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Introduction

Abstract

The present study was carried out to determine the protective effects of two dietary
plants and the associated pathology in African catfish exposed to A. hydrophila. Four
hundred and twenty fish with average weight of 20.53+0.15 g were distributed equally
(in triplicates) into seven experimental groups (six treatment groups and a control
group) with 20 juvenile African catfish in each aquarium. Fish were fed for 84 days with
control and six other experimental diets containing different percentages of Alstonia
boonei (0.5%,1.0% and 1.5%) and Mitracarpus scaber (0.5%,1.0% and 1.5%) of the
basal diets. At the end of 12th week, the fish were challenged with A. hydrophila and
clinical signs and mortality rate were observed for fourteen days, post challenge. Blood
and tissue samples were collected for analysis. All the groups fed with plant
supplemented feed had 100% survival rate except A. boonei (0.5%) with 85% and
control had 70% survival rate. The dietary plants also improved the haematological
parameters and reduced the histopathological lesions associated with A. hydrophila
exposure, compared to the control. These findings have demonstrated the protective
potentials of A. boonei and M. scaber inculcated in feed against A. hydrophila infection
in African catfish.

(Junior, 2021). Practically, African catfish (C. gariepinus)
is often found in any freshwater environment and the

African catfish (Clarias gariepinus) is one of the
most important species of aquaculture globally, due to
its ease of cultivation and contribution to the economic
growth of a nation (Dauda et al., 2018). The
intensification in the culture of this species and others
has come with attendant challenges, chiefly is diseases
outbreak, especially the ones caused by bacteria (Ajadi
et al., 2018). The aquaculture industry has come a long
way in dealing with primary and/or secondary outbreak
of bacterial diseases, which has subsequently resulted
to humongous economic loss in both fresh and salt
water fish farming due to decreased growth rate,
increased mortality rate and expenses incurred for
prophylactic and chemotherapeutic interventions
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condition of this environment enables Aeromonas
hydrophila, the causative agent of motile aeromonas
septicaemia to thrive comfortably.

Of all the pathogens present in freshwater
environment, 66.66% of fish bacterial diseases are
caused by aeromonads group, especially A. hydrophila
which is an important opportunistic fish pathogen in
aquaculture system (Pattanayak et al., 2020). Fish that
exhibit bacterial haemorrhagic septicaemias and
infectious ulcerations are customarily associated with
Motile aeromonads, which may be regarded as a
complex of disease organisms in the past (Hossain &
Heo, 2021). The clinical signs and symptoms of A.
hydrophila infection include haemorrhagic septicaemia,
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abdominal distention, ulceration exophthalmia,
anaemia, haemorrhages and high mortality (Chen et al.,
2020). In wvarious aquaculture systems, several
approaches including water chlorination, vaccination
and use of antibiotics (both prophylaxis and
chemotherapy) have been adopted to control the
menace of Aeromonas infection. Meanwhile, improper
and indiscriminate use of antibiotics has resulted in drug
residue and emergence of multidrug-resistant strains of
A. hydrophila (Muhammad et al., 2020). The incessant
use of antibiotics has brought about increased
antimicrobial resistance with potential hazard on the
aquatic ecosystem and humans. The rise in the
antimicrobial resistant pathogens has also contributed
to the rise in the rate of treatment failure and put the
sustainability of aquatic animal production in jeopardy
(Schar et al., 2020). Recently, the use of antibiotics in
aquaculture has been reduced, this may not be
unconnected to the banning of these antimicrobial
agents as growth promoters in several countries, thus,
the need for better alternatives.

Plants and other phytogenic agents have been
found among other better alternatives as fish growth
promoters and to enhance virile immunity and
protection against infectious diseases (Abdel-latif et al.,
2020). Alstonia boonei and Mitracarpus scaber are
essential natural agents that have been reported to
contain antimicrobial properties against myriads of
infections (Owolabi et al., 2013; Ogueke et al., 2014;
Ajadi et al., 2021).

A. boonei has been widely used in the terrestrial
animals for the treatment of various diseases due to the
presence of bioactive components in all parts of the
plant. Studies have shown that the plant has anti-
inflammatory, anti-venom, anti-poison and
antimicrobial properties and a potent compound in the
treatment of ulcers which is commonly found in
aeromonas infection (Akinmoladun et al., 2007; Ogueke
et al., 2014; lkechukwu et al., 2021). In the same vein,
M. scaber also contains bioactive ingredients that are
used as therapeutic agents and feed additives. The plant
has been reported to contain bactericidal and fungicidal
properties which are employed in the treatment of
various skin infections including wounds and ulcerations
(Kwembe et al., 2020; Ekalu, 2021; Nwofor et al., 2021).
The benefits of these two plants have not been
extensively maximised in aquaculture. Earlier study
revealed their growth promoting effect (Ajadi et al,
2022). The objective of this study is to evaluate the
protective effect and the associated pathology of feed
fortified with Alstonia boonei and Mitracarpus scaber in
African Catfish exposed to Aeromonas hydrophila.

Materials and Methods
Sources and Identification of Plants

Leaves of A. boonei and M. scaber were collected
from areas of llorin International Airport and the

premises of Lagos State University staff quarters, Nigeria
respectively. They were identified and authenticated at
the Department of Plant Biology, University of llorin.
Voucher specimens were deposited and voucher
numbers were issued as UILH/001/196 and
UILH/002/558 respectively.

Preparation of Plants

The leaves were thoroughly washed with clean
water and air dried for fourteen days at room
temperature after which they were pulverized into
powdery forms according to Ogueke et al. (2014). The
phytochemical and proximate analyses of these plants
have been done in our previous studies (Ajadi et al.,
2021; Ajadi et al., 2022).

Diet Preparation with Plants

Semi-purified diets based on casein were prepared
and the compositions of all experimental diets were
similar except for varieties of plant supplement. Diets
were designed to meet the dietary requirements of
African catfish. According to von Danwitz & Schulz
(2020), with little modification, the feed was divided
into seven groups. The percentages (0.5%, 1% and 1.5%)
of each of the plant leaves were added to each of the
experimental feed to make a total of 100% per
treatment according to modified method of Adeniyi et
al., (2018). The control feed was without any plant
additives. The feeds were thoroughly grinded, well
mixed and eventually pelletized by addition of water and
a binder (starch). The formed pastes were extruded
through a manual mincing machine (with a 2mm die),
optimally dried and stored in plastic bags @ 4°C until
ready for use.

Experimental Design

Four hundred and twenty healthy Clarias
gariepinus (African catfish) juveniles averagely weighing
20.53+0.15 g were procured from a standard fish farm
(Teejay feeds and fisheries Nig. Ltd) in llorin, Nigeria and
were acclimatized for two weeks where they were fed
with commercial diet (42% crude protein). The fish were
randomly distributed equally (in triplicates) into seven
experimental groups (six treatment groups and a control
group). Each group contained 20 juvenile African catfish
(Clarias gariepinus) in each circular plastic aquarium
(50cm x 34cm x 27cm) of 40 litres capacity of water,
totalling twenty-one (21) plastic aquaria in all. The tanks
were well aerated and water quality parameters such as
pH, temperature (°C) and dissolved oxygen (DO) and
were measured weekly and maintained at 7.13£0.02,
26.98+0.03°C and 5.17+0.01 ppm respectively.
Dissolved oxygen and temperature were measured in-
site using a portable oxygen meter (Jenway, London,
UK), while pH meter (Digital Mini-pH Meter, USA) was
used for the measurement of pH and temperature with
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mercury thermometer. The fish were fed 4% of the total
biomass twice daily (morning and evening) for the
period of twelve weeks as the described by El-gawad et
al. (2020) with slight modification.

Bacterial Challenge

A. hydrophila (MT409620.1) obtained from a
diseased African catfish and identified at International
Institute of Tropical Agriculture (IITA) was used for the
experimental infection as earlier described by (Ajadi et
al.,2021). Stock cultures were maintained at -80°C in a
suspension of TSB with 15% glycerol. The challenge test
was carried out with the A. hydrophila cultured in TSB
(Difco Laboratories, Franklin Lakes, NJ, USA) from the
stock at 25°C for 24 hours. The bacteria suspension was
adjusted to an optical density of 0.5 at 540 nm
corresponding to approximately 1.3 x 10° CFU/ml. At the
end of 12 weeks of feeding, fifteen fish (five from each
replicate) were randomly sampled. The challenge was
done by immersion of fish into 5L of water + 1L of A.
hydrophila broth for one hour before being transferred
into their previous tank as described by (Adeshina et al.,
2021) with little modification. Clinical signs and
mortality rate were observed for 14 days, post
challenge. The mortality (%) was calculated as number
of dead fish/total number of fish in the group x 100.

Blood Collection

Before sampling, fish were fasted for 24 h in order
to obtain metabolite-free blood samples. Blood was
collected from five fish (anaesthetised with 150 mg/I
MS222 Argent Laboratories, Washington) from each
group from the caudal vein using 23G needle with 2ml
hypodermic syringe (Adeshina et al., 2021). The blood
samples for haematological analysis were collected into
lithium heparinized tube for complete blood count and
non-heparinized tube for serum chemistry and oxidative
stress analyses after 14 days of bacterial challenge. The
blood samples were put on ice and taken to the
laboratory for the analyses.

Haematology

The white blood cell (WBC) and red blood cell (RBC)
counts were determined by haemocytometry using an
improved Neubauer haemocytometer. PCV was
measured using the standard microhaematocrit
method. Haemoglobin concentration (Hb) was
determined by the cyanmethaemoglobin
spectrophotometry method (Blaxhall & Daisley, 1973).
The differential leukocyte counts were obtained from
May-Grunwald-Giemsa stained blood smears
(Sepperumal & Saminathan, 2013). The erythrocyte
indices including mean corpuscular haemoglobin (MCH),
mean corpuscular haemoglobin concentration (MCHC)
and mean corpuscular volume (MCV) were calculated as
MCH = (Hb x 10)/RBC) in pictogram, MCHC = (Hb x

100)/PCV) in g/dl and MCV = (PCV x 10)/RBC) in
fentolitre (Adamu and Solomon, 2015). Heterophil
lymphocyte ratio (HLR) is a value obtained by the
division of the absolute value of heterophils by that of
the lymphocytes while PLR is the value obtained by
dividing the value of the platelet count by the absolute
value of the lymphocyte.

HLR = Absolute peripheral blood cell count of heterophil
Lymphocyte

PLR = Platelet count
Lymphocyte

Biochemical Analysis

The blood samples for serum biochemical tests
were allowed to clot for 30 minutes at room
temperature and then centrifuged at 3000 rpm for 15
minutes; sera were carefully decanted into labelled vials
and stored at -20°C until analyzed. The serum samples
were used in measuring the concentrations of total
protein, albumin, globulin, creatinine (Cr), blood urea
nitrogen (BUN) and cholesterol as well as the activities
of alanine aminotransferase  (ALT), aspartate
aminotransferase (AST) and alkaline phosphatase (ALP)
using commercial test kits (Agappe, India), using a digital
ultraviolet spectrophotometer following the description
of the manufacturer.

Oxidative Stress Markers Analysis

At 3000 rpm for 10 minutes, serum samples for
biochemical analyses were centrifuged using Hawsley
bench centrifuge (P specra, Centromix no 231254
CD7000549, Spain). The samples properly were stored
at -20°C until used for the analyses. The serum levels of
superoxide dismutase (SOD), Glutathione peroxidase
(GPx), malonaldehyde (MDA), Myeloperoxidase (MPO),
Glutathione-S-transferase (GST) and catalase were
measured using commercially available standard kits
(Nanjing lJiancheng Bioengineering Co. Ltd., China),
following the description of the manufacturer.

Histopathology

Five fishes were sampled randomly from each
group at 14 days post-challenge with A. hydrophila for
histopathological analysis. The fish were sacrificed by
pitting technique where tissues including liver, gills and
kidney were harvested and preserved in Davidson’s AFA
fixative for 24 h and later transferred to 70% ethyl
alcohol (Ajadi et al., 2019). Following 24 hours after
fixation, the standard histological procedure described
by Bell and Lightner (1988) was followed. The tissues
were trimmed and dehydrated in ascending grades (70—
100%) of ethanol, cleared in xylene, followed by
embedding in paraffin wax and the tissue sections of
tissue sections of 5 um thickness were cut using
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microtome (YD 335). The sections were then stained
with haematoxylin and eosin (H&E) and examined with
a light microscope (Olympus CH). Histopathological
alterations in each organ were scored (semi
quantitatively) as none (0), mild (1), moderate (2) or
severe (3).

Immunohistochemistry

The method of Ajadi et al. (2019) was followed with
little modifications. The Davidson solution-fixed tissue
samples (liver and kidney) of all the groups were
embedded in paraffin and serial 5 pm thick sections
were cut from the paraffin embedded tissue blocks onto
charged glass slides. The slides were dried for 15 min at
56 °C, dewaxed in xylene for 5 min and rehydrated
through a graded concentration of alcohol. The slides
were rinsed with running tap water for 30 s and placed
in PBS for 10 min. Heat-mediated antigen retrieval with
citrate buffer solution was done to enhance
immunoreactivity of the tissue with microwave oven
where it was incubated for10 min at 50 W and rinsed
with PBS. Freshly prepared 3% hydrogen peroxide was
used to block the activity of endogenous peroxidase for
5 min at room temperature and gently washed with PBS
for 2 min. Tissue sections were blocked with blocking
buffer (1% normal serum [Bovine serum albumin] in
PBST), then sections were incubated in rabbit anti-A.
hydrophila antibody at a dilution of 1:50 (antibody to 5%
BSA in PBS ratio) for 1 h at 37 °C in an incubator with
Rabbit anti A. hydrophila with the dilution of 1:50 for
atleast 1 h at 37°C in an incubator. The sections were
rinsed and washed in PBS for 5 min, and were incubated
again with secondary antibody (goat anti-Rabbit 1gG
HRP, ab6721) with the dilution of 1:100. The slides were
rinsed and washed with PBST for 5 minutes upon which
DAB was applied (1 ml diluents to a drop DAB (3,3'-
diaminobenzidine) (DAKO, USA) for colour change. The
slides were immediately rinsed with distilled water as
soon as the sections turned brown. The slides were
counter stained using Mayer’s haematoxylin solution for
background colour. All slides were analysed and
captured using image analyser NIS-Elements D 3.2
(Nikon, Japan). The images were quantified for staining
intensity with the use of open Fiji (Image J) software
(Ferreira and Rasband 2012).

Statistical Analysis

The data obtained were input in Microsoft excel
sheet and analysed with one-way analysis of variance
(ANOVA) using IBM statistical package (SPSS version 20)
to determine differences among the treatments and
control in all parameters. Individual means were
separated with Duncan multiple range test. All data
were recorded as means * SE, and were presented as
significant at P<0.05 according to Dytham (2011).

Results
Survival Rate and Clinical Signs

The survival rate of the groups after 14 days of
bacterial challenge is shown in Figure 1. All the groups
fed with plant supplements except Al (A. boonei 0.5%)
had 100% survival rate. Generally, all the groups
supplemented with the plant additives had noticeably
higher survival rate (85 -100%) compared to the non-
supplemented group (70%). Figures 2 (A & B) showed
the gross lesions such as skin ulcerations, haemorrhages
and fin rot in some of the surviving fish especially in the
control group while Figure 2C showed apparently lesion
free fish belonging to one of the treatment groups.

Haematological Indices

Dietary A. boonei and M. scaber at different
gradients showed significant difference (P<0.05) in the
haematological parameters between the treatment
groups and the control after 14 days of A. hydrophila
challenge (Table 1). The values of RBC, Hb, PCV were the
lowest in the control group but the highest in the M.
scaber (0.5%) group. The values of WBC were
significantly higher in the control and M. scaber (1.5%)
groups than the other treatments groups. The HLR and
PLR were significantly higher in the control than the diet-
supplemented groups.

Serum Analyses and Oxidative Stress Biomarkers

Biochemical parameters are shown in Table 2. The
values of total protein, albumin and globulin were
significantly higher in some of the treatment groups
than the control. The M. scaber (0.5%) had the highest
total protein and globulin (P<0.05) while the group A.
boonei (0.5%) had the highest albumin value (P<0.05)
with the control group having the lowest. The
concentration of BUN and creatinine was also
significantly higher (P<0.05) in the plant supplemented
feed group than the control. There was no significant
difference (P>0.05) in the value of ALT between and
some of the treatment groups but the M. scaber (1.5%)
group had the significant lowest values compared to the
control and other treatment groups. AST showed
significant difference (P<0.05) between the control and
treatment groups while ALP did not show significant
difference between the control and treatment groups
except the group M. scaber (0.5%) that showed
significantly (P<0.05) lower value compared to the
control. Table 3 showed that there was significant
increase (P<0.05) in the activity of superoxide dismutase
SOD glutathione peroxidase (GPX) in the treatment
groups more than the control. The value of MDA in the
control group was insignificantly higher than that of A.
boonei (0.5%,1.0% and 1.5%) and M. scaber (0.5%) but
significantly higher than M. scaber (1.0% and 1.5%).
There was no significant difference in the activity of
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Figure 1. Survival rate of the groups 14 days post bacterial challenge.

Keys: C: control group; Al: A. boonei (0.5%); A2: A. boonei (1.0%); A3: A. boonei (1.5%); B1: M. scaber (0.5%); B2: M. scaber (1.0%); B3: M. scaber
(1.5%)

Figure 2. A: Fish from the control group showing focal area of large ulceration (arrow) with some ecchymotic haemorrhages at the
rostral region 5 days after A. hydrophila challenge. B: Fish from the control group showing fin rot (arrow), skin discolouration and
multifocal areas of ulceration at the caudal region of ulceration with some ecchymotic haemorrhages at the rostral region 7 days

after A. hydrophila challenge. C: Fish from M. scaber (0.5%) group showing apparently no skin lesions or ulcerations 7 days after
A. hydrophila challenge.
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catalase and MPO between the control and the

treatment groups.
Histopathology and Immunohistochemistry (IHC)

Samples were taken from kidney, liver and gill of
different groups of fish 14 days after A. hydrophila
challenge. The respective histopathology of the liver,
kidney and gill of different groups are shown in Figures
3, 4 and 5. The liver of the fish fed with control diet
revealed dilation of the sinusoid, fatty degeneration of
the hepatocyte, mild congestion and leucocytic

infiltration of the sinusoid (Figure 3A). In the groups fed
with graded A. boonei (0.5%, 1.0% and 1.5%), the liver
showed varying lesions including atrophy of the hepatic
plates, mild to moderate hepatocellular degeneration,
mild congestion of the central venules and no
observable lesions (Figures 3 B — D). In the groups fed
with graded M. scaber (0.5%, 1.0% and 1.5%), the
histopathological lesions of the liver include mild
congestion of the sinusoids and central venules with
many fish showing no observable lesions (Figures 3 E-G).
Tubular  epithelial degeneration, necrosis and
inflammatory cells infiltration are evident in the kidney

Table 1. Haematological parameters of African catfish fed with and without A. boonei and M. scaber and challenged with A. hydrophila

Parameters Control A. boonei A. boonei A. boonei M. scaber M. scaber M. scaber
(0.5%) (1.0%) (1.5%) (0.5%) (1.0%) (1.5%)
RBC (x106) 2.55+0.242 4.88+0.15 5.21+0.73% 4.02+0.41%¢ 5.77+0.07¢ 3.6410.17%° 4.69+1.09%
HGB (g/dl) 5.33+0.532 9.77+0.23%¢ 10.30+1.50"¢ 8.80+1.15%¢ 11.30+0.06° 6.90+0.50% 9.17+2.06%
PCV (%) 18.33+1.67? 29.67+0.67%¢ 32.33+4.33¢bc 26.00+3.06% 34.6740.33¢ 21.33+1.33% 29.67+6.84°
MCV (fl) 60.33+0.33? 60.67+0.67° 61.00+0.00° 61.00+0.582 60.00+0.00? 61.67+1.67° 61.00+0.58°
MCH (pg) 19.97+0.332 19.80+0.20? 20.17+0.03? 18.83+0.912 19.70+0.212 20.07+0.46° 20.17+0.15°
MCHC (g/dl) 32.33+0.28° 32.17+0.67° 32.80+0.122 31.07+1.74° 32.47+0.37° 32.10+0.10° 32.40+0.212
WBC (x103) 12.00+0.00° 8.71+0.75° 7.85+1.70° 7.45+0.22° 8.05+1.29° 6.9910.46° 12.16+0.06°
HET (x103) 6.94+0.42¢ 3.81+0.47%° 3.64+1.05° 2.89+0.01° 3.4910.42° 2.80+0.44° 5.33+0.07°
LYM (x103) 4.88+0.49° 4.67+0.32? 3.99+0.64° 4.20+0.15° 4.49+0.86° 3.96+0.13° 6.57+0.05°
EOS (x103) 0.00+0.00° 0.09+0.01° 0.03+0.03° 0.00+0.00° 0.03+0.03? 0.06+0.03? 0.00+0.00°
MONO (x103) 0.18+0.09° 0.14+0.04° 0.25+0.04° 0.19+0.03? 0.09+0.012 0.17+0.112 0.2610.06%
PLT (x10%) 387.00+0.7.02¢  292.00+6.35>  208.00+8.72°  217.00%+31.79%®  230.67+51.02% 287.00+13.65° 391.0049.64¢
HLR 1.46+0.23° 0.81+0.05° 0.87+0.13° 0.69+0.02° 0.81+0.11° 0.70+0.09? 0.81+0.02°
PLR 81.0949.26¢ 63.341£5.222¢  54,05+6.22° 51.3816.16° 50.79+1.862 72.6615.80°° 59.49+1.6320

*Different letters as superscripts across the rows indicate significant differences (P<0.05). RBC (red blood cell); HGB (haemoglobin); PCV (packed
cell volume); MCV (mean corpuscular volume); MCH (mean corpuscular haemoglobin); MCHC (mean corpuscular haemoglobin concentration); WBC

(white blood cell); HET (heterophil); LYM (lymphocyte); EOS (eosinophil);

(platelet lymphocyte ratio).

MON (monocyte); PLT (platelet); HLR (heterophil lymphocyte ratio); PLR

Table 2. Serum biochemical analysis of African catfish fed with and without A. boonei and M. scaber and challenged with A. hydrophila

Parameters Control A. boonei A. boonei A. boonei M. scaber M. scaber M. scaber
(0.5%) (1.0%) (1.5%) (0.5%) (1.0%) (1.5%)
ALP (U/L) 49.46+0.64° 49.18+0.77° 49.81+0.42° 45.85+2.31% 44.68+0.472 47.16+0.45%° 47.86+2.46%°
AST (U/L) 102.0743.20¢ 81.05+8.01° 93.01+1.36"° 77.86+11.99° 81.07+3.69° 77.50+2.62° 58.78+2.20°
ALT (U/L) 96.75+5.46° 80.3919.39%° 96.66+0.10° 88.95+10.04° 94.63+4.84° 82.78+12.90% 61.00+3.03°
PROTEIN(g/dL) 10.99+2.452 13.69+0.03% 14.67+1.35% 13.75+2.36% 16.01+0.23° 11.61+0.05% 11.49+0.01%
ALBUMIN(g/dL) 3.01+0.94° 5.44+0.04° 4.48+0.09%° 4.04+1.14% 3.53+0.92% 3.63+0.35%® 3.51+0.04%
GLOBULIN(g/dL) 7.98+1.522 8.24+0.01° 10.18+1.43% 9.71+1.22% 12.47+0.69° 7.98+0.39° 7.98+0.182
AGR 0.36+0.042 0.66+0.01° 0.46+0.06° 0.39+0.08° 0.29+0.09° 0.46+0.07° 0.39+0.01°
CREAT (mg/dL) 48.00+£10.00% 78.00+£10.00¢ 81.33+13.33¢ 71.33+13.33" 54.67+3.33%° 68.00+10.00°¢ 48.00+10.00%
BUN (mg/dL) 7.05+0.282 11.78+0.32¢ 10.9410.34b° 11.2142.195¢ 9.76+1.332b¢ 7.99+0.20%0 6.65+0.02°
CHOL (mg/dL) 165.28+25.34° 183.1845.212b 226.59+2.79° 177.89434.89%0 198.32+7.322b 154.83+1.65° 143.51+3.32°

*Different letters as superscripts across the rows indicate significant differences (P<0.05). ALP (alkaline phosphatase); AST (aspartate
aminotransferase); ALT (alanine aminotransferase); ALB (albumin); GLOB (globulin); AGR (albumin globulin ratio); CREAT (creatinine); BUN (blood

urea nitrogen); CHOL (cholesterol).

Table 3. Oxidative stress markers of African catfish fed with and without A. boonei and M. scaber and challenged with A. hydrophila

Parameters Control A. boonei (0.5%) A. boonei (1.0%) A. boonei (1.5%) M. scaber (0.5%) M. scaber M. scaber
(1.0%) (1.5%)

SOD (1U/L) 0.50+0.16° 0.71+0.12° 1.35+0.07° 2.12+0.16° 1.64+0.07° 2.15+0.12¢ 2.17+0.12¢
GST (IU/L) 0.06+0.00° 0.07+0.01° 0.17+0.02° 0.09+0.06%° 0.10+0.00%® 0.05+0.02° 0.05+0.01°
MPO (IU/L) 815.66+153.48%" 1468.14+682.44*° 986.95+323.21* 1375.57+138.60° 1125.42+12.54* 2312.71+1193.94* 1560.84+608.632
MDA (1U/L) 18.86+0.97° 14.84+5.16%° 13.78+0.14% 11.07+3.2920 13.72+0.0320 8.72+0.93° 6.80+0.732
GPX (IU/L) 109.19+14.10° 124.05+£39.58? 265.41+27.02° 202.64+5.20° 247.46+27.66° 243.60+8.42° 238.1345.25°
CAT (IU/L) 9.77+1.73° 14.02+1.212 15.90£2.28? 12.92+3.07° 14.43+£1.082 12.37+1.86° 8.82+0.26°

*Different letters as superscripts across the rows indicate significant differences (P<0.05)



Aquaculture Studies AQUAST1007

- - A~ e S 1
Figure 3. photomicrograph of African catfish liver 14 days after challenged with A. hydrophila in different groups fed with and

without A. boonei and M. scaber for 12 weeks. (A) control group without plant additives showing moderate atrophy of
centrilobular hepatic plates (blue asterisk), congestion and accentuation of sinusoids (red asterisk). HE x400 (B) A. boonei (0.5%)
showed mild congestion of central venules (blue asterisk). HE x400 (C) A. boonei (1.0%) atrophy of hepatic plates and moderate
hepatocellular degeneration (blue asterisk). HE x400 (D) A. boonei (1.5%) mild congestion of central venules (blue asterisk). HE
x400 (E) M. scaber (0.5%) mild congestion of central venules and sinusoids (blue asterisk). HE x400 (F) M. scaber (1.0%) mild
congestion of central venules and sinusoids (blue asterisks). HE x400 (G) M. scaber (1.5%) no observable lesion. HE x400.
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Figure 4. photomicrograph of African catfish kidney 14 days after challenged with A. hydrophila in different groups fed with and
without A. boonei and M. scaber for 12 weeks. (A) control group without plant additives showing tubular epithelial degeneration
(blue asterisk), necrosis (red asterisk) and inflammation (yellow asterisk). HE x400 (B) A. boonei (0.5%) showed patchy tubular
epithelial degeneration (blue asterisk). HE x400 (C) A. boonei (1.0%) showed no observable lesion. HE x400 (D) A. boonei (1.5%)
showed no observable lesion. HE x400 (E) M. scaber (0.5%) showed patchy tubular epithelial degeneration (blue asterisk). HE x400
(F) M. scaber (1.0%) showed patchy tubular epithelial degeneration (blue asterisk). HE x400 (G) M. scaber (1.5%) showed no
observable lesion. HE x400.
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of the control group (Figure 4A). The kidney of the fish
fed with graded A. boonei (0.5%, 1.0% and 1.5%) and M.
scaber (0.5%, 1.0% and 1.5%) appeared to have no
observable lesions while few had mild tubular epithelial
degeneration (Figures 4 B — G). The gill of the fish fed
with the control diet was characterized with mild
congestion of the blood vessel, inflammatory cells
infiltration and degeneration and separation of
secondary filaments (Figure 5A). The fish of the groups
fed with both plant additives had their gills with no
observable lesion that is apparent with some showing
mild congestion of the blood vessel of the primary
lamellae (Figures 5 B-G). Table 4 shows the extent of the
microscopic lesions in the liver, kidney and gill of all the
groups. Figures 6 and 7 are showing immunostaining of
A. hydrophila antigens in kidney and liver of all fish
groups with more immunoreactivity intensity in the
group fed with control diet than the groups fed with
plant additives.

Discussion

The menace of disease outbreak and subsequent
use of all manners of antibiotics to prevent and control
diseases had resulted into humongous economic loss
and inefficient disease control. The adoption of
phytogenic agents is sinequanone, because the natural
compounds are biodegradable, eco-friendly, no
resistance to pathogens and contain various bioactive
ingredients which are responsible for their antimicrobial
activities. Grossly, the observed result revealed that,
African catfish infected with A. hydrophila showed
clinical signs as ulcerative skin, haemorrhages on body
surface and fin rot, ulcers with mortality up to 30% in
the control group, these could be attributed to the
pathogenic effect of the bacterial organism. Similar
pathology and mortality rate were observed by Zhang et
al. (2020). Albeit plethora of studies have been reported
in the control of aeromonas infection in fish (Abdel-
tawwab & El-araby, 2021; Moustafa et al., 2020), the
outbreak has not ceased to recurring and mortality is
usually high. It was evident in this study that the plant
additives (A. boonei and M. scaber) in different
percentages enhanced the survival rate of the fish after
challenged with Aeromonas hydrophila. This may not be
unconnected with the antimicrobial properties of the
plants. A. boonei (Ogueke et al., 2014; Opoku & Osei,
2014) and M. scaber (Adeshina et al., 2019, 2021; Ajadi
et al., 2021) have been reported to contain bioactive
components such as such as flavonoids, alkaloids,
phenols, saponins, tannins among other aromatic
compounds that play important roles in defence
mechanism against microbial organisms. This is evident
in this study where the fish fed with A. boonei and M.
scaber had higher survival rate than the control. The
protection is irrespective of the percentage of the plant
present in the feed except A. boonei (0.5%) with 85%
survival rate against other groups with 100% survival
rate. This finding is in agreement with Adeshina et al.

(2019) that reported the protective effect of M. scaber
against A. hydrophila in common carp. There is dearth of
information on the protective effect of dietary A. boonei
in fish.

Haemato-biochemical indices are essential clinical
tools employed to examine fish health status (Abdel-
Tawwab & Hamed, 2020). One of the virulence factors
characterized by A. hydrophila is the production of
haemolysin which alters the haematological indices of
the host it infects (Han et al., 2020). Chen et al. (2020)
also reported the apoptosis of RBC induced by A.
hydrophila infection. It is evident in this study that the
erythrocyte indices of groups of fish fed with feed
supplemented with A. boonei and M. scaber improved
the haematological parameters more than the control
group after A. hydrophila challenge. This may be
attributed to numerous phytoactive components
present in the plants. Akinmoladun et al. (2007)
reported that A. boonei contained numerous minerals
and vitamins in which vitamin C and iron were more
abundant in addition to other phytochemicals. These
are essential ingredients for blood formation. M. scaber
has also been reported to contain several bioactive
components and essential oils that may also be
associated with its medicinal properties (Ali et al., 2021;
Ekalu, 2021). The significant differences in the values of
WBC which was higher in the control group than the
treatment groups except M. scaber (1.5%) may be
connected to the reaction of the fish to the bacterial
challenge whereby the heterophils were mobilized
against invading A. hydrophila. This is in agreement with
Harikrishnan et al. (2003) that reported a significant
increase in the values of WBC in common carps, 10 days
after infected with A. hydrophila and the further
increase, 30 days post infection. On the other hand, the
reverse was the case in the groups treated with
Azadirachta indica. Since haematological ratio is an
important prognostic parameter for evaluation of health
status in a diseased subject (Ulas et al., 2015), the lower
significant values of HLR and PLR in the treatment
groups than the control indicates that the prognosis is
better in the former than the latter.

The higher serum total proteins especially the
globulins in the treatment group (M. scaber 0.5%) than
the control in this study might be associated with
improved immune response due to increased globulins.
The increase in the values of creatinine and BUN in
treatment groups more than the control in this present
study is in concomitant with the finding of Adeshina et
al. (2021) who reported significant increase in fish fed
plants materials-extracts based diets than the control
group. The liver enzymes did not reveal much significant
differences between the treatment groups and control
except for AST that was higher in the latter than the
former. The A. hydrophila might cause moderate
hepatocyte damages but the fish fed with plant
supplements were not affected as much as the control.
Oxidative stress markers provide valuable tools in
evaluating the health status of fish. Important enzymes
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such as SOD, GPx, GSH, MPO, MDA and CAT are
important markers used in the evaluation of oxidative
stress in fish (Chen et al., 2020; Abdel-tawwab & El-
araby, 2021). In this study, the dietary administration A.
boonei and M. scaber to African catfish for 84 days and
subsequent A. hydrophila challenged, increased the
activities of SOD, GPx, GSH and MPO but reduced MPO
when compared with the control. This could be
attributed to antioxidant properties of the phenolic and
other phytoactive compounds present in A. boonei
(Obiagwu et al., 2014; Opoku & Osei, 2014) and M.
scaber (Ali et al., 2021; Ekalu, 2021). These findings
share similar observations with Adeshina et al. (2021)
and Abdel-tawwab and El-Araby (2021) who reported
elevated SOD, CAT and GPx, and reduction in the
activities of MDA due to dietary plants in Nile tilapia
challenged with Gyrodactylus malalai and A. hydrophila

G

respectively. The histological alterations of the liver
observed in this study in the fish fed with control diet
after A. hydrophila challenge include dilation of the
sinusoid, fatty degeneration of the hepatocyte, mild
congestion and leucocytic infiltration of the sinusoid.
These similar findings were reported by Hal et al. (2020)
who described the histological alterations of the liver of
A. hydrophila group as vacuolar degeneration,
hypoplasia of hepatocytes, dilatation in sinusoids and
fibrosis. Histopathological findings on the kidney in the
control group revealed tubular epithelial degeneration,
necrosis and inflammatory cells infiltration. Similar
observations were earlier reported by Hal et al., (2020)
that the kidney of Nile tilapia infected with A. hydrophila
revealed interstitial mononuclear cell infiltration and
tubular degeneration.

Figure 5. photomicrograph of African catfish gills 14 days after challenged with A. hydrophila in different groups fed with and
without A. boonei and M. scaber for 12 weeks. (A) control group without plant additives showing mild congestion of the blood
vessel (blue asterisk) and degeneration and separation of secondary lamellae (red asterisk). HE x100 (B) A. boonei (0.5%) showed
moderate congestion of capillaries of the primary lamellae (blue asterisk). HE x100 (C) A. boonei (1.0%) showed moderate
hyperplasia and fusion of secondary lamellae (red asterisk). HE x100 (D) A. boonei (1.5%) showed moderate congestion of
capillaries (blue asterisk). HE x100 (E) M. scaber (0.5%) showed erosion of the secondary lamellae at the apical region of the
primary lamellae (yellow asterisk). HE x100 (F) M. scaber (1.0%) showed no observable lesions. HE x100 (G) M. scaber (1.5%)

showed no observable lesions. HE x100.

Table 4. Qualitative scoring of lesions from the microscopic examination of tissues from the groups of fish

Group Liver Kidney Gills
Control ++ +++ +
A. boonei (0.5%) + + +
A. boonei (1.0%) ++ - +
A. boonei (1.5%) + - +
M. scaber (0.5%) + + +
M. scaber (1.0%) + + -

M. scaber (1.5%)

Key: -: none; +: mild; ++: moderate; +++: severe
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Figure 6. Photomicrograph of immunostaining of A. hydrophila antigens (asterisk) in the kidney 14 days after challenged with A.
hydrophila in different groups fed with and without A. boonei and M. scaber for 12 weeks. (A) control group without plant additives
showing moderate immunoreactivity. (B) A. boonei (0.5%), (C) A. boonei (1.0%), (D) A. boonei (1.5%), (E) M. scaber (0.5%), (F) M.
scaber (1.0%) and (G) M. scaber (1.5%) groups showing mild immunoreactivity to polyclonal antibody. Haematoxylin counter stain,

400.
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Figure 7. Photomicrograph of immunostaining of A. hydrophila antigens in the liver 14 days after challenged with A. hydrophila in
different groups fed with and without A. boonei and M. scaber for 12 weeks. (A) control group without plant additives and (B) A.
boonei (0.5%) showing moderate immunoreactivity (C) A. boonei (1.0%), (D) A. boonei (1.5%), (E) M. scaber (0.5%), (F) M. scaber
(1.0%) and (G) M. scaber (1.5%) groups showing mild immunoreactivity to polyclonal antibody. Haematoxylin counter stain, 400.
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Immunohistochemistry is an essential diagnostic
and investigative tool that allows the identification of
tissue components through antigen-antibody reaction
(Ajadi et al., 2019). This present study demonstrated
that specific antigen of A. hydrophila could be identified
in Davidson’s fixative paraffin-embedded tissue samples
of African catfish challenged with the putative organism
using immunoperoxidase technique. This present
finding is consistent with the report of Delghandi et al.,
(2020) whose study made use of immunoperoxidase
technique to detect the antigens of Renibacterium
salmoninarum and Mycobacterium sp. in the tissues of
wild brown trout. The immunoreactivity of A. hydrophila
antigen to antibody occurred in the interstitial space of
the kidney and in the sinusoids of the liver with more
intensity in the control group than the treatment
groups. The less intensity in the groups fed with plant
supplemented feed is indicative of protective potentials
of the dietary plants resulting in the reduced amount of
the bacterium in the sampled tissues.

Conclusion

The findings of this study demonstrated the
protective potentials of feed separately fortified with A.
boonei and M. scaber against Aeromonas infection in
African catfish. It is also evident that the dietary plants
improved the haematological parameters and anti-
oxidant enzymes of the fish as well as reduction of
pathological lesions associated with A. hydrophila
infection. However, the lowest percentage (0.5%) of
each plant supplements is recommended as appropriate
and further study on the toxicity effect of the long term
administration of these plants is expedient.
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