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Abstract
The present study evaluated the effects of dietary Allium mongolicum Regel polysaccharide (AMRP) on growth, lipopolysac-
charide-induced antioxidant responses and immune responses in Channa argus. A basal diet was supplemented with AMRP 
at 0, 1, 1.5 or 2 g/kg feed for 56 days. After the 56 days feeding period, weight gain (WG), specific growth rate (SGR) and 
feed conversion ratio (FCR) were significantly increased or decreased (P < 0.05) by dietary AMRP, with the highest WG, 
SGR and the minimum FCR occurring in 1.5 g/kg AMRP group. Furthermore, AMRP supplementation conferred significant 
protective effects against LPS challenge by preventing alterations in the levels of complements 3 (C3) and complements 4 
(C4), lysozyme, superoxide dismutase (SOD), glutathione-S-transferase (GST), interleukin-1β (IL-1β) and tumour necrosis 
factor-α (TNF-α) while regulating the expression of immune-related genes including heat shock protein 70 (HSP70), heat 
shock protein 90 (HSP90), SOD, GST, IL-1 and TNF-α. Finally, AMRP supplementation significantly increased serum total 
protein, albumin and globulin concentrations and reduced mortality after LPS challenge. Taken together, our results sug-
gest that the administration of AMRP could attenuate LPS-induced negative effects in C. argus, with 1.5 g/kg considered 
a suitable dose.
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Introduction

In recent decades, Channa argus consumption and aqua-
culture activity have increased [1]. Intensive aquaculture of 
C. argus have produced various sources of environmental 
stress and accelerated susceptibility of fish to pathogenic 
microorganisms. Therefore, the disease of fish in the water 
environment is frequent, causing huge economic losses for 
the farm. Antibiotics, vaccines, and immunostimulants have 

been used to prevent and/or control diseases to reduce mor-
tality [2]. However, the use of antibiotics will not only affect 
the safety of fish products, but also cause environmental pol-
lution and induce drug-resistant bacterial populations [3–5]. 
Vaccines are only effective against specific pathogens, but 
they are costly [6]. Immunostimulants could promote the 
immune defense function of fish, not only can improve the 
innate immune response, but also can enhance the adaptive 
immune response [7]. Therefore, it is necessary to develop 
green, economic and effective immunopotentiator to pro-
mote the healthy development of commercial aquaculture. 
Various immunostimulants, such as vitamin E [8], emodin 
[9], chitosan [10], astaxanthin [11, 12], medicinal plant poly-
saccharide [13], and plant flavonoids [14], have been used 
as feed additives. All promote growth or immune function 
and attenuate oxidative stress or inflammatory responses. 
Some plant extracts are attractive for the manufacturing of 
these immunostimulants because they have wide sources, 
are generally cost-effective and environmentally friendly [2].
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Bioactive ingredients in plants and their extracts are 
very complex. The most common ingredients are polysac-
charides, flavonoids, glycosides and essential oils [13]. The 
plant Allium mongolicum Regel is a member of the Liliaceae 
family and the Allium genus [14]. It grows in high-altitude 
deserts, has a unique flavour, and is rich in protein, flavo-
noids, polysaccharide, and other components [15]. There 
are some reports have indicated that A. mongolicum Regel 
possesses several biological effects, including growth-pro-
moting, antioxidant, and anti-inflammatory effects [14, 15]. 
Polysaccharide is an important active component in A. mon-
golicum Regel. Related research has found that plant poly-
saccharide can be used as immunostimulants to enhance the 
immunologic function in fish [13]. To the best of our knowl-
edge, the effects of A. mongolicum Regel polysaccharide as 
an immunopotentiator in fish have not been reported. There-
fore, the purpose of this study was to investigate the protec-
tive effect of dietary supplementation with A. mongolicum 
Regel polysaccharide (AMRP) on growth and LPS-induced 
immune and antioxidant responses in C. argus.

Materials and methods

Allium mongolicum Regel polysaccharide 
preparation and diet

Fresh A. mongolicum Regel were purchased from a com-
mercial pasture (Tongliao, China). The A. mongolicum Regel 
were cleaned with distilled water, and dried at room temper-
ature. The dried A. mongolicum Regel (4.0 kg) were ground 
into powders and pretreated with 95% alcohol under reflux 
for 2 h to remove lipids and small molecular materials, then 
dried at 65 °C to constant weight. Then, the extractive was 
extracted with 20 L distilled water three times (2 h for each) 
at 100 °C, the supernatants were collected. The combined 
aqueous parts were filtered and concentrated to one-fifth of 
initial volume with a vacuum rotary evaporator (RE-52C; 
YaoYu Equipment Company, Shanghai, China). The super-
natant was mixed with four-fold volume dehydrated ethanol. 
After standing at 4 °C for 24 h, the mixture was centrifuged 
to precipitate the crude polysaccharide, and then collected, 
lyophilized and stored at 4 °C. Referring to the anthrone-
sulfuric method [13], a glucose standard curve was used 
to determine A. mongolicum Regel polysaccharides content 
(83.4%).

The basal diet was the same as those used in our previous 
study (dry matter: crude protein 48.1%, crude lipid 11.3%, 
ash 12.3% carbohydrate 20.1%, gross energy 19.3 kJ/g and 
protein/energy ratio 26.0 mg/kJ) [16]. The AMRP (0, 1, 1.5 
and 2 g/kg) was sprayed slowly into the basal diet, when 
selecting the concentration of AMRP, we combined the con-
centration of polysaccharides from various plant [2, 17]. The 

diet were evenly mixed, dried and pelleted at room tempera-
ture, and stored at − 4 °C until used.

Fish and rearing management

Channa argus (30 ± 0.12 g) was purchased from a com-
mercial farms (Huzhou, China). C. argus was acclimated in 
300 L glass aquaria for 14 days. During acclimation, all fish 
was fed with basal diet. After acclimation, 400 C. argus were 
randomly divided into four groups (5 tanks per group, 20 fish 
per tank). The glass aquaria was kept under experimental 
conditions (temperature: 26 ± 2 °C; pH 7.1 ± 0.1; ammonia: 
less than 0.5 mg/L; nitrites: less than 0.05 mg/L and dis-
solved oxygen: 6.21 ± 0.41 mg/L) and a regular light cycle 
(12 h light/12 h dark photoperiod). The fish were fed two 
times (08:00 and 16:00) a day for 56 days at a rate of 3–4% 
of the wet body weight. All the experimental animals used in 
the study were performed in accordance with the NIH Guide 
for the Care and Use of Laboratory Animals and approved 
by the Institutional Animal Care and Use Committee of Jilin 
Agricultural College.

LPS challenge experiment and sample collection

After the 56 days feeding trial, six fish from each tank (5 
tanks per group) was weighed and used for the LPS chal-
lenge. Fish from each group (30 fish for each group) were 
injected intraperitoneally with LPS (4 mg/kg of fish). Before 
challenge, LPS (Escherichia coli 055:B5, Sigma–Aldrich, 
USA) were diluted into different concentrations (1, 2, 4, 8, 
16, 32 and 64 mg/mL) with a 0.9% NaCl solution for Lethal 
dose 50 (LD 50) determination for 14 days, 4 mg LPS/kg 
fish was used for a challenge test. Pre-treatment/challenge 
groups: Ctrl/PBS, Ctrl/LPS, and AMRP/LPS. Daily mortal-
ity was recorded from days 1 to 14. Fish continued to receive 
their assigned diets after the injection. Fish was fasted before 
sample collection for 24 h. After the challenge trial, five 
fish were randomly collected from each treatment groups 
and anaesthetized using 300 mg/L of buffered MS-222 
(Sigma–Aldrich, USA) for blood sampling. Later, liver and 
spleen of C. argus were sampled. Blood samples were cen-
trifuged at 3000 rpm/min for 10 min to obtain serum. All tis-
sues were flash-frozen in liquid nitrogen. All samples were 
stored at − 80 °C for further analysis.

Immunological parameters

Serum complements 3 and complements 4 and lysozyme 
activity

Serum lysozyme activity (LZM) and complement 3 (C3) 
and complement 4 (C4) concentrations were determined 
using a commercial Kit (Nanjing Jiancheng Bioengineering 
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Institute, China). Lysozyme activity was determined using 
the turbidimetric method described as Gou et al. [2]. The 
concentrations of C3 and C4 were determined using the tur-
bidimetric method based on the increase in turbidity after 
the response of C3 and C4 [18]. The results for LZM, C3 and 
C4 are expressed as units/mL, mg/L, and mg/L, respectively.

Serum total protein, globulin and albumin levels

Serum total protein, globulin and albumin were assayed 
enzymatically with an automatic biochemical analyser 
(Beckman Coulter AU680, California, USA) [2]. The stand-
ard product of total protein and albumin reagent was added 
to the colorimetric cup, and then the absorbance at 540 nm 
was measured to establish the standard curve. The absorb-
ance of serum was measured and the concentration of total 
protein and albumin was calculated.

Liver and spleen TNF‑α and IL‑1β

The protein concentrations in the liver and spleen were 
determined by spectrophotometry according to the methods 
of Jiang et al. [19]. IL-1β and TNF-α content were deter-
mined using a commercially available ELISA kit (Nanjing 
Jiancheng Bioengineering Institute, China) [10]. The mini-
mum detectability of IL-1β and TNF-α was 1.0 ng/g pro-
tein. The results for IL-1β and TNF-α are expressed as ng/g 
protein.

Antioxidant parameters

Malondialdehyde (MDA), superoxide dismutase (SOD) and 
glutathione-S-transferase (GST) activity in liver and spleen 
were determined using an assay kit according to Jiang et al. 

[19]. MDA content was using the thiobarbituric acid reaction 
[19]. SOD and GST activity was monitored at 450 nm and 
340 nm, respectively [19]. The results for MDA content is 
expressed as nmol/mg protein. The results for SOD and GST 
activity are expressed as units/mg protein.

Real‑time PCR analysis

Total RNA were extracted from liver and spleen using com-
mercial kits (Takara, Dalian, China). The RNA purity were 
analysed by using spectrophotometry. Then, cDNA was 
synthesized with a reverse transcriptase cDNA synthesis 
kit (Takara, Dalian, China). SOD, GST, TNF-α, IL-1β, 
HSP70 and HSP90 gene expression levels were analysed by 
real-time PCR with SYBR with the Premix Ex Taq™ II kit 
(Takara, Dalian, China). The primer sequence is shown in 
Table 1. The real-time PCR reactants are as follows: SYBR 
qPCR Mix (10 µL), forward and reverse primer (10 mM, 
1 µL), cDNA (1 µL), and DEPC-treated water (7 µL). The 
reaction conditions were as follows: 95 °C for 30 s, followed 
by 40 cycles of 95 °C for 5 s, annealing for 30 s and 72 °C 
for 30 s. The levels of gene expression were calculated using 
the 2−ΔΔCt method and normalized using β-actin expression 
[2].

Statistical analysis

Date are presented as the mean ± SD. The results are sub-
jected to one-way analysis of variance (ANOVA) to deter-
mine the significant differences. Tukey’s multiple range test 
was used to compare the mean values to indicate significant 
differences (P < 0.05). Analysis was conducted using SPSS 
statistics 19.0 software (IBM, USA).

Table 1   Primer sequences and 
annealing temperatures for 
polymerase chain reactions

Target gene Sequence (5′–3′) Annealing temp. 
(°C)

GenBank ID

SOD-F GCA​GGA​CCC​CAC​TAC​AAT​ 59 HF585624
SOD-R CTG​AGC​GAT​GCC​TAT​GAC​
HSP90-F TGT​ATG​TCA​GGA​GGG​TGT​TT 55 KU946993.1
HSP90-R TAG​ATT​GAT​TTC​TGG​TTT​TC
HSP70-F ATT​TTG​AAT​GTG​TCT​GCG​GT 56 KU883613.1
HSP70-R ACT​TGC​TGA​TGA​TGG​GGT​TA
IL-1-F GTT​TAC​CTG​AAC​ATG​TCG​GCT​TAC​G 59 JN085956.1
IL-1-R AGG​GTG​CTG​ATG​TTC​AGC​CCA​
TNF-α-F ACA​ATA​CCA​CCC​CAG​GTC​CCA​ 61 KC843460.1
TNF-α-R ACG​CAG​CAT​CCT​CTC​ATC​CAT​
GST-F GAG​GGA​GAG​CGA​CAC​GAC​ 62 JN104637
GST-R TCA​CAT​AAC​CCA​AAA​CGG​
β-actin-F CAC​TGT​GCC​CAT​CTA​CGA​G 57 EF452499
β-actin-R CCA​TCT​CCT​GCT​CGA​AGT​C
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Results

Growth

The weight gain (WG), specific growth rate (SGR) and feed 
conversion ratio (FCR) of C. argus fed AMRP are presented 
in Table 2. Dietary AMRP significantly increased (P < 0.05) 
WG and SGR of C. argus, with the highest WG and SGR 
occurring in fish fed diet with 1.5 g/kg AMRP after the 56 
days feeding period. Dietary AMRP remarkably decreased 
(P < 0.05) FCR of C. argus, with the lowest FCR occurring 
in fish fed diet with 1.5 g/kg AMRP.

Immunological parameters

The serum LZM and C3 and C4 concentrations fed AMRP 
are showed in Fig. 1. Compared with the Ctrl/PBS group, 
the Ctrl/LPS group showed a reduction in serum LZM and 
C3 and C4 levels (P < 0.05). However, AMRP pre-treatment 
(AMRP/LPS group) significantly increased the levels of 
serum LZM, C3 and C4 compared with those in the Ctrl/
LPS group (P < 0.05).

Serum total protein, globulin and albumin concentrations 
in C. argus fed AMRP are presented in Fig. 2. LPS chal-
lenge significantly increased serum total protein, globulin 
and albumin concentrations than Ctrl/PBS groups (P < 0.05), 
while AMRP pre-treatment increased serum total protein, 
globulin and albumin concentrations compared with those 
in the Ctrl/LPS group (P < 0.05).

The TNF-α and IL-1β concentrations in the liver and 
spleen of C. argus fed AMRP are presented in Fig. 3. LPS 
challenge resulted in a significant increase in TNF-α and 
IL-1β concentrations in the liver and spleen (P < 0.05). 
However, when fish were supplemented with AMRP, the 
increases in TNF-α and IL-1β concentrations were attenu-
ated (P < 0.05).

Antioxidant parameters

The levels of MDA, SOD and GST in the liver and spleen 
fed AMRP are showed in Fig. 4. LPS challenge resulted 
in a reduction in SOD and GST activity in the liver and 
spleen (P < 0.05). In contrast, LPS challenge resulted in a 
significant increase in MDA concentrations in the liver and 
spleen (P < 0.05). However, AMRP pre-treatment elevated 
SOD and GST activity and decreased MDA concentrations 
(P < 0.05) compared with that in the Ctrl/LPS group.

Real‑time PCR analysis

The HSP70, HSP90, SOD, GST TNF-α and IL-1β gene 
expression in the liver and spleen are displayed in Fig. 5. 
The gene expression levels and the concentrations of SOD, 
GST, TNF-α and IL-1β in the liver and spleen showed simi-
lar trends. LPS challenge resulted in a reduction in SOD 
and GST and a rise in TNF-α and IL-1β gene expression 
levels in the liver and spleen (P < 0.05). However, AMRP 
pre-treatment attenuated these changes (P < 0.05). LPS 
challenge significantly increased HSP70 and HSP90 gene 
expression (P < 0.05), and AMRP pre-treatment increased 
HSP70 and HSP90 gene expression compared with that in 
the Ctrl/LPS group (P < 0.05).

Survival rate

The survival rate is shown in Fig. 6. LPS challenge in the 
Ctrl/LPS group significantly decreased the survival rate of 
fish compared with that in the Ctrl/PBS group (P < 0.05). 
However, AMRP pre-treatment significantly reduced mor-
tality compared with that in the Ctrl/LPS group (P < 0.05). 
No significant difference in the survival rate was observed 
among fish in the 1.5 and 2 g/kg AMRP/LPS groups and the 
Ctrl/PBS group (P > 0.05).

Table 2   Growth performance of 
Channa argus fed with AMRP

Data are expressed as the mean ± S.D (n = 5). Values with different superscripts are significantly (P < 0.05) 
as determined by the Tukey’s test
IW initial body weight, FW final body weight
a Weight gain (WG) = (FW − IW) × 100/IW
b Specific growth rate (SGR) = (Ln FW – Ln IW) × 100/T, T is the culture period in days
c Feed conversion ratio (FCR) = total diet fed (kg)/total wet weight gain (kg)

AMRP (g kg diet−1) IW (g) FW (g) WGa (%) SGRb (% day−1) FCRc

Control (0.0) 30.07 ± 0.09a 116.73 ± 2.52a 288.69 ± 8.14a 2.42 ± 0.04a 1.30 ± 0.04c
1.0 30.04 ± 0.05a 126.53 ± 2.29b 321.20 ± 7.94b 2.57 ± 0.03b 1.22 ± 0.06b
1.5 30.06 ± 0.05a 136.36 ± 2.87c 353.58 ± 9.52c 2.70 ± 0.04c 1.13 ± 0.03a
2.0 30.03 ± 0.07a 127.22 ± 1.80b 323.70 ± 6.80b 2.58 ± 0.03b 1.21 ± 0.03b
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Fig. 1   Effects of AMRP on serum lysozyme (a), C3 (b) and C4 
(c) levels in Channa argus. Data are expressed as the mean ± SD 
(n = 5). Values with different superscripts are significantly difference 
(P < 0.05) as determined by the Tukey’s test

Fig. 2   Effects of AMRP on serum total protein, globulin and albu-
min levels in Channa argus. Data are expressed as the mean ± SD 
(n = 5). Values with different superscripts are significantly difference 
(P < 0.05) as determined by the Tukey’s test

Fig. 3   Effects of AMRP on IL-1β (a) and TNF-α (b) concentrations 
in the liver and spleen of Channa argus. Data are expressed as the 
mean ± SD (n = 5). Values with different superscripts are significantly 
difference (P < 0.05) as determined by the Tukey’s test
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Discussion

Many plants and their extracts have attracted great atten-
tion as safe immunostimulants for animals [13, 20, 21]. 
Polysaccharide, the main active components of plants, are 

considered as the best candidate for the development of 
immunomodulators in aquaculture. The effects of plant 
polysaccharide on growth performance, antioxidant 
responses and immune responses are somewhat variable, 
but supplemental Astragalus polysaccharide have been 
found to improve the growth performance and immune 
response in Oreochromis niloticus [17]. Wang et al. [22] 
and Giri et al. [23] suggested that dietary supplementation 
with Chinese herbal polysaccharide can enhance disease 
resistance in fish. Yang et al. [24] and Gou et al. [2] found 
that dietary supplementation with Ficus carica polysac-
charide and Hericium polysaccharide provoked immune 
responses in Ctenopharyngodon idella against Flavobacte-
rium columnare and Aeromonas hydrophila. In this study, 
fish fed with AMRP showed notablely promoted WG and 
SGR. In line with our results, dietary supplementation 
with Astragalus polysaccharide can promote growth as 
determined by different parameters in fish (WG, SGR and 
feed conversion ratio), indicating that Astragalus poly-
saccharide may contribute to the efficient utilization of 
feed [17]. A previous study showed that meat sheep fed A. 
mongolicum Regel flavonoids had significantly increased 
growth performance and serum growth hormone levels, 
suggesting that increased growth performance may be 
related to physiological mechanisms [14].

LPS, a bacterial endotoxin, is able to trigger the immune 
response in animals [19]. Lysozyme plays an important role 
in dissolving bacteria and activating complements in fish 
[2, 25]. In this study, AMRP pre-treatment significantly 
enhanced the serum lysozyme levels of fish after LPS chal-
lenge. Many authors have reported the enhancement of 
lysozyme activity in response to the administration of Heri-
cium caput-medusae polysaccharide [2] and Coriolus ver-
sicolor polysaccharide [26] in grass carp and crucian carp, 
respectively. As far as we know, the protective effect of plant 
polysaccharides on LPS-induced immune response has not 
been studied. The higher lysozyme activity in the AMRP 
treatments suggested that lysozyme levels were enhanced 
to protect the fish from bacteria infection.

Complements are crucial components of humoural 
immune responses and play an essential role in promoting 
inflammatory responses and clearing pathogens [18, 27, 
28]. A previous study showed that oral administration of 
Coriolus versicolor polysaccharide significantly enhanced 
serum C3 and C4 levels in crucian carp [26]. The present 
results showed that AMRP pre-treatment in fish significantly 
enhanced C3 and C4 levels compared with those of fish fed 
the basal diet after LPS challenge. A previous study demon-
strated that dietary administration of Hericium caput-medu-
sae polysaccharide [2], Ficus carica polysaccharide [24] and 
soybean isoflavones [18] promoted complement levels dur-
ing the late phase of feeding trials. Short-term improvements 
in complement levels are usually beneficial to fish. Thus, the 

Fig. 4   Effects of AMRP on SOD (a), GST (b) and MDA (c) levels 
in the liver and spleen of Channa argus. Data are expressed as the 
mean ± SD (n = 5). Values with different superscripts are significantly 
difference (P < 0.05) as determined by the Tukey’s test
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enhance of serum complement levels in AMRP groups may 
help fish cope with LPS challenge.

Serum proteins, including albumin and globulin, are 
important compounds in the serum. LPS is considered as 
general immunostimulatory components to triggers host 

defense responses by promoting inflammatory cytokines, 
antibodies and the function of lymphocytes and mac-
rophages. Increases in serum protein concentrations are 
thought to be related to an intense innate immune response 
in fish [13]. Previous study showed that serum total protein, 

Fig. 5   Effects of AMRP on IL-1β (a), TNF-α (b), SOD (c), GST (d), HSP70 (e) and HSP90 (f) gene expression in Channa argus. Data are 
expressed as the mean ± SD (n = 5). Values with different superscripts are significantly difference (P < 0.05) as determined by the Tukey’s test
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albumin and globulin levels were significantly enhanced 
after dietary administration of various herbal extracts [2, 
13, 24]. In this study, a significant enhancement of total 
serum protein, albumin and globulin levels occurred in the 
AMRP pre-treatment groups after LPS challenge. AMRP 
pre-treatment groups may be beneficial for the synthesis of 
more proteins for repairing immune damage caused by LPS.

MDA, a product of lipid peroxidation, is a reliable index 
of oxidative stress and cell damage [19]. A previous study 
showed that LPS induced profound elevations in ROS and 
MDA concentrations in Jian carp [19]. Administration of 
plant extracts has been reported to reduce hepatic MDA con-
centrations in fish [18]. AMRP pre-treatment was found to 
attenuate LPS-induced increases in MDA concentrations in 
the liver and spleen after LPS challenge in the present study. 
SOD and GST, endogenous antioxidative molecules, play 
critical roles in removing damaging ROS and preventing 
oxidative stress [29]. LPS-induced liver and spleen oxida-
tive stress associated with chaos of the antioxidant system. 
The findings of the present study demonstrated that AMRP 
remarkably enhanced the SOD and GST activity in the liver 
and spleen after LPS challenge, which was a pattern opposite 
to that of the MDA content. Increased antioxidant levels are 
beneficial for inhibiting ROS and decreasing MDA.

Inflammatory factors are a series of proteins secreted 
by endothelial cells, lymphocytes, monocytes and fibro-
blasts that play an important role in regulating inflam-
matory processes [19, 30, 31]. It was well known that 
IL-1β and TNF-α were two effective pro-inflammatory 
cytokines that can accelerate the process of inflammation 
[32, 33]. The liver and spleen are considered as the main 
immune tissues of fish that responds to pathogen inva-
sion [34]. LPS could induce various host immune cells 

secretion of pro-inflammatory cytokines [19, 35]. In this 
study, LPS challenge prominently increased the concen-
trations and mRNA of TNF-α and IL-1β in C. argus. To 
our knowledge, LPS challenge has been reported to exert 
a pro-inflammatory response in fish [19]. To date, no 
information is available about the positive roles of AMRP 
against the LPS-induced inflammatory reaction. AMRP 
pre-treatment was found to attenuate LPS-induced increase 
of IL-1β and TNF-α levels after LPS challenge. A previ-
ous study showed that LPS-induced increases in IL-1β and 
TNF-α mRNA in fish may be related to activated NF-κB 
and MAPK signalling pathways [19].

Heat shock proteins (HSPs), which act as chaperone pro-
teins, are synthesized in large quantities in all cells when 
they are exposed to various stresses [18, 36–38]. HSP70 and 
HSP90 play an important in the formation of glucocorticoid 
receptors (GR) protein complexes. In addition, studies have 
shown that the molecular mechanism of NF-κB signaling 
pathway inhibition is closely related to the interaction of 
GR and NF-κB. Dong et al. reported that thermal stress and 
osmotic stresses could increase the levels of HSP70 in sea 
cucumber [39]. Zhou et al. reported higher mRNA levels of 
hepatic HSP70 and HSP90 after pH stress in golden pom-
pano [40]. Furthermore, Liu et al. reported that Chinese 
herbs can increase the levels of HSP70 in Megalobrama 
amblycephala [41]. AMRP pre-treatment was found to 
upregulate HSP70 and HSP90 gene expression after LPS 
challenge in the present study. HSP70 and HSP90 can 
enhance cell tolerance in stress environment. The higher 
HSP70 and HSP90 levels may be beneficial for raising the 
anti-inflammatory response of cells and tissues.

Relative survival rate has often been used as a final vis-
ual index of fish health status after bacterial challenge tests 
[18]. A previous study showed that dietary supplementa-
tion with many plant polysaccharide reduced mortality in 
fish after challenge with Aeromonas hydrophila [2, 13]. In 
the present study, the group receiving AMRP pre-treatment 
had a higher survival rate than did the control group after 
LPS challenge. This finding suggested that AMRP enhanced 
the survival rate by regulating antioxidant responses and 
immune responses to protect C. argus against LPS damage.

Conclusion

The present study is, to our knowledge, the first to report that 
dietary supplementation with AMRP (1–2 g/kg) improved 
immune and antioxidant responses and regulated gene 
expression, thus enhancing the growth of C. argus. These 
results suggested that AMRP have the potential to act as 
an immunopotentiator to promote the immune status and 
production of fish, with 1.5 g/kg considered a suitable dose.

Fig. 6   Effects of AMRP on the survival rate in Channa argus. Data 
are expressed as the mean ± SD (n = 5). Values with different super-
scripts are significantly difference (P < 0.05) as determined by the 
Tukey’s test



2229Molecular Biology Reports (2019) 46:2221–2230	

1 3

Acknowledgements  The research was supported by the earmarked 
fund for Modern Agro-industry Technology Research System (CARS-
46) and National Natural Science Foundation of China (No. 31372540).

Compliance with ethical standards 

Conflict of interest  The authors declare that they have no conflict of 
interest.

References

	 1.	 Sagada G, Chen J, Shen B, Huang A, Sun L, Jiang J (2017) 
Optimizing protein and lipid levels in practical diet for juvenile 
northern snakehead fish (Channa argus). Anim Nutr 3:156–163

	 2.	 Gou C, Wang J, Wang Y, Dong W, Shan X, Lou Y (2018) Heri-
cium caput-medusae (Bull.:Fr.) Pers. polysaccharide enhance 
innate immune response, immune-related genes expression 
and disease resistance against Aeromonas hydrophila in grass 
carp (Ctenopharyngodon idella). Fish Shellfish Immunol 
72:604–610

	 3.	 Cabello FC (2006) Heavy use of prophylactic antibiotics in aqua-
culture: a growing problem for human and animal health and for 
the environment. Environ Microbiol 8:1137–1144

	 4.	 Liu X, Steele JC, Meng XZ (2017) Usage, residue, and human 
health risk of antibiotics in Chinese aquaculture: a review. Environ 
Pollut 223:161–169

	 5.	 Bu Q, Wang B, Huang J, Liu K, Deng S, Wang Y (2016) Estimat-
ing the use of antibiotics for humans across China. Chemosphere 
144:1384–1392

	 6.	 Kaleeswaran B, Ilavenil S, Ravikumar S (2012) Changes in bio-
chemical, histological and specific immune parameters in Catla 
catla by Cynodon dactylon. J King Saud Univ Sci 24:139–152

	 7.	 Herczeg D, Sipos D, Dán Á, Loy C, Kallert DM, Eszterbauer E 
(2017) The effect of dietary immunostimulants on the susceptibil-
ity of common carp (Cyprinus carpio) to the white spot parasite, 
Ichthyophthirius multifiliis. Parasitol Res 65:517–530

	 8.	 Chen R, Lochmann R, Goodwin A, Praveen K, Dabrowski K, Lee 
KJ (2004) Effects of dietary vitamins C and E on alternative com-
plement activity, hematology, tissue composition, vitamin con-
centrations and response to heat stress in juvenile golden shiner 
(Notemigonus crysoleucas). Aquaculture 242:553–569

	 9.	 Liu F, Shi HZ, Guo QS, Yu YB, Wang AM, Lv F (2016) Effects 
of astaxanthin and emodin on the growth, stress resistance and 
disease resistance of yellow catfish (Pelteobagrus fulvidraco). 
Fish Shellfish Immunol 51:125–135

	10.	 Li J, Shi B, Yan S, Jin L, Guo Y, Li T (2013) Effects of dietary 
supplementation of chitosan on humoral and cellular immune 
function in weaned piglets. Anim Feed Sci Technol 186:204–208

	11.	 Jagruthi C, Yogeshwari G, Anbazahan SM, Mari LS Arockiaraj 
J, Mariappan P (2014) Effect of dietary astaxanthin against Aero-
monas hydrophila infection in common carp, Cyprinus carpio. 
Fish Shellfish Immunol 41:674–680

	12.	 Chew BP, Mathison BD, Hayek MG, Massimino S, Reinhart GA, 
Park JS (2011) Dietary astaxanthin enhances immune response in 
dogs. Vet Immunol Immunopathol 140:199–206

	13.	 Wang E, Chen X, Wang K, Wang J, Chen D, Geng Y (2016) 
Plant polysaccharides used as immunostimulants enhance innate 
immune response and disease resistance against Aeromonas 
hydrophila infection in fish. Fish Shellfish Immunol 59:196–202

	14.	 Qi S, Wang T, Chen R, Wang C, Ao C (2017) Effects of flavo-
noids from Allium mongolicum Regel on growth performance and 
growth-related hormones in meat sheep. Anim Nutr 3:33–38

	15.	 Qier MU, Changjin AO, Ruli SA, Wang T, Chen R, Muqile TE 
(2016) Effects of flavonoids from Allium mongolicum Regel on 
antioxidant capacity of meat sheep. Chin J Anima Nutr 4:46–54

	16.	 Li M, Zhu X, Tian J, Liu M, Wang G (2019) Dietary flavonoids 
from Allium mongolicum Regel promotes growth, improves 
immune, antioxidant status, immune-related signaling mol-
ecules and disease resistance in juvenile northern snakehead 
fish (Channa argus). Aquaculture 501:473–481

	17.	 Zahran E, Risha E, Abdelhamid F, Mahgoub HA, Ibrahim T 
(2014) Effects of dietary Astragalus polysaccharides (APS) 
on growth performance, immunological parameters, digestive 
enzymes, and intestinal morphology of Nile tilapia (Oreo-
chromis niloticus). Fish Shellfish Immunol 38:149–157

	18.	 Zhou C, Lin H, Ge X, Niu J, Wang J, Wang Y (2015) The 
effects of dietary soybean isoflavones on growth, innate immune 
responses, hepatic antioxidant abilities and disease resistance 
of juvenile golden pompano Trachinotus ovatus. Fish Shellfish 
Immunol 43:158–166

	19.	 Jiang J, Yin L, Li JY, Li Q, Shi D, Feng L (2017) Glutamate 
attenuates lipopolysaccharide -induced oxidative damage and 
mRNA expression changes of tight junction and defensin pro-
teins, inflammatory and apoptosis response signaling molecules 
in the intestine of fish. Fish Shellfish Immunol 70:473–484

	20.	 Bairwa MK, Jakhar JK, Reddy AD (2012) Animal and plant 
originated immunostimulants used in aquaculture. J Nat Prod 
Plant Resour 3:397–400

	21.	 Hai NV (2015) The use of medicinal plants as immunostimu-
lants in aquaculture: a review. Aquaculture 446:88–96

	22.	 Wang TT, Sun YX, Jin L, Xu YP, Li W, Ren TJ (2009) Enhance-
ment of non-specific immune response in sea cucumber (Apos-
tichopus japonicus) by Astragalus membranaceus and its poly-
saccharides. Fish Shellfish Immunol 27:757–762

	23.	 Giri SS, Sen SS, Chi C, Kim HJ, Yun S, Park SC (2015) Chlo-
rophytum borivilianum polysaccharide fraction provokes the 
immune function and disease resistance of labeo rohita against 
Aeromonas hydrophila. J Immunol Res 6:46–55

	24.	 Yang X, Guo JL, Ye JY, Zhang YX, Wang W (2015) The effects 
of Ficus carica polysaccharide on immune response and expres-
sion of some immune-related genes in grass carp, Ctenophar-
yngodon idella. Fish Shellfish Immunol 42:132–147

	25.	 Magnadóttir B (2006) Innate immunity of fish (overview). Fish 
Shellfish Immunol 20:137–145

	26.	 Wu ZX, Pang SF, Liu JJ, Zhang Q, Fu SS, Du J (2013) Corio-
lus versicolor polysaccharides enhance the immune response 
of crucian carp (Corassius auratus gibelio) and protect against 
Aeromonas hydrophila. J Appl Ichthyol 29:562–578

	27.	 Ichiki S, Kato-Unoki Y, Somamoto T, Nakao M (2012) The 
binding spectra of carp C3 isotypes against natural targets inde-
pendent of the binding specificity of their thioester. Dev Comp 
Immunol 38:10–26

	28.	 Boshra H, Li J, Sunyer JO (2006) Recent advances on the 
complement system of teleost fish. Fish Shellfish Immunol 
20:239–262

	29.	 Kim JH, Kang JC (2015) Oxidative stress, neurotoxicity, and 
non-specific immune responses in juvenile red sea bream, Pagrus 
major, exposed to different waterborne selenium concentrations. 
Chemosphere 135:46–52

	30.	 Raingeaud J, Gupta S, Rogers JS, Dickens M, Han J, Ulevitch 
RJ (1995) Pro-inflammatory cytokines and environmental 
stress cause p38 mitogen-activated protein kinase activation by 
dual phosphorylation on tyrosine and threonine. J Biol Chem 
270:7420–7426

	31.	 Umnova NV, Moskaleva EY, Poroshenko GG (1986) Role of DNA 
repair processes in sister chromatid exchange frequency changes 
in peripheral blood lymphocytes during inflammatory diseases. 
Bull Exp Biol Med 102:1748–1750



2230	 Molecular Biology Reports (2019) 46:2221–2230

1 3

	32.	 Feng L, Chen YP, Jiang WD, Liu Y, Jiang J, Wu P (2016) Modu-
lation of immune response, physical barrier and related signal-
ing factors in the gills of juvenile grass carp (Ctenopharyngodon 
idella) fed supplemented diet with phospholipids. Fish Shellfish 
Immunol 48:79–93

	33.	 Guo YL, Wu P, Jiang WD, Liu Y, Kuang SY, Jiang J (2018) The 
impaired immune function and structural integrity by dietary iron 
deficiency or excess in gill of fish after infection with Flavobac-
terium columnare: regulation of NF-κB, TOR, JNK, p38MAPK, 
Nrf2 and MLCK signalling. Fish Shellfish Immunol 74:593–608

	34.	 Xu C, Li E, Suo Y, Su Y, Lu M, Zhao Q (2018) Histological and 
transcriptomic responses of two immune organs, the spleen and 
head kidney, in Nile tilapia (Oreochromis niloticus) to long-term 
hypersaline stress. Fish Shellfish Immunol 6:69–76

	35.	 Li C, Ma D, Chen M, Zhang L, Zhang L, Zhang J (2016) Uli-
nastatin attenuates LPS-induced human endothelial cells oxida-
tive damage through suppressing JNK/c-Jun signaling pathway. 
Biochem Biophys Res Commun 32:474–572

	36.	 Chen XM, Guo GL, Sun L, Yang QS, Wang GQ, Qin GX (2016) 
Effects of Ala-Gln feeding strategies on growth, metabolism, and 
crowding stress resistance of juvenile Cyprinus carpio var. Jian 
Fish Shellfish Immunol 51:365–372

	37.	 Iwama GK, Thomas PT, Forsyth RB, Vijayan MM (1998) Heat 
shock protein expression in fish. Rev Fish Biol Fish 8:35–56

	38.	 Lei AY, Zeng DG (2008) Effects of compound Chinese herbal 
on the expression of heat stress protein 70 gene in white shrimp 
(Litopenaeus vannamei). Guangxi Agric Sci 7:52–59

	39.	 Dong Y, Dong S, Meng X (2008) Effects of thermal and osmotic 
stress on growth, osmoregulation and Hsp70 in sea cucumber 
(Apostichopus japonicus Selenka). Aquaculture 276:179–186

	40.	 Zhou C, Lin H, Huang Z, Wang J, Wang Y, Yu W (2015) Effects 
of dietary soybean isoflavones on non-specific immune responses 
and hepatic antioxidant abilities and mRNA expression of two 
heat shock proteins (HSPs) in juvenile golden pompano Trachino-
tus ovatus under pH stress. Fish Shellfish Immunol 47:1043–1050

	41.	 Liu B, Ge X, Xie J, Xu P, He Y, Cui Y (2012) Effects of anth-
raquinone extract from Rheum officinale Bail on the physi-
ological responses and HSP70 gene expression of Megalobrama 
amblycephala under Aeromonas hydrophila infection. Fish Shell-
fish Immunol 32:1–7

Publisher’s Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	Effects of dietary Allium mongolicum Regel polysaccharide on growth, lipopolysaccharide-induced antioxidant responses and immune responses in Channa argus
	Abstract
	Introduction
	Materials and methods
	Allium mongolicum Regel polysaccharide preparation and diet
	Fish and rearing management
	LPS challenge experiment and sample collection
	Immunological parameters
	Serum complements 3 and complements 4 and lysozyme activity
	Serum total protein, globulin and albumin levels
	Liver and spleen TNF-α and IL-1β

	Antioxidant parameters
	Real-time PCR analysis
	Statistical analysis

	Results
	Growth
	Immunological parameters
	Antioxidant parameters
	Real-time PCR analysis
	Survival rate

	Discussion
	Conclusion
	Acknowledgements 
	References


