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Abstract

This experiment was conducted to evaluate the effects of astragalus polysaccha-
rides (Aps) and ginseng polysaccharide (Gps) on growth performance, liver function,
immune function, TLR4 signalling pathways and intestinal barrier in weaned piglets
challenged with lipopolysaccharide (LPS). In an experiment spanning 28 days, 180
weaned piglets were randomly divided into three treatment groups: basal diet (Con),
basal diet supplemented with 800 mg/kg Gps (Gps) and basal diet supplemented with
800 mg/kg Aps (Aps). At the end of the experiment, 12 piglets of each group were
selected; half (n = 6) were intraperitoneally injected with LPS and half with normal
saline. Dietary supplementation with Aps and Gps significantly increased (p < .05)
the average daily gain and feed conversion rate. Lipopolysaccharide challenge in-
creased (p < .05) expression of serum urea nitrogen (BUN), alanine aminotransferase
(ALT), aspartate aminotransferase (AST), interleukin-1p (IL-18) and tumour inflamma-
tory factor-a (TNF-a), but decreased (p < .05) serum superoxide dismutase (SOD)
level, total antioxidant capacity (T-AOC) and immunoglobulin A (IgA) expression.
Lipopolysaccharide-challenged piglets fed with Aps or Gps had lower (p < .05) BUN,
ALT, AST, IL-1p and TNF-« levels and greater (p < .05) SOD, T-AOC and IgA levels.
Lipopolysaccharide challenge increased (p < .05) the expression of TLR4, MyD88 and
NF-kB, and LPS-challenged piglets fed diets supplemented with Aps or Gps increased
TLR4 and MyD88 and decreased NF-kB expression. Lipopolysaccharide challenge
reduced (p < .05) the jejunal villus height, and piglets fed with Aps or Gps had in-
creased (p < .05) jejunal villus height. Supplementation with Aps or Gps enhanced the
expression of occludin and claudin in challenged or unchallenged piglets. In conclu-
sion, dietary supplementation with Aps or Gps enhanced piglet growth performance,
alleviated liver dysfunction and reduced immunological stress caused by LPS, as well

as increased the intestinal barrier function.
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1 | INTRODUCTION

Antibiotics have been used in feed since 1950s to improve body gain
and feed conversion, and reduce diarrhoea and the mortality rate
in pigs (Cromwell, 2002; Zimmerman, 1986). However, antibiotic
residues and drug-resistance caused by antibiotics have increased
awareness and promoted the development of antibiotic substitutes
(Ferket, Lyons, & Jacques, 2004; Patterson, Chapman, Hegedus,
Barchia, & Chin, 2005). In recent years, plant polysaccharides, as a
kind of immunopotentiator and metabolic regulator, have been at-
tracting increasing attention. Yan, Meng, Lee, Wang, and Kim (2011)
reported that ginseng polysaccharide (Gps) altered the diversity and
composition of gut microbiota in mice with antibiotic-associated di-
arrhoea, balanced metabolic processes and promoted the recovery
of mucosa in broiler chickens. Zhou et al. (2017) reported that an
herbal formulation containing astragalus polysaccharides (Aps) sig-
nificantly improved the expression of TNF-«, IFN-y and IL-2 in mice.
Liu, Zhao, and Luo (2017) reported that oxidant stress can be inhib-
ited via the up-regulation of antioxidant factors by extract of the
dried root of Astragalus membranaceus in a myocardial ischaemic rat
model.

Lipopolysaccharides (LPS) are the primary constituent of the
outer membrane surface of almost all Gram-negative bacteria and
are essential for the physical integrity and biological function of the
bacterial outer membrane (Xia et al., 2018). When Escherichia coli
multiply or die, LPS are released from the bacterial membrane sur-
face, leading to natural or innate immune responses of the body, re-
sulting in an increase in the concentration of inflammatory cytokines
as well as a reduction in the immune function of the body (Alexander
& Rietschel, 2001; Medzhitov, 2002; Tang et al., 2013). At present,
studies have shown that polysaccharides can alleviate body dam-
age induced by LPS. Lentinan can ameliorate intestinal inflamma-
tion though inhibiting inflammatory signalling pathways (Toll-like
receptor 4 and nucleotide-binding oligomerization domain protein)
and pro-inflammatory cytokines (tumour necrosis factor-a, inter-
leukin-1p and interleukin-6) expression (Wang, Wang, et al., 2019).
Wang et al. (2015) showed that the appropriate dose of Astragalus
polysaccharide promoted growth and immunomodulate effect in
LPS-infected broiler chicks. As well as, Astragalus polysaccharide
may inhibit depressive-like behaviours and inflammatory response
by regulating NF-kappa B and MAPK signalling pathways in LPS-in-
duced rats (Li et al., 2018).

Pharmacological and clinical studies have shown that plant poly-
saccharides have many functions, such as immune regulation, anti-tu-
mour activity, anti-inflammatory activity and anti-viral functions (Yin,
Zhang, & Li, 2019). However, the reports about plant polysaccharides
are mainly focused on the immune function studied in vitro or in mice,
but little is known about the effects of plant polysaccharides in weaned
piglets. The current study was conducted to assess the effects of Aps
and Gps on growth performance, liver function, immune function,
TLR4 signalling pathways and intestinal barrier function in weaned pig-
lets. This study will provide a theoretical basis for the development of
ASP and GSP into a new type of resistance product.

2 | MATERIALS AND METHODS

2.1 | Animals and treatments

The experimental scheme was approved by the Ethics Committee of
Zhejiang A & F University, Hangzhou, China. A total of 180 weaned
piglets (Duroc x Landrace x Yorkshire) were randomly divided into
three treatment groups, with six pens in each group and 10 piglets
per pen. The experiment lasted for 28 days. The three groups were
as follows: control group (Con), fed a basal diet; Aps group, fed the
basal diet supplemented with 800 mg/kg Aps; and Gps group, fed
the basal diet supplemented with 800 mg/kg Gps.

On d 29, 12 healthy piglets were selected from each group (to-
talling 36 piglets) and divided into two treatments. Six piglets were
intraperitoneally injected with LPS at 25 ug/kg body weight, and
the remaining six piglets were intraperitoneally injected with normal
saline (Wang, Chen, et al., 2019). The LPS treatments were labelled
LPS-Con, LPS-Aps and LPS-Gps, respectively, and the normal saline
treatment was labelled NS-Con, NS-Aps and NS-Gps respectively.

The basal diet was designed to meet the nutritional requirements
of NRC (1998) and contained no antibiotics (Table 1). Water and feed
were provided ad libitum. All pigs were housed in a room with the

temperature controlled between 25°C and 28°C.

2.2 | Preparation of Aps and Gps

The polysaccharide had a purity of 80% and a molecular weight of
20,000-60,000. Aps consisted of hexanoic acid, glucose, fructose,

TABLE 1 Composition and nutrient levels of the basal diet

Ingredients Content, % Nutrient level Content
Corn 55.00 DE, MJ/Kg 14.17
Wheat midding 3.50 CP, % 20.35
Phospholipid 2.00 Lys, % 1.34
Whey powder 5.00 Met + Cys, % 0.77
Extruded soybean 7.30 Thr, % 0.80
Soybean meal 18.50 Ca, % 0.95
Fish meal 5.00 TP, % 0.65
Dicalcium 1.00 AP, % 0.48
phosphate
Limestone 1.10
NaCl 0.1
L-Lysine HCI 0.35
DL-Methionine 0.15
Vitamin-mineral 1.00
Premix®
Total 100

2Supplied the following per kg of diet: vitamin A, 10,000 IU; vitamin D,,
400 IU; vitamin E, 10 mg; pantothenic acid, 15 mg; vitamin B, 2 mg;
biotin, 0.3 mg; folic acid, 3 mg; vitamin B, ,, 0.009 mg; ascorbic acid,

40 mg; Fe, 150 mg; Cu, 130 mg; Mn, 60 mg; Zn, 120 mg; I, 0.3 mg; and
Se, 0.25 mg.
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TABLE 2 Effects of the Aps and Gps
on growth performance in weaned piglets

Item

Initial BW, kg
Final BW, kg
ADG, g
ADFl, g

F:G

3
Animal Physiology and Animal NJZ:MW l L E YJ_

Treatment?
Con Aps Gps SEM? p value
8.74 9.08 8.94 0.70 .50
17.52° 18.78° 18.61° 3.39 .04
325.16° 359.26° 358.29% 4.44 .01
640.40° 614.69° 643.41° 16.16 <.01
1.98% 1.76¢ 1.83° 6.16 .01

Note: In the same row, values with no letter or the same letter superscripts mean no significant dif-
ference (p > .05), while with different letter superscripts mean significant difference (p < .05).
1Con, Aps and Gps represent the piglets supplemented with basal diet, piglets supplemented with
the astragalus polysaccharides and piglets supplemented with ginseng polysaccharide respectively.
2pooled SEM; n = 6 per treatment.

rhamnose, arabinose and galacturonan. Gps consisted of rham-
nolipid, xylose, glucose and galactose. Aps and Gps were supplied by
Vegamax Biotechnology.

2.3 | Growth performance

According to our previous operations (Yang et al., 2018), piglets were
weighed individually at the beginning and on d 28 of the experiment.
Daily intake was recorded. Average daily feed intake (ADFI), average
daily gain (ADG) and feed to gain (F:G) for each pen were calculated.

2.4 | Sample collection

At 1.5 hr and 3 hr after the LPS challenge, all 36 piglets were used for
blood sample collection. Samples were taken from the front cavity
vein and centrifuged (3,000 g, 10 min) at 4°C; then, the serum was
separated and promptly stored at =20°C for further analysis. All 36
piglets were slaughtered after LPS challenge 4 hr. Jejunum segments
were collected and preserved in 4% paraformaldehyde and stored
at 4°C. The jejunum mucosa was collected in Eppendorf tubes and
stored at -80°C.

2.5 | Serum parameter analysis

Aspartate aminotransferase (AST), alanine aminotransferase (ALT)
and serum urea nitrogen (BUN) were determined using kits fol-
lowing the manufacturer's instructions. Expression of immuno-
globulin A (IgA), immunoglobulin M (IgM), immunoglobulin G (IgG),
interleukin-1p (IL-1p) and TNF-« (tumour necrosis factor-a) was as-
sayed using immunoturbidimetry kits. All kits were purchased from
the Jiancheng Biological Engineering Research Institute, Nanjing,
China.

2.6 | Morphological analysis of the jejunum

The jejunum was fixed in 10% formaldehyde solution, routinely
sampled, dehydrated, paraffin-embedded, sliced (4 pm thick),
stained with haematoxylin-eosin and observed under an optical

microscope, and the main descriptive parts were photographed

(Microscope: Nikon Eclipse ci; imaging system: Nikon digital
sight DS-FI2). The villus height and crypt depth of each intestinal
sample were measured at 10x visual fields, and the villus height/
crypt depth ratio (VCR) was calculated for each treatment group.
Pathological changes were also observed in the same field of

vision.

2.7 | Jejunal immunohistochemical analysis

Immunohistochemical analyses to determine TLR4, MyD88 and
NF-xB expression were performed on each specimen. Three 200x
visual fields were randomly selected for photography. Three areas of
uniform dimension and contrast were taken as standard in all photo-
graphs for analysis using the Image-Pro 6.0 software. By analysing
the circular areas in each photograph, the cumulative optical den-
sity of each positive circle was obtained, and the average value was
calculated.

2.8 | Intestinal barrier function analysis

The expression of tight junction proteins (occludin and claudin) in the
jejunal mucosa was determined by Western blotting (WB). Total pro-
tein was obtained from dissolved cells and tissues. The equivalent
number of lysates was submitted to SDS polyacrylamide gel elec-
trophoresis and transferred to the PVDF membrane (MiLople). After
2 hr of sealing with 5% skimmed milk, the membrane was incubated
at 4°C, overnight with corresponding antibodies, and then incubated
with the two antibodies at 25°C for 2 hr. The expected protein bands
were detected using Image Quant™ LAS 4000 (GE Healthcare Life
Sciences). The relative abundance of target protein (normalized to B-

actin) was analysed using the Image-Pro Plus 6.0 software.

2.9 | Statistical analysis

One-way ANOVA was performed using SPSS Statistics 21.0 (SPSS),
and the GraphPad Prism 6 (GraphPad Software) was used to make
histograms. The data of growth performance are presented as least
square means plus pooled SEM. p value of <.05 was considered sta-

tistically significant.
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FIGURE 1 Effects of Aps and Gps on liver function in weaned piglets challenged with LPS involved 1.5 hr and 3 hr. NS-Con represents
the control piglets treated with normal saline; NS-Aps represents the piglets supplemented with Aps and treated with normal saline; NS-Gps
represents the piglets supplemented with Gps and treated with normal saline; LPS-Con represents the control piglets challenged with LPS;
LPS-Aps represents the piglets supplemented with Aps and challenged with LPS; LPS-Gps represents the piglets supplemented with Gps and
challenged with LPS; and small superscript letter indicates differences (p < .05). Values mean n = 6 for the analysis
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3.1 | Growth performance

) ) 3.2 | Serum biochemical index
The effects of Aps and Gps on growth performance in weaned pig-

lets are listed in Table 2. Piglets fed diets supplemented with Aps or Piglets fed diets supplemented with Aps and Gps had lower
Gps had higher (p < .05) final body weight and ADG when compared (p < .05) ALT and AST levels than did control group piglets under

with control group piglets. The F:G was lower (p < .05) in piglets fed normal saline treatment (Figure 1). Lipopolysaccharide challenge
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FIGURE 2 Effects of Aps and Gps on SOD and T-AOC in weaned piglets challenged with LPS involved 1.5 hr and 3 hr. NS-Con represents
the control piglets treated with normal saline; NS-Aps represents the piglets supplemented with Aps and treated with normal saline; NS-Gps
represents the piglets supplemented with Gps and challenged with normal saline; LPS-Con represents the control piglets challenged with
LPS; LPS-Aps represents the piglets supplemented with Aps and challenged with LPS; LPS-Gps represents the piglets supplemented with
Gps and challenged with LPS; and small superscript letter indicates differences (p < .05). Values mean n = 6 for the analysis
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FIGURE 3 Effects of Aps and Gps on immunoglobulin in weaned piglets challenged with LPS involved 1.5 hr and 3 hr. NS-Con represents
the control piglets treated with normal saline; NS-Aps represents the piglets supplemented with Aps and challenged with normal saline;
NS-Gps represents the piglets supplemented with Gps and challenged with normal saline; LPS-Con represents the control piglets challenged
with LPS; LPS-Aps represents the piglets supplemented with Aps and challenged with LPS; LPS-Gps represents the piglets supplemented
with Gps and challenged with LPS; and small superscript letter indicates differences (p < .05). Values mean n = 6 for the analysis

increased (p < .05) the serum BUN, ALT and AST levels at 1.5 hr
and 3 hr when compared with the situation under normal saline
treatment. At 3 hr of challenge with LPS, both LPS-Aps and LPS-
Gps treatment piglets had lower (p < .05) serum levels of BUN, ALT
and AST than did LPS-Con piglets.

3.3 | Antioxidation indexes

Lipopolysaccharide injection decreased (p < .05) the serum SOD
level at 1.5 hr and 3 hr, and serum T-AOC at 1.5 hr when compared
with the situation under normal saline injection (Figure 2). The NS-
Aps and NS-Gps piglets had higher (p < .05) serum SOD and T-AOC
levels than did NS-Con piglets at 1.5 hr. Furthermore, both LPS-Aps
and LPS-Gps treatment piglets had higher SOD and T-AOC levels at
1.5 hr and 3 hr when compared with the LPS-Con treatment piglets.

3.4 | Immunoglobulin

Effects of dietary supplementation with Aps and Gps on serum im-
munoglobulins are depicted in Figure 3. The NS-Aps piglets had a
higher (p < .05) IgG level at 1.5 hr and higher (p < .05) IgA and IgM
levels at 3 hr when compared with NS-Con piglets. The LPS-Aps pig-
lets had a higher (p < .05) IgA level at 1.5 hr and 3 hr when compared
with LPS-Con piglets.

3.5 | Serum inflammatory factors

Effects of dietary supplementation with Aps and Gps on serum cy-
tokines are shown in Figure 4. Piglets in NS-Aps or NS-Gps treat-
ments showed a higher (p < .05) concentration of IL-1p and TNF-«a
(p < .05) at 3 hr than did NS-Con piglets. The LPS challenge sharply
increased IL-1 and TNF-a levels. Lipopolysaccharide-challenged pig-
lets fed diets supplemented with Aps or Gps had decreased (p < .05)
IL-1 and TNF-« levels when compared with LPS-Con piglets.

3.6 | Expression of jejunal TLR4, MyD88 and NF-xB

Compared with the piglets under the NS-Con treatment, the NS-
Aps and NS-Gps piglets had higher (p < .05) expression of TLR4,
MyD88 and NF-kB (Figure 5). Lipopolysaccharide challenge sharply
increased (p < .05) the expression of TLR4, MyD88 and NF-kB.
Lipopolysaccharide-challenged piglets fed diets supplemented with
Aps or Gps had decreased (p < .05) TLR4, MYD88 and NF-kB expres-
sion when compared with LPS-Con piglets.

3.7 | Jejunal morphology analysis

Compared with the piglets under the NS-Con treatment, the NS-Aps
or NS-Gps piglets had increased (p < .05) villus height and VCR in
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FIGURE 4 Effects of Aps and Gps on serum inflammatory factors in weaned piglets challenged with LPS involved 1.5 hr and 3 hr. NS-
Con represents the control piglets treated with normal saline; NS-Aps represents the piglets supplemented with Aps and challenged with
normal saline; NS-Gps represents the piglets supplemented with Gps and challenged with normal saline; LPS-Con represents the control
piglets challenged with LPS; LPS-Aps represents the piglets supplemented with Aps and challenged with LPS; LPS-Gps represents the piglets
supplemented with Gps and challenged with LPS; and small superscript letter indicates differences (p < .05). Values mean n = 6 for the
analysis
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FIGURE 5 Effects of Aps and Gps on jejunal about TLR4, MyD88 and NF«kB in weaned piglets challenged with LPS involved 1.5 hr and

3 hr. NS-Con represents the control piglets treated with normal saline; NS-Aps represents the piglets supplemented with Aps and challenged
with normal saline; NS-Gps represents the piglets supplemented with Gps and challenged with normal saline; LPS-Con represents the
control piglets challenged with LPS; LPS-Aps represents the piglets supplemented with Aps and challenged with LPS; LPS-Gps represents
the piglets supplemented with Gps and challenged with LPS; and small superscript letter indicates differences (p < .05). Values meann =6
for the analysis
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FIGURE 6 Effects of Aps and Gps on jejunal morphology in weaned piglets challenged with LPS involved 1.5 hr and 3 hr. NS-Con
represents the control piglets treated with normal saline; NS-Aps represents the piglets supplemented with Aps and challenged with normal
saline; NS-Gps represents the piglets supplemented with Gps and challenged with normal saline; LPS-Con represents the control piglets
challenged with LPS; LPS-Aps represents the piglets supplemented with Aps and challenged with LPS; LPS-Gps represents the piglets
supplemented with Gps and challenged with LPS; and small superscript letter indicates differences (p < .05). Values mean n = 6 for the
analysis
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FIGURE 7 Effects of Aps and Gps on occludin and claudin of jejunal in weaned piglets challenged with LPS involved 1.5 hr and 3 hr.
NS-Con represents the control piglets treated with normal saline; NS-Aps represents the piglets supplemented with Aps and treated with
normal saline; NS-Gps represents the piglets supplemented with Gps and treated with normal saline; LPS-Con represents the control piglets
challenged with LPS; LPS-Aps represents the piglets supplemented with Aps and challenged with LPS; LPS-Gps represents the piglets
supplemented with Gps and challenged with LPS; and small superscript letter indicates differences (p < .05). Values mean n = 6 for the

analysis of liver function indexes

jejunum (Figure 6). Lipopolysaccharide challenge decreased (p < .05)
villus height and VCR. In addition, both LPS-Aps and LPS-Gps treat-
ments increased (p < .05) villus height and VCR when compared with
the LPS-Con treatment.

3.8 | Expression of jejunal occludin and claudin

The effects of Aps and Gps on occludin and claudin expression
are shown in Figure 7. Compared with the NS-Con piglets, the
Aps piglets had higher (p < .05) expression of occludin and claudin.
Lipopolysaccharide challenge decreased (p < .05) the expression of
occludin and claudin, and both LPS-Aps and LPS-Gps piglets showed
higher (p < .05) occludin and claudin expression than did LPS-Con
piglets.

4 | DISCUSSION

Plant polysaccharides have attracted a lot of attention because of
their bioactivities, such as antioxidant activity, radioprotection ef-
fect, and hypolipidemic and immunomodulatory activities (Xie et al.,
2015). Dietary supplementation with Aps was reported to increase
growth performance in Nile tilapia (Zahran, Risha, AbdelHamid,
Mahgoub, & Ibrahim, 2014). Wild-ginseng adventitious root meal
was found to improve body weight gain and feed intake in chicken

(Yan et al., 2009). Aps and sulfated Aps displayed dose-dependent
growth-promoting and immunomodulatory effect in LPS-infected
broiler chicks (Wang et al., 2014). Yin et al. (2008) reported that Aps
promoted growth performance, ameliorated amino acid metabo-
lism and increased the entry of dietary amino acid into the systemic
circulation in early weaned piglets. Largemouth bass fed diets sup-
plemented with Aps and chitosan oligosaccharides, alone or in com-
bination, showed significantly increased final weight and specific
growth rate, as well as increased feed conversion ratio (Lin et al,,
2017). Furthermore, juvenile broilers fed diets supplemented with
Aps had higher body weight gains and feed conversion ratio (Wu,
2018). In our study, we also observed that dietary supplementation
with Aps and Gps enhanced growth performance and feed conver-
sion ratio in weaned piglets.

Aps has been shown to exert protective effects on liver dam-
age induced by cyclophosphamide, docetaxel and epirubicin in mice
(Liu et al., 2014). The polysaccharide extracted from Angelica and
Astragalus (AAP) significantly decreased the activities of AST and
ALT and enhanced the activity of SOD in CCl4-treated (carbon tet-
rachloride) mice (Pu et al., 2015). Further research found that, the
early weaned piglets fed chitosan and galacto-mannan-oligosaccha-
ride, BUN level was reduced whereas serum total protein concen-
tration was increased, in addition to improvement in liver function
and antioxidant capacity (Tang et al., 2005). According to our results,

LPS-challenged piglets fed diets supplemented with Aps or Gps had
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lower AST and ALT levels than did LPS-Con piglets, which indicated
that the supplementation of Aps or Gps alleviated liver damage in-
duced by LPS.

Juvenile broilers fed with Astragalus membranaceus polysaccha-
ride demonstrated higher serum IgG, IgM and IgA levels in compar-
ison with control group (Wu, 2018). However, excessive Astragalus
membranaceus polysaccharide dose could not improve its efficiency
of growth performance and immunity further. Furthermore, the
sEPS, compound of Aps and sulfated epimedium polysaccharide,
have been reported to overcome cytasters-induced immunosup-
pression, significantly enhance T-lymphocyte proliferation and in-
crease 1gG and IgM levels (Guo et al., 2012). Abdullahi, Kallon, Yu,
Zhang, and Li (2016) have also reported that Astragalus and Ginseng
polysaccharide increase the expression of cytokines and immuno-
globulin in broilers. We found that adding Aps significantly increased
IgA levels in unchallenged piglets. Stimulation of LPS decreased IgA
level, while the addition of Aps and Gps maintained the level of IgA,
which improved the immune function of pigs under stress.

Astragalus membranaceus extract can inhibit advanced glycation
end products-induced inflammatory cytokine production (IL-1p and
TNF-a) to down-regulate macrophage-mediated inflammation via
p38 MAPK and NF-kB signalling pathways (Qin et al., 2012). Aps al-
leviated LPS-induced immunological stress response in chicken. Aps
supplementation ameliorated LPS-induced increase in the mRNA
abundance of TLR4, NF-kB, IL-1, IL-6, avian uncoupling protein, a-1-
acid glycoprotein, hemopexin and y + LAT2 (Liu et al., 2015). Besides,
200 mg/kg Aps significantly enhanced percentages of peripheral
blood ANAE + T lymphocytes, CD4+, CD8+ cells and CD4+/CD8+
ratio and the content of INF-y and IL-2 (Qiu et al., 2010). Aps injection
up-regulated the expression of IL-1p and TNF-«a in fish head and kid-
ney in a dose-dependent manner (Yuan et al., 2008). Xi et al. (2016)
reported that Gps improved IL-2 and TNF-a levels in sow serum and
milk, which may be further beneficial to piglet health and growth
through biological transmission effects during late pregnancy and
lactation. Both Aps and Gps increased level of IL-2, IL-10, | FN-y and
TNF-a in chicken (Abdullahi et al., 2016). Our results showed that
LPS increased IL-1p and TNF-a levels significantly. Furthermore, Aps
and Gps reduced LPS-induced immune stress.

Aps significantly up-regulated gene expression of TNF-a, IL-6
and iNOS, rapidly activated TLR4-related MAPKSs and induced trans-
location of NF-xB as well as degradation of 1kB-a of RAW264.7 cell
(Wei et al., 2016). In vivo, mice treated with Aps had induced TLR4
expression (Yin et al., 2010). TLR4 plays a key role in LPS-induced
intestinal inflammation (Liu et al., 2012). Further in vitro and in vivo
research found that Aps may modulate immunity of host organisms
by stimulating the key nodes in the TLR4-MyD88-dependent signal-
ling pathway, including TLR4, MyD88 and NF-xB (Zhou, Liu, Long,
Zhou, & Bao, 2018). Our results showed that Aps and Gps improved
the expression TLR4, MyD88 and NF-xB in unchallenged piglets.
Furthermore, Aps and Gps alleviated the abnormal expression of
TLR4, MyD88 and NF-xB, which were induced by LPS.

Phytosterols have been reported to decrease diarrhoea rate
and serum cholesterol levels, reduce lipid peroxidation and increase

the villus height/crypt depth ratio of the duodenum and jejunum
in piglets (Hu, Li, Zhang, Zhuo, & Feng, 2017). The polysaccharide
extracted from Acanthopanax senticosus ameliorated LPS-induced
deterioration of digestive ability in LPS-challenged mice by improv-
ing villus height and decreasing crypt depth in the jejunum (Han et
al., 2016). Wang et al. (2014) reported that Aps and sulfated Aps
increased BWG and jejunal villus height and elevated the number of
jejunal intraepithelial lymphocytes in LPS-infected broiler chicken,
indicating that Aps is a potential growth regulator in early LPS chal-
lenge. The early LPS challenge has been found to delay intestinal
growth and impair small intestinal structure and absorptive func-
tion in broiler chicken (Hu et al., 2011). Current results showed that
both dietary supplementation with Aps and Gps increased villus
height and the ratio of jejunum villus height to crypt depth the in
LPS-challenged and unchallenged piglets, which indicated that Aps
or Gps can protect intestinal development and promote the main-
tenance of normal intestinal function after stimulation by LPS.
Claudin and occludin are tight junction proteins; tight junctions
are important structures for maintaining the mechanical barrier and
permeability of mucosal epithelium. Lipopolysaccharide treatment
has been shown to down-regulate the mRNA expression of occludin
and claudin-1 in the jejunum (Liu et al., 2012; Wang et al., 2014). And
in post- and pre-addition Aps groups, the expression of ZO-1 and
occludin has been shown to significantly increase (Wang, Li, Yang,
& Yao, 2013). Sun et al. (2016) reported that fermented Yupingfeng
polysaccharides up-regulated the mRNA expression of occludin,
claudin and ZO-1 in the jejunum and ileum of weaning rex rab-
bits. The mMRNA expression of claudin and ZO-1 in the ileum of the
Yupingfeng polysaccharides-treated animals was significantly higher
than that in the control group animals. Our results showed that Aps
and Gps maintained the intestinal barrier function by improving the

expression of occludin and claudin, even after stimulation by LPS.

5 | CONCLUSION

In conclusion, dietary supplementation with Aps or Gps could im-
prove the growth performance, liver function and intestinal villus
morphology. It may regulate immune functioning in piglets by ac-
tivating the TLR4-mediated MyD88-dependent signalling pathway
and enhance the expression of tight junction proteins. Plant poly-
saccharides could reduce intestinal stress to promote the healthy
growth of piglets and alleviate the drug residues caused by antibiot-

ics to some extent.
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