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Abstract
In this study, the effect of artemisia (4rtemisia annua) leaves extract (ALE) on the immune system,
growth performance and antioxidant capacity of common carp (Cyprinus carpio) was investigated.
Fish with initial weight of 90.32 + 1.12 g were fed various levels of ALE (0, 0.5, 1 and 1.5 g/kg) for
8 weeks. The results showed that the growth performance (FW, WG, SGR, PER, and LER) in fish
fed 1 g/kg ALE was increased significantly (P<0.05) and the feed conversion ratio (FCR) was im-
proved in fish fed 1 and 1.5 g/kg ALE in comparison to the control group (P<0.05). Skin mucus to-
tal protein was higher in fish fed diet containing 0.5 g/kg ALE than the other experimental groups
(P<0.05), while the lysozyme, immunoglobulin and protease were increased by increasing of ALE
in diets. Respiratory burst activity and serum immune parameters were higher in fish fed 0.5 g/kg
ALE than the other treatments (P<0.05). Increasing of catalase (CAT) and decreasing of malon-
dialdehyde (MDA) were observed in fish fed ALE, while glutathione peroxidase (GPx) increased
only in fish fed 0.5 g/kg ALE. Hence, it can be concluded that ALE has considerable potential as
a natural immunostimulant and growth promotor supplement for the common carp’s aquaculture.

Key words: Artemisia annua extract, antioxidant activity, Cyprinus carpio, growth performance,
immune parameters

Nowadays, aquaculture industry continues to grow rapidly in relation to other an-
imal feed-producing sectors (Dawood, 2016; Shekarabi et al., 2019; Srichaiyo et al.,
2020). The use of intensive and super intensive systems has been rapidly developed
in aquaculture industry, which can accelerate the disease outbreaks and lead to heavy
economic losses (Ahmadifar et al., 2019 a; Carbone and Faggio, 2016; Dawood et
al., 2016; El Megid et al., 2020). A great amount of antibiotics and chemotherapeu-
tics have been used in aquaculture to boost growth performance and inhibit disease
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prevalence, nevertheless, numerous undesirable repercussions have arisen such as
food safety concerns, drug resistant pathogens and environmental impact (Dawood
et al., 2019 e; Giri et al., 2015; Sun et al., 2018; Wang et al., 2015). Therefore, alter-
native strategies to antibiotics and chemotherapeutics which cause the same impact
or increase protection to farm fish are extremely required through using natural im-
munostimulants (Abdel-Tawwab et al., 2017; Dawood et al., 2019 c; Van Hai, 2015;
Watts et al., 2017). The utilization of natural herbs has been of great interest to pro-
mote animal’s immune system and provide protection against infectious pathogens
(Amin et al., 2019; Dawood et al., 2019 b; El-Deep et al., 2019; Saleh et al., 2019;
Van Hai, 2015). Their characteristics and features enable them to promote growth
and improve immune system and antimicrobial activities as well as appetizers and
anti-stress traits (Abdelkhalek et al., 2017; Ahmadifar et al., 2019 b; Citarasu, 2010).
Medicinal plants have little side effects, are easily degradable, and are abundantly
available, making them as cheap and sustainable natural immunostimulants (Jian and
Wu, 2003, 2004; Moustafa et al., 2019; Wang et al., 2019 a, b).

Artemisia annua is one of the medicinal plants belonging to the genus in Aster-
aceae. This plant is grown in vast regions of the world, including the Northern Hemi-
sphere, Australia, Africa, and South and Central America (Brisibe et al., 2008, 2009).
Many nutrients and phytochemical elements are available in 4. annua, especially
artemisinin and phenolic compounds which can contribute to a healthy diet with
possible antioxidant activity (De Ridder et al., 2008).

One of the most important farmed freshwater fish species in the world is com-
mon carp (Cyprinus carpio) (FAO, 2018). Recently, positive effect of several herbal
plants such as ferula (Ferula asafoetida) (Safari et al., 2016), Persian hogweed (Her-
acleum persicum) (Hoseinifar et al., 2016), loquat (Eriobotrya japonica) (Hoseinifar
et al., 2018), olive leaf extract (Zemheri-Navruz et al., 2019), Psidium guajava (Ho-
seinifar et al., 2019 a), rosemary leaf powder (Yousefi et al., 2019), jujube (Ziziphus
Jjujuba Mill.) (Hoseinifar et al., 2019 b), Ginkgo biloba leaf extract (Bao et al., 2019),
and lavender (Lavandula angustifolia) (Yousefi et al., 2020) was observed in com-
mon carp. However, there is no information about the application of A. annua on the
performances of common carp. Therefore, this study seeks to investigate the impact
of A. annua leaves on the cutaneous mucosal, serum immune parameters, growth
performance and antioxidant response of common carp.

Material and methods

Artemisia leaf extract and diet preparation

Artemisia plant was collected from Golestan Province, Iran, and it has been rec-
ognized by the Botanists of Golestan University, Iran. A. annua leaves extract (ALE)
was obtained in compliance with the protocol prescribed by Sadeghi-Nejad et al.
(2010). The collected leaves were dried and crushed into fine powder, then 10 g
powder was mixed with 100 ml ethanol (80%). Using Whatman filter paper, the
extract was filtered and concentrated by solvent evaporation in ambient condition
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for 72 h. The obtained ALE extract was mixed entirely with the other ingredients in
a mixer and pelleted via a meat grinder as reported by Safari et al. (2016). The pellets
were dried and kept at the temperature of 4°C in plastic bags until being used. The
proximate composition (crude protein, crude lipid, crude ash, and crude fibre) of the
experimental diets was quantified by following AOAC (1995) (Table 1). ALE was
supplemented into the basal diet at 0 (control group), 0.5, 1, and 1.5 g ALE/kg feed.

Table 1. Ingredient and composition of the experimental diets

Ingredient % | Composition | %
Fish meal 40 Dry matter 89.5
Wheat flour 21 Crude protein 38.22
Soybean meal 13.5 Crude lipid 13.24
Wheat gluten 5.5 Ash 3.45
Soybean oil 6 Fiber 11.2
Fish oil 6
Mineral premix® 3
Vitamin premix* 2
Binder® 2
Anti fungi® 0.5
Antioxidant? 0.5

“Vitamin mixture (g/100 g vitamin mix except vitamins A and D,): vitamin A, 180 000 IU; vitamin D,
60 000 IU; vitamin E, 4; vitamin C, 6; K, 0.3; thiamine, 0.8, riboflavin, 0.6; niacin, 2; pyridoxine, 0.4; panto-
thenic acid, 3.5; biotin, 0.5; folic acid, 0.3; cyanocobalamin, 0.8; inositol, 2; Mineral mixture (g/100 g mineral
mix): Fe, 2.5; Mg, 3; K, 3.5; Mn, 1.7; Co, 0.05; Cu, 0.5; Se, 0.25; 1, 0.1.

®Amet binderTM, Mehr Taban-e-Yazd, Iran.

“ToxiBan antifungal (Vet-A-Mix, Shenan-doah, [A).

YButylated hydroxytoluene (BHT) (Merck, Germany).

Feeding trial and fish culture

Common carp were obtained from a local hatchery in Golestan Province and tak-
en to the laboratory of Gonbad University in Iran. Fish health status was verified by
normal coloration, the absence of cysts, spots or patches over the body and gills and
normal behavioral signs (swimming and feeding reflexes). Then, fish were stored in
four fiberglass tanks with a volume of 400 L and fed a basal diet to acclimatize to
laboratory condition for two weeks. Thereafter, fish (90.32+1.12 g) were distributed
into 12 tanks 200 L (10 fish per replicate; n = 30 fish/group) in a random manner.
Fish were fed four times a day with 3% of body weight for 8§ weeks as a feeding
trial. Tanks were cleaned and syphoned every day by 30% water exchange using
dechlorinated tap water. During the experiment, water quality parameters including
temperature, pH, and dissolved oxygen were checked regularly and were in the fol-
lowing range respectively: 27+1.15°C, 7.83+£0.28 and 5.78+0.30. The current trial
followed a standard operating procedure approved by the animal care and use com-
mittee of Gonbad University, Iran. Fish were starved for 24 h and then anesthetized
by clove powder (500 mg/L) prior to sampling at the end of the experiment (Safari
et al., 2019). It is worth mentioning that growth performance parameters and feed
conversion ratio were measured as follows:
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Weight gain (WG, g) = W_-W,; Specific growth rate (SGR, % day ') = 100 x
(LnW_~LnWTI) / d; Condition factor (CF) = 100 x W/L*; Protein efficiency ratio
(PER) = (W W) / PF; Feed conversion ratio (FCR) = F / (W —W)); Lipid efficiency
ratio (LER) = (W _—-W ) /LF; Survival rate = (N,/N ) x 100,

W, (g) is fish initial body weight, W, (g) is fish final body weight, d (day) is dura-
tion of the experiment, F is total feed supplied (g, dry basis), L is the total fish length,
PF is total protein feed (g, dry basis) and LF is total lipid feed (g, dry basis), N, and
N, are numbers of fish at initial and final stages of experiment, respectively.

Immunological assays

Skin mucus and serum preparation

The samples of skin mucus were gathered following the procedure presented by
Subramanian et al. (2007) and Ross et al. (2000). After being anesthetized, fish were
put in separate bags made up of polyethylene having 10 mL of 50 mM NacCl (Sigma,
Steinheim, Germany) for about 1 minute to collect skin mucus (9 fish per treatment).
For this purpose, the researchers softly rubbed the fish inside the plastic downwards.
Then, fish were transferred and put in their correspondent tanks. Afterwards, samples
of skin mucus were immediately taken to 15-ml sterile centrifuge tubes, centrifuged
(5810 R Engelsdorf, Germany) (1500xg at 4°C for 10 minutes) and kept in 2-mL
tubes at —80°C for further analysis.

Total number of 9 fish were sampled from each group randomly collected and an-
esthetized in order to perform serum isolation. Then, the researchers took the blood
from caudal vein by a 5-mL syringe and 27-gauge needle. The samples were left to
clot for 4 h at a temperature of 4°C. The samples were finally centrifuged, and the
serum was collected and stored at a temperature of —80°C until being used.

Evaluation of immune parameters

Levels of serum and mucus total immunoglobulin (Ig) were analysed based on
the procedure proposed by Siwicki (1993). The method for microprotein specifica-
tion (C-690; Sigma) was used to measure serum total protein content before and
after precipitating the immunoglobulin molecules by 12% polyethylene glycol solu-
tion (Sigma). The modified turbidimetric method explained by Ellis et al. (2001)
was employed to measure the serum and skin mucus lysozyme activity. Aliquots
(1.75 MI™") of Micrococcus lysodeikticus (Sigma, USA) suspension (0.375 mg M1,
0.05 M PBS, pH 6.2) were blended with 250 pL' of each sample, and after 15 and
180 s the optical density was measured by a spectrophotometer (Biophotometer Ep-
pendorf) at 670 nm. It was decided to define one unit of lysozyme activity as reduc-
tion in absorbance of 0.001/min. Lysozyme units in serum were calculated based on
the standard curve produced by white lysozyme (Sigma, USA).

Azocasein hydrolysis method, with a slight modification, was used to measure
the protease activity in skin mucus (Ross et al., 2000). 100 pl of skin mucus was
poured in 100 pl of 0.7% azocasein solution (sigma) and subsequently incubated
with constant agitation at 30°C for 19 hours. To stop the reaction, 4.5% trichloroacet-
ic acid was added and the reaction mixture was centrifuged at 15000 g for 5 minutes
to obtain the supernatant. The supernatant was collected via pipette and poured into



Effect of artemisia leaves on the immune system of common carp 1015

a 96-well flat bottom plate which had been seeded with 100 uLL 1 N sodium hydrox-
ide (NaOH) per well. Optical density (OD) was evaluated at 450 nm. The protease
activity was depicted with respect to a positive control (trypsin solution of 5 mL™!
substituted mucus; 100% protease activity).

Following Yano et al. (1992) rabbit red blood cells (RaRBC) were used to assay
the alternative pathway activity of complement system (ACHS50) in serum samples.
The volume which yielded 50% hemolysis was identified and employed for comput-
ing complement activity of sample (ACHS50) as below:

ACHS50 value (unit ml™") =1/k*(reciprocal of the serum dilution) x0.5

Respiratory burst activity

To measure the oxidative burst obtained from leukocyte of blood samples, re-
searchers in this study employed chemiluminescent assay (CL) (light emission meas-
urement) method as utilized by Takayama et al. (1998) by means of an automated
system for CL assay (LUMI skan Ascent T392, Finland). The results obtained from
light emission are presented as relative light units per second (RLU s™') detected by
a luminometer. The CL assays were carried out twice and subsequent evaluations
were performed using the mean of replicate assays.

Evaluation of antioxidant enzyme parameters

Serum superoxide dismutase (SOD) activity was evaluated by using McCord and
Fridovich (1969) method. As suggested in the method, we used a solution contain-
ing 100 pl of phenazine methosulfate, 300 pl of nitro blue tetrazolium and 1.2 ml
sodium pyrophosphate buffer. Subsequently, 1000 pl water and 200 pl of the serum
were added to reach a total volume of 2800 pl, followed by adding 200 pl of NADH
to initiate the reaction and incubate for 1.5 minutes at 30°C and activities stopped
by adding 1000 pl of glacial acetic acid. This solution was then combined with 4.0
ml of n-butanol and incubated at room temperature to rest for 10 m. The mixture
was centrifuged and chromogen concentration in the butanol layer was evaluated at
560 nm using spectrophotometer (UNICO UV-2100 PC spectrophotometer, UNICO,
Beijing, China). In this method, one unit of enzyme activity was determined by the
rate of the enzyme which hindered 50% of NBT enzymatic reduction per minute.

Serum catalase activity was studied using the method introduced by Aebi (1984).
Serum catalase activity was conducted by evaluating the reduced spectrophotometric
absorbance at 240 nm (e=40M/cm) with 13.2 Mm H,0O, in 50 Mm phosphate buffer
(pH 7.0), and 100 pl serum was utilized as control. Furthermore, the glutathione
peroxidase activity (GPx) was measured relying on the procedure suggested by
Noguchi et al. (1973). GPx degrades H,O, upon occurrence of reduced glutathione
(GSH). GPx activity is demonstrated as 1 pmol L' of the substrate (GSH) depleted in
1 minute per mg of protein in 1 mL of serum.

Thiobarbituric acid reactive substances known as malondialdehyde (MDA) con-
centration were measured using colorimetrical methods introduced by Buege and
Aust (1978). In this method, 2 ml of thiobarbituric acid (TBA) reagent containing
0.25 N HCL, 0.375% TBA, and 15% trichloroacetic acid was mixed with 200 pul of
serum. Subsequently, samples were heated to boil for 15 min and later cooled down
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and centrifuged. Supernatants were collected and the absorbance was calculated by
a spectrophotometer at 532 nm. Lipid peroxidation was measured via 1,3,3,3 tetra-
ethoxypropane as standard and defined as TBARS concentration.

Statistical analysis

After testing and confirming the normality of the data through using Kolmogo-
rov-Smirnov test, SPSS (Ver. 17) and one-way analysis of variance (ANOVA) were
employed for data analysis comparing the significant differences between groups,
respectively. Tukey multiple range tests were performed when differences were sig-
nificant. The mean values were recorded to be significantly different at P<0.05.

Results

Growth parameters

The final weight, weight gain, specific growth rate, protein efficiency ratio, and
lipid efficiency ratio were significantly (P<0.05) improved in fish fed diet containing
1 g ALE/kg diet as compared to the control group without difference with the other
treatments (Table 2). However, feed conversion ratio was decreased significantly in
the fish fed 1 or 1.5 g ALE/kg diet compared to that of the control treatment (Ta-
ble 2; P<0.05). The survival rate ranged from 92.42 to 98.35% with insignificant
differences among the experimental groups (P>0.05). Insignificant differences were
also obtained for the body length and condition factor of fish fed ALE at different
levels (Table 2).

Table 2. Growth parameters of common carp fed different levels of dietary A. annua extract for
8 weeks*

Artemisia annua extract (g/kg)

Parameters
0 0.5 1 1.5

Initial weight (g) 90.35+0.91 90.20+0.89 90.46+1.08 90.28+1.20
Final weight (g) 130.63+5.99 b 133.64+7.88 ab 143.70+10.62 a 140.32+8.97 ab
WG (g)! 40.28+2.03 b 43.44+2.61 ab 53.24+4.78 a 50.04+5.25 ab
Initial length (cm) 18.24+1.34 18.20+1.12 18.26+ 1.64 18.23+1.11
Final length (cm) 19.52+1.22 19.66+0.96 20.17+1.05 19.95+1.17
SGR (% day™)? 0.61+0.07 b 0.65+0.10 ab 0.76+0.12 a 0.73+0.1 ab
CF (%)’ 1.75+0.05 1.75+0.05 1.74+ 0.06 1.77£0.17
FCR* 2.52+0.17 a 2.38+0.32 ab 1.94+0.21 b 2.05+0.16 b
PER® 1.08+0.07 b 1.17+0.09 ab 1.43£0.12 a 1.35+0.11 ab
LERS® 5.03+0.34 b 5.43+0.48 ab 6.65+0.42 a 6.25+0.30 ab
Survival (%) 92.42+3.71 98.00+5.98 95.18+5.45 98.35+3.59

*Values are mean + standard deviation of three determinations. Small letters (**) in the same line indicate
significant differences (P<0.05) of treatment.

'WG (g), weight gain (g); 2SGR, specific growth rate (SGR, % day™); *CF, condition factor (%); “FCR, feed
conversion ratio; PER, protein efficiency ratio; °LER, lipid efficiency ratio.
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Serum immune parameters

Respiratory burst activity and immunoglobulin levels (Ig) of fish fed ALE at
0.5 g/kg were significantly (P<0.05) higher than the control group with insignificant
(P>0.05) differences with those fed 1 or 1.5 g ALE/kg diet (Figure 1 and Figure 2 C).
Lysozyme activity was significantly higher in fish fed ALE at 0.5 g/kg (P<0.05) than
the control and 1.5 g/kg groups with insignificant (P>0.05) differences with those
fed 1 g ALE/kg diet (Figure 2 A). ACH50 was significantly (P<0.05) increased in
fish fed 0.5 or 1 g/kg groups with insignificant (P>0.05) differences with those fed
1.5 g ALE/kg diet (Figure 2 D). However, insignificant (P>0.05) differences were
observed in the tota173§rum protein of fish fed varying level of ALE (Figure 2 B).
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Figure 1. Respiratory burst activity of common carp fed with different levels of A. annua extract for
8 weeks. Values are mean + SD (n=3). Small letters (a, b) on the bars indicate significant differences
(P<0.05) of treatment
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Figure 2. Serum immune parameters (A) lysozyme activity, (B) serum total protein, (C) immunoglobu-

lin, and (D) the alternative pathway activity of complement system (ACHS0) of common carp fed with

different levels of A. annua extract for 8 weeks. Values are mean = SD (n=3). Small letters (a, b) on the
bars indicate significant differences (P<0.05) of treatment
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Mucus immune parameters

Mucus total protein of fish fed ALE at 0.5 g/kg was significantly (P<0.05) higher
than the control group with insignificant (P>0.05) differences with those fed 1 or
1.5 g ALE/kg diet (Figure 3 A). Lysozyme activity was improved only in fish fed
1.5 g ALE/kg diet as compared to the other groups (P<0.05; Figure 3 B). Mucus
Ig levels of fish fed ALE were significantly (P<0.05) improved as compared to the
control group with the highest being in 1 and 1.5 g/kg groups (Figure 3 C). Mucus
protease was also improved in fish fed ALE at 1.5 g/kg without significant differ-
ences with those fed 0.5 or 1 g ALE/kg diet (Figure 3 D).
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Figure 3. Mucus immune parameters (A) total protein, (B) lysozyme activity, (C) immunoglobulin, and
(D) protease level of common carp fed with different levels of A. annua extract for 8 weeks. Values are
mean + SD (n=3). Small letters (a, b) on the bars indicate significant differences (P<0.05) of treatment

Antioxidant activity

Serum antioxidant activity in common carp fed varied levels of ALE is given in
Figure 4. Catalase activity of fish fed with 0.5 and 1 g ALE/kg diet was significantly
(P<0.05) higher than the other treatments (Figure 4 A). GPx showed higher activity
in fish fed with the diet containing 0.5 g ALE/kg diet than the other treatments (Fig-
ure 4 C). SOD activity was insignificantly affected by ALE supplementation (Figure
4 B), while the MDA level was decreased significantly in fish fed ALE at 0.5, 1, and
1.5 g/kg as compared to the control group with the lowest being in fish fed 0.5 g
ALFE/kg diet (P<0.05; Figure 4 D).
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Figure 4. Serum antioxidant activity (A) catalase, (B) serum superoxide dismutase activity (SOD), (C)

glutathione peroxidase activity (GPx), and (D) malondialdehyde concentration (MDA) of common carp

fed with different levels of A. annua extract for 8 weeks. Values are mean + SD (n=3). Small letters
(a, b) on the bars indicate significant differences (P<0.05) of treatment

Discussion

Extensive investigations on diverse ranges of medical plants (whole plant, parts
of plant or extract) and algal extracts revealed potentially beneficial effects of these
herbal additives on performance, immune response, and oxidative resistance of sev-
eral fish species (Adel et al., 2019; Dawood et al., 2018, 2019 c; Hoseini et al.,
2019; Saeidi asl et al., 2017; Safari et al., 2019; Van Doan et al., 2019 a, b). In this
sense, the present study was performed to investigate antioxidant defense, immune
response, growth and feed efficiency of common carp following supplementation of
ALE in diet.

ALE resulted in improved growth performance in common carp in the cur-
rent study. Growth performance and feed conversion ratio are essential parameters
needed to judge the potential use of feed additives in aquafeed (Moss et al., 2019;
Yan et al., 2017; Zaineldin et al., 2018). The present study determined that ALE
significantly improved the final body weight, WG, SGR, protein efficiency ratio
and lipid efficiency ratio of common carp, while concurrently reducing FCR. It has
been demonstrated that the medicinal plants can act as growth promoters by boost-
ing the digestive enzymes which in turn can increase the growth rates and survival
of aquatic animals (Faggio et al., 2015; Van Hai, 2015). ALE is also rich with many
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essential elements including crude protein, essential amino acids, minerals, vitamins,
antioxidants, and flavonoids which are vital for the growth and feed utilization in
animals (Brisibe et al., 2008; Tanaya et al., 2013). Likewise, Allen et al. (1997) indi-
cated that A. annua improved the feed efficiency and weight gain of broilers. In line
with our results, supplementation of palm fruit extracts (Hoseinifar et al., 2017 a),
rosemary leaf powder (Yousefi et al., 2019), lavender extract (Yousefi et al., 2020),
polyphenols (Jahazi et al., 2019), jujube fruit extract (Hoseinifar et al., 2019 b), had
beneficial effects on common carp growth performance and feed utilization. Safari
et al. (2016) reported that the improved growth performance and feed intake can be
attributed to the up-regulation of growth and appetite related genes expression (GH,
IGF1 and Ghrl) in common carp fed on ferula powder.

ALE has been found to possess immunomodulatory and antioxidative properties,
which have been attributed to the monomer polyphenolic compounds which may
help in improving the health status and the growth performance of animals (Ahmad
et al., 2010; Chen et al., 2014; Koul et al., 2018; Naghavi et al., 2014). The findings
of the present study also showed the potential of ALE to be used as a dietary phyto
immunostimulant for common carp. Fish that received diets supplemented with ALE
elicited considerable modulated immune responses including remarkable serum and
skin mucus immune responses.

Blood immunoglobulins, complement, and lysozyme as the key elements in the
genesis of the immune response (Magnadottir, 2006), are among the most frequently
tested immune parameters in herbal supplemented diets in fish (Van Doan et al.,
2017; Watts et al., 2017). The present results indicated improved blood Ig, ACHS50,
and lysozyme activity which are similar with the results obtained from previous trials
suggesting the beneficial roles of herbs and their extracts/active components to stim-
ulate the immune system in common carp. The highest Ig, ACH50, and lysozyme
activity were observed in fish fed 0.5 to 1 g ALE/kg diet which is almost similar to
the growth performance parameters. Yousefi et al. (2019) and Yousefi et al. (2020)
reported that the rosemary leaf powder or lavender extract improved the blood Ig,
ACHS50, and lysozyme activity in common carp. Dietary supplement with polyphe-
nols showed enhancement of blood lysozyme and Ig in common carp (Jahazi et al.,
2019). Hoseinifar et al. (2018) showed that dietary loquat leaf extract significantly
increased the blood Ig, ACH50, and lysozyme activity in common carp. Therefore,
elevation of total Ig, ACH50 and lysozyme hint at possible immunomodulatory ef-
fects of ALE in common carp.

Fish defense system, in which the integument provides the first line of defense, is
rather complicated. As Angeles Esteban (2012) points out skin mucus and its com-
ponents have a significant effect as hindering various sorts of pathogens and exo-par-
asites. Meanwhile, skin mucus is reportedly affected by environmental conditions,
nutrition and feed additives (Dawood et al., 2017 a, b; Lazado and Caipang, 2014).
The results of this study showed a rise in non-specific immune parameters (total Ig,
lysozyme and protease activity) in the skin mucus of common carp. In fact, fish fed
1.5 g ALE/kg diet demonstrated the highest level of the measured parameters. Lyso-
zyme, as one constituent of the innate immunity system, contributes to non-specific
immunity of animal by their anti-inflammatory and bactericidal properties (Angeles
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Esteban, 2012). Moreover, the higher lysozyme activity correlated with more anti-
bacterial activity versus gram-positive and gram-negative bacteria. The obtained
results exhibited a significant increase in levels of skin mucus lysozyme in fish fed
1.5 g ALE/kg diet. As protective function, skin mucus proteases have a pivotal role
in hindering the pathogenic invasion both by hindering their invasion mechanisms
and colonization and cleaving their proteins (Subramanian et al., 2007). Diets con-
taining ALE could significantly increase skin mucus proteases activity and the high-
est values were recorded at inclusion level of 1.5 g/kg ALE. A similar improved
skin mucus immunity was observed in common carp fed ferula (Safari et al., 2016),
medlar extracts (Hoseinifar et al., 2017 b), polyphenols (Jahazi et al., 2019), jujube
fruit extract (Hoseinifar et al., 2019 b), and P. guajava (Hoseinifar et al., 2019 a).
However, no study was found on the effect of ALE on non-specific immune response
of fish. In broilers, Khalaji et al. (2011) reported that artemisia leaves mixed with
black cumin seeds have improved the immune response. Immunosuppressive activ-
ity of artemisinin (as component in artemisia) was investigated on mice and revealed
the activity of artemisinin as an immunosuppressive agent (Noori et al., 2004). Also,
Zhang and Sun (2009) reported that the cellular and humoral response in mice can
increase by ethanolic extract of 4. annua. The immunomodulatory effects can be
ascribed to the availability of carvacrol, artemisinin and polysaccharides in 4. annua.

The results obtained in the current study implied that respiratory burst activity
in treated fish was notably higher than in the control group. Akbay et al. (2003)
has demonstrated the capability of flavonoid glycosides of nettle in modulating the
oxidative burst and degranulation of properly stimulated human neutrophils. Appar-
ently, the same could take place in respiratory burst activity of common carp. Results
also revealed that antioxidant enzymes activities (SOD, CAT and GPx) were in-
creased in fish fed with ALE. The antioxidant defense system comprises the enzymes
including superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase
(GPx), and is proposed to provide the lowest levels of reactive oxygen species in
animal cells (Holmblad and Séderhill, 1999; Otto and Moon, 1996; Pandey et al.,
2003). Considering our findings, similar improved SOD, CAT, and GPx activities
were observed in common carp fed rosemary leaf powder (Yousefi et al., 2019), lav-
ender extract (Yousefi et al., 2020), ferula (Safari et al., 2016), polyphenols (Jahazi
et al., 2019), and palm fruit extracts (Hoseinifar et al., 2017 a). Although Dhibi et
al. (2016) stated that plants are a potential source for providing natural antioxidant,
the effect of dietary ALE on antioxidant enzyme in common carp has not been in-
vestigated yet. 4. annua is a rich source of sesquiterpene lactones and antioxidant
compounds (flavonoids, phenolic acids, cineol, a-pinene, and camphor, etc.) with
potential benefits to animal health (Brisibe et al., 2009; Cai et al., 2004; Hoseini et
al., 2019; Jahazi et al., 2019; Mirghaed et al., 2019). Flavonoids of this plant also
have a high amount of essential oil such as; cineol, a-pinene, camphene, camphor
and artemisia keton which can increase the antioxidative response (Kim et al., 2009;
Radulovi¢ et al., 2013). Thus, this study explored the effect of different ALE levels
on antioxidant enzyme activities in common carp.

The over levels of reactive oxygen species (ROS) can increase the lipid peroxida-
tion which resulted in malonaldehyde (MDA) production. The continuous existing
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of MDA can damage the organism cell by breaking down the DNA, protein and
cytoplasm (Dawood et al., 2019 a, d; Yao et al., 2010). Our results revealed lower
MDA consideration and higher SOD, CAT and GPx activities in fish fed with ALE
indicated reduced cell damage compare to fish fed the control diet. Medicinal herbs
have functional compounds that enhanced the secretion of antioxidant enzymes and
helped in scavenging superoxide radicals (Ferreira et al., 2010). These compounds
have high reducing and antioxidant properties due to the presence of hydroxyl group
and unsaturated bonds in their chemical structure. Accordingly, phenolic acid and
gallic acid are the potent phenolic antioxidants, which can increase the antioxidant
properties of the extracts by creating hybrids with other phenolic compounds such
as caffeic acid (Awad and Awaad, 2017). Moreover, the existence of quercetin, a fla-
vonoid antioxidant in artemisia due to the lack of glycogen in its structure has high
antioxidant capacity (Awad and Awaad, 2017). Similar to the present study, Yousefi
et al. (2020) reported declined MDA in common carp fed dietary lavender extract.
The increase of antioxidant enzyme activity in the present study was consistent with
the increase of immune parameters.

Conclusion

In conclusion, it can be observed that artemisia (4. annua) leaves extract had af-
fected beneficially most of the tested factors in common carp. The results confirmed
the potential of ALE as a growth promotor and stimulatory agent. Dietary ALE sup-
plementation at 0.5 to 1 g/kg is recommended for common carp to suppress oxidative
conditions and augment the immune responses. Further studies are needed to evalu-
ate the effects of ALE under infectious bacterial challenge using transcriptomic tools
for supporting our knowledge regarding the mode of action and optimum inclusion
level.
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