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Abstract: The main aim of the present study was to assess the hepatoprotective and stress-reducing effect of
Moringa oleifera extract against Aeromonas hydrophila infection and transportation- induced stress in African
catfish, Clarias gariepinus fingerlings. Fish were fed diets representing different supplementation levels of M.
oleifera leaf extract. The graded levels of M. oleifera leaf extract were 0.00g (control), 0.05g, 0.10g, 0.15g, 0.20g,
0.25g per 100g for each diet. After six weeks of the feeding trial, fish previously fed each experimental diet were
exposed to pathogenic strain of A. hydrophila at a concentration of 9.3 × 10  CFU /mL. After bath exposure,5

fish from each dietary treatment were placed into the aquaria culture system. They were fed their respective
diets at 5% body weight twice daily for the remaining 4 weeks of the feeding trial. After the feeding trial, fish
previously fed each experimental diet were kept in plastic tanks for a 2-hour journey. Blood and liver samples
were collected for hepatocellular assessments (Aspartate transaminase (AST), Alanine transaminase (ALT),
Lactate dehydrogenase (LDH) and Malate dehydrogenase (MDH) tests) and histological examination. Results
showed that the increases of the AST, ALT, LDH, MDH and hepato-histological insults induced by stressors
were significantly reduced (P< 0.05) by supplementing the fish with M. oleifera leaf extract in the diets. Based
on the result of this study, a dose of 0.10g/100g dietary Moringa leaf supplementation was sufficient as
hepatoprotective and stress reducing agent in C. gariepinus fingerlings.

Key words: Hepatoprotective  Stress – Reducing Moringa oleifera Aeromonas hydrophila African
Catfish  Extracts

INTRODUCTION Farmed fish frequently encounter and tolerate poor

Stress and stress-related diseases are currently a considered optimal [10, 11]. Fish undergoes physiological
much discussed topic in animal including fish husbandry stress response consequent to handling and
and research [1-3]. Stress responses provide the animal transportation procedures, such stress reduce the
with an ability to cope in the short-term during exposure capacity of fish, hindering their ability to  perform
to the encounter and increase its chance of survival under essential functions [10, 12]. Stressors in aquaculture are
adverse conditions [4-6]. Environmental variables, unavoidable and cause many harmful effects. Strategies
particularly nutrition, are  ultimately  important in to attenuate them should be considered. The use of
affecting fish in time of stress [6]. Liver injury is often plants extracts in aquaculture has increased rapidly  for
instigated by the bioactivation of complex reactions the prevention of diseases and also to avoid the
involving chemically reactive metabolites, which have the indiscriminate use of antibiotics, which can lead to the
ability to interact with cellular macromolecules such as development  of  resistant  strains  of  pathogenic
proteins, lipids and nucleic acids, leading to protein microbes [13, 14]. Phytogenic products and extracts are
dysfunction, lipid peroxidation, DNA damage and cheaper, non-toxic and biodegradable alternative to
oxidative stress [7-9]. antibiotics.

environmental conditions, which are well below the
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The Moringa oleifera tree is a single genus family of were destalked, washed and dried in the shade. M.
shrubs and trees cultivated across the whole of the oleifera leaves were ground with pestle and mortar, leaves
tropical belt and used for a variety of purposes [15, 16]. were then extracted according to the modified method of
[17] stated that almost every part of the plant is of value [20] as follows. Five hundred grams of the powdered leaf
for food and itis probably the most popular plant in were soaked in 1.5 liter of warm water (60°C). Each
ECHO's seedbank of underutilized tropical crops. Moringa solution was allowed to stand for 24 hours, after which it
(drumstick, horse-radish) belongs to the moringaceae was sieved with a muslin cloth and filtered using No 1
family, there are thirteen species of Moringa trees in the Whatman filter paper. The filtrate were collected in a
family moringaceae and Moringa oleifera is the most beaker and concentrated with the aid of rotary evaporator
widely cultivated species [18]. Different parts of Moringa (Resona, Germany).
have shown great antioxidant activity [19] as well as
immunomodulatory function in animals [18]. It can be Preparation of Experimental Diets: The feed ingredients
recognized by the compound pinnate leaves and the long were purchased at Adebom Feedmill, Ondo road, Akure,
narrow angular fruits containing large wind seed. Ondo State, Nigeria. Six isonitrogenous and isocaloric
Moringa oleifera contains antioxidants which can diets were formulated to meet the requirements of 40%
inactivate damaging free radicals produced through crude protein (Table 1) for C. gariepinus fingerlings [26]
normal cellular activity and from various stresses [4,20,]. using feed formulation software (WinFeed soft 2.0, USA).
Traditionally, the leaves, fruits, flowers and immature All dietary ingredients were weighed with a weighing top
pods of this tree are edible [18]. The leaves, in particular, balance (Metler Toledo, PB8001 London). The ingredients
have been found to contain phenolics and flavonoids were then ground to a small particle size (approximately 20
which have various biological activities, including µg). Ingredients including Moringa oleifera extract,
antioxidant, anticarcinogenic, immunomodulatory, vitamin and mineral premix were thoroughly mixed in a
antidiabetic and hepatoprotective functions and the Hobbart A-200T mixing machine (Hobbart Ltd London
regulation of thyroid status in human and animals [21]. England) to obtain a homogenous mass. Alginate,

The African catfish, Clarias gariepinusis the most Laminaria digitata (IGV GmbH, Germany ) was added as
important fish species cultured in Nigeria; it grows binder. The resultant mash was pressed without steam
rapidly, it is disease and stress resistant, sturdy and through a mincer using 2mm diameter die attached to the
highly productive in polyculture with many other fish Hobbart pelleting machine. Diets were immediately air -
species [22]. This species has shown considerable dried, after drying the diets were broken up, sieved and
potential as a fish suitable for use in intensive aquaculture stored in air-tight transparent plastic containers, labeled
[23]. C. gariepinus production is considered to be the and stored until feeding. Standard and official methods
fastest growing segment of the Nigeria aquaculture (AOAC, 2010) were used to perform the proximate
industry over the past decade [22]. More investors are analyses of feed of fish in the study.
entering catfish C. gariepinus farming in Nigeria as there
exists a large unmet demand and market prices of catfish Proximate Analyses of Moringa leaf and experimental
C. gariepinus which are more than those of other species feed: Standard and official methods [27] were used to
[23]. The African catfish (C.gariepinus) is the leading perform the proximate analyses of Moringa leaf and feed
aquaculture species in Nigeria [24, 25]. The aim of the of fish in the study. Formulated feed were blended to a
present study was to evaluate the hepatoprective and homogeneous mince using a meat grinder (Binatone, UK)
stress-reducing effects of dietary Moringa oleifera extract with a 4 mm diameter orifice plate. A sub-sample of
against A. hydrophila infections and transportation- Moringa leaf extract and feed were taken and stored for
induced stress in African catfish, Clarias gariepinus. estimation of dry matter which was determined after

MATERIALS AND METHODS The remaining homogenates were dried in the oven and

Extraction of Moringa oleifera Leaf: The leaves of M. calculated by weight loss after incineration in a muffle
oleifera were collected from a farm settlement at Ijare,
Ondo State, Nigeria. It was identified and authenticated at
the Department of Crop, Soil and Pest Management,
Federal University of Technology, Akure. The leaves

®

drying in the oven (Gallenkamp, UK) at 105°C for 24 h.

used for all subsequent analyses. Ash content was

furnace (Carbolite, UK) for 12 h at 550°C. A Parr bomb
calorimeter was used to calculate gross energy content,
this method measures energy content by combustion
under  an atmosphere of compressed oxygen with benzoic
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Table 1: Composition of the experimental diet (g/100g) containing dietary Moringa Oleifera for African catfish, Clarias gariepinus fingerlings

MLSC0 MLSC5 MLSC10 MLSC15 MLSC20 MLSC25

Fish meal (68 % CP) 23.50 23.50 23.50 23.50 23.50 23.50

GNC (48 % CP) 29.00 29.00 29.00 29.00 29.00 29.00

Soybean meal (42 % CP) 20.50 20.50 20.50 20.50 20.50 20.50

Yellow maize 10.50 10.50 10.50 10.50 10.50 10.50

Vegetable oil 7.00 7.00 7.00 7.00 7.00 7.00

Rice Bran 5.50 5.45 5.40 5.35 5.30 5.25

Alginate 2.00 2.00 2.00 2.00 2.00 2.00

Vitamin Mineral mix 2.00 2.00 2.00 2.00 2.00 2.00

Moringa leaf extract 0.00 0.05 0.10 0.15 0.20 0.25

Proximate composition of experimental diets fed toClarias gariepinus (% dry matter basis)

Crude protein 39.98 40.06 40.09 40.20 40.19 40.22

Lipid 10.05 10.23 10.15 10.41 10.42 10.45

Crude fibre 5.63 5.72 6.01 6.31 6.94 6.69

Ash 8.93 8.33 8.54 9.06 9.13 9.74

Dry matter 92.37 92.19 91.06 90.14 90.18 90.07

Nitrogen-free extract (NFE) 27.78 27.85 26.27 24.21 23.50 22.90

Gross Energy (kJ/g) 15.81 15.79 15.88 15.93 15.96 16.04

Composition of vitamin-mineral mix (Aquamix) (quantity/kg), Vitamin A, 55,00,000 IU; Vitamin D3, 11,00,000 IU; Vitamin B2, 2,000 mg; Vitamin E,

750 mg; Vitamin K, 1,000 mg; Vitamin B6, 1,000 mg; Vitamin B12, 6 mcg; Calcium; Pantothenate, 2,500 mg; Nicotinamide, 10 g; Choline Chloride,

150 g; Mn, 27,000 mg; I, 1,000 mg; Fe, 7,500 mg; Zn, 5,000 mg; Cu, 2,000 mg; Co, 450 L- lysine, 10 g; Selenium, 50 ppm.

acid as a standard. The Kjeldahl technique was used to instruments, Rhode Island). Temperature and pH were
measure crude protein. In this technique, the nitrogen (N) monitored using YSI-IODO 700 Digital probe (IFI Olsztyn,
content was determined and multiplied by a conversion Poland).
factor of 6.25.

Experimental Fish and Feeding Trial: C. gariepinus
fingerlings were obtained from the Hatchery unit of the
Department of Fisheries and Aquaculture Hatchery,
Federal University of Technology Akure, prior to the
feeding trial. Fish were graded by size and groups of 15
fish of 10.00±0.05 g per replicate for C. gariepinus were
stocked into glass tanks of 60cm ×45cm×45cm dimension.
A commercial diet, Nutreco ® (35% crude protein) was fed
to all fish during a 2- week conditioning period. Each
experimental diet was fed to six replicate groups of fish for
70days. All groups were fed their respective diets at the
same fixed rate (initially 5% of body weight per day). This
rate was adjusted each week. Fish were fed by 0900-1000
and 1700-1800h GMT, for 7 days each week. Dissolved
oxygen was monitored using HANNA 98103SE (HANNA
instruments, Rhode Island). Temperature and pH were
monitored using YSI-IODO 700 Digital probe (IFI Olsztyn,
Poland).

Physico-Chemical Water Parameters: Dissolved oxygen
was monitored using HANNA 98103SE (HANNA

Aeromonas Hydrophila Challenge and Transportation
–Induced Stress: After six weeks of the feeding trial, fish
previously fed each experimental diet were exposed to
pathogenic strain of Aeromonas hydrophila (MPSTR
2143, mildly pathogenic strain, Animal care Laboratory,
Ogere). This isolate was grown in brain-heart infusion
broth (EM Science, Darmstadt, Germany) in a shaking
bath at 27°C overnight the Department of Microbiology,
FUTA. The concentration of bacterial suspension was
determined by the serial plate count method and diluted
to 9.3 × 10  CFU (colony forming unit)/mL in fresh well5

water as described by [28]. Fish from each dietary
treatment was immersed in the bacterial suspension for 5
hours. After bath exposure, fish from each dietary
treatment was placed into the aquaria culture system. Fish
were fed their respective diets at 5% body weight twice
daily for the remaining 4 weeks of the feeding trial. At the
end of the feeding trial, 15 fish previously fed each
experimental diet from each treatment were kept in plastic
tanks for a 2-hour journey. The liver samples were
collected immediately after transportation for 2 hours from
fish for further analyses.
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Assessment of Hepatocellular Damage: Hepatocellular Photomicrographs were taken with the aid of Olympus
stress activities were determined by Aspartate digital camera (Olympus, UK) at 50 µm. Tissue sections
transaminase (AST), Alanine transaminase (ALT), Lactate were compared after examination under the microscope,
dehydrogenase (LDH) and Malate dehydrogenase (MDH) for significant differences in the morphology of the
tests according to the procedure of Hardy and. Sullivan tissues.
[29]. The livers of 3 fish from each treatment were removed
by dissection and weighed. The tissue was homogenized Statistical Analysis: The data were expressed as
with chilled 0.25 M sucrose solution in a glass tube using mean±standard deviation (SD).The differences between
a mechanical tissue homogenizer. The tube was mean of treatments were considered significant at P <0.05
continuously kept in ice to avoid heating. The by one way analysis of variance (ANOVA) using
homogenate was then centrifuged (5000x g for 10 minutes Statistica software. Follow–up procedures were
at 40°C) in a cooling centrifuge machine and stored at - performed where significant differences occurred in the
20°C till use. means using Tukey test.

Aspartate transaminase (AST) and Alanine transaminase RESULTS
(ALT) were measured by the estimation of oxaloacetate
and pyruvate released in a spectrophotometer at 540nm Effects of M. Oleifera Leaf Extract on Hepatocellular
and the results were read on the calibrated graph
respectively.

Lactate Dehydrogenase (LDH) and Malate
Dehydrogenase (MDH) Activities were measured by the
change in optical density (OD) at 340 nm for 5min. The
supernatant was used directly as an LDH and MDH
source in the kinetic study. LDH and MDH activities were
determined following the oxidation of NADH at 340 nm in
a circulating thermobath at 25°C. The reaction mixture was
contained in a total volume of 1 ml, 50 mM Imidazol, 1 mM
KCN buffer pH 7.4 at 25°C, 0.13 mM of NADH and
different concentrations of pyruvate for LDH saturation
plots. Substrate saturation plots for oxalacetate were
determined for MDH by the oxidation of NADH at 340 nm.

Histopathological Examination: The liver were collected
and fixed in Davidson’s freshwater fixative by 24h then
rinsed and put into 70% ethanol until dehydrated in
graduated ethanol 50–100%,cleared in xylene and
embedded in paraffin. Sections of 5 lm thickness were
prepared, stained with haematoxylin and eosin (H&E) dye.

®

Damage Indicators: Significantly higher alanine
transferase, aspartate transferase, lactate dehydrogenase
and malate dehydrogenase (P< 0.05) was recorded in fish
fed the control diet compared with other dietary
treatments. In the liver tissue the increases of the
Aspartate transaminase (AST), Alanine transaminase
(ALT), Lactate dehydrogenase (LDH) and Malate
dehydrogenase (MDH) induced by A. hydrophila
infections and transportation-induced stress were
significantly inhibited (P < 0.05) by supplementing the fish
with 0.10g, 0.15g, 0.20g, 0.25g per 100g M. oleifera leaf
extract in the diets (Table 2).

Histology of the Liver of Clarias Gariepinus Fed the
Experimental Diets: Histology of the liver of C.
gariepinus fed the experimental diets is shown in Figure
1A-E. In fish fed the MLSC0 diet, disorganised sinusoids
(arrow), less nuclei and highly vacuolated cytoplasm
(circles) was observed (Figure 1A). Liver of fish fed the
MLSC5 diet showed erosion of the hepatocytes.
However, fish fed MLSC10 to MLSC25 diets showed more
nucleated hepatocytes (arrow) (Figure 1C-F).

Table 2: Effects of M. oleifera leaf extract on hepatocellular damage indicators in experimental fish

MLSC0 MLSC5 MLSC10 MLSC15 MLSC20 MLSC25

AST (µM) 60.28±2.05 47.51±1.70 30.35±1.09 28.65±1.17 30.02±1.20 34.04±0.82d c ab a a b

ALT (µM) 51.53±1.58 27.16±1.70 17.78±1.24 16.61±1.25 19.26±1.69 19.18±1.03e d ab a c bc

LDH (µM) 1.33±0.06 1.12±0.05 0.85±0.02 0.94±0.05 1.28±0.01 1.35±0.13e c a b d e

MDH (nM) 6.13±0.05 3.12±0.16 1.84±0.03 1.73±0.04 2.12±0.15 2.26±0.12d c a a b b

 values in each row with different superscripts are significantly different (P < 0.05) using ANOVA Post Hoc (Tukey test) (mean values±SD, mean ofa,b,c,d,e,f

fish from 3 replicate tanks). ALT, Alanine transferase; AST, Aspartate transferase; LDH, Lactate dehydrogenase and MDH, Malate dehydrogenase.
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Fig. 6: (A). Liver of fish fed the MLSC0 diet showing disorganised sinusoids (arrow), less nuclei and highly vacuolated
cytoplasm (circles). (B) Liver of fish fed the MLSC5 diet showing erosion of the hepatocytes and vacuolated
cytoplasm (arrow) (C) Liver of fish fed MLSC10 diet showing more nucleated hepatocytes (arrow). (D) Liver with
hepatocytes in fish fed MLSC15 diet showing nucleated hepatocytes. (E) Liver of fish fed MLSC20 diet showing
nucleated hepatocytes. (F) Liver of fish fed MLSC25 diet showing nucleated hepatocytes (scale bar = 50 µm).

DISCUSSION mobilization of aspartate  and  alanine  via

Significantly elevated activities of cellular enzymes stress [32]. Elevated  level  of  transaminase  activity
AST, ALT, LDH and MDH observed in fish in the control during stress would lead  to  increase  feeding of
group exposed to Aeromonas hydrophila and ketoacids into TCA cycle, thereby affecting oxidative
transportation-induced stress indicated that stressors metabolism [30]. Moringa leaf supplementation
caused liver injury in the present study. Stressors like significantly reduced the activities of AST and ALT
transportation, stocking density and pathogenic stress suggesting that Moringa leaf protected the membrane
have been reported to cause hepatocellular damage in Nile integrity of the liver cells against stressors. Cao et al. [32]
tilapia by increasing the activities of cellular enzymes AST stated that an important mechanism of the
and ALT [30]. Soosean et al.[31] also reported that hepatoprotective effects may be related to an antioxidant
increase in the activity of cellular enzymes (AST and capacity to scavenge reactive oxygen species. Hence, as
ALT) is an indicator of cellular damage in stressed fish. In there was less cellular activity in the Moringa
the present study, amino-transferase activities were found supplemented groups, it can be inferred that addition of
highest in the control group compared to the other dietary Moringa plant extracts reduced stress and improve
groups. The higher activity of AST and ALT indicates the growth and health of fish in the present study.

gluconeogenesis for glucose production to cope with
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Fish fed the control diet in this study showed higher effects of stressors in C. gariepinus. Hammed et al.[22]
LDH activity than fish fed the Moringa supplemented also reported that the presence of potent antioxidants in
diets. Generally, LDH and MDH activities increases in Moringa leaf can be correlated with increase in antibody
stress condition [6]. Significantly lower LDH and MDH production which helps in the survival and recovery of
activities in the Moringa treated groups suggested that fish during stressful periods.
there was stress mitigating effect of Moringa on the liver
of fish in the current study. This is in agreement with the CONCLUSION
findings of Tekle and Sahu [30], which reported that the
MDH activity in O. niloticus fingerlings subjected to In the present study, supplementation of Moringa
pathogenic stress was higher in the control than fish leaf at the dose of 1.00g/kg in the diet was sufficient to
treated with M. oleifera flower. Therefore, the lower LDH induce hepatoprotective and ameliorative effects against
and MDH activity in C. gariepinus fed dietary Moringa stress -induced liver damage in fish in a dose dependent
leaf supplemented diets showed that Moringa has the manner. The hepatoprotective action of Moringa leaf was
ability to ameliorate the effects of stressors used in the probably related with its eliminating free radical,
present study. Furthermore, various histopathological maintaining the integrity of the hepatocyte membrane and
changes were noticed in the liver of C. gariepinus fed the increasing the antioxidant enzyme activities, inhibiting
control and MLSC5 diets which were not observed in fish ROS damage. Supplementation of Moringa leaf may
fed the other Moringa supplemented diets (Figure 1). potentially be used as a hepatoprotective and stress
These changes were as follows: the cord-like parenchymal reducing agent for improved fish performance and health
structures of the liver were lost, resulting in disorganised especially during stress periods.
sinusoids and highly vacuolated cytoplasm with loss of
nuclei. Highly vacuolated cytoplasm, deformed sinusoids REFERENCES
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