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ABSTRACT

In order to study the effects of Moringa oleifera leaf extract on Macrobrachium rosenbergii under high ammonia
exposure, freshwater prawns were randomly divided into five groups: a control group was fed with basal diet,
and four treatment groups fed with basal diet supplemented with 0.25%, 0.5% and 1.0% M. oleifera leaf extract
and 0.025% Enrofloxacin for 60 days, respectively. Then, freshwater prawns were exposed to high ammonia
stress for 72h and Vibro anguillarum infection. The growth, antioxidant capabilities, related immune genes as
well as resistance to infection by V. anguillarum were determined. The results showed that compared with the
control group, the weight gain, specific growth rate and protein efficiency rate, haemolymph catalase (CAT),
superoxide dismutase (SOD) and inducible nitric oxide synthase (iNOS) increased while feed conversion ratio,
haemolymph aspartate aminotransferase, alanine aminotransferase, nitrogen oxide (NO), hepatopancreas heat
shock proteins (HSP70), immune deficiency (IMD) expression levels decreased in the group of 0.5% M. oleifera
leaf extract before the stress. After ammonia stress, the group of 0.5% M. oleifera leaf extract also could improve
the haemolymph SOD, glutathione peroxidase, NO, iNOS, hepatopancreas HSP70 expression levels and reduce
haemolymph CAT, hepatopancreas peroxiredoxin 5 and NF kappa B inhibitor alpha expression level compared
with the control group. The rate of mortality of the prawns challenged with V. anguillarum was lower in the
supplemented groups in comparison with the control group with the lowest being in the group of 0.5% M.
oleifera leaf extract. Antioxidant activities as well as biochemical parameters in the enrofloxacin group (0.025%
E) were not significantly enhanced both pre and post challenge in comparison with the M. oleifera leaf extract
groups, showing the superiority of the natural herb over the synthetic antibiotic. In summary, this study sug-
gested that at an inclusion rate of 0.5%, M. oleifera leaf extract could increase the growth performance, even has
positive effects on physiological and immune function and prevents high ammonia stress in the Freshwater
prawn, M.rosenbergii.

1. Introduction

increasing aquaculture production. One of the consequences in aqua-
culture is the prevalence of diseases. This led to huge economic losses as

Aquaculture over the years despite its many benefits in producing a result of disease outbreaks [1,2]. In order to curb and treat diseases,
an affordable source of protein to feed the world population has not antibiotics have widely been employed [3]. The frequent and often
been without its own share of problems. Some of these problems have unregulated use of antibiotics has led to its abuse among the farmers all
increased in intensity and occurrence due to the intensification drive of over the world. Some of the consequences of this behavior have been
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the development of anti-resistant pathogens [4] especially close to
aquaculture sites. The uses of antibiotics are not without their own
consequences [5,6]. The European Union (EU), recognizing the devas-
tating effects of antibiotics, has since the year 2006 placed a ban on the
use of antibiotics as feed additives in the production of food animals
[7]. One of the most common antibiotics used in shrimp aquaculture to
deal with bacterial diseases is enrofloxacin [8]. It belongs to the Qui-
nolone family of antibiotics and have been used both prophylactically
and chemotherapeutically in dealing with infections caused by bacterial
agents [9-11]. The misuse of this and other synthetic antibiotics in
aquaculture leads to resistance to antibiotics.

As an alternative to antibiotics, natural, environmentally safe as
well as cost effective solutions have been sought after and encouraged
in recent years. This has shone the light on the application of herbal
medicines as very viable alternatives with superior properties. In China,
there is a long history of the application of traditional herbs in the
treatment of various human ailments [12,13]. An important herbal
plant that has been recognized in aquaculture over the years has been
Moringa oleifera. Originally from the Himalayas and Northern India,
Moringa oleifera Lam is a softwood tree which has been widely in-
vestigated and found to have very useful applications in humans [14]. It
belongs to the family Moringaceae [15] and in Africa the highest cul-
tivation rate comes from countries such as Senegal, Ghana and Malawi
[16]. It is believed in traditional Ayurvedic medicine that in excess of
300 diseases can be prevented by M. oleifera [17]. The leaves, immature
pods, fruits, and other parts of this tree have been used for their nu-
tritional benefits in many countries since they are edible [18]. The
leaves are rich in carotenoids, vitamin A and C, potassium and protein
[19]. Having a great number of bioactive compounds including poly-
phenols (phenolic acids and flavonoids), carotenoids, the leaves of M.
oleifera tend to be the most used part of the tree [14,20].

In mammals, studies have been conducted to evaluate the effects of
M. oleifera on the immune responses [21], as well as anti-inflammation
[22]. In aquaculture, M. oleifera leaf meal can be used to partially re-
place protein in the diet for Nile tilapia [23], improve the immunity of
Oreochromis niloticus [24] and enhance antibacterial properties for
Macrobrachium amazonicum [25]. However, application of high quan-
tity of M. oleifera seed powder in aquaculture leads to mortality of fish
due to the presence of toxic substances or anti-nutritional factors
[26,27]. Up to now, whether M.oleifera leaf extract could improve the
growth performance and innate immunity of Macrobrachium rosenbergii
is still unknown.

In shrimp culture and aquaculture in general, one of the environ-
mental pollutants that poses a major concern with regards to the sur-
vival of shrimps is ammonia [28]. Ammonia has been linked to the
facilitation of increases in reactive oxygen species leading to oxidative
stress in organisms [29]. It is produced as a main nitrogenous product
formed as result of the breaking down of protein in aquatic organism
and also through the decay of uneaten food as well as faeces in the
water environment [30]. Reduction in growth, tissue erosion and de-
generation, immune suppression and high mortality of the fish could
arise as result of the accumulation of high amounts of ammonia in the
body fluids of aquatic organisms [31-33]. It is therefore imperative that
more natural, sustainable and environmentally safe alternatives are
identified to help to reduce the ammonia stress and disease.

M.rosenbergii also referred to as the giant freshwater prawn is of
importance as a crustacean culture species the world over. Its place of
origin is Northern Ocean, Western pacific Islands, South Pacific
Countries, South East Asia [34,35]. It is one of the most cultured
freshwater prawns in the world. Globally, the total production of
M.rosenbergii was 198 000 tons in 2012 and this rose to 234 000 tons in
2016 [36,37]. Of the total production of M.rosenbergii, China accounted
for 132 678 tons, representing nearly 60% of the total production for
that year. Its significance as a culture species stems from the fact that it
is highly tolerable to different environments, has high growth perfor-
mance [38,39]. However, similar to other aquatic organisms, their
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growth and well-being is influenced by various physical, chemical and
biological factors [40], which have caused significant economic losses.
To date, the effect of M.oleifera leaf extract on M.rosenbergii physiolo-
gical responses under ammonia stress has hardly been found in research
reports. In view if this, this work seeks to determine the effects
M.oleifera leaf extract will have on the growth, physiological and im-
mune response together with their related genes expressions in M.ro-
senbergii under ammonia, hopefully serving as a better alternative to
synthetic chemicals and antibiotics.

2. Materials and methods
2.1. Animals and experimental system

The freshwater prawns were supplied by Zhejiang South Taihu Lake
Freshwater Fish Breeding co. Ltd., Huzhou, Prawns of similar sizes
(0.22 = 0.001g) were selected to be assigned into 15 concrete tanks
(2.0m x 1.50m X 0.7m) randomly and acclimatized for 7 days.
Thereafter, freshwater prawns were randomly divided into five groups:
one control and four treatment groups. Triplicate groups of M. ro-
senbergii (3 tanks, 50 individuals per tank) were fed with the basal diet
(see Table 1) and the basal diet supplied with 0.25% M. oleifera leaf
extract (0.25M), 0.5% M. oleifera leaf extract (0.5M), 1.0% M. oleifera
leaf extract (1.0M) and 0.025% Enrofloxacin (0.025E), respectively.
There was a random arrangement of three tanks and these were as-
signed to each of the test diets.

2.2. Preparation of diets

The diets were formulated to contain the same nutrients with the
different levels of M. oleifera (0, 0.25%, 0.5% and 1.0%) and 0.025%

Table 1
Ingredients and proximate chemical composition of the experimental diets.
Ingredients Diet 1 Diet 2 Diet3 Diet4 Diet5
0% 0.25% 0.5% 1.0% 0.025%
M. M. M. Enrofloxacin
oleifera oleifera oleifera
leaf leaf leaf
extract extract extract
Fish meal 35 35 35 35 35
Soybean meal 20 20 20 20 20
Rapeseed meal 10 10 10 10 10
Shrimp powder 8 8 8 8 8
a-starch 14 14 14 14 14
Soybean oil 3 3 3 3 3
Squid paste 3 3 3 3 3
Lecithin Powder 1 1 1 1 1
Cholesterol 0.3 0.3 0.3 0.3 0.3
Ecdysone 0.2 0.2 0.2 0.2 0.2
Choline chloride 1 1 1 1 1
(50%)
Vitamin additive 1 1 1 1 1
Mineral additives 1 1 1 0.5 1
Bentonite 0.5 0.25 0 0 0.48
Calcium 2 2 2 2 2
dihydrogen
phosphate
Moringa leaves 0 0.25 0.5 1
extract
Enrofloxacin 0.025
Total 100 100 100 100 100
Proximate Composition
Dry matter 90.15 90.15 90.15 90.15 90.15
Crude protein (%) 40.54 40.54 40.54 40.54 40.54
Ether extract (%) 8.11 8.11 8.11 8.11 8.11
Nitrogen Free 26.43  26.43 26.43 26.43 26.43

extract

Note: Vitamin and mineral additives were provided by Wuxi Hanove Animal
Health Products Co.,Ltd.
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Enrofloxacin. Fish meal, shrimp powder, soybean meal, rapeseed meal
were the main protein sources for the diets. All the ingredients were
ground into powder and thoroughly mixed with the oil and water and
then pelleted (1.5mm and 2.0mm in diameter) using Lab pelletizer
(Science and Technology Industrial Factory of South China University
of Technology, Guangzhou, China). Pellets were air-dried to approxi-
mately 10% moisture, sealed in plastic bags and stored at —15 °C until
used.

M. oleifera leaf extract was commercial product supplied by Xi'an
Realin Biotechnology Co., Ltd., Xi'an, China.

According to the reference of Brilhante et al. (2015) [25], the ex-
traction process of Moringa oleifera leaf extract made the appropriate
modifications below. First, the leaves of M. oleifera were washed and
dried using dryer. Then M. oleifera leaves was crushed into powder. The
coarse powder of the dried M. oleifera leaves was soaked using 75%
ethanol a Soxhlet extractor for 2 h, then M. oleifera leaves was extracted
by 75% ethanol with heat reflux extraction twice, 3h per reflux ex-
traction. After this, liquid mixture was separated and concentrated at
65-75 °C. The extracts were concentrated and sterilized, and then was
stored in airtight container in cool place and used throughout the study.
Enrofloxacin with a purity of above 99% as supplied by Wuxi zhongshui
fishery medicine co. Ltd., Wuxi, China.

2.3. Husbandry practices

The freshwater prawns of an initial weight of 0.22 + 0.001g were
selected after acclimatization and restocked at a density of 50 prawns
per tank. After, three tanks were randomly selected and assigned to
each of the test diets. The prawns were fed with the experimental diets
at a feeding rate of about 6.0%-8.0% body weight to near satiation.
Feeding was done three times daily (7:00-7:30, 12:00-12:30 and
17:00-17:30) for a period of 60 days. Water from an underground
source was used. Daily, silt was siphoned before feeding with an ex-
change of one-third of water in each tank once every two weeks. The
system was provided with oxygen throughout the entire period by the
use of an aerator. Water temperature was measured daily and recorded
in a data logger throughout the period. Water quality parameters re-
corded during the period were as follows: temperature range 25-32 °C,
pH 7.8-8.5, NH; < 0.05mg/L, DO > 5mgL'. The other parameters
apart from temperature were measured weekly. Based on body weight
measurements, the feeding amount was adjusted.

2.4. Challenge test

2.4.1. Vibrio anguillarum challenge

After feeding experiment, 10 prawns in each tank were stocked in
plastic tanks containing 10 L of water with a total of 30 prawns per
group (3 tanks per group). The LCso was determined by intraperitoneal
injection of three groups of shrimps with different concentrations of V.
anguillarum, and the result showed that the LCso was 5 x 107 CFU/mL.
In order to reach the final concentration of 5 x 107 CFU/mL, V. angu-
illarum was activated twice and diluted by bacterial normal saline. This
was carried out according to the method described by Su et al. (2008)
[41]. The prawns were then injected with 0.05 mL of the bacterial so-
lution in the abdominal cavity. The total number of dead prawns during
the period was recorded. The mortality of the prawns was monitored
throughout an entire period of 96 h.

2.4.2. Ammonia challenge

The prawns of uniform size were selected for the experiment of
ammonia stress after rearing period. According to the reference of Ding
et al. (2017) [33], a total of 24 prawns in the each group with tripli-
cation (8 prawns in each tank) were immersed in plastic tanks con-
taining 10L of water with the concentration of 16.7 mg/L total am-
monia-nitrogen, with sufficient oxygen (DO > 5mg/L), in a quite
environment with no human interference. A stock solution of high
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purity NH4Cl (1 g/L) was used as a source of the total ammonia-ni-
trogen, which was subsequently diluted to the desired concentrations of
total ammonia-nitrogen. The concentrations of ammonia were de-
termined every 12 h using the spectrophotometric method described by
Solérzano (1969) [42]. Over a period of 72 h, mortality of shrimps in
the various treatment groups was monitored. Samples were taken after
the ammonia challenge for further analysis after the experiment.

2.5. Sample collection

At the conclusion of the culturing experiment, the prawns were
starved for 24 h to get rid of the contents in the alimentary tract. The
length and weight of each prawn was measured. The sampled prawns
were then dissected gently and samples of hepatopancreas were col-
lected and weighed for further analysis. 9 haemolymph samples (3
prawns per tank, 3 tanks per group) before or after ammonia challenge
were taken from each group. Using a 1 mL syringe kept at 4°C, the
samples of haemolymph were taken from the abdominal cavity or the
area around the heart ventricle. Alsever's solution was used as the an-
ticoagulant, and the proportion of haemolymph to the anticoagulant
was 1:1 [43]. The haemolymph samples were kept undisturbed in re-
frigerator for 1-2hat 4°C, and then centrifuged for 10 min (4 °C,
800 x g). The supernatant of haemolymph and hepatopancreas were
stored at a temperature of —80 °C for further analysis.

2.6. Growth performance measurements

Progress in terms of the freshwater prawn growth was measured
using indices such as specific growth rate (SGR), weight gain (WG).
Parameters such as feed conversion ratio (FCR) and protein efficiency
ratio (PER) were used to determine feed utilization. The formulae were
as followed

Specific growth rate (SGR; %/day) = [(In final body weight-In initial
body weight)/feeding days] x 100

Feed conversion ratio (FCR) = [feed intake (g) / weight gain (g)]

Weight gain rate (WG, %) = [(final body weight - initial body weight)/
initial body weight] x 100

PER =WG (g)/protein intake (g)

2.7. Haemolymph biochemical measurements

With the aid of the Mindray Auto Bio-chemical Analyzer (BS-400,
Mindray, China) biochemical parameters such as haemolymph total
protein content (TP), Albumin (ALB) content, aspartate amino-
transferase (AST) and alanine aminotransferase (ALT) activities of 9
haemolymph samples in each group were determined using the col-
orimetric method using test kits from Mindray Bio Medical Co., Ltd.,
Shenzhen, China.

2.8. Antioxidant activities and immune parameters determination

Using the methods enumerated by Rice-Evans and Miller (1994)
[44], Wang et al.(1999) [45] and Xiang and Wang (1990) [46], the
catalase (CAT), superoxide dismutase (SOD) and glutathione peroxidase
(GSH-Px) of 9 haemolymph samples in each group were measured by
spectrophotometric means using devices from Bio-tek Instruments, Inc.,
USA. Commercial tests kits were acquired from Nanjing Jiancheng
Bioengineering Institute China. According to the method by Zhu et al.
(2006) [47], the nitrogen oxide (NO) concentration and inducible nitric
oxide synthase (iNOS) of 9 haemolymph samples in each group were
determined by nitrate reductase method and colormetric method. The
test kit for the tests was acquired from Nanjing Jiancheng Biological
Engineering Research Institute.
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Table 2
Real time PCR sequence.
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Gene Primer sequences (5-3") Length (bp) Amplification length (bp) Sequence source

Relish GATGAGCCTTCAGTGCCAGA 20 238 KR827675.1
CCAGGTGACGCCATGTATCA 20

NFkBI-a AATCATACCGGAAGGACGGCGTTA 24 133 HQ668091.1
TCACGGGTCTGGTTAATTGGGTCA 24

IMD* CGACCACATTCTCCTCCTCCC 21 184 Shi, 2016
TTCAGTGCATCCACGTCCCTC 21

Peroxiredoxin-52 ACTGTGTCACCTTGCCATCTT 21 94 Transcriptome data
AAATCCCTTGGGCTGGAACAA 21

HSP70 TGACAAGGGTCGCCTCAGTA 20 158 EU884290.2
CATTATCTTGTTGCGATCCTC 21

B-actin TCCGTAAGGACCTGTATGCC 20 96 AY651918.2
TCGGGAGGTGCGATGATTTT 20

Note: 1.The primer sequence of IMD was obtained from the reference of Shi, 2016 [48]. 2. The sequence of Peroxiredoxin-5 was obtained from the the transcriptome

data of Macrobrachium rosenbergii in our group.
2.9. Real time PCR measurement of NF-xB pathway

In accordance with the partial cDNA sequence of the target gene
using M. rosenbergii transcriptome analysis acquired from the
Department of Fish diseases and Nutrition, Freshwater Fisheries
Research Center, China, specific primers of NF kappa B inhibitor alpha
(NFxBI-a, gene bank No. HQ668091.1), the NF kappa B factor Relish
(Relish, gene bank No.KR827675.1), heat shock proteins (HSP70, gene
bank No.EU884290.2), peroxiredoxin 5, immune deficiency (IMD) as
well as (-actin (gene bank No.AY651918.2) the target genes were de-
signed (Table 2). The cDNA sequence of peroxiredoxin 5 was obtained
from the transcriptome data of Macrobrachium rosenbergii in our
group.The cDNA sequence of IMD was obtained from the reference of
Shi, 2016 [48].

Synthesization of all the primers was done by Shanghai Generay
Biotech Co. Ltd., (Shanghai, China). RNAiso Plus kit (Takara, Dalian,
China) was used in extracting total RNA from 9 hepatopancreas of M.
rosenbergii of each group. With the use of agarose gel electrophoresis at
1% and spectrophotometry (A260: 280 nm ratio), assessment of the
quality and quantity was carried out. Following that, in accordance
with the manufacturer's instructions, a PrimerScript™ RT Reagent kit
(Takara, Dalian, China) was used to synthesize cDNA. Briefly, in the
presence of Prime Script TM RT enzyme mix I, 5 X Primer Script™
buffer, RNase free distilled water at 37 °C for 15 min, oligo dT primer
(50 uM) were used to reverse transcribe the respective RNA. This was
followed by inactivation at 84 °C for a period of 4s.

The transcript expression levels were determined by Real-time
fluorescent quantitation PCR (RT-PCR). In accordance with standard
protocols using with SYBR® Premix ExmTagq. II (TliRNase Plus) Kit using
ABI 7500 Real-time PCR System, the amplification was done. In short,
10 (uL) SYBR® Premix ExmTaq. ™ (2x), 0.4 uL ROX Reference Dye,
0.8 uL. PCR Reverse Primer (10 uM) and 6 puL RNase -dH20 was reacted
with 0.2 uL of cDNA with the final reaction volume of solution being
20 pL. The condition under which the reaction was carried out are as

Table 3

follows; 95 °C for 10 s, followed by 45 cycles consisting of 95 °C for 5,
62 °C for 15, 72 °C for 10s, after which the plate was read, and then at
72 °C for 3 min, the final step was done. The housekeeping genes (3-actin
of M. rosenbergii were used to normalize the expression levels of the
target genes after the completion of the program. After making sure that
the primers were amplified with an acceptable efficiency [49], the
27 44Tmethod was employed in calculating the expression levels. The
amplification frequency was between 95 and 105%.

2.10. Statistical analysis

Analysis of data was done by the use of the Statistical package for
Social Scientists (SPSS) (version 20, Chicago, IL, USA) for windows. All
the results were subjected to one-way analysis of variance (ANOVA) to
determine the effect the different levels of M.oleifera leaf extract on the
various treatments. Two-way analyses were also carried out to de-
termine the effect of the diets and ammonia as the two factors in terms
of significant interactions on the enzyme concentrations. Duncan's
multiple range test was used to determine significant differences
(P < 0.05) among the various treatments, shown by different small
letters. The data was expressed as means plus or minus the standard
error (X = SE).

3. Results

3.1. Effects of M. oleifera leaf extract on growth performance and feed
utilization

The growth as well as feed utilization indices are shown in Table 3.
There were significant differences between the control group and the
0.25% M.oleifera extract, 0.5% M.oleifera extract, 0.025% Enrofloxacin
groups with respects to final weight, WG, SGR, PER, and FCR
(P < 0.05). The lower FCR was recorded by the shrimps fed with
0.25-0.5% M. oleifera extract and the higher FCR was recorded by the

Growth performance and feed utilization of M. rosenbergii fed different levels of M. oleifera leaf extract for 60 days.

Parameters Control 0.25% 0.5% 1.0% 0.025% Enrofloxacin
M. oleifera leaf extract M. oleifera leaf extract M. oleifera leaf extract

Initial Weight(g) 0.21 + 0.001 0.21 + 0.002 0.22 + 0.001 0.22 + 0.001 0.22 + 0.001

Final Weight (g) 12.41 + 0.36° 13.65 + 0.38" 13.77 + 0.08° 12.93 + 0.31% 13.65 + 0.21°

WGR 5748.13 + 203.93" 6258.97 + 192.44° 6256.18 + 36.69" 5848.92 + 126.77° 6238.77 + 79.07°

SGR 6.78 + 0.06 6.92 + 0.05° 6.92 = 0.01° 6.81 = 0.04°° 6.92 = 0.02°

FCR 1.68 + 0.05" 1.52 + 0.04° 1.51 + 0.017 1.61 + 0.04™ 1.52 + 0.02°

PER 164.10 + 4.81% 180.67 + 5.11° 182.31 + 1.10° 170.99 + 4.22° 180.10 + 2.82°

+

Note: Data are mean values of three replicates expressed as mean

standard error of mean (M = SE). Significant differences are indicated where values have

different superscript letters in the same row compared to the control group; where WGR = weight gain ratio, SGR = specific growth rate, FCR = feed conversion

ratio; PER =Protein efficiency ratio.
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Fig. 1. The optimum level of M. oleifera leaf extract supplementation based on
second order polynomial analysis on specific growth rate (A) and feed con-
version ratio (B) of M. rosenbergii.

Note: Data are mean values of three replicates expressed as mean = SE.

shrimps fed with the control group. The higher final weight, WG, SGR
as well as PER was recorded in the 0.25-0.5% M.oleifera extract group
with the lower being recorded in the control group. Based on a second
order regression analysis the optimum level at which the lowest feed
conversion ratio (FCR) and highest specific growth rates (SGR) were
achieved was determined to be at an inclusion level of between 0.46
and 0.49% M. oleifera leaf extract (see Fig. 1).

3.2. Effects of M. oleifera leaf extract on haemolymph ALT and AST

The ALT and AST activity in haemolymph are presented in Fig. 2.
Before stress, the ALT and AST activities in the group of 0.5%, 1.0%
M.oleifera leaf extract group was significantly reduced in comparison
with the control group (P < 0.05, Fig. 2A and B). After stress, the le-
vels of AST in the group of 0.25% M.oleifera leaf extract increased
significantly above the control group (P < 0.05, Fig. 2B). However,
there was no significant difference in the pre-challenge and post chal-
lenge levels (P > 0.05).

3.3. Effects of M. oleifera leaf extract on haemolymph total protein and
albumin

The haemolymph total protein and albumin are shown in Fig. 3.
There was no significant differences in the haemolymph total protein
and albumin between the control group and treatment group before or
after stress (P > 0.05, Fig. 3). However, the concentration of TP in the
control group after challenge was significantly lower than the pre-
challenge level (P < 0.05, Fig. 3A).

3.4. Effects of M. oleifera leaf extract on antioxidant indices

The haemolymph catalase, superoxide dismutase and glutathione
peroxidase are shown in Fig. 4. There was a significant increase in the
haemolymph catalase of the 0.5% M.oleifera extract group compared
with both the control and 1.0% M.oleifera extract groups before stress

Fish and Shellfish Immunology 89 (2019) 603-613
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" E= 0.25M
‘—g100- E 0.5M
S o 1.0M
2 5o = 0.025E
oL B Sl =
Before Challenge After Challenge
B
® g )
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Challenge After Challenge

Fig. 2. Effects of M.oleifera leaf extract on haemolymph alanine amino-
transferase (A) and aspartate aminotransferase (B) of M. rosenbergii before and
after ammonia stress.

Note: Data are mean values of nine replicates expressed as mean *+ SE. Data
with different superscripts show significant differences (P < 0.05) among the
different groups.

(A)
40-
EA Control
B 0.25M
30 B) 0.5M
m 1.0M

0.025E

TP (g/)
N
(d

= 7
Before Challeng

Aer Challenge

o

NN

Befe allenge
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Fig. 3. Effects of M.oleifera leaf extract on haemolymph total protein (A) and
albumin (B) of M. rosenbergii before and after ammonia stress.

Note: Data are mean values of nine replicates expressed as mean * SE. The
different capitalized letters (A and B) indicated a significant difference
(P < 0.05) between the initial stage and after infection with the same group.
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(P < 0.05, Fig. 4A). After stress, the group of 0.5%, 1.0% M.oleifera
extract and 0.025% enrofloxacin significantly decreased in the hae-
molymph catalase compared with the group of control (P < 0.05,
Fig. 4A). In addition, the activities of catalase in the control group,
0.25%, 0.5%, 1% M.oleifera extract after challenge was significantly
higher than the pre-challenge level (P < 0.05, Fig. 4A).

Fig. 5B indicates that SOD activities showed a gradual rise from the
control group up the 0.5% inclusion. The groups of 0.25%, 0.5%
M.oleifera extract were significantly higher than that of the control
group (P < 0.05). After stress, the group of 0.25%, 0.5% M.oleifera
extract significantly increased in the haemolymph SOD activity com-
pared with the group of the control, 1.0% M.oleifera extract and 0.025%
enrofloxacin (P < 0.05, Fig. 4B). There was no significant difference
between the pre and post-challenge activities (P > 0.05).

In comparison with the control group, haemolymph GSH-Px content
showed a continuous increase trend from the control to the 1.0% group
without any significant differences (Fig. 4C). After stress, the group of
0.5% M.oleifera extract significantly improved in the haemolymph GSH-
Px activity compared with the group of control (P < 0.05, Fig. 4C). In
addition, the GSH-Px content in the control group after challenge was
significantly lower than the pre-challenge level (P < 0.05, Fig. 4C).

3.5. Effects of M. oleifera leaf extract on the haemolymph NO and iNOS

The haemolymph NO and iNOS are shown in Fig. 5. The haemo-
lymph NO content before stress was significantly reduced in the 0.5%
group in comparison with the control (P < 0.05, Fig. 5A). After stress,
the group of 0.5% M.oleifera extract significantly improved in the
haemolymph NO content compared to the group of control (P < 0.05,
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Fig. 5. Effects of M.oleifera leaf extract on nitric oxide (A) and inducible nitric
oxide synthase (B) of M. rosenbergii before and after ammonia stress.

Note: Data are mean values of nine replicates expressed as mean = SE. Legends
are the same as in Fig. 3.

Fig. 5A). Furthermore, the NO levels showed an increasing trend with
0.5% M.oleifera extract and 0.025% enrofloxacin group being sig-
nificantly increased post-challenge in comparison with their pre-chal-
lenge levels (P < 0.05, Fig. 5A).

The haemolymph iNOS content in the group of 0.5% M.oleifera
extract was higher than that of the control group before stress
(P < 0.05, Fig. 5B). After stress, the iNOS content in the control group
was significantly lower than the group of 0.5%, 1.0% M.oleifera extract
and 0.025% enrofloxacin (P > 0.05, Fig. 5B). Additionally there was a
general reduction in all the iNOS contents compared to the pre-infec-
tion levels with the control, 0.25% M.oleifera extract and the 0.025%
enrofloxacin group being significantly reduced post challenge
(P < 0.05).

3.6. Effects of M. oleifera leaf extract on relative expression of
peroxiredoxin 5 and HSP 70

The relative expression of HSP 70, peroxiredoxin 5 and Relish genes
are shown in Fig. 6. Peroxiredoxin 5 expression did not show any sig-
nificant differences before stress (P < 0.05, Fig. 6A). After stress, the
0.025% enrofloxacin group improved the peroxiredoxin 5 expression
level compared with the group of 0.25% M.oleifera extract (P < 0.05,
Fig. 6A). There was a reduction in the post-challenge levels of perox-
iredoxin 5 compared the pre-challenge levels with all the groups with
the exception of the 1.0% group (P < 0.05, Fig. 6A).

Fig. 6B indicates expression of HSP 70 genes before stress showed a
significant reduction in the 0.5% group in comparison with the control
group (P < 0.05, Fig. 6B). After stress, the expression of HSP 70 genes
in the group of 0.25%, 0.5% M.oleifera extract was significantly higher
than that of the control group (P < 0.05, Fig. 6B). After stress, the
control as well as the 0.025% enrofloxacin groups were significantly
reduced in comparison to their pre-challenge levels (P < 0.05)
whereas the 0.5% group was significantly increased in comparison to
the pre-challenge levels (P < 0.05, Fig. 6B).
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Fig. 6. Effects of M.oleifera leaf extract on relative expression of peroxiredoxin
5 (A) and HSP 70 (B) of M. rosenbergii before and after ammonia stress.

Note: Data are mean values of nine replicates expressed as mean = SE. Legends
are the same as in Fig. 3.

3.7. Effects of M. oleifera leaf extract on relative expression of NFxBI-a,
IMD and relish genes

The relative expression of NFkBI-a, IMD and Relish genes are shown
in Fig. 7. IMD expression in the haepatopancreas before stress exhibited
a significant reduction in the 0.5% and 1.0% M.oleifera extract groups
in comparison with the control group (P < 0.05, Fig. 7A). After stress,
the 0.025% enrofloxacin group improved the IMD expression compared
with the control group (P < 0.05). The IMD expression levels in all the
groups with the exception of the 0.025% enrofloxacin group were lower
than pre-challenge levels (P < 0.05, Fig. 7A).

The expression of NFkBI-a before stress showed an increasing pat-
tern from the control group to the supplemented groups (Fig. 7B) with
the 0.025% enrofloxacin group being significantly reduced in compar-
ison with the 0.25% M.oleifera extract group. In contrast, after stress, all
the treatment groups reduced with respect to the expression of NFkBI-a
compared with the control group (P < 0.05, Fig. 7B). Additionally the
levels of NFkBI-a in the group of 0.25%, 0.5% and the 1.0% M.oleifera
extract was higher than pre-challenge levels (P < 0.05, Fig. 7B).

Before stress, expression of relish genes was generally in a de-
creasing trend with the 0.5%, 1.0% as well as the 0.025% enrofloxacin
groups being significantly reduced in comparison with the 0.25%
M.oleifera extract group (P < 0.05, Fig. 7C). After stress, the group of
0.25%, 1% M.oleifera extract reduced expression of relish genes com-
pared with the group of control (P < 0.05, Fig. 7C). There was a de-
creasing trend of relish levels all the groups with the exception of the
0.025% enrofloxacin group being reduced significantly post-challenge
(P < 0.05, Fig. 7C).

3.8. Effects of M. oleifera on the mortality after V. anguillarum challenge

The current results showed that the highest mortality in a period of
96 h in the challenge occurred in the control group (53%) with the
lowest mortality being in the 0.5% group (27%), thereby exerting
higher bacterial activity against V.anguillarum. Also, the group of
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Control

0.25%, 0.5%, 1% M.oleifera extract and 0.025% enrofloxacin sig-
nificantly reduced in the mortality compared to the group of the control
(P < 0.05, Fig. 8). This therefore indicated that better protection can
be offered by M. oleifera extract in an unfriendly V. anguillarum chal-
lenge.

4. Discussion

4.1. Effects of M. oleifera leaf extract on growth performance of M.
rosenbergii

The present study demonstrated that the freshwater prawns fed with
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supplemented 0.25%-0.5% M. oleifera leaf extract performed better in
terms of growth and feed utilization compared with the control group.
It was observed in this experiment that the prawns fed 0.5% M. oleifera
leaf extract produced the highest final weight, specific growth rate and
protein efficiency ratio in comparison with the control. Also the lowest
feed conversion ratio was produced by the prawns fed with 0.5% M.
oleifera leaf extract, which was significantly different compared to the
control. This results were similar to the Penaeus monodon fed with a
combination of herbal products [50]. A higher feed efficiency ratio and
weight gain was achieved in Litopenaeus vannamei with the herbal
product ginger [51]. A significant improvement in growth performance
as well as nutrient utilization was achieved at an inclusion level of
0.5%, 2.5% Aloe vera extract in common carp [52] and 0.1%, 1% Aloe
vera extract in rainbow trout [53]. Also in agreement with the results of
tilapia fingerlings fed with M.oleifera flower extract [54]. The im-
provement in growth and feed utilization parameters could be attrib-
uted to improvement in the activities of digestive enzymes in the
shrimps which ultimately play a very important role when it comes feed
intake, digestion and overall growth [55,56].Also, improved physiolo-
gical functions as a result of increased energy flows resulting from in-
corporation of herbs in diets have been achieved [57]. Based on a
second order regression analysis of feed conversion ratio (FCR) and
specific growth rates (SGR), the optimum level was determined to be at
an inclusion level of between 0.46 and 0.49% M.oleifera leaf extract for
M.rosenbergii. On the contrary, application of high quantity of Moringa
oleifera seed led to adverse growth of fish due to the presence of toxic
substances or anti-nutritional factors [26,27]. The reasons may be re-
lated to the differences in aquatic species, fish size, and the part of
M.oleifera used in the feed formulation. It needs to be studied further.

4.2. Effects of M. oleifera leaf extract on haemolymph biochemical
parameters of M. rosenbergii

It can be concluded that there is a minor damage to liver when there
is an elevation of ALT, AST activities in the serum or extracellular fluid
[58]. Results of the current experiment indicated ALT, AST activities of
0.5%, 1.0% M.oleifera leaf extract group was significantly reduced in
comparison with the control group before stress. The exposure of Sparus
aurata and Cyprinus carpio to heavy metals led to an elevation in the
levels of blood ALT and AST activities [59,60]. In the same light,
Korean rockfish and Nile tilapia (Oreochromis niloticus) exposed to cy-
permethrin experienced an increase in the levels of ALT and AST in the
serum [61,62]. The decrease in the levels of AST, ALT of 0.5%-1%
M.oleifera leaf extract could be attributed to the protective capabilities
of the herb. The haemolymph protein content can be used in de-
termining the health status of prawns [63,64]. The results of this cur-
rent experiment showed that there was general reduction in level of
haemolymph total protein the pre-challenge compared to the level post-
challenge in the control. This agrees with works which concluded that
the levels of total protein in the serum decreased with an exposure of O.
niloticus [65] and Rhamdia quelen [66] to Cu as well as cypermethrin.
Also the lower albumin levels were observed in Jian carp after chal-
lenging with Aeromonas hydrophila [67]. In this study, findings in-
dicated there was a decreasing trend of albumin in the pre-challenge
levels compared to the post-challenge levels. Our results suggest that
the dose of 0.5%, 1.0% M.oleifera extract has potential to alleviate the
oxidative damage of liver in M. rosenbergii as indicated by lower levels
with regards to indicators such as AST and ALT after challenge.

4.3. Effects of M. oleifera leaf extract on antioxidant parameters of M.
rosenbergii

The stress response might also increase free radical contents, which
may lead to an imbalance between lipid peroxides and the antioxidant
system [68]. For example, upon challenging blunt snout bream
(Megalobrama amblycephala) under high ammonia stress for a period of
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3, 6 and 24 h, fructooligosaccharide caused an increase in the activities
of CAT activities beyond that of the control [69]. Liu et al. (2014) [70]
stated that 0.1-0.2% anthraquinone extract increased activities of he-
patic catalase and superoxide dismutase before stress or 6, 12, 24h after
high temperature stress in M. rosenbergii compared to the control. Xie
et al. (2018) [71] concluded that supplementation of Forsythia suspensa
extract in the diet of Penaeus monodon caused an elevation in the ac-
tivities of GSH-Px above that of the control after challenging with Vibrio
parahaemolyticus. Consistent with these studies, our study showed that
the group of 0.5% M. oleifera leaf extract improved the CAT, SOD and
GSH-Px activity before ammonia stress compared to the control.

Furthermore, CAT activities were higher in all the supplemented
groups compared with pre-challenge activities and GSH-Px was lower in
the control than pre-challenge activity. Oxidative stress under the high
ammonia stress was further determined by peroxiredoxins gene ex-
peression, which can help in mitigating organisms from the harmful
oxidative stress [72-74]. The current results indicated that there was a
reduction in the post-challenge levels of peroxiredoxin 5 expression
compared the pre-challenge levels with all the groups with the excep-
tion of the 1.0% M.oleifera extract group. In addition, there was de-
crease level of trend about peroxiredoxin 5 expression in the group of
0.5% M.oleifera leaf extract compared with the control group.

Immune regulation, antiviral, antibacterial, anti-malignant tumor
preventions are some of the properties that are exhibited by nitric oxide
in organisms [75]. The enzyme that is responsible for the production of
nitric oxide is inducible nitric oxide synthase (iNOS). The control group
in comparison with the 0.5% group had reduced levels of haemolymph
nitric oxide levels before stress. After stress, the group of 0.5% M.olei-
fera extract significantly improved in the haemolymph NO content and
iNOS activity compared to the group of control. Similar to results of the
present study, Vitamin C and emodin supplementation caused an in-
crease in the levels of nitric oxide above the control upon challenging
Wuchang bream (M.amblycephala) under high temperature for a dura-
tion of 2 and 12h [76]. Moreover, anthraquinones extracted from
Rheum officinale Bail at a supplementation rate of 0.1, 0.2 and 0.4% led
to an increase in the levels of nitric oxide above the control upon
challenging M. rosenbergii for a period of 2-6 weeks [77]. Taken to-
gether, our results suggest that the dose of 0.5% M.oleifera extract re-
duces the potential for oxidative damage following ammonia stress in
M. rosenbergii and the mechanism through which this occurs is possibly
through the enhancement of phagocytic cells which are essential cel-
lular components in shrimps and play very vital roles in their innate
immunity.

4.4. Effects of M. oleifera leaf extract on immune related gene expressions

Immune protection, as well as increased tolerance to many different
kinds of stresses are involved in by some related immune genes such as
HSP 70, IMD, NFkBI-a, and Relish. Lipid peroxides under high am-
monia stress may trigger HSP expression [18]. The elevation of HSP 70
contributed to modulate cellular anti-stress responses and to play key
roles in protecting organisms against heat stress [78,79]. Wan et al.
(2014) [80] found that there was an elevation in the levels of HSP 70
above the control in Vitamin C supplemented diet for juvenile M. am-
blycephala under pH stress. Liu et al. (2012) [81] found that 60 m/kg
emodin and 0.1% anthraquinone extract in the diet could enhance the
levels of liver HSP70 gene expression 2, 6h after high temperature stress
for juvenile M. amblycephala. Results of the current study indicated the
group of 0.25%, 0.5% M.oleifera extract significantly improved ex-
pressions of HSP 70 post-challenge.

IMD, Toll, and JAK/STAT are considered as the three signaling
pathways that are involved in the innate immune responses in shrimps
[82]. IMD could resist to Gram-negative bacteria but has normal re-
sponse to fungi and Gram-positive bacteria [83]. In this study, there
were general reductions in the post-challenge expressions of IMD with
all the M.oleifera leaf extract groups compared to the pre-challenge



LV. Kaleo, et al.

level. And the group of 0.5%, 1.0% M.oleifera extract significantly re-
duced expressions of IMD before stress. This differed from conclusions
reached by Ningning et al. (2014) [84] who stated that Fenneropenaeus
chinensis exposed to both vibrio and micrococcus injection for a period
of 1h recorded higher expressions of IMD in comparison with their
control. Wang et al.(2009) [85] studied that IMD mRNA was expressed
in most tissues and is induced in hepatopancreas and hemocytes after
immune challenge. It was possible that the dose of 0.5%, 1.0% M.olei-
fera extract could keep at lower levels the liver expressions of IMD of M.
rosenbergii so that the body might not have to activate the IMD signaling
pathway in order to resist the pathogenic infection and have the po-
tential for improving the immunity of M. rosenbergii. It needs further
study.

In immunity as well as inflammation in organisms, NF-kB proteins
are highly involved [86,87]. One member of a family of cellular pro-
teins that function to inhibit the NF-xB transcription factor is the NF
kappa B inhibitor alpha (NFxBI-a) [67]. From the current study, there
was a general reduction in the expression of NFxBI-a with all the
M.oleifera leaf extract group compared with the control after stress. This
indicated lower expression of the NFkBI-a in the supplemented
M.oleifera leaf extract diets meant higher probability of NF-kB being
released into the nucleus to bind to specific protein helping to ward off
the effects of the ammonia stress. The results were in agreement with
conclusion reached by Qiu et al. (2014) [88] which stated that after
challenging Litopenaeus vannamei with White Spot Syndrome Virus
(WSSV), there was a significant increase in the expression of Dorsal as
well as Relish which form part of the NF-kB family proteins. In the IMD
signal pathway, Relish is one of the NF-«B transcription factors. In order
to activate the production of antimicrobial peptides, there has to be the
involvement of Relish [89]. The outcome of the current work showed
the group of 0.25%, 1.0% M.oleifera extract significantly reduced ex-
pressions of Relish after ammonia stress compared to the control. Si-
milarly, Duan et al. (2015) [90] concluded that there was a down-
regulation in the expression of Relish genes in the haemocytes of the
River prawn upon challenge with ammonia-N. However, contrary to the
current finding, upon challenging M. rosenbergii [91] and P. fucata [92]
with V. anguillarum, there was an elevated expression of Relish genes in
comparison with the control. It needs further study.

4.5. Effects of M. oleifera on mortality after V. anguillarum challenge

V. anguillarum, a Gram-negative bacterium is a major important
pathogen in aquaculture [93]. Several experiments have proved the
positive effects of medicinal plants in helping aquatic species resist
several pathogenic organisms. After infection with Edwardsiella tarda,
dietary inclusion of green tea [94], Undaria [95], anthraquinone extract
[40] resulted in an improvement in the survival of Paralichthys olivaceus
fish or M. rosenbergii. The results showed that the highest mortality in a
period of 96 h in the challenge occurred in the control group (53%)
compared with the lowest mortality in the 0.5% M. oleifera extract
group (27%), thereby exerting higher anti-bacteria ability against V.
anguillarum. Also, all the other supplemented groups performed better
in terms of survival against the effects of the bacteria. This therefore
indicated that better protection can be offered by 0.5% M. oleifera ex-
tract in an unfriendly V.anguillarum environment.

5. Conclusion

In short, these results can be correlated with the increased haemo-
lymph CAT, SOD and iNOS and the decreased haemolymph aspartate
aminotransferase, alanine aminotransferase, NO, hepatopancreas
HSP70 and IMD expression levels in the group treated with the sup-
plement of 0.5% M. oleifera leaf extract. After ammonia stress, the
group of 0.5% M. oleifera leaf extract also could improve the haemo-
lymph SOD, glutathione peroxidase, NO, iNOS, hepatopancreas HSP70
expression level and reduce haemolymph CAT, hepatopancreas
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peroxiredoxin 5 and NFkBI-a expression levels compared with the
control group. So the supplement of 0.25-0.5% M.oleifera leaf extract
enhanced non-specific immunity, antioxidative capacities, enhanced
resistance to high ammonia stress, protected freshwater prawn against
V. anguillarum infection, and promoted growth performance and feed
utilization of M.rosenbergii.
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