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Introduction

One of the food production sectors with the greatest rate of growth 
in the world is aquaculture, and the goods it produces are a significant 
source of protein for human consumption (Ahmad et al., 2021). Aqua-
culture is rising rapidly in order to supply the increasing demand for fish 
products. However, because to their tendency to lower fish productivity, 
yield, and marketability, infectious illnesses pose a continuing threat to 
the sustainability of aquaculture (Lafferty et al., 2015; Irwin et al., 2024). 
Pathogens can travel great distances and spread quickly across popula-
tions in aquatic systems. Bidirectional transmission between cultivated 
and wild populations is also a possibility (Krkošek, 2017). Numerous bac-
terial pathogens, both Gram positive and Gram negative, are frequently 
found in aquaculture systems and pose serious risks (Sørum, 2006). Ed-
wardsiella tarda (E. tarda) is one of these most common bacterial patho-
gens that affects African catfish (Clarias gariepinus) (C. gariepinus) in cul-
ture (Abdelazeem et al., 2022). Human and public health are at risk from 
consuming such infected cultured fish (Healey et al., 2021). Farmers in 
the aquaculture industry are compelled by this incident to use antibiotics 
often. Antimicrobial resistance (AMR) has emerged among the bacterial 
fish pathogens concurrently with the increase in antibiotic use in aqua-
culture as a part of therapy and prophylaxis (Preena et al., 2020). In or-
der to restrict the formation and spread of antibiotic-resistant bacterial 
strains in aquaculture production systems, we must reduce the excessive 
use of antimicrobials and instead adopt other strategies. The creation of 
cost-effective vaccinations, the application of both specific and non-spe-
cific immune enhancers, and the use of probiotics and bioaugmentation 
to improve the quality of the aquatic environment are the main topics 
for more research and development addressing disease prevention in 
aquaculture. Another pertinent issue that needs to consider the proper 
provision of protein to improve fish health is the creation of fish meals 

and the use of nutritional supplements (Katheline et al., 2019). There are 
numerous studies that demonstrate the effectiveness of medicinal plants 
in enhancing fish immunity and shielding fish from the harmful effects 
of various contaminants on the aquatic environment (Verma et al., 2021; 
Reda et al., 2023). Recent research has concentrated on the use of medic-
inal plants in aqua-diets due to their low cost, high protein content, and 
local availability (Abdel-Latif et al., 2022; Brar et al., 2022). Azolla pinnata 
(A. pinnata) is a floating water fern that is found in many nations and is a 
member of the Azollaceae family. In stagnant wetlands, it is developing 
quickly, covering the water’s surface and tripling its biomass in a matter 
of days (Korbekandi et al., 2014). While Moringa oleifera (M. oleifera) is 
found in Southwest Asia, Southwest Africa, Northeast Africa, and Mad-
agascar, it is a member of the Moringaceae family of plants (Abd Rani 
et al., 2018). Flavonoids and phenolic compounds are among the many 
advantageous phytochemical active components found in A. pinnata and 
M. oleifera (Sankhalkar and Vernekar, 2016; Verma et al., 2021). Therefore, 
the purpose of this study was to examine the effects of A. pinnata and M. 
oleifera on immune and antioxidant functions as well as their potential to 
prevent E. tarda infection in the native African carnivore fish C. gariepinus, 
which has been introduced to many parts of the world.

Materials and methods

Plant collection

The A. pinnata plant was gathered in the Egyptian province of Beni 
Suef. Plants with healthy leaves were stripped off and given a distilled 
water wash. The leaves were then given time to dry before being ground 
into a fine powder using an automatic grinder (Krups). While M. oleifera 
leaves powder was commercially obtained (Imtenan, Egypt).
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Ethical statement and fish rearing conditons

All animal tests were carried out at the Physiology Department, Fac-
ulty of Veterinary Medicine, Beni Suef University, Egypt, under ethical 
approval number 024-038 from the Institutional Animal Care and Use 
Committee (IACUC). 

Fingerlings of C. gariepinus were obtained from a commercial fish 
farm in Beni Suef Province, Egypt, weighed 114.89±4.53 grams on aver-
age. Fish were housed in large plastic tanks with constant aeration and 
tap water free of chlorine. Before starting the trials, the fish had a two-
week acclimation period during which their health was regularly checked. 
The fish were fed a simple meal at a rate of two percent of their body 
weight. Fish were re-admitted into smaller, 80-liter plastic aquariums af-
ter acclimatization in order to conduct the studies. The following water 
parameters were maintained throughout the entire experiment: water 
temperature of 30.0±1.0°C, pH of 7.5±0.5, dissolved oxygen content of 
5.0±0.43 mg/L, NO2 concentration of 0.018±0.006 mg/L, NH3 concentra-
tion of 0.06±0.004 mg/L, and a 12:12 dark to light schedule.

LD50 determination of isolated E. tarda strain

In the summer of 2024, a strain of virulent E. tarda was isolated from 
an outbreak at a private catfish farm in the Beni Suef area of Egypt. Fol-
lowing biochemical identification, the isolated strain was placed in 50% 
glycerol solution and then exposed to molecular identification for the 
purpose of detecting the gyrB gene using specific primer sets, forward: 
GCATGGAGACCTTCAGCAAT and reverse: GCGGAGATTTTGCTCTTCTT as 
descriped by Wang et al. (2012). To create inoculums of approximate-
ly 3×108 CFU/mL, a bacterial suspension in fish saline (0.65% NaCl) was 
adjusted to match McFarland tube 1 (bioM´erieux). The inoculums were 
then serially diluted to obtain dilutions ranging from 3x106 to 3x102 CFU/
mL. The inoculums utilized rapidly for the pathogenicity and LD50 deter-
mination (Reed and Muench, 1938). One hundred and eight C. gariepi-
nus were split into six groups, each with three replicates, and placed into 
eighteen plastic aquaria, each with a water capacity of 80 L. Six groups 
were assigned, five of which were labelled as experimental and the sixth 
as control. Eugenol (Sigma-Aldrich) mixed in dimethyl sulfoxide (DMSO, 
Sigma-Aldrich) at a concentration of 40 ppm was used to anesthetize fish 
(Roubach et al., 2005). Next, 150 µL of sequential bacterial suspensions in 
fish saline, ranging from 3x106 to 3x102 CFU/mL of E. tarda, were intraper-
itoneally (IP) injected into the fish. The sole thing given to the sixth sub-
group (control) was 150 µL of fish saline. Fish of all groups observed for 
recovery and monitored until two weeks (experimental period) for clinical 
abnormalities and cumulative mortalities. Tissue samples from moribund 
fish, such as the liver and kidneys, were streaked over BHI and incubated 
at 28°C for 24 to 48 hours to re-isolate the injected pathogen. PCR assay 
used to concurrently identify re-isolated bacterial strains.

Diet preparation and feeding trial

Using a mortar, the commercially available fish diet pellets (contain-
ing 25% protein) (Table 1) were ground into a fine powder. To create 
two fish diets, the powders of A. pinnata and M. oleifera were combined 
directly with the fine powder that had been previously made. Diet 1 with 
5% of A. pinnata / kg of feed and diet 2 with 5 % of M. oleifera / kg of 
feed. Groups 3 and 4 were designated as control positive and control 
negative groups, respectively. De-ionized water was added to the entire 
ingredients to create a homogeneous slurry. The mixture was run through 
a manually operated hand-minced machine (NAHA) to create extruded 
strings. These strings were then let to air dry for a day before being bro-
ken into 2-4 mm-long pellets and stored at 4°C for later use (Rattanachai-
kunsopon and Phumkhachorn, 2010). Seventy-two C. gariepinus, three 
replicates of six in each, were randomly assigned to each of the eighteen 
even groups. For 14 days, groups 1 and 2 received diet supplements con-

sisting of diet 1 (A. pinnata 5%) and diet 2 (M. oleifera 5%) feed. Groups 3 
and 4 received a plain food supplement for the same period. 2% of each 
experimental group’s body weight was given to them at three regular 
intervals throughout the day. 

Samples collection and challenge procedure

Blood samples were taken from the caudal vessels of the experimen-
tal fish (6 fish per group) after the feeding trial was completed. Anticoag-
ulant was not used when collecting blood samples for serum separation 
(8000 g / 20 min at 4°C). Until analysis, the serum samples were stored at 
-20°C. After completing the blood sampling collection, the 6 fish / group 
were euthanized to obtain tissue samples. Spleens were incised, sub-
merged in RNA later, and kept at -80°C directed to gene expression anal-
yses. After that the remaining fish in groups 1, 2 and 3 were challenged 
by IP injection with lethal dose (3×106 CFU/mL) of E. tarda while group 4 
was IP injected with PBS (Fig. 1). For a two-week observation period, clin-
ical and post-mortem abnormalities, mortality rates, and relative percent 
survival (RPS) were calculated, as demonstrated by Ibrahim et al. (2022). 
Survival fish were sampled using non-anticoagulant blood in order to 
separate serum and harvest spleen tissues for expression analysis.

Biochemical analyses 

Liver function was evaluated through determination of the serum 
levels of aspartate aminotransferase (ALT) (U/L) and alanine aminotrans-
ferase (AST) (U/L) (Biotrend CliniSciences) following manufacturer’s in-
structions. Immunological assays included estimation of the serum levels 
of nitric oxide (NO), lysozyme (LZM) and complement 5 (C-5). As men-
tioned by Attia et al. (2003), the serum nitric oxide level was determined 
using the Griess reagent. In a nutshell, each well of a flat bottom 96-well 
ELISA plate received 150 μl of serum sample and 150 μl of Griess reagent. 
For eight minutes, the mixture was incubated at 22°C. Using an ELISA 
reader, the prepared plate’s absorbency was determined at 540 nm. By 
comparing the optical density values of the nitrite standard curve in a 
linear curve fit, the optical density of the tested samples was converted to 
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Diet components (25% crude protein) Percentage

Soya bean meal 34

Yellow corn 32

Fish meal 8

Rice polish 23

Common salt 0.5

Mono-calcium phosphate 1

Premix 1.5

Table 1. Composition of the commercial pelleted fish diet

Fig.1. Experimental design.



micromolar (Mmol) of nitrite. Furthermore, lysozyme (LZM) activity (ng/L) 
and complement 5 (C-5) (nmol/L) (Cusabio Biotech) in addition to antiox-
idant indicators including superoxide dismutase (SOD) (U/mL) (Biotrend 
CliniSciences), catalase activity (CAT) (U/L) and reduced glutathione (GPx), 
(mmol/L) (Cusabio Biotech) were determined using assay kits according 
to manufacturer’s instructions.

Transcription analysis of some antioxidant and immune genes 

About 50 mg of spleen tissues from 2 fish per replicate (N = 6 per 
group) were used to separate total RNA using Trizol (1.5 mL) (Invitrogen). 
The attained amount of total RNA was assessed using a NanoDrop One 
UV-Vis Spectrophotometer (Thermo Scientific) to calculate RNA concen-
tration. The cDNA was produced from the parted RNA managing Maxi-
ma First Strand cDNA Synthesis Kit (Thermo Scientific). Briefly, 10 µl RNA 
sample had 4 ng of total RNA, 5 µl of maximal enzyme mixture, 10 µl of 
6X buffer reaction mix, and 25 µl of purified water were placed in 50-
µl reaction tubes to generate the cDNA that kept at -80°C for furtherer 
use. Real-time quantitative PCR (RT-qPCR) were used for computing GPX, 
SOD1, IL-1β and MHC-IA genes in the spleens of experimental fish utiliz-
ing specific primers (ShineGene) for the above-mentioned genes (Table 
3). Universal SYBR Green Master Kit (ROX) was utilized for real-time PCR 
procedures. 10 µl of Universal SYBR Green Master mix, 1 µl of forward and 
reverse specific primer sets, 2 µl of complement DNA (cDNA), and 11 µl of 
molecular purified water were used in each 25 µl qPCR tube. For the qPCR 
cycles, Real Time PCR Applied Biosystems was used. The thermal cycler 
was programmed to run 30 cycles for initial denaturation, denaturation, 
annealing, and extension, respectively, at 94°C for 10 min, 94°C for 30 s, 
55°C for 45 s, and 74°C for 10 s. The transcripts of the genes that were 
evaluated were calculated as a relative fold change to the reference gene 
(β-actin) in accordance with Karsi et al. (2004). 

Statistical analysis

GPX, SOD1, IL-1β, MHCIA, and other immune- and biochemical-as-
sociated gene data were examined using one-way analysis of variance 
(ANOVA) in SPSS 18 (SPSS, Chicago, Illinois, USA). A significance level of 
P ≤ 0.05 was set for mean dissimilarities, which was the focus of Duncan’s 
multiple range tests.

Results

Molecular recognition of isolated E. tarda strain

Virulence gene identification in C. gariepinus samples revealed that 
the isolated strain amplified at 415 bp for the gyrB gene (Fig. 2).

LD50 of the isolated E. tarda strain

The mortality rate of the C. gariepinus fingerlings that were exper-
imentally infected was monitored for a period of two weeks following 
intraperitoneal injection of varying doses of virulent E. tarda isolate. The 
LD50 was 3×104 CFU/ml, and the fish died within the first week after in-
jection (Fig. 3).

Prevention of E. tarda infection in C. gariepinus fed on supplemented feed 
with A. pinnata and M. oleifera

Following intraperitoneal exposure to a virulent strain of E. tarda, 
group 1 supplemented with 5% A. pinnata per kg diet and had the high-
est relative percent of survival (75%). Group 2 supplemented with 5% M. 
oleifera per kg diet and had the second-highest relative percent of surviv-
al (66.67%). However, group 3 (control positive), which was given a plain 
diet before receiving an injection of the pathogenic E. tarda strain, had 
a 91.66% mortality rate. However, following an injection of physiological 
saline, the control negative group (group 4) fed a plain meal demonstrat-
ed 0% mortality (Fig. 4).

Effect of supplemented feed with A. pinnata and M. oleifera on liver func-
tion, immune indicators and antioxidant biomarkers of C. gariepinus

Table 3 shows that prior to the E. tarda challenge, ALT and AST did 
not significantly change in any of the experimental groups. Groups 1 and 
2 supplemented their feeds with 5% A. pinnata and M. oleifera / kg diet, 
exhibiting considerably greater levels of nitric oxide, lysozyme, comple-
ment, SOD, CAT, and GPx than the control groups (Fig. 5, Table 2). There 
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Fig. 2. PCR amplification product of E. tarda gyrB gene (415 bp). Lane (1): 100 bp DNA 
ladder, lanes (2) negative control and lane (3) isolated strain.

Fig. 3. Mortality percentage and LD50 of virulent E. tarda isolate from C. gariepinus out-
break.

Fig. 4. Relative percent survival post feeding trial. G 1 and G 2 represent fish groups supple-
mented with 5 % A. pinnata and 5 % M. oleifera. G 3 and G 4 were supplemented with plain 
diet. All groups were injected with 3×106 CFU/mL of E. tarda except group 4 was injected 
with PBS. ⁎ Symbolizes to significant RPS P ≤ 0.05. 



were no appreciable differences between the groups that consumed diets 
supplemented with A. pinnata and M. oleifera. As seen in Table 2, group 
3 had the highest levels of ALT and AST following the E. tarda challenge, 
while groups 1 and 2 maintained normal ranges. Group 3 had the great-
est amounts of nitric oxide, lysozyme, complement, SOD, CAT, and GPx, 
followed by Groups 1 and 2 (Fig. 6, Table 2). It is clear to note that while 
both groups 1 and 2 had notable increases in the non-specific immuno-
logical measures and antioxidant indicators, there were no appreciable 
differences between them.

Effect of supplemented feed with A. pinnata and M. oleifera on transcription 
levels of some antioxidant and immune genes

At the level of antioxidant genes, GPX and SOD1, they showed upreg-
ulation expression levels both before and after challenge and the highest 
transcription level (Fold change 6.5) was observed in GPX gene in the 
group that fed on 5 % A. pinnata /kg feed after challenge with E. tarda. 
While the lowest upregulation expression level was detected for SOD1 
(Fold change 1.5) in fish group which fed on 5 % M. oleifera / kg diet be-
fore challenge as cleared in (Fig. 7). At the level of immune related genes, 
IL-1β and MHC-IA, the same pattern also recorded with more marked 
upregulation transcription particularly for IL-1β with fold change 7 in the 
fish group that fed on 5 % A. pinnata /kg diet as shown in (Fig. 7).  

 

Discussion

Due to the medical value of whole plants as well as their distinct 
parts, diets of humans and animals have long included them. Addition-
ally, the increased interest in the use of medicinal herbs to maintain an-
imal and human health, as well as their source, affordability, lack of side 
effects, and lack of concern over the development of antibacterial re-
sistance, are all contributing factors to the growing popularity of herbal 
medicines worldwide (Enerijiofi and Isola, 2019). Only a small portion of 
plant species have been thoroughly identified as having bioactive com-
ponents up to this point. In addition, many new medications are devel-
oped by plant biological components or their active metabolites as eco-
nomic causes (Esquer-Miranda et al., 2016). According to earlier research, 
plants may have antibacterial properties against several Gram +ve and 

Fig. 5. (A) significant upsurge in NO production, (B) clear increases in serum C5 and (C), 
Significant elevation in LZM activity in fish G 1 and G 2 that supplemented with 5 % A. 
pinnata and M. oleifera in comparison to control groups G 3 and G 4 after the end of feeding 
trial and before E. tarda challenge. ⁎ Symbolizes to significant elevation P ≤ 0.05.

Fig. 6. (A) significant upsurge in NO production, (B) clear increases in serum C5 and (C), 
Significant elevation in LZM activity in fish G 1 and G 2 that supplemented with 5 % A. 
pinnata and M. oleifera in comparison to control groups G 3 and G 4 after the end of feeding 
trial and after E. tarda challenge. ⁎ Symbolizes to significant elevation P ≤ 0.05.

Indicators
Fish groups

G 1 G 2 G 3 G 4

ALT (U/L)
Before 31.07±0.53a 30.97±0.39a 31.48±0.27a 31.53±0.21a

After 32.03±0.56 a 31.47±0.45a 43.87±0.32b 30.78±0.19a

AST (U/L)
Before 44.97±0.71a 43.67±1.69a 44.67±0.54a 45.16±0.37a

After 48.16±0.51b 49.11±1.78b 59.34±0.28c 47.36±0.17b

SOD (U/mL)
Before 4.98±0.16b 5.59±0.11b 3.79±0.10a 3.42±0.12a

After 8.16±1.06c 7.91±0.71c 12.65±1.18d 4.22±0.22a

CAT (U/L)
Before 187.00±1.00b 189.00±3.00b 169.00±2.00a 170.00±2.00a

After 219±3.14c 217.00±1.51c 256.00±3.17d 184.00±3.23b

GPx (mmol/L)
Before 9.12±0.41b 8.98±0.54b 6.71±0.62a 6.78±0.51a

After 16.33±2.73c 14.23±1.14c 21.71±2.62d 8.52±1.50b

Table 2. Impact of A. pinnata and M. oleifera on liver function and antioxidant activity indicators of C. gariepinus before and after E. tarda challenge.

Group 1 with 5% of A. pinnata / kg of feed and group 2 with 5 % of M. oleifera / kg of feed. While control groups (group 3 and group 4 represent control positive and control negative 
groups). The mean±standard error (±SE) is used to express values. Values in different superscript letters are substantially different at P ≤ 0.05.

Fig. 7. Marked increases in upregulation transcription levels of GPX, SOD1, IL-1β and 
MHC-IA genes in fish groups that supplemented with 5 % A. pinnata and 5 % M. oleifera / 
kg diet for two weeks feeding period.
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Gram -ve bacterial species (Al-Nemari et al., 2020; Verma et al., 2021). Al-
though synthetic antibiotics work faster and are more effective, frequent 
use of them can lead to bacterial resistance as well as a selective burden 
on the normal gut microbiota (Barbosa and Levy, 2000). For this reason, 
it is essential to use plant-based remedies to combat various bacterial 
illnesses in order to maintain environmental equilibrium. According to 
Zofia et al. (2020), active ingredients and other secondary metabolites 
found in plants play a crucial function in preventing bacterial infections. 
The phytochemical contents have been classified as alkaloids, phenols, 
quinones, saponins, xanthoproteins, tannins, proteins, carboxylic acids, 
carbohydrates, steroids, and coumarins in the light of the uses that A. pin-
nata and M. oleifera are capable (Oyama et al., 2019; Verma et al., 2021). 
Following the isolation of a virulent strain from a local epidemic, the pres-
ent study assessed the potential of dietary integration of A. pinnata and 
M. oleifera to prevent E. tarda infection in C. gariepinus. The ability of E. 
tarda to infect epithelial cells, counterattack serum and phagocyte-medi-
ated destruction, and produce toxins like dermatoxins, hemolysins, and 
cytotoxins to spread infection are the main components of its pathoge-
nicity (Wang et al., 2012). In this research work, the molecular identity 
of the isolated E. tarda strain was validated by presence of gyrB, ATPase 
domain of DNA gyrase, gene in conformity with the prevalence distribu-
tion patterns of the virulence-associated genes of E. tarda as reported by 
Wang et al. 2012. Most notably, the isolated strain’s median lethal dose 
(LD50) was 3×104. This finding supported the hypothesis that the patho-
genicity of E. tarda is correlated with the presence of the virulent gene 
gyrB. According to earlier research, adding more plants to an animal’s 
diet implied illness resistance and heightened immune responses (Galina 
et al., 2009). A. pinnata and M. oleifera powder, which had been fully dried 
and ground, were put to commercial fish feed at a concentration of 5 %. 
The control groups were started on the commercial diet without any sup-
plements. As seen in Fig. 3, fish groups supplemented with 5 % A. pinnata 
and M. oleifera in the current study demonstrated 75.67% and 66.67% 
relative present survival (RPS) following challenge with a lethal dosage 
of E. tarda, respectively, in contrast to 8.34 % RPS in the control positive 
group. In a similar vein, Verma et al., 2021 found that 100 % RPS from an 
A. hydrophila induced infection could be obtained by supplementing the 
food of C. gariepinus with A. pinnata and ceratophyllum  demersum at 5 
% and 2.5 % for ten consecutive days. The A. pinnata and M. oleifera are 
weed plant and could have some detrimental impact on the fish when 
supplied into their diet. Therefore, the serum levels of AST and ALT were 
determined in order to assess this impact. Even after an E. tarda bacterial 
infection, no discernible changes were found in the experimental fish, G1 
and G2, except for the control positive group, G3. This suggests that add-
ing 5 % A. pinnata and M. oleifera to the plant’s diet can lessen the neg-
ative effects of an E. tarda infection. Macrophages are essential to fish’s 
innate immune response because they phagocytose bacteria and other 
foreign particles in line with the immune system’s non-specific response. 
According to several research (Bricknell and Dalmo, 2005; Grayfer et al., 
2018), macrophage activity can be used as an indication to evaluate the 

innate immune response in several fish species. Nitric oxide (NO), which 
is released by the anterior kidney cells when macrophages are involved, 
is an essential means of observing macrophage activity. Prior research 
shown that adding more plants to the diet increased their serum levels 
of nitric oxide, which suggested that this would boost their immune sys-
tem and prevent disease (Kumar et al., 2019). Similarly, comparable to 
negative and positive control groups, fish groups fed diets supplemented 
with A. pinnata and M. oleifera also showed greater serum levels of NO in 
the current investigation, especially in the sera of fish who survived after 
challenge. In the current study, other non-specific immunological char-
acteristics were also estimated. Fish serum lysozyme and complement 
activities have been shown to offer natural defence. Tables 3 and 4 show 
that groups fed on supplemented artificial feed with A. pinnata and M. 
oleifera at 5% concentration in their respective diets had increased levels 
of blood lysozyme and complement. This increase could be explained 
by neutrophils and macrophages becoming more activated following a 
bacterial assault (Saurabh and Sahoo, 2008; Carbone and Faggio, 2016). 
These results also coincide with the nitric oxide levels. Free oxygen rad-
icals produced by microbial infections have the potential to damage es-
sential macromolecules such as proteins, lipids, and DNA (Cadenas and 
Davies, 2000). Oxidative stress is caused by an excessive production of 
active free radicals within the host organism. The primary scavengers of 
these free radicals are the enzymes SOD, GPx, and CAT. Higher levels of 
SOD, GPx, and CAT were found in the groups treated with plant diet in the 
current investigation. This suggests that the fish had developed non-spe-
cific immune responses that were sensitized to deactivate reactive free 
radicals. Moreover, flavonoids, which are abundant in A. pinnata and M. 
oleifera, may be the cause of their antioxidant properties (Alhakmni et 
al., 2013). The current investigation examined the transcription of a few 
immunological and antioxidant genes in C. gariepinus and measured the 
expression of those genes in different tissues following a severe E. tar-
da challenge. According to Alejo and Tafalla, (2011), interleukins are the 
primary chemokines that regulate the immune system. They play a vital 
role in initiating inflammatory processes and supporting immunological 
responses. Additionally, MHC-IA is responsible for displaying antigens on 
the cell surface so that cytotoxic T lymphocytes can identify them (Fisch-
er et al., 2005). In the current investigation, after the E. tarda challenge, 
both IL-1β and MHC-1A revealed higher elevated expression levels in the 
spleens of fish groups fed on 5% A. pinnata and M. oleifera / kg diet (Fig. 
5). Following an E. tarda challenge, the mRNA transcription of SOD1 and 
GPX was likewise significantly up-regulated in a manner similar to those 
of IL-1β and MHC-1A. This increased expression may be due to the asso-
ciation with important roles of both antioxidant enzymes and cytokines in 
both innate and adaptive immune responses in the spleens and anterior 
kidneys following the microbial infection (Tort, 2011; Chen et al., 2014). 
These results are in line with those of Song et al. (2016) and Nasrullah et 
al. (2021), who found that after bacterial infection, the anterior spleens 
and anterior kidneys of both African catfish and channel catfish had in-
creased transcription levels of IL-1β, MHC-1A, SOD1, and GPX genes.

Gene Primer sequence GenBank number Reference

β-actin F: ACCCCCGCCATGTACGTT
R: CCGGAGTCCATGACGATACC XR_002012167.1 Swaleh et al. (2020)

GPX F: ACAACCAGGGACTACACTCAAGTG
R: CACACCCAAAATAACGAGACCTT GQ376155.1 Swaleh et al. (2020)

SOD1 F: TGCTCCCGTAGTGGTTAAAGGG
R: TTCATCAAGTGGCCCACCATG MK112879.1 Nasrullah et al. (2021)

IL-1β F: TGCAGTGAATCCAAGAGCTACAGC
R: CCACCTTTCAGAGTGAATGCCAGC MH341527.1 Nasrullah et al. (2021)

MHC-IA F: AACAAGTGGGATCCTGATAGTG 
R: AACAAGTGGGATCCTGATAGTG MG545605.1 Nasrullah et al. (2021)

Table 3. Primers of some immune and antioxidant-related genes for the real-time quantitative PCR amplification.

β-actin, beta actin; SOD, superoxide dismutase; CAT, catalase; 1β, interleukin and MHC- I, major histocompatibility complex.
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Conclusion

To sum up, the overuse of antibiotics led to the emergence of nu-
merous bacterial strains that are resistant to them. At a concentration 
of 5 %, the plants A. pinnata and M. oleifera might be added to artificial 
feed to improve the host’s non-specific immune responses, which would 
strengthen the host’s resistance to E. tarda infection. The field study and 
research on other fish species are recommended by the current study in 
order to make it economically viable and significantly boost aquaculture’s 
bottom line.
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