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Abstract

The aim of this study is to investigate the modulation of the immune system of Nile tilapia, Oreochromis niloticus,
by the black cumin seeds, Nigella sativa, or Bacillus subtilis PB6 (CIoSTAT) as feed additives. Four diet regimes, a
basic (control), CIoSTAT, nigella, or combination of the black cumin seeds and CIoSTAT were formulated and used
to feed fish for 30 successive days. Half of the fish were used to investigate some of the immune parameters as
serum globulins, white blood cell counts, and phagocytic activities and phagocytic indices. The other half of fish was
subjected to infection challenge with Aeromonas hydrophila to investigate the disease resistance ability of the fish
received the feeding additives. Results showed that the serum globulins have significantly increased in fish received
the combination diet, while white blood cells have significantly increased in fish fed with nigella or combination ration.
Phagocytic activities and indices of the fish fed the combination ration were significantly higher than those of the
control groups. The mortality rate of fish fed with nigella or combination ration and challenged with A. hydrophila were
significantly lower than those that received the basic diet. The current study clearly demonstrated that black cumin,
CloSTAT or both can be used to modulate the immune system of Nile tilapia to the favour of resistance to diseases.
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Introduction

Currently, Egypt is one of the countries where aquaculture is
growing fastest with Nile tilapia, Oreochromis niloticus, is the most
widely farmed species [1]. Unfortunately, intensive aqua-farming is
accompanied by several problems where infectious diseases come first
in limiting the production with consequent negative impact on growth,
fecundity and productivity. The use of antibiotics and chemotherapy
was the method of choice as the disease control strategy; however,
the abuse of chemotherapeutics, especially antibiotics has resulted in
development of multiple antibiotic resistant bacteria [2].

Defense system of fish is very important against microorganisms,
therefore, using organic, inorganic, or synthetic matters as
immunostimulant has been used as a better alternative to antibiotics
to control fish diseases [3,4]. Hence, in the last decade there has been
increasing interest in the modulation of the non-specific immune
system of fish as both treatment and prophylactic measures against
diseases [5].

Prepared diets not only provide the essential nutrients that are
required for normal physiological functioning, but also may serve as
a medium by which fish can receive other components that may affect
their health [6]. Feed additives such as probiotics or medicinal plants
enhance not only the growth rate, but also can positively stimulate the
non-specific defense mechanisms of fish. Bacillus spp. may modulate
the mucosal immune systems enhancing their resistance to enteric
pathogens and so improved survival and growth of tilapia [7,8]. Black
cumin, Nigella sativa, an annual herb that belongs to the botanical
family of Ranuculaceae, showed antibacterial fungicidal effects [9].
Black cumin seeds have been used as enhancer for performance, growth
and immune system of some fish species [10,11].

Therefore, the aim of the present study is to investigate the
immunomodulation effects of black cumin seeds, N. sativa, or Bacillus
subtilis PB6 (CloSTAT) as feed additives for Nile tilapia, O. niloticus. The
influence of such additives on the immune hematologic parameters,
non-specific immune response of Nile tilapia, and their diseases
resistance abilities will be evaluated.

Materials and Methods
Fish

Alive Nile tilapia, O. niloticus, with an average body weight of 40
+ 5 g were obtained from a private fish farm at Assiut Governorate
and transported to the Aquatic Animals Wet Lab., Veterinary Clinical
Hospital, Faculty of Veterinary Medicine, Assiut University. Fish were
housed in 500 L tanks with dissolved oxygen of 5.5 + 0.2 mg/L. Prior to
the experiment, apparently healthy fish were acclimated for 2 weeks in
100 L glass aquaria according to the protocol of maintaining bioassay
fish as was previously described [12].

Diets and feed additives

Four different diets with or without additives, representing four
diet variants, were formulated to be used for feeding of fish. A basic
diet (control) was formulated of grounded yellow corn (34.9%), soya
bean meal (28.6%), fish meal (17.0%), wheat bran (9.3%), vegetable oils
(6.5%), ground lime stone (0.70%), bone meal (0.30%), mineral mixture
(1.7%) and vitamin mixture (1.0%). The three other experimental diets
were formulated as a CloSTAT diet (basic diet with 0.04% of CloSTAT),
a nigella diet (basic diet with 3.0% of N. sativa), and a combination diet
(basic diet with 0.04% CloSTAT and 3.0% N. sativa).

Experimental design

Two hundreds and ten acclimated Nile tilapia were used to conduct
this study in three replicates. Fish were randomly divided among
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replicates into sets and groups. Each replicate included two sets, where
one set was used for evaluating the immune blood parameters of fish
(blood set), while the other set was used for the challenge experiment
(challenge set). Each blood set had four equal experimental groups
that represent the 4 nutritional treatments (corresponding to the 4
diet variants). Thus, a control group received the basic diet, the second
group received the CloSTAT diet, the third group received the nigella
diet, while the fourth group received the combination diet. While each
challenge set had the same four groups as the blood set and assigned as
challenge groups. Each challenge set had 2 additional groups assigned
as challenge control groups that received the basic diet and remained
unchallenged as a control for the challenge experiment. Each group had
7 fish and was fed ad libitum with only one diet variant twice daily for
30 successive days.

A total of 30 glass aquaria of 100 L capacity were used to conduct
this study. Throughout the experiment, the temperature was maintained
at 24°C and the dissolved oxygen level at 6.0-7.0 mg/L, while the pH
levels were 7.2-7.5.

Haematological studies

By the end of the feeding experiment, fish of all groups of the
blood sets were anesthetized using tricaine methanesulfonate (MS-222,
Argent Chemical Labs, Redmond, Washington, USA). Blood samples
were collected from the caudal vein of fish and were divided into two
portions. One part was collected with 3% sodium citrate and used for
white blood cells count or mixed with Candida albicans culture to
assess phagocytic activity. The second portion of the blood sample was
allowed to clot overnight at 4°C, centrifuged at 3000 x g for 15 min and
non-hemolysed serum was collected and stored at -20°C until use.

White blood cells (WBCs) were counted using the Neubauer
haemocytometer (Boeckel Co., Hamburg, Germany), in Natt-Herrick
diluents [13]. Levels of serum total protein and albumin were measured
using spectrophotometry and “Total Protein” and “Albumin” kits
(Spectrum, Egyptian Company for Biotechnology, Obour City, Cairo,

Egypt).

Globulin levels were determined by direct subtracting the values of
the albumin from those of the total protein.

Phagocytosis assay

Phagocytic activity (PA) was estimated as previously described
[14]. Briefly, 200 pl of each blood sample collected from fish were
mixed with 10 mg of C. albicans culture in eppendorf, shaken and
incubated 25°C for 4 hours. After incubation, smears of the blood
samples were made, fixed, and stained with Giemsa stain. Phagocytic
activities were estimated by calculating the proportions of macrophages
with intracellular yeast cells by random count of 300 macrophages and
expressed as percentages. The phagocytic indices (PI) were estimated
by calculating the average number of yeast cells per one macrophage.

Experimental challenge

Bacterial strain: An A. hydrophila strain (AH5) was isolated from
a clinical case of infected fish during a mass mortality in a local farm
of Nile tilapia showing signs of septicemia. The strain was identified
by Gram stain, motility test, and various biochemical characters [15],
and preserved -80°C. The A. hydrophila AH5 strain was passed three
times in Nile tilapia through intraperitoneal injection before using for
experimental challenge.

Bacterial challenge suspension and counts: Colony forming

units (cfu) counts in bacterial suspensions were determined using
spectrophometery optical density values at wavelength of 600 nm
and standard-plate-count method with ten-fold serial dilution [16].
Counts were determined on brain heart infusion (BHI) agar plates. The
challenge suspension was prepared by growing the AH5 strain in BHI
broth at 25°C until log phase (optical density of 1.6 that is equivalent to
6.0x10° cfu/ml).

Experimental infection: The four challenge groups of each
challenge set were challenged through immersion in 1.0x107 cfu/ml of
AHS5 for 30 min in a volume of 30 L. One of the challenged control groups
of each set was subjected to sterile BHI broth for the same duration (30
min), while the other group remained unchallenged. Mortalities were
recorded daily till no mortalities were recorded for three successive
days for a given treatment. Re-isolation and identification of bacteria
was done from freshly dead fish as mentioned above.

Statistical analysis

The experimental design was completely randomized. Data were
analyzed by analysis of variance (ANOVA) using the general linear
models (GLM) procedure [17]. The overall model was tested for
significance at p<0.05. Duncan’s multiple range test was used for pair
wise comparison of means of the various treatments.

Results

Results of the current study showed that the WBCs of Nile tilapia
fed on the combination diet were significantly higher than those of fish
fed on any other diets, while WBC:s of fish fed on nigella diets showed a
significant increase than that of the control (Table 1). Serum globulins
of Nile tilapia fed on the combination ration were higher than those
of all other groups, and significantly higher than those of fish fed on
the basic ration (Table 1). Phagocytic activity of Nile tilapia phagocytes
received the nigella or the combination diets were significantly higher
than the other two groups, while the phagocytic index of only Nile
tilapia received the combination diet was significantly higher than
those of all other groups (Table 1). Cumulative mortalities of Nile
tilapia challenged with A. hydrophila were significantly less in fish fed
on nigella or combination diets than those of fish fed on the basic or
CloSTAT diets (Table 1).

Discussion

The aim of the present study was to investigate the effect of
dietary supplementation of black cumin and/or Bacillus subtilis
PB6 (CloSTAT) on the immune response and diseases resistance of
cultured Nile tilapia. One of the most effective methods of controlling
diseases in aquaculture is strengthening the defense mechanisms of fish
through prophylactic administration of immunostimulants [18,19].

Basic (Control) |ClIoSTAT Nigella Combination
WBCs 36.2 + 3.86* 39.41+4.78% 40.22 +4.41° 4453 +5.11°
Globulin (g/dl) 418 +1.01° 4.63+1.20® |4.88+1.74* 5.89+ 1.05°
Phagocytic activity 24.4 +2.10? 26.20 + 1.892 |30.74 +2.33° |37.35 £ 3.21°
Phagocytic index |1.01 + 0.022 1.02+£0.128  1.09 £ 0.25%® |1.21 £ 0.47°

Cumulative Mortal- 71.42 + 11.6® |57.14 + 11.6% |47.61 + 6.73" | 23.80 + 6.73°
ity percent

Table 1: Effect of four diet regimes, basic (no additives), CIoSTAT diet (basic diet
with 0.04% of CIoSTAT), a nigella diet (basic diet with 3.0% of Nigella sativa), and
a combination diet (basic diet with 0.04% CloSTAT and 3.0% Nigella sativa) used
to feed Nile tilapia, Oreochromis niloticus, on the white blood cells (WBCs) count,
globulin level, phagocytic activity, phagocytic index, and cumulative mortality per-
cent of fish challenged with Aeromonas hydrophila. Data represent the average of
3 experiments. Means of the same raw with the same letter are not significantly
different, while those with different letters are significantly different (p<0.05).
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Natural immunostimulants are considered promising alternatives to
chemotherapy and vaccines because of their broad spectrum activity,
cost effectiveness, and eco-friendly measures [20].

In the current study, the immuno-potentiation effects of black
cumin and/or CloSTAT were investigated after 30 days of successive
dietary supplementation of Nile tilapia. In fish, most of the beneficial
effects of dietary supplementation of medicinal herbs or probiotics
as weight gain, improved immunity, and disease resistance have been
recorded within a feeding regime of 1-10 weeks [21,22]. The time
course for optimum induction of immune response differs with respect
to probiotic strain, type of medicinal plant, and type of the immune
parameter [21].

The innate immune system of fish is the first line and primitive
of defense against invading pathogens. The major components of
the immune system are macrophages, monocytes, granulocytes, and
humoral elements, such as lysozymes, immunoglobulins and the
complement system [23,24].

White blood cells (WBCs) of fish play a crucial role in the cellular
immunity and resistance to infectious diseases [25]. The significant
increases in WBCs counts in fish fed with the nigella or combination
diets may be due to the activation of the hemopoietic tissues either
by the black cumin [26] or B. subtilis [27]. Several types of leukocytes
participate in the cellular immune response, including lymphocytes,
monocytes, granulocytes (neutrophils, eosinophils and basophils),
and cytotoxic cells [28]. On the other hand, leukocyte functions can
be improved by natural immunostimulants as was previously reported
in gold fish that were supplemented with mixtures of chosen herbs
incorporated in shrimp and fish diet [22]. In addition, recent studies
indicated that probiotics can stimulate the piscine gut associated
lymphoid tissue provoking an immune response [21].

As a first line of defense, various peptides such as lysozyme,
antibodies, complement factors and other lytic factors are present
in serum where they prevent adherence and colonization of
microorganisms leading to prevention of infections and disease [29].
In the current study, levels of the serum immunoglobulin of fish
significantly increased by dietary supplementation with CloSTAT
and black cumin in the combination ration. This increase in serum
antibodies provides immediate and broad protection against bacterial
and viral pathogens [25]. Certain herbal immunostimulants have been
reported to increase total protein as well as total globulin in fish [30].
The total immune-globulin levels were significantly higher in rainbow
trout, Oncorhynchus mykiss, fed with black cumin diet than the control
groups [31]. Carp, Cyprinus carpio, total serum protein and globulin
content were markedly increased after oral administration of Aloe vera
compared to the controls [32]. Previous studies revealed that probiotic
bacteria could stimulate the immunoglobulins production in fish
[33]. Serum IgM levels of fish fed Baciilus pumilus or Bacillus clausii-
containing diets were higher than that of control fish after 30 days of
feeding [34].

Phagocytosis is a primary, non-specific defense mechanism against
invasion of pathogenic organisms of hosts [35]. In the current study,
Nile tilapia phagocytes showed increased the phagocytic activities
and indices when fed on either black cumin or combination diets. The
enhancement of phagocyte function is one of the most immediate and
key effects produced by probiotics [36] and plant extracts [37] on the
host immune system of fish. Previous studies demonstrated that aquatic
animals fed probiotic had significantly increased phagocytic activity
and index [38,39]. In addition, extracts of four Chinese herbs increased

the phagocytosis activities of crucian carp white blood cells [40].

In this study, stimulation of the immune system of Nile tilapia as
a result of feeding of black cumin or combination diets have positively
impacted the resistance of fish to A. hydrophila infection as was
indicated by the significantly lower mortality rates of fish challenged
with virulent A. hydrophila. It was reported that Ocimum sanctum
enhanced the disease resistance in Oreochromis mossambicus against A.
hydrophila infections [41]. Furthermore, Nile tilapia fed with probiotics
and challenged with A. hydrophila showed significant decrease in
mortalities [42].

Results of the current study proved that dietary supplementation of
CloSTAT, black cumin, or combination of the two enhanced the overall
immune response of Nile tilapia as was indicated by the significant
increase of the WBC numbers, globulin proteins and the phagocytic
activities of fish phagocytes. This modulation of the fish immunity has
greatly enhanced the resistance of challenged fish to A. hydrophila as
was indicated by the significant decrease in mortalities in fish received
the nigella or combination diets.
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