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ABSTRACT

Chlorella  vulgarisis  focused for its potential as
immunostimulants against the infectious diseases of fish. The present
study was planned to demonstrate the immunostimulant effect of
Chlorella vulgaris and evaluate its effects on the resistance of Nile
tilapia (Oreochromis niloticus) challenged with Aeromonas sobria.
One hundred and twenty of Nile Tilapia were divided into four
groups supplemented with diet incorporated with Chlorella
vulgaris at levels of zero, 0.5, 1 and 1.5 gm/kg standard diet for 60
days. After the experimental period, results indicated that fish
supplemented with Chlorella vulgaris produced significant increase
in total white blood cell (WBC), lymphocyte & granulocyte counts,
Phagocytic index with significant increase in serum lysozyme
activity, total serum protein, aloumin level, and globulin levels. In
addition, Chlorella vulgaris produced 100% & 83% of protection in
Nile tilapia infected with Aeromonas sobria when supplemented at
levels of 1 & 1.5 gm/kg, respectively.

This study concluded that Chlorella vulgaris can be used as an
immunostimulants in fish.
Key words: Immunostimulant, immunity, leucocyte, phagocytic index,
lysozyme.
INTRODUCTION

Intensive production in aquaculture becomes troublesome, particularly
with poor environmental conditions and poor husbandry practices, worldwide
including Egypt. These conditions can be stressful and compromise the
immune response and increase susceptibility to infection and disease (FAO,
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2010; World Fish Centre, 2010; Zhang et al 2014).

Strategies for combating diseases in aquaculture include antibacterial,
vaccination program and strengthening the innate immune responses of fish
(Galindo-Villegas and Hosokawa 2004). Nowadays, Immunostimulants from
natural origin was encouraged by Health Organizations. Of these, several
plants are confirmed as immunostimulants that often act through targeting
complement activation, phagocytosis and cytokines secretion (Tafalla et al.,
2013).

Algae are green eukaryotic, normally found in the ponds, where it grows
freely and can easily be harvested and re-grown. microalgae as Chlorella are
a wide group of photosynthetic heterotrophic organisms consisting of vital
amino acids, protein, minerals, vitamins, chlorophylls, carotenoid pigments,
antioxidants, rich in n-3 long-chain polyunsaturated fatty acids (LC-PUFA)
and other bioactive components involved in many physiological activities.
(Yamaguchi, 1996; Kwak et al., 2012, Takeuchi et al. 2002, Ortiz et al., 2006
and Dawczynski et al., 2007 and Xu et al., 2014).

In aquaculture, algae are valuable and have been utilized as live feeds for
larval or juvenile crustaceans and finfish and as a feed for zooplankton in
aquaculture. 1t is also used as growth enhancers and immunostimulants
(Muhammad et al., 2020), biofertilizers, bio-fuels, and the development of
pharmaceuticals (Becker, 2004).

Chlorella vulgaris contains 10% minerals and vitamins, 5% fiber, 20%
carbohydrates, 20% fat, and 45% protein. It has been reported that inclusion
of C. vulgaris at different levels (20-80 g/kg) improved growth performance,
anti-oxidant enzyme activity, lipid metabolism and resistance of M.
rosenbergii  post-larvae against Aeromonas hydrophila infection
(Radhakrishnan et al., 2015, Rahimnejad et al., 2016, Maliwat et al., 2016 &
Essam et al., 2020). It is also known with its antibacterial, antiviral action and
its ability to prevent toxin-caused oxidative stress and cellular damage
(Rahimnejad et al., 2016).

So, this study was designed to evaluate the effect of Chlorella vulgaris as
immunostimulant and its protection against Pathogenicity of Aeromonas
sobria in Nile tilapia.

Materials & Methods
Experimental fish and Experimental diet:
Feed collection and preparation
Chlorella vulgaris powder from National Research Center.
Feed preparationFish diets
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A commercial diet contained 30% protein was prepared with addition
different concentration of Chlorella vulgaris powder as additives.

Experimental fish

Apparently healthy Nile tilapia ( O. niloticus; total n=120) obtained
from a local commercial fish farm with average body weight of 20 £ 5 ¢
transported alive to the laboratory of Fish Diseases Dept., Central
Laboratory for Aquaculture Research , ElI-Abbassa, Egypt. They were
randomly distributed in 12 glass aquaria filled with de-chlorinated tap-
water supplied with adequate aeration and under water internal power
filters for 2 weeks under observation for acclimatization before the start of
the experimental diet. Thirty percent of the water was weekly exchanged
to maintain good water quality. They fed a commercial diet containing

30% crude protein twice daily.
Table (1): Ingredients and chemical analysis of the experimental diets

(on dry matter basis) containing different component of Chlorella

vulgaris:
Ingredients Gl G2 G3 G4
Chlorella vulgaris: 0.00 0.50 1.00 1.50
Fish meal (HFM) 6 6 6 6
Soybean meal (SBM) 43.8 43.8 43.8 43.8
Ground corn (CNM) 21.3 21.3 21.3 21.3
Wheat bran (WB) 194 19.4 19.4 19.4
Cod fish oil 2.65 2.65 2.65 2.65
Corn oil 1.35 1.35 1.35 1.35
Vitamin's premix 1.5 1.5 1.5 1.5
Minerals Premix 1.5 15 1.5 15
Starch 2.5 2.0 1.5 1.0
Chemical analysis (%0)

Dry matter 91.01 91.01 91.01 91.01
Crude protein 30.21 30.21 30.21 30.21
Crude fat 3.48 3.48 3.48 3.48
Ash 8.65 8.65 8.65 8.65
Fiber 5.10 5.10 5.10 5.10
NFE 52.56 52.56 52.56 52.56
GE(Kcal/100g) 419.06 419.06 419.06 419.06
P/E ratio 72.08 72.08 72.08 72.08
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2.1. Chlorella vulgaris:

Product name: Chlorella vulgaris powder obtained from
National Research Center (NRC), department of algae, Dokki, Egypt.

1.1 Microbial strains:

Candida albicans and Aeromonas Sobria was kindly supplied by fish health
and management department, Central Laboratory for Aquaculture Research,
Abbassa, Sharkia, Egypt.

2.3. Fish and Experimental design.

One hundred and twenty of Nile Tilapia of 116 + 1.7 gm initial weight
were divided into four groups (30 fish each), each group distributed into 3
glass aquaria (70x60x50 cm) with a density of 10 individuals per aquarium.
The fishes were kept in the laboratory and grown under lab condition for 7
days. The experimental fish were randomly allocated into four groups (n = 30
fish/group), and each group contained three replicates (10 fish/replicate). The
first group (control G1) was fed on the basal diet without supplements. The
second (G2), third (G3) and fourth (G4) groups were fed on basal diets
supplemented with 0.5, 1 and 1.5 gm/kg of Chlorella vulgaris, respectively
for 60 days. The fishes were allowed to feed with the commercial feed (table
1) twice a day in a range of 3% / body weight. Each aquarium was equipped
with an aerator and one submersible water pump for water recalculating.
During the experiment, the average of water temperature was 28°C and pH
6.5-7.5.

2.4 Blood sample collection:

Blood samples were collected from the caudal vein of each fish from all
the experimental groups at zero, 30 and 60 days from the experimental period.
The first set of blood samples were collected using sterile syringes without
anticoagulant, held at room temperature (22 °C) for 6 h, and centrifuged at
1000 rpm for 5 minutes (Lied et al., 1975) to separate the serum. The serum
was then used for measuring the immunological and biochemical markers.
The second set of blood samples were collected in the EDTA-coated tubes to
evaluate for WBC count and differential leukocyte count.

2.5. Total and differential leukocyte count:

Total leucocyte was counted by the method of Anderson and Siwicki,
(1995). The blood sample was drawn using 0.5 scale pipette (a special pipette
for leukocyte analysis), and Then, turk’s solution was drawn until it reached
the scale of 11 of the pipettes. The first droplet was contained on the
haemocytometer (Newbauer chamber, Germany) and covered with a
coverslip. The counting was done and the cells were counted in a
haemocytometer viewed under fluorescent microscope (40X; Optika, Japan).
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Differential leukocyte count was measured based on Ameri Mahabadi (2008)
& Klontz (1972).

2.10 Phagocytic index (PI):

The procedure followed the method of Smith and Rommel, 1977. Briefly,
X 100 Heat-killed C. albicans was added to white blood cells suspension at
concentration of 50 yeast per cell. The mixture was incubated at 37°C for 15
min. then pelleted by centrifugation. Smears were made from the pellets and

stained by Leishman’s stain. Intracellular C. albicans cells were counted
inside oil immersion.

Phagocytic percentage and phagocytic index were calculated according
to this formula:
Number of phagocytic cells engulfing any No. of labeled
Phagocytic % = C. albicans

_ X 100
Total number of phagocytic cells

Total number of C. albicans in 100 phagocytic cells

100

P.l. =

2.6. Lysozyme activity

The lysozyme activity was measured using Fig electric colorimeter with
attachment for turbidity measurement. A series of dilution was prepared by
diluting the standard lysozyme from hen egg-white (Fluka, Switzerland) and
mixed with Micrococcus lysodeikticus (ATCC No. 1698 Sigma) suspension
for establishing the calibration curve. Ten ml of standard solution or serum
were added to 200 ml of Micrococcus suspension (35 mg of Micrococcus dry
powder/95 ml of 1/15 M phosphate buffer 5.0 ml of NaCl solution). The
changes in the extinction were measured at 546 nm by measuring the
extinction immediately after adding the solution which contained the
lysozyme (start of the reaction) and after a 20 min incubation of the
preparation under investigation at 40°C (end of the reaction) using ELISA
reader (Bio TEC, ELX800G, USA) (Schaperclaus et al. 1992).

2.8. Challenge test:
At the end of the feeding experiment, the fishes of each groups
were collected and randomly stocked at density level of 10 fish per 100-L
tanks induplicates. The challenge test was carried out using A. hydrophyla
which was isolated previously from fish health and management
department, Central laboratory for aquaculture research, Agriculture
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research center, preliminary challenge experiment was performed to
determine the LD50 (lethal dose) of the pathogenic bacteria. Then, fish
were challenged with pathogenic A. sobria. Where was grown on nutrient
broth for 24 hr at30°C in an incubator, then centrifuged at 3,000 g for 30
min to collect bacterial cells form pellets. Which, were re suspended in 1.0
ml of 0.1% peptone water and using a sub lethal dose as recorded by
Schéaperclaus (1992) , the dose of IP injected was 0.1 ml of 24hr broth
from virulent A. hydrophila (5 x 105 CFU/ml) .The fish group was IP
injected with 0.1 ml of saline solution and considered as a negative control
and all fish groups were IP injected, then, kept under observation for 10
days to record any abnormal clinical signs and recorded the daily fish
mortality. Aeromonas sobria was reinsulated from liver, kidneys and
spleen of the moribund and recently dead fish.

The relative percent of fish survival (RPFS) was calculated at 10 days
post Relative percent of survival (RPS):

06 immunized mortality
RPS=1-— X 100
% control mortality

2.13 Statistical analyses:

The obtained data were subjected to one-way ANOVA. Differences
between means were tested at the 5% probability level using Duncan’s new
multiple range test. All statistical analyses were done using the SPSS
program V.10 (SPSS, Richmond, USA) as described by Dytham (1999).

Results
Effect of C. vulgaris on total and differential leukocyte count:

Oral administration of C. vulgaris produced significant increase in
lymphocyte and granulocyte in G3 and G4 after 30 days and 60 days of
administration to healthy O. niloticus, when compared with control group,
G1) (table 2). Significant change was noticed only after 60 days of C.
vulgaris administration for total WBC without any significant changes
were observed in monocyte count in all experimental times.
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Table 2. Effect of Chlorella vulgaris on total and differential
leukocyte count in O. niloticus

Parameters Experimental Experimental groups
Time (month) G1 G2 G3 G4

Total WBCs Zero 35.37£0.29a | 34.7+0.95a | 35.37+0.29a 35.37£0.29 a

Lymphocytes 73.83+1.39a | 74.07£1.2%9a | 73.70x1.72a 74.10£1.98 a
Monocytes 8.20+0.12a | 8.07+0.29a | 8.27+0.12 a 7.90+0.26 a
Granulocytes 6.20+0.35a | 6.13+0.38a | 6.37+0.20 a 6.10+0.30 a
Total WBCs one 35.03+0.62 a | 36.03+0.29a | 36.37+0.34a 36.37+0.34a
Lymphocytes 73.63+0.03 b | 73.73£0.0b | 77.40+1.87a | 78.73x0.6a
Monocytes 8.53+0.35a | 8.53+0.35a | 8.87+0.44a 8.60+0.06 a
Granulocytes 6.27+0.15b | 6.60+£0.06 a | 6.60+0.06 a 6.60+0.06 a
Total WBCs two 35.03£0.62 b | 36.03+0.3b | 38.20+0.12a | 38.20+0.02a
Lymphocytes 83.50+0.06 a | 83.83+£0.38a | 82.30+0.12b | 80.90+0.06 ¢
Monocytes 9.20+0.12ab | 9.37+0.09ab | 9.10+0.06 b 9.47+0.09 a
Granulocytes 7.40+£0.12c | 7.53+0.07c | 8.60+0.06 b 9.60+0.12 a

Data represents the mean & standard errors of 30 fishes per group. The
different letter in the same raw means that there were significant changes
at p<0.05. The first group (control G1) was fed on the basal diet without
supplements. The second (G2), third (G3) and fourth (G4) groups were fed on
basal diets supplemented with 0.5, 1 and 1.5 gm/kg of Chlorella vulgaris,
respectively for 60 days.

Effect of C. vulgaris on Phagocytic activity:

Oral administration of C. vulgaris produced significant increase in
phagocytic activities represented by phagocytic percentage and phagocytic
index in all treated groups after 30 and 60 days of administration, when

compared with control group (table 3 and figure 1).




Table 3. Effect of Chlorella vulgaris on Phagocytic percentage and phagocytic index in O. niloticus

Parameters Experimental Experimental groups
Time (month) o1 G2 G3 G4

Phagocytic percentage Zero 61.67+1.62 a 62.97+1.16a | 62.43+x1.48a 62.03+x1.59 a
phagocytic index 3.301£0.15a 3.20+0.153a | 3.267+0.186a | 3.13+0.145a
Phagocytic percentage one 60.00+0.06 ¢ 63.73+0.32b | 62.00+£0.12 b 74.00+1.10a
phagocytic index 3.10+0.06 a 3.27+0.186a | 3.15+0.01a 4.67+0.44 b
Phagocytic percentage two 65.00+0.58 ¢ 66.00+0.58 ¢ | 71.67+1.76 b 76.67+1.20 a
phagocytic index 3.50+0.06 ¢ 3.54+0.058 ¢ | 4.53+0.338 b 5.47+0.34 a

Data represents the mean & standard errors of 30 fishes per group. The different letter in the same raw means that
there were significant changes at p<0.05. The first group (control G1) was fed on the basal diet without supplements. The
second (G2), third (G3) and fourth (G4) groups were fed on basal diets supplemented with 0.5, 1 and 1.5 gm/kg of Chlorella
vulgaris, respectively for 60 days.



Figure 1: Yeast cells engulfment by phagocytic cells isolated from
O. niloticus blood, fed on Chlorella vulgaris diet after two months

-

A: fish fed on standard diet free of c. vulgaris, B: fish fed on diet with
c. vulgaris 0.5mg/Kg, C: fish fed on diet with c. vulgaris 1 mg/kg and D:
fish fed on diet with c. vulgaris 1.5mg/kg.

Effect of C. vulgaris on Lysozyme activity:

Oral administration of C. vulgaris produced significant increase in
Lysozyme activity in G3 and G4 after 30 days and 60 days of
administration to healthy O. niloticus, when compared with control group,

G1) (table 2 and figure 2).
Table (2): Effect of Chlorella vulgaris on Serum lysozyme activity
in O. niloticus
Experiment Gl G2 G3 G4
al Time
(month)
Zero 0.02+0.001 e 0.02+0.001 e 0.05+0.001 e | 0.04+0.02 ¢
One 0.14+0.03 e 0.43+0.23 de 1.04+0.29 bc | 1.32+0.26 ab
TwWo 0.72+0.28 cd 1.04+0.09 bc | 1.57+0.04 ab 1.61+0.25a

Data represents the mean & standard errors of 30 fishes per group. The
different letter in the same raw means that there were significant changes
at p<0.05. The first group (control G1) was fed on the basal diet without
supplements. The second (G2), third (G3) and fourth (G4) groups were fed on
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basal diets supplemented with 0.5, 1 and 1.5 gm/kg of Chlorella vulgaris,
respectively for 60 day

Fig. 2: Effect of Chlorella vulgaris on Serum lysozyme activity in O.
niloticus

1.8
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Data represents the mean & standard errors of 30 fishes per group. The
different letter in the same column means that there were significant
changes at p<0.05. The first group (control G1) was fed on the basal diet
without supplements. The second (G2), third (G3) and fourth (G4) groups
were fed on basal diets supplemented with 0.5, 1 and 1.5 gm/kg of Chlorella
vulgaris, respectively for 60 days.

Effect of C. vulgaris on mortalities induced by Aeromonas sobria in
Oreochromis niloticus:

Nile tilapia fed supplemented diet containing C. vulgaris, for two
months showed high levels of protection against A. Sobria. The
maximum Relative Level pf protection (RLP) (100 %) at a concentration
levels of 0.5 gm & 1 gm compared to the control group. The protection
was decreased to 83% when at 1.5 gm (figure 3).
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Fig. 2. the effect of Chlorella Vulgaris on the mortality rate and
relative level of protection (RLP) in O. niloticus challenged with
Aeromonas sobria
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Nile tilapia fed supplemented diet containing C. vulgaris at levels of
zero (G1), 0.5 (G2), 1 (G3) and 1.5 (G3) for 60 days then challenged
intraperitoneally with Aeromonas sobria and observed up to 8 days post-
challenge. The first group (control G1) was fed on the basal diet without
supplements. The second (G2), third (G3) and fourth (G4) groups were fed
on basal diets supplemented with 0.5, 1 and 1.5 gm/kg of Chlorella vulgaris,
respectively for 60 days.

Discussion:

Diseases epidemics associated with high death rates produces high
economic fatalities to the aquaculture industry. Immunostimulants of
synthetic or natural origin increase resistance to infectious diseases
through enhancing non-specific immune mechanisms(Zhang et al. 2014).

Results of the present study showed that C. vulgaris produced
immunostimulatory effects in O. niloticus through significant increase in
total WBCs, lymphocytes and granulocytes. Different studies have been
shown that microalgae such as C. vulgaris (Xu et al., 2014), Spirulina
platensis (Ibrahim et al., 2013), Nannochloropsis oculata (Yanuhar et al.,
2011) are effective agents in improving fish immune system. For instance,
dietary supplementation of Chlorella sp. enhanced the innate immunity
and antioxidant activity of gibel carp (Xu et al. 2014) when used at levels
of

0.8-1.2%. In addition, it increased IgM, IgD, Interleukin-22 (I1L-22) and
chemokine levels when used at level of 0.4-1.2% of dietary
supplementation as observed by Zhang et al. (2014). Moreover, dietary
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supplementation of koi carp feed with C. vulgaris at 5% kg™ enhances the
fish hematological parameters with a significant increase in the levels of
IgM and C4 complement of Chlorella spp (Khani et al., 2017). They
further observed that the microalga might be involved in regulating fish
innate and adaptive immunity, immunostimulatory mediators and gene
expression (Zhang et al. 2014); Khani et al., 2017). Such enhancement of
WBCs may be in part be due to the positive effects of some ingredients of
CV e.g. vitamins and glucans available in the cell wall of CV. Therefore,
Chlorella spp. are the most widely accepted green microalgae used by
many as a health food, for livestock and aquaculture feeds as well as in the
drugs and cosmetics industries (Sharma et al. 2012).

Nowadays, many reports about the lysozyme activity have been used to
evaluate health status in fish (innate immune system) when the fish live in
different environmental conditions and is used to evaluate
immunostimulants which were extracted from herbal plants (Tort et al.
2003; Dotta et al. 2014). The present findings also showed that C. vulgaris
produced immunostimulatory effects in O. niloticus through significant
increase in phagocytic percentage, phagocytic index and lysozyme
activities in fish supplemented with C. vulgaris. It has been shown that C.
vulgaris could be involved in the regulation of animal adaptive and innate
immunity. For instance, Song (2010) found a positive role of C. vulgaris
administration on the mucosal immunity of fish and could increase the
expression of major histocompatibility complex class | of gilthead
seabream (Cerezuela et al., 2012) resulting in the stimulation of cytotoxic
cells. Therefore, provide a stimulatory role for the fish immune status

(Magnadottir 2006)
This research also found that the addition of C. vulgaris in fish feed was
able to increase the resistance of O. niloticus

to the Aeromonus sobria challenge pathogens because this material
contains ingredients that can improve the immune system. According to
Ke Ma et al., (2020), C. vulgaris contains unique, diverse macro- and
micro-nutrients, including omega-3 and omega-6 polyunsaturated fatty
acids, proteins, polysaccharides, a-carotene, B-carotene, minerals,
vitamins (C and E), pro-vitamins, chlorophyll and lutein (Panahi et al.,
2016; Buono et al., 2014; Miranda et al., 2001).

Conclusions.

The present study found that supplementation of C. vulgaris into fish
feed improved resistance of fish against Aeromonus sobria infection. The
highest relative survival percent was achieved in fish fed with the addition
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of C. vulgaris of 1 g/kg of feed while at higher doses, survival appeared to
decrease.
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