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A B S T R A C T

Nile tilapia (Oreochromis niloticus) is the most common aquaculture fish, but is exposed to various pollutants and
may be susceptible to infectious diseases due to reduction in their antioxidant status and immune defense.
Therefore, researchers have tried to find feed supplements of natural origin to increase the health status of fish
and decrease the incidence of drug resistance. The current study was conducted to investigate the effect of
dietary supplementation of Miswak (Salvadora persica, SP) on Nile tilapia. Fish were randomly allocated into four
experimental groups (30 fish each); the control fish were fed on the basal commercial diet and the SP-treated
groups were fed basal diet supplemented with different concentrations 0.5, 1, and 2% for 30 days. The SP
supplementations had no significant effects of SP on fish growth performance traits and lipid profiles but aug-
mented the serum protein and globulin levels. The SP significantly improved the hepatic antioxidant status
through the significant decrease of malondialdehyde (MDA) and the increases of reduced glutathione (GSH)
levels and the activities of total superoxide dismutase (T.SOD), catalase (CAT) and glutathione peroxidase (GPx),
especially in the SP 1% group, while glutathione S-transferase (GST) activities were significantly increased due
to SP in a dose-dependent manner. The same results were obtained for the mRNA expression of CAT and GPx.
Regarding the nonspecific immune status of the fish kidneys, SP, especially SP1, significantly increased inter-
leukin-1 beta (IL-1β) and interferon-gamma (INF-γ). The data of the present study revealed the protective effect
of SP on Nile tilapia health status. Therefore, SP can be considered as a promising feed additive for Nile tilapia.

1. Introduction

Aquaculture is one of the upcoming agriculture industries. Nile ti-
lapia (Oreochromis niloticus) is the most commercially used aquaculture
fish [1]. However, aquaculture production has been threatened by
various industrial developments that cause pollution of the aquatic
water and different aquatic diseases [2]. Also, the intensified culture
systems were considered as an obstacle of sustainable aquaculture de-
velopment because the risk of infectious disease occurrence is high [3].
In addition, the intensive culture system of fish production encourages
the risk of infectious diseases, major stock mortality, and economic
losses [4].

The use of chemical drugs is one of the most applied methods to
counteract the risk of infectious diseases in fish farms, however, their

usage is limited because drug residues accumulate in aquatic products,
drug resistance develops, and there are undesirable environmental ef-
fects [5]. Many traditional approaches have been developed to combat
infectious diseases and enhance fish growth performance in aqua-
culture. Natural products are of great interest in aquaculture applica-
tions to enhance the immune systems of fish and thereby increase their
capacity for disease resistance and promote growth performance [6].
The application of medicinal plants in fish farms has focused on their
feeding attraction, growth promotion, and immune system activation
[7]. Furthermore, medicinal plants are of great interest as potential
therapeutics for modification of immune response and control of fish
diseases [8]. Different herbs have been used in aquaculture as an ef-
fective antimicrobial, improved nourishment substances, and growth
enhancers [9].
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The antioxidant status of fish has been improved by dietary sup-
plementation with numerous natural products. Sayed et al. [10] stated
the hepatoprotective effect of Spirulina platensis against lead-induced
oxidative stress and genotoxicity in catfish; Clarias gariepinus. Gobi et al.
[11] stated that selenium significantly increased the superoxide dis-
mutase (SOD, EC 1.15.1.1), catalase (CAT, EC 1.11.1.6), glutathione
peroxidase (GPx, EC 1.11.1.9), and glutathione S-transferase (GST, EC
2.5.1.18) antioxidant enzymes in the gill and liver tissues of O. mos-
sambicus. Also, β-1, 3 glucan binding protein based selenium nanowire
improved the immune status of Cyprinus carpio [12]. In the same
manner, Bacillus licheniformis Dahb1 as a probiotic improved the growth
performance, mucus, and serum immune parameters, and the anti-
oxidant status in O. mossambicus [13].

Miswak (Salvadora persica L., SP) tree is found in many Asian
countries. Different parts of this tree were introduced in folk medicine
mainly for oral hygiene [14]. SP has numerous pharmacological ac-
tivities including antioxidant [15], anti-inflammatory and anti-
ulcerogenic [16], antibacterial [17], and antifungal [18]. Also, feeding
SP to the common carp improved the survival rate and immune func-
tions [19]. However, there is little literature about the effects of SP on
Nile tilapia. Therefore, this study was conducted to evaluate the effi-
cacy of SP on growth performance, antioxidant status, and nonspecific
immune response in tilapia.

2. Material and methods

2.1. Ethics statement

The experiment was carried out with reference to the guidelines and
recommendations of EU Directive 2010/63/EU for animal experiments
and the Canadian Council on Animal Care and approved by the Animal
Care and Welfare Committee of Alexandria University, Egypt.

Table 1
Feed ingredients and nutrient composition of the basal diet (g/kg).

Feed ingredients g/kg diet

Soybean oil meal (CP 47%) 276
Ground yellow corn 274
Fish meal (CP 60%) 180
Wheat bran 130
Rice bran (with germ) 125
Di-calcium phosphate 10
DL-Methionine 0.5
Choline chloride 0.5
Vitamin mixa 1
Mineral mixb 1
Bindersc 2

Nutrient composition (g/kg)

Dry matter (DM) 886
Metabolizable energyd (kcal/kg diet) 2790.8
Ether extract 32
Crude protein (CP) 300
Crude Fiber (CF) 46
Ash 80

a Each 1 kg contains (mg): vitamin B1: 1000, vitamin B2: 5000, vitamin
B6: 15000, vitamin B12:1.0, nicotinic acid: 30000, biotin: 50, folic acid:
1000, pantothenate: 10000, vitamin E: 10000, vitamin K3: 2000 and
contains (IU): vitamin A: 12000000, vitamin D3: 2000000 IU, and cho-
line: 125000.
b Each 1 kg contains (mg): FeSO4 (15000), ZnSO4 (25.000), MnSO4

(30000), CuSO4 (5000), CaI2 (500), and cobalt (50).
c Binder: Sodium carboxymethylcellulose (high viscosity).
d Calculated per National Research Council (NRC) [54].
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2.2. Fish, rearing, and feeding

Nile tilapia with an average body weight of 15.4 ± 0.12 g/fish
were obtained from private aquaculture at Kafr Elsheikh governorate,
Egypt. The fish were transported alive to the Animal Husbandry
Department, Faculty of Veterinary Medicine, Alexandria University,
Egypt, where they were maintained in tanks provided with chlorine-
free tap water with continuous aeration, temperature 28± 2 °C, pH 7.5,
dissolved oxygen 6.5mg/L, ammonia 0.01–0.05mg/L, and 12:12 h
light/dark cycle.

The fish were fed on the basal commercial diet composed of in-
gredients and nutrients as listed in Table 1, at the rate of 2% of body
weight for an acclimation period of 2 weeks. Fish were then allotted
into three experimental groups in addition to a control group (30 fish
each). Control fish were fed on the basal commercial diet, while the
treated groups were fed basal diet supplemented with 0.5, 1, and 2% SP
for 30 days. Fish were kept under the standard conditions mentioned
above.

2.3. Experimental diets and supplement

SP roots were obtained from the local market at Alexandria gover-
norate, Egypt. The roots were air dried and ground to make a fine
powder. Three different experimental diets were prepared by mixing
0.5, 1, and 2 g SP powder with 100 g basal diet powder and blended
with 30mL tap water to make a paste. Then pastes were pelleted into
fine pellets of 2mm diameter using a pellet machine. The obtained
pellets were air dried at room temperature for 24 h, prepared weekly,
and stored at 4 °C for daily use. During the experimental period, a fixed
feeding rate of 3% of the fish wet weight per day was supplied [20]. The
quantity of feed related to fish weight was adjusted through the bi-
weekly weighing of a random sample of 10 fish from each treatment
group in the early morning before feeding.

The aqueous extract of SP roots that was used in the current study
contained approximately the same antioxidant constituents including
lycopene (16.56%), α-linolenic acid (1.77%), oleic acid (1.97%), ly-
coxanthin (1.61%), and retinoic acid (1.31%) as stated in our previous
study of Lebda et al. [16].

2.4. Growth performance

At the start and at the end of the trial, six fish were randomly taken
from each group using a scoop net, drained for 30 s, and transferred into

a container with enough water to eliminate environmental stress, to
evaluate the effect of SP on fish growth performance. The individual
body weights (BW) were recorded using a sensitive electronic balance
to the nearest 0.1 g, and the whole-body length (cm) of each fish was
measured from the anterior of the fish to the end of its tail. Then fish
were immediately returned to the original water environment.

The total feed intake (TFI) during the trial was recorded. Total body
weight gain of fish (TBG) was calculated as the difference between the
initial and final body weights, and the feed conversion ratio (FCR) was
calculated according to the method of Degani et al. [21]. Specific
growth rate (SGR) and protein efficiency ratio (PER) values were cal-
culated according to the method of Jauncey and Ross [22], while
condition factor (CF), which relates fish body length to body weight,
was computed according to the method of Higgs et al. [23].

2.5. Sampling

At the end of the trial, five fish were randomly selected from each
group and anesthetized using tricaine methanesulfonate by a con-
centration of 200mg/L [10], which constitutes 0.02% w/v according to
the guidelines for the preparation and use of tricaine methanesulfonate
for animal procedures approved by Florida Atlantic University's In-
stitutional Animal Care and Use Committee (IACUC). Blood samples
were collected from the caudal vein using a heparinized syringe. Col-
lected blood samples were centrifuged at 3000× g for 10min at 4 °C to
collect clear sera for biochemical analyses.

Liver tissues were removed, washed in chilled saline, frozen quickly
in liquid nitrogen, and stored at −80 °C for evaluation of antioxidant
status and for RT-PCR analyses. Also, samples from kidney's head were
taken for analysis of mRNA expression of interleukin-1 beta (IL-1β), and
interferon-gamma (INF-γ).

2.6. Biochemical analyses

Collected clear sera were separated following blood coagulation and
kept at −20 °C until further analyses of total protein, albumin, tria-
cylglycerol (TAG), total cholesterol (T.cholesterol), high density lipo-
protein cholesterol (HDL-C), very low density lipoprotein cholesterol
(VLDL-C), and low density lipoprotein cholesterol (LDL-C) using com-
mercial Biodiagnostic (Giza, Egypt) kits according to the manufacturer's
instructions. Serum globulin levels were calculated by subtracting the
albumin value from the total protein value of the same sample [24].

Table 3
Effect of dietary supplementation of Miswak (Salvadora persica) on growth performance parameters in Nile tilapia.

Parameters Groups

Control SP0.5 SP1 SP2

Initial BW (g) 15.58 ± 0.57 15.33 ± 0.08 15.52 ± 0.29 15.38 ± 0.23
Final BW (g) 38.17 ± 3.22 37.75 ± 4.02 37.52 ± 3.90 36.33 ± 4.38
TBG (g) 22.58 ± 3.43 22.42 ± 4.01 22.00 ± 4.06 20.95 ± 4.30
TBG (RTC) 100 99.29 97.43 92.78
SGR 1.49 ± 0.08 1.49 ± 0.08 1.46 ± 0.09 1.42 ± 0.08
TFI (g) per fish 34.88 ± 2.79 34.28 ± 3.64 34.23 ± 3.39 33.05 ± 4.01
FCR 1.56 ± 0.14 1.55 ± 0.12 1.58 ± 0.18 1.60 ± 0.15
PER 2.15 ± 0.18 2.16 ± 0.16 2.13 ± 0.21 2.10 ± 0.19
Initial body length (cm) 9.97 ± 0.23 9.92 ± 0.37 9.93 ± 0.29 10.15 ± 0.34
Final body length (cm) 13.03 ± 0.66 12.92 ± 0.72 12.88 ± 0.68 12.40 ± 1.16
Initial CF 1.58 ± 0.12 1.59 ± 0.18 1.59 ± 0.12 1.48 ± 0.17
Final CF 1.74 ± 0.27 1.77 ± 0.28 1.78 ± 0.32 1.98 ± 0.48

Mean values with different letters in the same row differ significantly at P < 0.05.
Values are expressed as means ± standard error.
Statistical analysis was performed using one-way ANOVA and Tukey's post hoc test for multiple comparisons.
SP0.5, fish group received basal diet containing 0.5% of SP; SP1, fish group received basal diet containing 1% of SP; SP2, fish group received basal diet containing 2%
of SP.
CF, condition factor; FCR, feed conversion ratio; PER, protein efficiency ratio; SGR, Specific growth rate; TBG, Total body weight gain of fish; TFI, total feed intake.
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2.7. Antioxidant status assessment

Oxidative stress and antioxidant biomarkers were analyzed in liver
homogenate 20% (w/v) using cooled 0.1M phosphate buffer saline;
malondialdehyde (MDA) was expressed as nmol/mg protein [25], re-
duced glutathione (GSH) represented as mmol/mg protein [26], T.SOD
activity as U/mg protein [27], CAT as U/mg protein [28], GPx activity
as U/mg protein [29], and GST activity as U/mg protein [30]. Protein
concentrations of liver homogenates were assessed with the Bradford
assay (5000002, Bio-Rad Laboratories, Watford, UK) for standardiza-
tion of biochemical parameters [31].

2.8. Real-time reverse transcription polymerase chain reaction (RT-PCR)
analysis

RT-PCR was done to assess the mRNA levels of CAT, GPx, IL-1β, and
INF-γ. Briefly, total RNA was extracted from liver and kidney's head
tissue samples and the quality of the extracted RNA was confirmed
using a NanoDrop spectrophotometer, then total RNA was reverse
transcribed to first-strand cDNA according to the manufacturer's in-
structions. The cDNA was used as the template for RT-PCR. The se-
quences of the primers used are provided in Table 2. The relative fold
changes in gene expression between the control and the three experi-
mental groups were calculated using threshold cycle (CT) values
against those of the housekeeping (β-actin) gene in the same sample
using the 2−ΔΔCT method [32].

2.9. Statistical analysis

The data were statistically analyzed with GraphPad Prism 5 (Graph-
Pad Software, San Diego, CA, USA) using one-way ANOVA with Tukey's
Multiple Comparison Test. P < 0.05 was considered statistically sig-
nificant. Results are shown as means ± standard error.

3. Results

3.1. Growth performance

The growth performance parameters of Nile tilapia fed diets with
different levels of SP are shown in Table 3. The data showed non-sig-
nificant differences in the growth performance parameters including
final body weight, TBG, total feed intake, FCR, SGR, PER, and CF be-
tween all treated groups fed a diet with different levels of SP at 0.5, 1,
or 2% and the control group.

3.2. Serum biochemical assessment

The data in Fig. 1 revealed that the serum levels of total protein,
albumin, and globulins were statistically increased in SP1 group
(P < 0.01) when compared with the control. Also, fish in SP1 had
improved levels of total protein, albumin, and globulins that were
higher than levels for the SP0.5 and SP2 groups.

Supplementation with SP caused no significant changes on the
serum lipid fractions in fish as shown in Fig. 2 except on HDL-C, which
significantly increased (P < 0.05) in SP2 compared with the control
group.

3.3. Hepatic oxidative stress and antioxidant status

The hepatic MDA concentration, a marker of oxidative damage, was
significantly decreased in SP0.5 (P < 0.001), SP1 (P < 0.001), and
SP2 (P < 0.01) groups relative to the control (Fig. 3A). Furthermore,
the hepatic GSH levels showed significant increases in SP1-treated fish
(P < 0.01) and SP2 (P < 0.05) compared with control fish (Fig. 3B).
Regarding the enzymatic activities of antioxidant, T.SOD, CAT, and GPx
(Fig. 3C–E) were significantly increased (P < 0.001) in all SP-treated

groups with respect to control. In addition, fish in SP1 had the highest
CAT and GPx activities compared with SP0.5 and SP2. GST activities in
SP-treated groups were significantly increased in comparison with the
control group in a dose-dependent manner (Fig. 3F).

3.4. Gene expression

The mRNA expressions of CAT and GPx are illustrated in Fig. 4. The
expression folds of both genes were significantly (P < 0.001) increased
in all SP-fed groups compared with the control group. Interestingly, fish
in the SP1 group showed the greatest expression folds for both genes
(∼2.5-fold) as compared with SP0.5 and SP2 groups.

Fig. 1. Serum levels of (A) total protein (g/dl), (B) albumin (g/dl), and (C)
globulin (g/dl). ∗P < 0.05 and ∗∗P < 0.01 vs. control. +P < 0.05 vs. SP0.5.
xP < 0.05 and xxP<0.01 vs. SP1. Statistical analysis was performed using one-
way ANOVA and Tukey's post hoc test for multiple comparisons. SP0.5, fish
group received basal diet containing 0.5% of SP. SP1, fish group received basal
diet containing 1% of SP. SP2, fish group received basal diet containing 2% of
SP.
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The relative expression of immune-related genes is represented in
Fig. 5 mRNA transcription of IL-1β was significantly decreased in the
kidney's head of fish fed with 0.5% and 2% SP-containing diet at
P < 0.001, while 1% SP-fed fish had a significant increase (∼1.6-fold)
in the transcription of this gene relative to control. Similarly, the ex-
pression of INF-γ mRNA transcript was non-significantly changed in the
SP0.5 group, but significantly decreased (P < 0.001) in the SP2 group
compared with control. On the other hand, fish in SP1 showed sig-
nificant increases (P < 0.001) of INF-γ mRNA expression with respect
to control and other SP-treated groups.

4. Discussion

SP feed supplementations to Nile tilapia fish induced no significant
differences in the growth performance traits. This might be attributed
to the low levels of amino acids and total nitrogenous compound con-
tents in the SP [33]. However, previous studies confirmed the growth
promoter effect of SP in Baladi rabbit [34] and poultry [35]. This
variation may contribute to the species difference and needs further
studies in fish.

In the current study, the fish in the SP1 group had significant im-
provements of serum total protein, albumin, and globulins. Similar
results were observed by Yilmaz et al. [36] who reported that feeding
rainbow trout with carvacrol, one of the major SP constituents, im-
proved the levels of serum total protein, albumin, and globulins. It was
noticed that the high serum total protein, albumin, and globulins con-
centrations suggested the enhancement of innate immune response in
fish [37]. Also, our results coincide with those of El Rabey et al. [38]
who mentioned that pre-treatment of diabetic rats with SP elevated the
serum level of immunoglobulins. Increased immunoglobulins levels
were associated with elevated serum globulin fraction and subsequent
serum total protein, which is indicative of an enhanced immune system.

SP feed supplementations caused non-significant changes on serum
lipid fractions in fish. Further investigations are necessary to evaluate
the effect of SP on serum lipid profiles. In the same context, Ramadan
and Alshamrani [39] stated that SP restored impaired lipid profiles due
to stress to their normal levels in rats. Also, SP of Arabic and Indian
origins showed significant hypoglycemic and hypolipidemic activities
in diabetic rats [40].

The antioxidant status of the liver improved as indicated by a

Fig. 2. Serum levels of (A) TAG (mg/dl), (B)
T.cholesterol (mg/dl), (C) HDL-C (mg/dl), (D)
VLDL-C (mg/dl), and (E) LDL-C (mg/dl).
∗P < 0.05 vs. control. xP < 0.05 vs. SP1. Statistical
analysis was performed using one-way ANOVA and
Tukey's post hoc test for multiple comparisons. SP0.5,
fish group received basal diet containing 0.5% of SP.
SP1, fish group received basal diet containing 1% of
SP. SP2, fish group received basal diet containing 2%
of SP. TAG, triacylglycerol. T.cholesterol, total cho-
lesterol. HDL-C, high density lipoprotein cholesterol.
VLDL-C, very low-density lipoprotein cholesterol.
LDL-C, low density lipoprotein cholesterol.
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significant reduction in MDA and increases in GSH levels and T.SOD,
CAT, GPx, and GST activities in the SP-treated group, especially the SP1
group. Also, the same results were obtained for the mRNA expression of
CAT and GPx genes due to SP supplementations, which indicates the
powerful antioxidant effect of SP on fish livers.

The antioxidant activity of SP was recorded by Kumari et al. [15]
who attributed this effect to the natural antioxidant constituents of SP.
The main active principles of SP stem were benzyl isothiocyanate,
aniline, carvacrol, benzyl nitrile, naphthalene, and benzaldehyde [41].
Furthermore, Al-Dabbagh et al. [42] suggested that SP extract was rich
in total polyphenolic and flavonoid compounds that exhibit potent
antioxidant activity. Ibrahim et al. [43] reported the antioxidant ac-
tivity of SP via hydrogen peroxide scavenging ability and 1,1-diphenyl-
2-picrylhydrazyl (DPPH) methods and explained this activity was re-
lated to the high content of total phenolic and flavonoid compounds.

The increased hepatic CAT expression and activity in SP-treated fish
detoxifies H2O2 into H2O and O2, which protects the liver against oxi-
dative injuries. This is the main role of CAT as a vital member of the
enzymatic antioxidant system [44]. Therefore, CAT is considered a
potential biomarker for different herbicides intoxication in fish [45].

After SOD enzyme converts the superoxide anion radical to H2O and
H2O2, both CAT and GPx catalyze detoxification of H2O2 [46]. GPX
prevents many molecules from being damaged by the oxidative effect of
increasing cellular H2O2through conjugation with two GSH molecules,
converting them to oxidized glutathione (GSSG) [47].

The renal expression of IL-1β and INF-γ genes was significantly in-
creased in SP1. IL-1β at a limited level had a critical role in combating
infections via activation of innate and adaptive response, however,
exaggerated activation of IL-1β was incriminated in the pathogenesis of
inflammatory conditions [48]. Inflammation is a part of innate im-
munity and has a protective role against infection where IL-1β initiates
an immune response through inhibition of micro-organisms’ coloniza-
tion, replication, and invasion [49]. In this study, SP upregulated the
mRNA level of IL-1β, suggesting its immune-stimulant rather than in-
flammatory effect. Also, Hong and Secombes [49] revealed that re-
combinant trout IL-1β therapy induced the mRNA transcription of IL-1β
and IL-8, suggesting the immunological response. It was established
that SP is rich in carotenoids such as lycopene, retinoic acid, and ly-
coxanthin [16]. In the same context, lycopene promotes the modulation
of the immune response via increasing the production of IL-1β [50].

Fig. 3. Hepatic (A) MDA (nmol/mg protein), (B)
GSH (mmol/mg protein), (C) T.SOD (U/mg pro-
tein), (D) CAT (U/mg protein), (E) GPx (U/mg
protein), and (F) GST (U/mg protein). ∗P < 0.05,
∗∗P < 0.01 and ∗∗∗P < 0.001 vs. control.
+P < 0.05 and +++P < 0.05 vs. SP0.5. xxP<0.01
and xxxP<0.001 vs. SP1. Statistical analysis was
performed using one-way ANOVA and Tukey's post
hoc test for multiple comparisons. SP0.5, fish group
received basal diet containing 0.5% of SP. SP1, fish
group received basal diet containing 1% of SP. SP2,
fish group received basal diet containing 2% of SP.
MDA, malondialdehyde. GSH, reduced glutathione.
T.SOD, total superoxide dismutase. CAT, catalase.
GPx, glutathione peroxidase. GST, glutathione S-
transferase.
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IFN-γ is a cytokine critical for innate and adaptive immunity against
different infections. It is mainly secreted by Th1 and NK cells and
regulates both innate and cell-mediated immune responses [51]. It
drives macrophages to produce toxic agents that kill intracellular bac-
teria [52]. IFN-γ expressed constitutively in head kidney, skin, intestine,
muscle, and brain [53].

5. Conclusion

SP supplemented diet had no effects on the growth performance of
Nile tilapia, but improved the immune response via augmentation of
the serum protein and globulin levels, enhancement of antioxidative
indices, and upregulation of inflammatory cytokines, especially at a
concentration 1% of the basal diet. From this result, the use of SP roots
in fish farms is recommended to increase the immune response and
could help to combat infectious diseases.
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