440.136 a
Lymphocytes (%) 81.4+0.19¢c | 86.1£1.59bc | 92.242.52bc | 94.1£2.71 ab 94.1+2.71 ab 96.34+2.62 ab 97.8+0.233 ab
Monocytes (%) 11.2+0.18 a 9.1+0.16 a 5.5+0.19b 4.6£0.15b 4.6£0.15b 2.8+0.06 ¢ 1.9+0.08¢
Granulocytes (%) 7.4+0.13 a 4.840.03 b 2.3£0.06 ¢ 1.3£0.06 ¢ 1.3£.0.06 ¢ 0.9+0.06 d 0.3+£0.05d

Tablel: Red Blood Cell Count (RBC), White Blood Cell Count (WBC), lymphocytes, monocytes and granulocytes of Nile tilapia fed practical diets

containing different levels of levamisole for 8 weeks.

Note: The same letter in the same row is not significantly different at CI of 95%.
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Levamisole levels (mg/kg diet)

Item

0.0

250

500

750

100

1250

1500

Bacterial count
(x104 cell)

82.7£3.28 a

68.0+1.73 b

61.2+1.73 ¢

46.7£2.96 d

42.3+2.03d

43.3+2.03d

33.242.03 d

Table 2: The total counts of bacteria 24 hr-after incubation with serum of Nile tilapia fed different levels of levamisole for 8 weeks.

Note: The same letter in the same row is not significantly different at CI of 95%.

Items Levamisole levels (mg/kg diet)
0.0 250 500 750 1000 1250 1500
Phagocytic Rate 36.66+2.7 b 37.7£2.9b 38.34+2.7b 37.5¢1.53b 39.48+1.58 b 42.54+1.27b 51.4+1.38 ¢
Bactericidal Activity 0.02 a 0.06 a 0.07 a 0.07 a 0.06 a 0.07 a 0.11b
Leukocrit (x103cells/
mm3 22.4£19c¢ 24242 1 ¢ 22.23+1.5¢ 23.12+1.3 ¢ 21.1x1.7 ¢ 22.26+1.6 ¢ 26.7t1.3 ¢
PRP (%) Oa 20a 40 a 75¢ 80 ¢ 80 ¢ 85¢

Table 3: The immune parameters of Nile tilapia fed with different levels of levamisole in water tank for 8 weeks

Note: The same letter in the same row is not significantly different at CI of 95%.

—4—Control
... —B—=250 mg levamisole/kg diet . . |

—
(=4
(=]

Mortality rate (%)
2

L 2 4Days after infectidh kL i

Figurel: Mortality rate of Nile tilapia fed with different levels of levami-
sole in water tank for 8 weeks and challenged by bacteria for 10 days

Application of immunostimulators in the aquaculture in-
dustry can be considered a remarkable advantage because of their
safety and the fact that they are considered environmentally friend-
ly [15,16]. Levamisol has been found to stimulate the immune re-
sponses significantly in both in vitro and in vivo in mammals. In the
present study, oral administration of Levamisole increased serum
lysozyme activity in all groups which receive Levamisole than nor-
mal control groups. It has been observed that immune stimulants,
vaccines and probiotics can enhance the plasma lysozyme activity
[17,18]. Lysozymal activity is an important defense mechanism in
fish, which causes lysis of bacteria and activation of the comple-
ment system and phagocytes by acting as an opsonin.

In the present study, fish fed on diets containing 750-1500mg
levamisole /kg diet exhibited higher RBCs and WBCs counts, as
compared with fish fed the control diet. These results proved the
improvement of fish health when fed levamisole-supplemented di-
ets. No significant changes in lymphocytes were observed at 750-

1500mg/kg diet, whereas the lowest one was observed at the con-
trol diet (81.4%). Contrarily, the control diet produced the highest
monocytes and granulocytes, which decreased with the increase of
Levamisole levels in fish diet.

In the present study, the results of bacteria challenge and
bacteriocidal activity suggest the increase in phagocytosis in
blood at higher levamisole level, which have an important role for
prevention of infectious disease. Phagocytosis by these cells is a
process of internalization, killing and digestion of invading mi-
croorganisms. In phagocytosis, phagocytes produce oxygen free
radicals during the respiratory burst, which is toxic to bacteria.
Several authors reported that phagocytosis is stimulated by oral
administration of probiotics [16,19,20].

It is very important to estimate the useful impacts on fish
treated with immuno-stimulants. In this study, the obtained results
showed that tilapia fed 750-1500mg levamisole/kg diet increased
the fish resistance against bacterial challenge. In this regard, esti-
mated the fluctuation in the number of bacterial cells in Spirulina-
treated fish organs after an artificial challenge with 4. hydrophila
[21]. They found that the bacteria numbers were lower in the liver
and kidney of carp treated with Spirulina than the control group
suggesting the increased resistance A. Aydrophila infection. The
present study concluded that levamisole positively improved re-
sistance to bacterial infection of Nile tilapia. In addition, this study
found that the optimum rate of levamisole in the fish practical diet
is 750-1500mg levamisole /kg diet.
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