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Abstract. This study aims to evaluate the effects of dietary supplementation with Premna serratifolia or
Punica granatum extracts on the immune response and disease resistance of striped -catfish
(Pangasianodon hypophthalmus). A basal diet was supplemented with 1.5% and 3% of P. granatum or
1% and 2% of P. serratifolia extracts (w/w) and fed to the fish. After 4 weeks of feeding, the numbers of
erythrocytes and leukocytes (except for thrombocyte) were significantly higher in fish administered P.
serratifolia extract compared to control. The serum Iysozyme and complement activities were
significantly higher in fish of 3% P. granatum, or 1%, 2% P. serratifolia extract treatments. All plant
extract treatments showed significantly higher phagocytic activities compared to the control. Dietary
inclusions of P. granatum and P. serratifolia up-regulated the expression of complement factor B/C2A and
interleukin-1B gene in the liver of striped catfish. At the end of the feeding trial, the challenge test with
Edwardsiella ictaluri showed that the cumulative mortality was lower in all extract supplemented
treatments. In particular, the 2% P. serratifolia treatment showed the dramatically lowest mortality
compared to others. In conclusion, dietary P. serratifolia and P. granatum extracts could stimulate the
innate immune response of striped catfish and enhance disease resistance of fish against E. ictaluri.
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Introduction. The striped catfish (Pangasianodon hypophthalmus) is one of the
important cultured species in Mekong Delta, Viet Nam. In 2020, the production of striped
catfish in Viet Nam has reached to 1.5 million metric tons and exported to more than 130
countries (MARD 2021). However, infectious diseases are the main problem in striped
catfish farms since pathogenic microorganisms grow rapidly and infect fish in the
intensive culture systems, causing heavy losses. In aquaculture, the application of
antibiotics and chemotherapeutics is used to control infectious diseases. Moreover, it is
expensive and leads to negative side effects including antibiotic resistance,
bioaccumulation, and environmental pollution (Jeney et al 2015). To avoid these
problems, more environmental-friendly prophylactic and preventive solutions are
required and the use of immunostimulants for disease control is a promising method. The
herbal extracts contain several active compounds that have been reported to stimulate
immune response and control infectious disease. It may be considered as an alternative
method to antibiotics and chemicals in aquaculture (Jeney et al 2015; Dotta et al 2018).
Premna serratifolia is a widespread genus found throughout Africa, the western
Pacific, and Asia. It is one of the important medicinal plants and has been used as a
traditional treatment for animal as well as humans. It can be used directly as a
therapeutic agent, but also as material for the synthesis of drugs or the extraction of
active compounds (Prashant 2016). P. serratifolia and derived products have recorded
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analgesic (Karmakar et al 2011), anti-bacterial (Paul et al 2015; Rahman et al 2016),
anti-oxidant (Selvam et al 2010; Karmakar et al 2011), hepatoprotective (Singh et al
2011) and immunomodulation activities (Gokani et al 2007).

Punica granatum is commonly known as promegranate, belonging to the family
Punicaceae. It mainly grows in USA, Iran, India, China, the Mediterranean region (Rahimi
et al 2012) and also in Viet Nam. P. granatum has been used as a traditional remedy for
diarrhea, helminth infection, bacterial infection, hemorrhage and respiratory afflictions
(Kim & Choi 2009). Several parts from P. granatum such as the leafs, bark, roots, fruit,
juice, peel and seeds possess various pharmacological properties, including antioxidative
(Aviram et al 2004), anti-microbial (Voravuthikunchai et al 2004; Braga et al 2005;
Vasconcelos et al 2006), anti-inflammatory, anti-cancer and anti-angiogenesis activities
(Rahimi et al 2012).

P. serratifolia and P. granatum possess several benefits for animal and human
health. However, only a few studies of the application of P. granatum in aquaculture have
been reported (Harikrishnan et al 2010, 2012), and P. serratifolia has rarely been
explored in aquaculture. This study aims to evaluate the effects of methanol extracts of
P. granatum and P. serratifolia on the innate immune response and disease resistance of
striped catfish against the bacteria Edwardsiella ictaluri.

Material and Method

Fish. Striped catfish (15-18 g) were obtained from a commercial catfish hatchery in Can
Tho province (9°58'12"N, 105°44'14"E), Viet Nam and transferred to the Wetlab of the
College of Aquaculture and Fisheries, Can Tho University. The fish were acclimatized for
two weeks in an indoor composite tank (2 m3) with aerated freshwater and fed to
satiation with pellet feed, without plant extracts, twice a day. The water in the tank was
exchanged every two days to maintain water quality. Fish were also examined to
determine their health status before starting the experiment and they were confirmed to
be healthy.

Plant extract preparation. The plants P. serratifolia and P. granatum were collected
from farms in O Mon, Can Tho city, Viet Nam and identified by the Department of
Biology, Can Tho University. The whole plants were washed in distilled water. The plants
were dried and then ground to powder by using a grinder. The plant powders were
extracted following the method of Natarajan et al (2005). The dried powder of P.
serratifolia or P. granatum was soaked in methanol (ration 1:10 w/v), allowed to stand
for 5 days at room temperature, and then filtered through a sterile cloth. The filtrate was
collected, and the solvent was removed using a rotary vacuum evaporator. The residues
obtained after the evaporation of methanol were stored at 4°C for further use.

Diet preparation. Four experimental diets were prepared by mixing a commercial diet
(Grosbest, 30% crude protein) with crude extract of P. serratifolia or P. granatum at the
required concentration: 1 or 2% (w/w) for P. serratifolia, and 1.5 or 3% (w/w) for P.
granatum, following the method of Harikrishnan et al (2012) with a slight modification.
Briefly, the plant extracts (P. serratifolia or P. granatum) were dissolved with DMSO,
sprayed to the basal diet slowly, and then mixed well. The control diet was added with
the same volume of DMSO only. The diets were dried in an oven at 30°C for 4 h, then
coated with 0.5% squid oil and dried at 30°C for 4 h. Diets were packed and stored at
4°C until use.

Experimental design. The experimental design was completely randomized with five
feeding groups, including 1 or 2% (w/w) P. serratifolia extract, 1.5 or 3% (w/w) P.
granatum extract, and control (without plant extract), in triplicates. The feeding period
was 4 weeks. Striped catfish (17.47+£0.94 g) were distributed into 15 plastic 500 L tanks
at the density of 30 fish per tank. Fish were fed twice a day at a ratio of 3% of fish body
weight per day. A recirculating water system and continuous aeration were used. The
water quality parameters were measured daily (temperature 27.77+£0.23°C and dissolved
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oxygen 6.54+0.47 mg L!) and weekly (pH 7.42+0.26 and total ammonia 0.92+0.17
mg L1). The final weights of fish were measured after 4 weeks of rearing.

The blood of fish (3 fish per tank) was collected for hematological and immunological
analyses after feeding for 2 weeks and 4 weeks. Disease resistance against the bacteria
E. ictaluri was also examined after 4 weeks of feeding.

Challenge test. E. ictaluri used were obtained from the stock of the College of
Aquaculture and Fisheries, Can Tho University. Bacteria preparation followed the method
of Hang et al (2013). The bacteria was diluted with saline buffer to 10> CFU mL™ and
used for fish challenge. The challenge test was performed randomly with 6 treatments
including 2 control diet groups and 4 diet groups supplemented with extract of P.
serratifolia or P. granatum. Each group was injected intraperitoneally with 0.1 mL of
0.85% NaCl solution or 0.1 mL of E. ictaluri solution (10> CFU mL™!), according to Hang et
al (2013). Each treatment was performed using 15 fish per tank in triplicate. Mortality
was recorded daily for 14 days after the challenge. The clinical signs of challenged fish
were also observed and recorded daily.

Growth performance. The fish was weighed at the start and end of the feeding period
to evaluate the growth performance of experimental fish. The weight gain (WG), daily
weight gain (DWG), and specific growth rate (SGR) were calculated according to the
following equations:

WG (g) = FBW (final body weight) - IBW (initial body weight)
DWG (g/day) = (FBW - IBW)/days of experiment
SGR (%/day) =100 x [In(FBW)-In(IBW)]/days of experiment

Hematological and immunological variables. After 2 weeks and 4 weeks of feeding,
blood was collected through caudal vein puncture using a 1 mL syringe. The proportion of
different blood cells and some indicators of humoral immunity in the blood were
determined.

Red blood cell (RBC) count. Total RBC was counted on Neubauer hemocytometer after
staining with Natt-Herrick solution (Natt & Herrick 1952). First, 10 pL of each blood
sample was diluted with 1990 pyL of Natt-Herrick solution, and then mixed gently for at
least 3 min. The suspension was put into the chamber and allowed to settle for 2-3 min
before counting under the light microscope. The RBC was counted in 5 of the 25 small
areas.

White blood cell (WBC) count and WBC differential. An aliquot of whole blood was
smeared on a microscope slide by using a smearing slide (cover glasses 24x50,
Germany). The slide smear was dried quickly, fixed in methanol (95%, Sigma) for 1-2
min, and stained with Wright and Giemsa (Rowley 1990). Blood cell types were
determined following Supranee et al (1991), while blood cell indices were calculated
according to Hrubec et al (2000).

Phagocytic activity. Phagocytic activity was assayed by the following method of Siwicki
& Anderson (1993) with slight modifications by Soltanian & Fereidouni (2016). Briefly,
100 pL of Saccharomyces cerevisiae suspension (108 cells mL') was added to 100 uL of
blood sample in a 1.5 mL microtube. Then, the mixture was incubated at 28°C for 30 min
after thorough mixing. After incubation, the tube was mixed gently, and 30 pL of this
suspension was smeared on the glass slide. The smeared slides were air dried, fixed with
ethanol for 1 min, and stained with Giemsa. The phagocytic cells were counted under the
microscope. Phagocytic activation (PA) was determined by enumerating 100 phagocytes
per slide. The mean of PA in each slide was calculated as the following formula:
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PA = (Number of phagocytic cells with engulfed bacteria/number of phagocytes) x 100

Lysozyme assay. The protocol for lysozyme assay was adapted from Ellis (1990) and
Milla et al (2010). Briefly, 10 pL of plasma was mixed with 130 pL of lyophilized
Micrococcus lysodeikticus (Sigma) suspension (0.3 ug mL1) in phosphate buffer (pH 6.2),
in a 96-wells microplate. The difference in absorbance at 450 nm was monitored between
0 and 5 min, and used to calculate lysozyme activity in units. One unit represents the
amount of lysozyme that caused a 0.001 decrease in absorbance.

Complement assay. The alternative complement pathway was assayed using rabbit red
blood cells (RRBC, Biomerieux, Craponne, France) as targets following Sunyer & Tort
(1995). Briefly, 10 yL of RRBC suspension diluted in veronal buffer (Biomerieux) was
mixed with serial dilutions of plasma (60 pL of total volume). After incubation for 100 min
at 28°C, the samples were centrifuged at 2000 xg for 10 min at room temperature. The
spontaneous haemolysis was obtained by adding 60 pL of veronal buffer to 10 L of
RRBC. The total lysis was obtained by adding 60 pL of distilled water to RRBC. The
absorbance was measured at 405 nm. Appropriate calculations served to estimate
complement activity (Sunyer & Tort 1995).

Gene expression. Extraction of total RNA from the liver was done using RNAzol
(Molecular Research Center, USA) following the manufacturer’s protocol. cDNA was
synthesized using the SensiFAST cDNA synthesis kit (Bioline, Korea) according to the
manufacturer instructions. The synthesized cDNA was kept at -20°C until the
amplification of the immune genes. The primer sequences and reaction conditions are
listed in Table 1. Each 10 yL RT-PCR reaction consisted of 5 uL of 2X SensiFAST SYBR Lo-
ROX mix (SensiFAST SYBR Lo-ROX kit, Bioline, Korea), 0.5 pM of each forward and
reverse primer and 10 ng of synthesized cDNA. The running condition of the gPCR
(preheating at 95°C for 10 min, denaturing at 95°C for 15 s, annealing at 57°C for 15 s,
and extension at 72°C for 20 s) was performed in a realtime qPCR machine (LightCycler
480 System, Roche, Switzerland). For the normalization of RNA, gene expression levels
were analyzed with 2-22¢t and house-keeping gene; 16S rRNA was used as the reference
gene.

Table 1
Primers used for immune gene expression (Sirimanapong et al 2015)
Gene name Primer sequence (5-3") Amplicon (bp)
16S rRNA F: TATCTTCGGTTGGGGCG 223

R: CCTGATCCAACATCGAGG

Interleukin - 1B F: CAGAGGCTGAAGCACACTCA 148
R: CCTTGTCCTGCCTGCTGTAA

F: CAAGCTAAAAGCCTCCGCT
Complement factor B/C2A R: AACTGCTAAAAGCCTCCGCT 110

Statistical analysis. The data were expressed as mean * standard deviation (SD).
Statistical analysis of data was performed with one-way analysis of variance (ANOVA)
followed by Tukey’s post hoc multiple comparison test. The significance was established
for p-value less than 0.05.

Results and Discussion

The growth performance of striped catfish. The growth performance of striped
catfish, after 4 weeks of feeding with a diet containing extracts of P. serratifolia or P.
granatum, is presented in Table 2. Both plant-diet groups showed significant larger
growth parameters of weight gain, daily weight gain, and specific growth rate compared
to the control diet group (p<0.05). The feeding groups of 2% P. serratifolia and 1.5% P.
granatum showed higher growth parameters than other diet groups.
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Table 2
The growth performance of striped catfish. Striped catfish was fed the diet supplemented
with P. granatum or P. serratifolia extract for 14 days

Diet group Initial weight Final weight Weight gain Daily weight Specific growth
(g9) (g) (g) gain (g day™) rate (%)
1.5% P. granatum 16.79+0.74° 34.38+4.85° 18+4.12°¢ 0.64+0.14¢ 2.61+0.38¢
3% P. granatum 16.93+0.4° 30.4+6.36% 13.48+5.,58 0.48+0.18% 2.39+0.47%
1% P. serratifolia 17.96+1.43° 29.25+1.722 11.29+1.92° 0.4+0.04° 1.84+0.15°
2% P. serratifolia 17.73+0.712 36.29+2.41°b 18.57+2.08¢ 0.66+0.08¢ 2.68+0.23¢
Control 18.33+1.41° 26.26+1.9°2 7.93+1.11° 0.29+0.042 1.58+0.132

Note: different superscripts show significant differences (p<0.05).
Hematological parameters

Red blood cells (RBC). After 2 and 4 weeks of supplementation with P. serratifolia or P.
granatum extracts, RBC numbers of striped catfish of all diet groups ranged between
2.64 and 3.83x10° cells mm3 (Figure 1). Interestingly, RBC of P. serratifolia extract diet
group was significantly increased compared to the control diet group (p<0.05), while oral
administration of P. granatum extract did not affect the RBC number.
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Figure 1. Number of red blood cells of striped catfish fed with supplemented diet of P.
granatum or P. serratifolia extract. Data are the means +£SD. Different letters indicate a
statistically significant difference (p<0.05).

White blood cells (WBC). By feeding for 2 weeks, the total of WBC in P. granatum
extract diet group was increased compared to the control, but did not show any
significant differences (p>0.05) (Figure 2). In contrast, WBC of fish from the P.
serratifolia extract diet group (1%, 2%) showed significantly higher numbers than that of
the control diet group (p<0.05). After 4 weeks of feeding, WBC ranged between 257.4
and 315.2 x 103 cells mm3. P. serratifolia extract diet group had the highest number of
WBC, with a significant difference to control group.
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Figure 2. White blood cell count of striped catfish fed with diet supplemented with P.
granatum or P. serratifolia extract. Different letters indicate significant differences
(p<0.05).

Monocytes. After 2 weeks of feeding, both diet groups presented increased monocytes
compared to the control group, except for the 1.5% P. granatum diet group (Table 3).
The number of monocytes from fish fed 1% P. serratifolia extract reached the highest
values (36.1 x103 cells mm=3, p<0.05). After 4 weeks of feeding, the numbers of
monocytes of all diet groups were significantly higher than those of the control (p<0.05).

Table 3
Numbers of white blood cells of different subtype and thrombocyte of striped catfish
feeding on P. granatum or P. serratifolia extract diets for 14 days

Monocytes Neutrophils Lvmphocvtes Thrombocytes
Diet group (%103 cells (%103 cells 4 3 phocy 3 (%103 cells
3 3 (x10° cells mm=) 3
mm™) mm™) mm=)
After 2 weeks administration
1.5% P. granatum 22.22+6.962 25.05+7.213b 216.54+24.143b 22.06+6.922
3% P. granatum 32.94+7.692P 22.18+8.13% 231.52+ 1.77%° 19.23+4.332
1% P. serratifolia 36.07+9.96P 31.25+5.8P 211.35+18.792b 23.18+1.92
2% P. serratifolia 31.74+7.823 29.72+6.72> 237.59+19.24°b 23.51+£5.562
Control 21.24+8.342 22.29+3.962 171.34+52.972 20.17+8.322
After 4 weeks administration
1.5% P. granatum 37.96+6.33P 24.45+11,53b 191.12+50.713b 27.53+8.48%
3% P. granatum 38.08+7.69° 23.46+10.4932b 175.5+£82.442b 26.25+8.432
1% P. serratifolia 35.88+5.12P 31.31+£12.54° 198.02+61.813b 26.36+11.19°
2% P. serratifolia 36.71+5.53b 27.11+6.472 232.11+46.77° 22.61+8.32
Control 26.06+3.532 18.07+5.212 143.56+25.29° 22.39+7.692

Note: means in each column with different superscripts have significant differences (p<0.05).

Neutrophils. By supplementation with P. serratifolia or P. granatum extract, the
neutrophils increased (Table 3). The feeding with 1% P. serratifolia was most effective for
increasing neutrophil numbers with the significant difference in both 2 weeks and 4
weeks feeding time, compared to the control diet group.
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Lymphocytes and thrombocytes. By feeding P. serratifolia or P. granatum extract for
2 and 4 weeks, the lymphocytes were increased compared to the control group (Table 3).
The highest numbers of lymphocytes were obtained in treatment with 2% P. serratifolia.
In contrast, no difference was observed in the numbers of thrombocytes among all
groups in both sampling times.

Lysozyme activity. After 2 weeks of feeding, serum lysozyme activity of the P.
serratifolia diet group was enhanced significantly compared to the control group, while
that of P. granatum diet group was higher than the control, but did not show any
significant differences (Figure 3). After 4 weeks of feeding trial, both supplemented diet
groups possessed significantly higher lysozyme activities compared to control, except for
the 1.5% P. granatum group. The highest lysozyme activities were observed in both
sampling times by the 2% P. serratifolia feeding treatment.
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Figure 3. Lysozyme activity of striped catfish fed supplemented diet with P. granatum or
P. serratifolia extracts. Different letters indicate a significant difference (p<0.05).

Phagocytic activity. After 2 weeks of feeding, the phagocytic activities of extract
supplemented groups ranged between 43.1-54.3% (Figure 4), and were enhanced
significantly (p<0.05) compared to the control group (40.9%), except for 1% P.
serratifolia diet group. After 4 weeks of feeding, phagocytic activities were increased in
all supplemented groups and differed significantly from control (p<0.05). The 2% P.
serratifolia diet group showed the highest phagocytic value and significant differences
with other diet groups.
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Figure 4. Phagocytic activity of striped catfish fed supplemented diet with P. granatum or
P. serratifolia extract. Different letters indicate significant differences (p<0.05).

Complement activity. By feeding P. serratifolia or P. granatum extract for 2 and 4
weeks, serum complement activity of the treatment groups was increased significantly
compared to the control, except for the 1.5% P. granatum diet group (Figure 5). The
highest values of complement activity was observed in both sampling times in the
treatment with 2% P. serratifolia.
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Figure 5. Complement activity of striped catfish fed supplemented diets with P. granatum
or P. serratifolia extract. Different letters indicate significant differences (p<0.05).

Gene expression. The gene expression levels of complement factor B/C2A (CF) and
interleukin -1 (IL) in the liver of fish were presented in Figure 6. Dietary
supplementation of P. granatum and P. serratifolia stimulated significantly CF and IL
MRNA levels in fish compared to the control treatment (p<0.05). The mRNA levels of CF
were significantly up-regulated in fish fed dietary supplementation with 1% P. granatum
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or 1%; 2% P. serratifolia (p<0.05) and no significant differences were found in the 1% P.
granatum treatment. The mRNA levels of IL were up-regulated in fish of supplemented P.
granatum or P. serratifolia treatments, but only the treatment with 2% P. serratifolia
showed a significant difference compared to the control (p<0.05).
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Figure 6. Relative expression of complement factor B/C2A (CF) and interleukin -1B (IL) in
liver of striped catfish fed supplemented diet with P. granatum or P. serratifolia extract.

Challenged test with E. ictaluri. After 4 weeks of feeding trial, the challenge test with
E. ictaluri was performed. On 14 days after injection with E. ictaluri, the control diet
group showed a cumulative mortality rate of 57.1%, while the cumulative mortality rate
decreased in supplemented groups with P. serratifolia or P. granatum (9.5-38.1%, Figure
7). Especially the 2% P. serratifolia diet group had a dramatically reduced mortality to
9.5%, with significant differences to the fish from the control diet group.
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Figure 7. Cumulative mortality rate of striped catfish fed supplemented diet with P.
granatum or P. serratifolia extract. Different letters indicate a statistically significant
difference (p<0.05).
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In this study, we examined the effects of oral administrations of P. serratifolia and P.
granatum extracts on growth performance, immune response and anti-bacterial
resistance of striped catfish. By feeding the diet supplemented with P. serratifolia or P.
granatum extract, the growth performance of striped catfish was improved significantly.
Our findings are consistent with studies on sturgeon (Huso huso) fed diets containing
Allium cepa (Akrami et al 2015) and on rainbow trout (Oncorhynchus mykiss) fed diets
containing Stachys lavandulifolia (Moghanlou et al 2018). Herbs and phytogenic products
could control and limit the growth and colonization of humerous bacteria in the fish gut.
This may stimulate the efficiency of utilization of food, enhance the growth performance
and improve feed conversion (Reverter et al 2014).

In aquaculture, hematological parameters are widely used as important tools for
monitoring health status in cultured fish (Hrubec et al 2000; Fazio 2019). The number of
blood cells can indicate the physiological and immunological change in fish and is used to
control fish disease (Oluyemi et al 2008; Gabriel et al 2011). The macrophages,
monocytes and granulocytes have been reported as the main elements of the innate
immune response (Magnadottir 2006). This study demonstrated that the numbers of
RBC, total WBC, monocytes, neutrophils, and lymphocytes increased significantly in
striped catfish fed with P. serratifolia, while only monocytes increased significantly in fish
fed P. granatum diet for 4 weeks. The present results have coincided with those of a
study on tilapia feeding with propolis and aloe extracts, which caused a significant change
in the number of WBC (Dotta et al 2018). Prasad & Priyanka (2011) reported that the
RBCs, WBCs, haemoglobin, and PCV of striped catfish increased significantly after
Garcinia gummi-gutta extract dietary supplementation was performed for 45 days.
Harikrishnan et al (2012) also indicated that RBC and WBC levels increased in fish fed
with a pomegranate enriched diet. Dietary supplementation of Ocimum sanctum to Labeo
rohita produced a significant increase in RBCs, WBCs, and Hb content (Das et al 2015).
These enhanced RBC levels in fish by feeding with different plant extracts may be due to
enhanced erythropoiesis (Gupta & Mishra 2014). The increase in red blood -cell
concentration may help to transport and distribute the oxygen throughout the fish body
(Hardi et al 2017). The WBCs play an important role in fish immunology (Ni et al 2014),
constituting the cellular component of innate immune response and producing humoral
substances (Vetvicka et al 2013). The lymphocytes usually increase when the fish
immune system is activated by a pathogen or antigen. These cells are involved in both
cellular and humoral immune defense and response for the activation and maintenance of
the immune system (Magnadottir 2006). Thus, the increase in RBCs and WBCs may
improve fish health and protect the fish against pathogens.

The innate immune system is the first defense line of fish and comprises many
components existent in the body before pathological infection (Magnadottir 2006).
Lysozyme is one of the innate immune components and plays an important function in
the bio-defense system to kill bacteria (Saurabh & Sahoo 2008). The present study found
a significant increase in lysozyme activity in fish fed with a diet supplemented with P.
serratifolia or P. granatum extracts. Similarly, Harikrishnan et al (2010, 2012) reported
that the serum lysozyme activity was enhanced significantly in fish fed with P. granatum
enriched diet, which protected the fish from virus and parasite infections. The dietary
inclusion of the medicinal plant Eclipta alba leaf extract for tilapia showed an increased
lysozyme activity (Christybapita et al 2007). Ndong & Fall (2011) recorded that lysozyme
activity was enhanced in tilapia fed with 0.5% Allium sativum. Similarly, an increase in
lysozyme activity was reported in Astronotus ocellatus, after the administration of
Dunaliella salina extract (Alishahi et al 2014). Supplementation of Excoecaria agallocha
leaf extract stimulated the serum lysozyme activity of tilapia (Laith et al 2017). The
enhanced lysozyme activity in treated fish may associate with the increase of WBCs and
differentiated leukocytes, hence improved the immune status of experimental fish.

The complement is one of the innate immune responses. It has three different
pathways including alternate, classical, and lectin pathways (Sun et al 2010). The
complement proceeds to construct the formation of a membrane attack complex, which
can destroy pathogens directly (Giri et al 2015). In the present study, serum complement
activity was found to be significantly higher after treatment with 3% P. granatum and 2%
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P. serratifolia for 2 weeks. Similarly, the complement activity of Labeo rohita fed guava
leaf extract supplemented diets was significantly increased after 60 days of feeding (Giri
et al 2015). Gobi et al (2016) found that 0.5 and 1% guava leaf extract could stimulate
the complement activity in tilapia after 30 days of feeding. Complement activation is
usually beneficial to fish (Boshra et al 2006). Therefore, the complement activity of fish
fed supplemented diets was enhanced in this study and may provide health benefits to
fish.

Phagocytes in blood present an important mechanism in fish innate immune
response with the role of preventing infectious diseases. The process involves the
internalization, killing, and digestion of invading microorganisms (Panigrahi et al 2005).
The findings described in our study illustrate an increase of phagocytic activity in fish
administered P. serratifolia and P. granatum. A previous study has demonstrated that a
dose of 1% of plant extracts mixture, S. trilobatum and O. sanctum stimulated the
phagocytic activity in Mystus keletius (Subeenabegum & Navaraj 2016). Supplementation
of P. granatum extracts at high concentration (50 and 100 mg kg!) promote better
phagocytic activity in fish after 8 weeks feeding (Harikrishnan et al 2010). These results
also agree with a previous study of dietary Azadirachta indica, Ocimum sanctum, and
Curcuma longa extracts (Harikrishnan et al 2009). In this study, the increase of
phagocytic activity was correlated with the increase of WBCs as well as monocyte and
neutrophil numbers in striped catfish fed P. serratifolia or P. granatum. These results
suggest that supplementation of P. serratifolia and P. granatum extracts enhanced innate
immune response in striped catfish.

The current study demonstrated that the supplementation of P. granatum and P.
serratifolia up-regulated the expression of immune relating genes including complement
factor B/C2A and interleukin-1B in the liver of striped catfish. In another study, the
expression of anti-inflammatory cytokines (il10 and tgfBf) and other related immune
genes (il1B, il8, and il12p40) were detected as up-regulated in the head kidney of
rainbow trout fed a diet supplemented with caper (Capparis spinosa) (Bilen et al 2016).
Sukumaran et al (2016) showed that dietary supplementation with ginger (Zingiber
officinale) stimulated the mRNA levels of il10 and tgff genes and other antioxidant
enzyme genes (sod and gpx1l) in head kidney and intestine of Labeo rohita. The
enhancement of immune gene expression (CF and IL) is in accordance with the
increasing of complement activity of fish in supplemented treatments. It may stimulate
the immune responses leading to the improved resistance of fish to inflammation or
infectious diseases.

Active compounds of herbal plants possess therapeutic properties, which are
considered promising as functional additives and medicines (Shakya 2016). Many pure
compounds have been derived from pomegranate (P. granatum), including pelargonidin-
3-galactose, cyanidin-3-glucose, gallic acid, quercetin, and myricetin (Naz et al 2007).
Among these compounds, gallic acid showed the highest antibacterial activity against
different bacteria species, e.g. Bacillus subtilis, Shigella, Salmonella, Vibrio cholera, and
Escherichia coli. Some publications demonstrated that using medicinal plants stimulated
non-specific and specific defense mechanisms of fish against the infection of the
pathogen (Giri et al 2015; Ilangkovan et al 2015; Hoseinifar et al 2019). In this study,
the efficiency of P. serratifolia and P. granatum extracts on the immunomodulation in
striped catfish were confirmed by the evaluation of the mortality of fish after challenge
with E ictaluri. The cumulative mortality of control fish was 57.1% during 14 days of E.
ictaluri infection, while fish administered with the plant extract showed lower mortality
(9.5-38.1%). These results are in agreement with previous studies, where the diet
supplemented with P. granatum extract reduced mortality of olive flounder (Paralichythys
olivaceus) after infection with Philasterides dicentrarchi (Harikrishnan et al 2012) and
lymphocystis disease virus (Harikrishnan et al 2010). Similarly, Carassius auratus fed
crude extracts and purified fractions of Ixora coccinea showed an increased survival rate
(60-80%) while the mortality of control was 100% 5 days after challenge with highly
virulent A. hydrophila AHV-1 (Anusha et al 2014). Soltanian & Fereidouni (2016) also
revealed that the cumulative mortality of common carp treated with henna extract
decreased after being challenged with A. hydrophila. Moreover, a similar result was
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obtained by Awad et al (2019), where dietary supplementation of hala extract (Pandanus
tectorius) stimulated disease resistance of rainbow trout against Yersinia ruckeri.

Conclusions. This study suggested that dietary inclusions of P. serratifolia and P.
granatum extracts improved the innate immune mechanism of fish, as evident from the
increased hematological parameters values, immunological parameters such as
phagocytic activity, lysozyme activity and reduced the mortality of fish against E. ictaluri.
In addition, these results also suggested the important role of plant extracts in an
alternative method to replace the use of chemicals and drugs to control fish infectious
disease in aquaculture. However, more experiments are still needed regarding the mode
and time of administration, the specific mechanisms of action of the plant extracts in fish
as well as the environmental evaluation because of their biodegradability.
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