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Study was carried out to investigate the protective effects of Atractylodes macrocephala polysaccharide
(AMP) on the quantity of intestinal intraepithelial lymphocytes (iIELs), and the IL-6, TNF-α mRNA
transcription level in duodenum of diarrheal mice. A total 72 mice were randomly divided into 6 groups:
control (CG), infection (IG), positive drug (PG), AMP low/middle/high dose (LG/ MG/ HG) groups
respectively, (n=12). The mice were induced by diarrhea with E. coli (5×107CFU) via i.p injection (0.5
mL/time/d) after seven days of pre-administration except in CG. After the induction of the diarrhea, the
pathological signs and the quantity of iIELs in small intestine and the mRNA level of IL-6 and TNF-α
in duodenum were analyzed by qRT-PCR from all groups at 6 h and 4 d, respectively. IG group shows
abnormal mental state and the lack of the appetite; however, AMP pre-treatment caused the normal state
and appetite. The duodenal mucosa in IG was seriously injured; with epithelial hyperplasia and necrosis.
However, the intestinal histology of duodenal mucosa was reverted by AMP pre-treatment with normal
structure and morphology with protective rate of 0 %, 70 %, 66.7 %, 40 % and 33.3 %, from IG, PG, HG,
MG and LG groups respectively at 6 h. As compared to CG, the quantity of iIELs in IG was significantly
(P<0.01) higher at 6 h and 4 d in duodenum and ileum of diarrheal mice; however, the iIELs quantity
in IG was significantly (P<0.01) higher and lower at 6 h and 4 d in jejunum, respectively. The AMP
pre-treatment reduced iIELs in duodenum and ileum at 6 h and 4 d, respectively and increased iIELs
in jejunum at 6 h and 4 d. The mRNA level of IL-6 and TNF-α in duodenum was increased in IG at 6
h and 4 d as compared to CG (P<0.01). Although the IL-6 and TNF-α in levels in duodenum decreased
significantly with AMP pre-treatment as compared with IG (P<0.05). Results suggested AMP showed
anti-diarrheal activity which maintained immune barrier in intestinal mucosa through regulating the
quantity of iIELs and soothing the duodenal inflammatory injury might via NF-κB inflammatory pathway.
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INTRODUCTION

D

iarrhea is a common problem with public health
and animals, one of the leading causes of antibioticassociated and widespread around the world (Alebel et al.,
2018; Chang et al., 2018) results in high morbidity and
mortality. Many pathogens and several emerging species
threat the animal production and losses the livestock
mainly in developing countries (Dunn and Johnson,
2018). Enterotoxigenic Escherichia coli is well-known
pathogen that cause diarrhea. Specifically, it adheres to the
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intestinal mucosa, then secretes enterotoxin and adhesins,
conclusively changes the intestinal permeability and
disturbs water and electrolytes balance (Mirhoseini et al.,
2018).
The gut is frequently exposed to food, symbiotic
microorganisms, and environmental agents (Kao, 2013)
and also serves as a main channel of entry for E. coli. A
crucial defense mechanism against E. coli invasion in
the gut is the single layer of epithelial cells that separates
the intestine lumen from the hypo of tissues (Peterson
and Artis, 2014). The barrier function of the intestinal
epithelium is supported by cells and soluble factors of the
intestinal immune system (Kamada et al., 2013). Chief
among them are intestinal intraepithelial lymphocytes
(iIELs), which are implanted in the intestinal epithelium
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and represent one of the single largest populations
of lymphocytes in the body (Van Kaer and OlivaresVillagómez, 2018). iIELs could be divided into type a
or conventional T cells and type b or nonconventional T
cells based on T-cell receptor (TCR) usage and expression
of coreceptors (Taveirne et al., 2011). CD4+T cells in
iIELs could attenuate the adjusting of inflammation and
immunity, which enhanced the effect of self-protection
(Cheroutre, 2005). Furthermore, report indicated that the
diarrhea induced by LPS (the main structure of E. coli)
could be cured by plants polysaccharides as well (Sousa
et al., 2016). LPS-induced tissue damage related to NFκB inflammatory signaling pathway which prevailingly
mediated by TNF receptor associative factors, such as IL6, IL-8 and TNF-α.
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A. macrocephala (Fig. 1A) is a traditional Chinese
medicine that derived from the rhizoma of A.macrocephala
Koidz., used to treat gastrointestinal ulcers, lower
immunity, chronic wasting disease, cancers and diarrhea
(Guan et al., 2018; Huang et al., 2005; Zhang et al.,
2017). A. macrocephala mainly contains polysaccharide,
lactone, volatile oil and sesquiterpenes (Chou et al., 2012;
Kang et al., 2011), which is used as an anti-bacteria, antiinflammation and anti-tumor properties (Dong et al.,
2008; Zhang et al., 2000). In our previous research, we
confirmed that the extract of zhuqin compounds enhanced
the immunity of immunosuppressed in mice (Juan et al.,
2015). Polysaccharides as the vital material basis for
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MATERIALS AND METHODS
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Drugs and kits
A. macrocephala was purchased from Sichuan Qianjin
Zhongyao Co., Ltd. (batch No.: 150601). Astragalus
polysaccharide oral liquid, purchased from Henan Anpu
Biotechnology Co., Ltd. (batch No.: (2015) 16270523).
Pathogenic E. coli O101 strains (CVCC231), was purchased
from the China Veterinary Medicine Supervision Institute
for strain preservation. B511321-UNIQ-10 total RNA
extraction kit was purchased from Sangon Biotech Co.,
Ltd., Shanghai, China. Primer-ScriptTM reagent kit was
purchased from TakaRa Biotechnology Co. Ltd., Beijing,
China. Quantitative PCR kit was purchased from TransGen
Biotechnology Co. Ltd., Beijing, China.
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Fig. 1. Identification of AMP.
A,
the
plant
and
administration
parts
of
Atractylodes macrocephala. B, the entity of AMP. C, the
chemical identification of AMP (1 Molish test (+), 2 biuret
reaction (-), 3 Fehling’s reagent reaction (-), 4 iodinepotassium iodide reaction (-). Note: “+” positive, “-”
negative). D, the standard curve of glucose.

O

Chinese herbal medicine perform unique therapeutic
effects such as regulating immunity, apoptosis and antitumor mediator (Wang et al., 2018; Wei et al., 2018; Li et
al., 2018; Fan et al., 2017; Xu et al., 2014). Previously we
found that the total polysaccharides of Scutellaria and A.
macrocephala (including AMP) maintained the integrity
of immune function via inhibiting the autophagy of spleen
lymphocytes in mice (Pang-min, 2018). Therefore, the aim
of this study was to investigated the effects of AMP on E.
coli induced diarrhea on the ability to affect the quantity
of iIELs in small intestine and the mRNA transcription of
TNF-α and IL-6 in duodenum of mice.

Preparation and identification of AMP
AMP was prepared according to the previous study
(Pang-min, 2018). AMP was primitively identified by the
tests of molish, biuret reaction, Fehling reagent reaction
and iodine-potassium iodide reaction. Phenol-sulphate
acid method (Zhao, 2005) was adapted to measure the
purity of AMP. The average absorbance (AA) of 2, 4, 8, 16,
32, 64 mg/ml glucose solution were collected, and then the
standard curve was drawn. The AA of AMP was measured
and the polysaccharides concentration was calculated
by the standard curve, and the purity (m%) followed
the formula: m%= 100×m1/m2 [m1: polysaccharides
concentration; m2: AMP concentration (50.4 mg/L)].
The structure of AMP analysis by fourier transform
infrared spectrometry (FTIR)
A small amount of AMP (3 mg) were weighed and
added to KBr, then crushed into thin slices. FTIR technique
was used to scan infrared wave number in the range of 4
000 cm-1-400 cm-1, and the height ratio of characteristic
peak was calculated and analyzed by FTIR.
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Animals and treatment
A total 72 Kunming strain mice (20±2 g, male and
female in equal), were purchased from the experimental
animal, Center College of Animal Science, Southwest
University Chongqing China. After one-week adaptive
feeding, mice were randomly divided into 6 groups equally
(n=12). The positive drug group (PG) was administered
with 1.2 mg/mL astragalus polysaccharide orally, while
the AMP low, medium and high dose groups (LG, MG,
HG) were administered with 1.2, 3.6, and 6 mg/mL of
AMP, respectively. The control group (CG) and infection
group (IG) were administered with equal volume of normal
saline. Mice were administered with E. coli 0.5 mL/time/
day for 7 days. All experiments were. All animal research
experiments were conducted according to the National
Institutes of Health guidelines for experimental animal use
and were approved by the Institutional Animal Care and
Use Committee at the Southwest University, Rongchang,
Chongqing China. Mice were housed at standard conditions
(23±2 °C; 60% humidity; 12 h light-dark cycle) and fed ad
libitum standard diet during the whole experiment period.
After the last administration subsequent 24 h, mice in each
group were intraperitoneally (i.p) injected with E. coli
(5×107 CFU) to induce diarrhea except CG.
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segments were rinsed with PBS buffer to clean the intestinal
contents, put into the EP tube (without RNA enzyme), and
stored at -80 oC for further analysis. The primers selected
for the current study was designed by GenBank, (Table
I). Duodenal tissue samples (50mg) were collected for
the synthesis of RNA and cDNA. RNA was extracted by
B511321-UNIQ-10 total RNA extraction kit, and reverse
transcribed into cDNA by primer-scriptTM reagent kit.
qRT-PCR reaction was performed briefly a total reaction
volume system (20 μL) contains 2 × SYBR premix ex Taq
mix 10 μL, QF (10 μmol/L), QR (10 μmol/L) respectively
0.5 μ L, the template cDNA 2 μL, and 7 μL RNase free
dH2O. The amplification procedure parameters contain the
94 oC for 30 s, 94 oC 5 s, 61 oC 35 s, with 40 cycles, then
the specificity of products were detected by dissolution
curve. Dissolution parameter contains the: 97 oC for 10
s, 65 oC 60 s, 97 oC 1 s, 1 cycle. The ΔCt value of the
amplification each curve of cDNA sample was recorded,
and the relative level of mRNA expression was calculated
by 2-ΔΔCt method (Ghowsi et al., 2018).
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Statistical analysis
The data were expressed by mean ± standard
deviation, and analyzed by SPSS 20.0 statistical software,
P < 0.05 was the significant difference, P < 0.01 was the
highly significant difference.
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Clinical observation and management
During the clinical observations when mice show the
depressed spirit, decreased appetite and laxly in IG the
point time was set as 0 h. The incidence of diarrhea was
calculated at 6 h. To evaluated the protective effect of the
drugs on diarrheal mice, we set fecal consistency of scores
in mice according to the previous method (0, normal; 1,
soft faeces; 2, mild diarrhea; and 3, severe diarrhea) (Liu
et al., 2016). The fecal consistency of scores in mice were
collected at 4 d by a trained individual, but who had no
prior knowledge of treatment each mouse had received.
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RESULTS

The quantity of iIELs in small intestine analyzed by moditec
At 6 h and 4 d, 6 mice from each group were euthanized
by cervical dislocation. Intestinal segment (duodenum,
jejunum, and ileum) samples were fixed in 10% Formalin
solution, embedded paraffin, sectioned, stained with H
and E staining (Estrada et al., 2005). The quantity of iIELs
between 100 columnar epithelial cells in intestinal mucosa
was counted by Moditec photo processing software under
the light microscope (Jin-kun et al., 2008). Three distinct
regions of each intestinal segment were selected as average
value for iIELs analysis.

Identification of AMP
As shown in Figure 1, The polysaccharides
concentration (49.454 5 mg/L) was calculated, and the
purity (m%) of AMP was 98.12%. The results illustrated
that AMP contained polysaccharide, instead of proteins,
reducing sugars and starch. As shown in Figure 2, the
strong vibrations arose in characteristic spectral band of 3
446.61 cm-1 and 3 351.41 cm-1 indicated that the stretching
vibration absorption peaks of -OH. The characteristic
spectral band of 2 934.88 cm-1 and 1 637.69 cm-1 severally
signified absorption peak of -CH2 and -COOH. The -C-H
vibration absorption peak at 1 402.64 cm-1, suggested
that AMP included ring structure with carbon atom. The
spectral band of 1 131.90 cm-1, 1 036.69 cm-1 and 941.49
cm-1 were the characteristic absorption peaks of pyranose.
The spectral band of 816.53 cm-1 was absorption peak
of alpha-glycosidic bond. The results implied that AMP
might be a class of pyran polysaccharide with alphaglycosidic bond.

IL-6 and TNF-α mRNA expression level in duodenum
At 6 h and 4 d, the duodenal segments from 6 mice
from CG, IG, PG and HG were collected. Duodenal

Protective effect of AMP on diarrheal mice
During the whole period of treatment the mental
state, drinking, appetite and physical activity of mice in
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Quantity of iIELs in small intestine of E. coli induced
diarrheal mice
At 6 h, the quantity of iIELs in small intestine of
IG was significantly higher than that in CG (P<0.01);
As compared with IG, the quantity of iIELs in small
intestine of PG, MG and HG groups was significantly
decreased (P<0.01), and that in LG group was decreased
(P<0.05 or P>0.05). At 4 d, the quantity of iIELs in
duodenum and ileum of IG was significantly higher than
that in CG(P<0.01); As compared with IG, the quantity
of iIELs in duodenum and ileum of PG and HG groups
were significantly reduced (P<0.01), and that in MG and
LG groups were reduced (P<0.05 or P>0.05). However,
at 4 d, the quantity of iIELs in jejunum of IG significantly
lower than that in CG (P<0.01). The quantity of iIELs in
jejunum of PG, LG, MG and HG groups were significantly
increased as compare with IG (P<0.01) (Fig. 4).

each group was normal with no signs of diarrhea. At 6 h
observation, the mental state and appetite of mice in CG
was normal. Conversely, the mice showed the abnormal
mental state and the lack of the appetite in IG. Although,
the abnormal mental state and appetite of mice in PG, LG,
MG and HG group’s shows nearly to the normal levels.
The incidence and protective rate of diarrhea in each group
is shown in Table II. The fecal score of IG was significantly
increased (P<0.01) as compare to CG. As compared with
IG, the faecal score of PG, LG, MG and HG groups were
decreased significantly by dose-dependently decreased
(P<0.01) (Table II).
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Fig. 2. Infrared analysis atlas of AMP.
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Protective effect of AMP on the intestinal histology
Duodenal mucosa in CG was clear polarized, the
morphology of intestinal epithelial cells was normal, the
nucleus with dark blue was localized at the base of the
enterocyte and the cytoplasm was seems uniformly red
stained. The duodenal mucosa in IG was seriously injured;
the intestinal epithelial cells show hyperplasia, flattened
crypts, pyknosis and necrosis. However, PG, LG, MG
and HG groups’ intestinal histology were improved and
duodenal mucosa with normal structure of villi and crypts,
and blue stained nuclei and normal morphology (Fig. 3).
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Fig. 3. Histological sections of duodenum of mice in each
group (H and E analysis). Histological sections of intestinal
epithelial cells revealed A, B, C, D, E, and F for CG, IG,
PG, LG, MG, and HG groups respectively. 3A showed the
normal structure; 3B showed the hyperplasia, flattened
crypts, pyknosis and necrosis in the intestinal epithelial
cells; 3C/D/E/F showed the recovered morphology of
intestinal epithelial cells (scale bar 100 μm).

Table I. Primer sequence of IL-6, TNF-α and GAPDH mRNA.
Gene

primer sequence (5'-3')

Accession No.

Size (bp)

NM_001314054.1

IL-6-F

CTTCTTGGGACTGATGCTGGT

21

IL-6-R

AGACAGGTCTGTTGGGAGTGG

22

TNF-α-F

CAACGGCATGGATCTCAAAG

20

TNF-α-R

TAGCAAATCGGCTGACGGT

19

GAPDH-F

AGGCCGGTGCTGAGTATGTC

20

GAPDH-R

GGCGGAGATGATGACCCTT

19

NM_001278601.1
XM_017321385.1
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Table II. Incidence, protective rate and faecal score in diarrhea of infected-mice in 6 h.
Group

CG

IG

PG

LG

MG

HG

Incidence of diarrhea

0%

100%

30%

66.7%

60%

33.3%

Protective rate

——

0%

70%

33.3%

40%

66.7%

Faecal score

0.00±0.00A

2.50±0.50C

0.67±0.47AB

1.17±0.37B

1.00±0.58B

0.83±0.37B

Note: Different capital letters means highly significant difference between groups (P<0.01).
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Fig. 4. Quantity of iIELs in the small intestine of mice at
6 h and 4 d.
The quantity of iIELs in the small intestine at 6h and 4d
respectively. The results are expressed in arbitrary unit and
quantity is compared from the control group. Symbols #
and * indicates the P<0.01 and P<0.05 respectively in the
small intestine.

Expression levels of IL-6 and TNF-α in duodenum of mice
The mRNA level of IL-6 in duodenum of IG was
significantly increased at 6 h and 4 d in comparison to CG
respectively (P<0.01). However as compared with IG, the
mRNA level of IL-6 in duodenum of PG and HG gruops
was decreased significantly (P<0.01). The mRNA level of
TNF-α in duodenum of IG was significantly increased at
6 h and 4 d as compared to CG (P<0.01). Although the
mRNA level of TNF-α in duodenum of PG and HG groups
decreased significantly as compared with IG (P<0.01)
(Fig. 5).
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Fig. 5. The levels of IL-6 and TNF-α mRNA in duodenum
of mice at 6 h and 4 d.
Effect of AMP on IL-6, TNF-α mRNA Level in E.
coli induced diarrheal mice was analyzed by reverse
transcription qPCR. Results are expressed in arbitrary
units; are shown relative to mRNA expression levels from
the control group in duodenum of mice at 6 h and 4 d.

DISCUSSION
Intestinal intraepithelial lymphocytes iIELs are
various populations of lymphoid cells that inhabit between
the intestinal epithelial cells to form the intestinal mucosal
barrier. The intestinal epithelial cells and iIELs are
important components of the intestinal immune system
against invading pathogen, they interface for immune
cells to detect and respond to environmental substances
(Suzuki, 2012). It is found that the excessive iIELs could
reduce the functions of intestinal mucosal barrier (Hayday
et al., 2001). However, the quantity of iIELs might be
relative to the contact with the microbiota and pathogen
types and dose of invading pathogen, also the functions
of innate immune and mucosal immune response. The
increase of iIELs was a characteristic index for early
diagnosis of gastrointestinal diseases and tissues damages,
which might be related to peptic duodenitis (Chang et al.,
2005). Our findings revealed that the quantity of iIELs in
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small intestine of diarrheal mice was increased with E. coli
induction suggested that E. coli might induce extensive
enteritis in small intestine of the mice. The amount of iIELs
in small intestine of diarrheal mice was decreased in dosedependent manner with the pre-administration of AMP,
which indicated that AMP could maintain the functions of
intestinal mucosal barrier and as an anti-inflammation. The
epithelial cells intestine proliferated rapidly to maintaining
the steady state of intestinal mucosa, therefore the number
of iIELs in diarrheal mice was relatively decreased. The
pre-administration of AMP promoted the increase of iIELs
in jejunum of diarrheal mice, which manifested that AMP
maintained the functions of intestinal mucosal barrier by
facilitating the proliferation of intestinal epithelial cells.
The AMP regulates the disorder of intestinal flora, and
improve the metabolism of animals (Wang et al., 2014).
The effect of AMP on anti-pathogenic microorganism
found better than antibiotics (Li et al., 2011), and it
could promote lymphocyte proliferation after selenium
modification (Liu et al., 2015). AMP possess biological
activities to improve in digestive system, anti-tumor, antiinflammatory, anti-aging, anti-oxidative, and anti-bacterial
activities (Li et al., 2012, 2014; Shu et al., 2017; Wang et
al., 2009, 2014; Kim et al., 2016).
IL-6 is considered a mediator of the inflammatory
response and it has many biological functions induced
by iIELs, which can protect the colon from invasion by
pathogen and the integrity of intestinal mucosa (Kuhn
et al., 2018). IL-6 acts on pro-inflammation, stimulates
the inflammatory injury and the development of tumors
when largely proliferation (Fizazi et al., 2012). The iIELs
of TCRβ+CD4−CD8− in colon of mice could produce a
large number of IL-6 in the early stage of inflammatory
injury (Kuhn et al., 2014). The present study showed that
the expression of IL-6 in the duodenum of diarrheal mice
was significantly higher than those normal mice. The preadministration of AMP decreased the mRNA transcription
of IL-6 in the duodenum of diarrheal mice; our results were
consistent with other previous research (Frech and Hudson,
2015; Herlina et al., 2016; Pei et al., 2019; Zhou et al.,
2006) as well. The study suggested that AMP effectively
antagonize duodenitis and diarrhea in mice and protective
effects in intestinal cells and tissues.
The production of inflammatory mediators is cascade
process, and the NF-κB signaling pathway is a classical
pathway that induces inflammatory mediators. The study
found that TNF-α could be involved in the activation of
NF-κB inflammatory signaling pathway, which ultimately
activates the inflammatory cells to express more
inflammatory factors such as IL-6, TNF-α, etc. (Kuhn et
al., 2018). Many diseases are associated with excessive
secretion of inflammatory mediators (Tsoulfas and
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Geller, 2001). The anti-TNF-α therapy could effectively
cure rheumatoid arthritis and prove that TNF-α playing
an important role in the development of inflammation
(Feldmann and Maini, 2001). TNF-α highly expressed
due to the stimulating ROS production in intestinal
epithelial cell (Rokutan et al., 2008), which could induce
the chronic inflammatory bowel disease (Ahn and Kim,
2018). Our study shows that the transcription of TNF-α
in duodenum of diarrhea mice was increased, suggested
that the inflammatory response of duodenum in diarrhea
mice might relate to the activation of NF-κB inflammatory
signaling pathway. However, the pre-administration of
AMP reduced transcription level of TNF-α in diarrhea
mice, which was consistent with the previous results
(Belluzzo et al., 2014; Park et al., 2017; Yang et al., 2005).
The anti-inflammatory mechanism might be related to
the inhibition of NF-κB inflammatory signaling pathway
activation.
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CONCLUSION

In conclusion, the results reported here show that
AMP is a potential alternative approach for treating
diarrhea condition by regulating the quantity of iIELs in
small intestine. The anti-inflammatory effect of AMP is
associated with the down-regulation of the IL-6, TNF-α
transcriptional level and the balanced pro-inflammatory
cytokine in diarrheal mice.

ri s

F

e
l
c

ACKNOWLEDGMENTS
This study was supported by the National Public
Welfare (Agriculture) Science and Technology Special
(20130304-05), and Special work for the Ministry of
Science and Technology (2013FYF110600-03). We are
grateful to the staff of Institute of Traditional Chinese
Veterinary Medicine, Southwest University for their
assistances in the experiments.
Conflict of interest statement
The authors have declared no conflict of interest.

REFERENCES
Ahn, E-M. and Kim, S-J., 2018. The improving effect
of Gastrodia elata Blume on DSS-induced colitis
in mice. Biomed. Sci. Lett., 24: 168-174. https://doi.
org/10.15616/BSL.2018.24.3.168
Alebel, A., Tesema, C., Temesgen, B., Gebrie, A.,
Petrucka, P. and Kibret, G.D., 2018. Prevalence and
determinants of diarrhea among under-five children
in Ethiopia: A systematic review and meta-analysis.

7

Effects of Atractylodes macrocephala Polysaccharide in Diarrheal Mice

PLoS One, 13: e0199684. https://doi.org/10.1371/
journal.pone.0199684
Belluzzo, M., Dozzo, M., Pigatto, E., Schiavon, F. and
Monti, F., 2014. A case of neuromyotonia in Behçet
disease during TNF-α antagonist therapy. Neurol.
Sci., 35: 1637-1639. https://doi.org/10.1007/
s10072-014-1820-7
Chang, A.Y., Riumallo-Herl, C., Salomon, J.A., Resch,
S.C., Brenzel, L., Verguet, S., 2018. Estimating the
distribution of morbidity and mortality of childhood
diarrhea, measles, and pneumonia by wealth group
in low- and middle-income countries. BMC Med.,
16: 102. https://doi.org/10.1186/s12916-0181074-y
Chang, F., Mahadeva, U. and Deere, H., 2005.
Pathological and clinical significance of increased
intraepithelial lymphocytes (IELs) in small bowel
mucosa. J. Pathol. Microbiol. Immunol., 113: 385399.
https://doi.org/10.1111/j.1600-0463.2005.
apm_204.x
Cheroutre, H., 2005. IELs: Enforcing law and order
in the court of the intestinal epithelium. Immunol.
Rev., 206: 114-131. https://doi.org/10.1111/j.01052896.2005.00284.x
Chou, Y.-J., Kuo, C.-Y., Chen, P.-Y., Chen, L.-L.,
Yeh, K.-Y., Kuo, H.-S. and Chang, C.-H., 2012.
Oral administration of Qing-Shu-Yi-Qi-Tang
reduce lung cancer-induced cachexia in mice.
Afri. J. Pharm. Pharmacol., 6: 84-91. https://doi.
org/10.5897/AJPP11.186
Dong, H., He, L., Huang, M. and Dong, Y., 2008.
Anti-inflammatory
components
isolated
from
Atractylodes
macrocephala
Koidz.
Nat. Prod. Res., 22: 1418-1427. https://doi.
org/10.1080/14786410801931629
Dunn, G. and Johnson, G.D., 2018. The geo-spatial
distribution of childhood diarrheal disease in West
Africa, 2008-2013: A covariate-adjusted cluster
analysis. Spat. Spatiotemporal. Epidemiol., 26: 127141. https://doi.org/10.1016/j.sste.2018.06.005
Estrada, J., Selim, M. and Miller, S., 2005. TEM of tissue
from paraffin-embedded H and E-stained sections
for viral diagnosis (An Unusual Papovavirus Case).
Microsc. Microanal. Off. J. Microsc. Soc. Am.
Microbeam Anal. Soc., Microsc. Soc. Can., 11: 964965. https://doi.org/10.1017/S143192760550134X
Fan, S., Zhang, J., Nie, W., Zhou, W., Jin, L.,
Chen, X. and Lu, J., 2017. Antitumor effects
of polysaccharide from Sargassum fusiforme
against human hepatocellular carcinoma HepG2
cells. Fd. Chem. Toxicol., 102: 53-62. https://doi.
org/10.1016/j.fct.2017.01.020

O

i
l
n

e
n

Feldmann, M. and Maini, R.N., 2001. Anti-TNF alpha
therapy of rheumatoid arthritis: what have we
learned? Annu. Rev. Immunol., 19: 163-196. https://
doi.org/10.1146/annurev.immunol.19.1.163
Fizazi, K., De Bono, J.S., Flechon, A., Heidenreich,
A., Voog, E., Davis, N.B., Qi, M., Bandekar, R.,
Vermeulen, J.T., Cornfeld, M. and Hudes, G.R.,
2012. Randomised phase II study of siltuximab
(CNTO 328), an anti-IL-6 monoclonal antibody,
in combination with mitoxantrone/prednisone
versus mitoxantrone/prednisone alone in metastatic
castration-resistant prostate cancer. Eur. J.
Cancer, 48: 85-93. https://doi.org/10.1016/j.
ejca.2011.10.014
Frech, T.M. and Hudson, M., 2015. Protective role of
interleukin-6 in systemic sclerosis gastrointestinal
tract involvement: case report and review of the
literature. Clin. exp. Rheumatol., 33(4 Suppl 91),
S179-S181.
Ghowsi, M., Khazali, H. and Sisakhtnezhad, S., 2018.
Evaluation of TNF-α and IL-6 mRNAs expressions
in visceral and subcutaneous adipose tissues of
polycystic ovarian rats and effects of resveratrol.
Iran J. Basic med. Sci., 21: 165-174.
Guan, Z., Wang, M., Cai, Y., Yang, H., Zhao, M. and Zhao,
C., 2018. Rapid characterization of the chemical
constituents of Sijunzi decoction by UHPLC
coupled with Fourier transform ion cyclotron
resonance mass spectrometry. J. Chromatogr. B
Analyt. Technol. Biomed. Life Sci., 1086: 11-22.
https://doi.org/10.1016/j.jchromb.2018.04.009
Hayday, A., Theodoridis, E., Ramsburg, E. and Shires,
J., 2001. Intraepithelial lymphocytes: Exploring the
third way in immunology. Nat. Immunol., 2: 9971003. https://doi.org/10.1038/ni1101-997
Herlina, H., Manoppo, J. and Umboh, A., 2016. Bacterial
enteric pathogens and serum interleukin-6 levels in
children with acute diarrhea. Paediatr. Indones.,
56: 144. https://doi.org/10.14238/pi56.3.2016.1448
Huang, H.-L., Chen, C.-C., Yeh, C.-Y. and Huang,
R.-L., 2005. Reactive oxygen species mediation
of baizhu-induced apoptosis in human leukemia
cells. J. Ethnopharmacol., 97: 21-29. https://doi.
org/10.1016/j.jep.2004.09.058
Jin-kun, Y., Yao-xing, C. and Zi-xu, W., 2008. Effect of
estrogen on structure of mucosal epithelium and
number of intraepithelial lymphocytes and goblet
cells in small intestine of rat. Acta Vet. Zootech.
Sin., 39: 1267-1271.
Juan, L., Hong, Q., Rong, Z.Z., Xun, Z.M., Chen, L.Y.,
Qiang, Y.Z., Shu, L.G., Hua, Y.L. and Qiang, Y.,

e
l
c

i
t
r

A
t

ri s

F

7

Z. Wang et al.

8

2015. Influence of Zhuqin formula extract on
the cellular and humoral immune response in
cyclophosphamide-immunocompromised mice. J.
Anim. Pl. Sci., 25: 1335-1343.
Kamada, N., Chen, G.Y., Inohara, N. and Núñez, G.,
2013. Control of pathogens and pathobionts by
the gut microbiota. Nat. Immunol., 14: 685-690.
https://doi.org/10.1038/ni.2608
Kang, T.-H., Bang, J.-Y., Kim, M.-H., Kang, I.-C., Kim,
H.-M. and Jeong, H.-J., 2011. Atractylenolide III, a
sesquiterpenoid, induces apoptosis in human lung
carcinoma A549 cells via mitochondria-mediated
death pathway. Fd. Chem. Toxicol., 49: 514-519.
https://doi.org/10.1016/j.fct.2010.11.038
Kao, J.Y., 2013. Principles of mucosal immunology.
Gastroenterology,
145:
483.
https://doi.
org/10.1053/j.gastro.2013.06.013
Kim, H.-Y., Nam, S.-Y., Hwang, S.-Y., Kim, H.M. and Jeong, H.-J., 2016. Atractylone, an
active constituent of KMP6, attenuates allergic
inflammation on allergic rhinitis in vitro and in vivo
models. Mol. Immunol., 78, 121-132. https://doi.
org/10.1016/j.molimm.2016.09.007
Kuhn, K.A., Manieri, N.A., Liu, T.-C. and Stappenbeck,
T.S., 2014. IL-6 stimulates intestinal epithelial
proliferation and repair after injury. PLoS One,
9:
e114195.
https://doi.org/10.1371/journal.
pone.0114195
Kuhn, K.A., Schulz, H.M., Regner, E.H., Severs, E.L.,
Hendrickson, J.D., Mehta, G., Whitney, A.K., Ir, D.,
Ohri, N., Robertson, C.E., Frank, D.N., Campbell,
E.L. and Colgan, S.P., 2018. Bacteroidales recruit
IL-6-producing intraepithelial lymphocytes in
the colon to promote barrier integrity. Mucosal
Immunol., 11: 357-368. https://doi.org/10.1038/
mi.2017.55
Li, L.L., Yin, F.G., Zhang, B., Peng, H.Z., Li, F.N., Zhu,
N.S., Hou, D.X., Yin, Y.L., Luo, J.J., Tang, Z.R.
and Liu, G., 2011. Dietary supplementation with
Atractylodes macrophala Koidz polysaccharides
ameliorate metabolic status and improve immune
function in early-weaned pigs. Livest. Sci., 142: 3341. https://doi.org/10.1016/j.livsci.2011.06.013
Li, W., Guo, S., Xu, D., Li, B., Cao, N., Tian, Y. and
Jiang, Q., 2018. Polysaccharide of Koidz (PAMK)
relieves immunosuppression in cyclophosphamidetreated geese by maintaining a humoral and cellular
immune balance. Molecules, 23: 932. https://doi.
org/10.3390/molecules23040932
Li, X., Lin, J., Han, W., Mai, W., Wang, L., Li, Q., Lin, M.,
Bai, M., Zhang, L. and Chen, D., 2012. Antioxidant
ability and mechanism of rhizoma Atractylodes

O

i
l
n

e
n

macrocephala. Molecules, 17:
13457-13472.
https://doi.org/10.3390/molecules171113457
Li, X., Liu, F., Li, Z., Ye, N., Huang, C. and Yuan, X.,
2014. Atractylodes macrocephala polysaccharides
induces mitochondrial-mediated apoptosis in
glioma C6 cells. Int. J. Biol. Macromol., 66: 108-112.
https://doi.org/10.1016/j.ijbiomac.2014.02.019
Liu, G., Guan, G., Fang, J., Martínez, Y., Chen, S., Bin,
P., Duraipandiyan, V., Gong, T., Tossou, M.C.B.,
Al-Dhabi, N.A. and Yin, Y., 2016. Macleaya
cordata extract decreased diarrhea score and
enhanced intestinal barrier function in growing
piglets. Biomed. Res. Int., 2016: 1069585. https://
doi.org/10.1155/2016/1069585
Liu, J., Chen, X., Yue, C., Hou, R., Chen, J., Lu, Y., Li, X.,
Li, R., Liu, C., Gao, Z., Li, E., Li, Y., Wang, H., Yan,
Y., Li, H. and Hu, Y., 2015. Effect of selenylation
modification on immune-enhancing activity of
Atractylodes macrocephala polysaccharide. Int.
J. Biol. Macromol., 72: 1435-1440. https://doi.
org/10.1016/j.ijbiomac.2014.10.022
Mirhoseini, A., Amani, J. and Nazarian, S., 2018. Review
on pathogenicity mechanism of enterotoxigenic
Escherichia coli and vaccines against it. Microb.
Pathog., 117: 162-169. https://doi.org/10.1016/j.
micpath.2018.02.032
Pang-Min, Z.Z.-r., Qiao Q-q., Zhan Z-y. and Liu, J.,
2018. Effect of Polysaccharides from ZhuQin
formula on the proliferation and autophagy of
spleen lymphocyte in immunocompromised mice.
Acta Vet. Zootech. Sin., 49: 2762-2770.
Park, J.-Y., Chung, T.-W., Jeong, Y.-J., Kwak, C.-H.,
Ha, S.-H., Kwon, K.-M., Abekura, F., Cho, S.H., Lee, Y.-C., Ha, K.-T., Magae, J., Chang, Y.C. and Kim, C.-H., 2017. Ascofuranone inhibits
lipopolysaccharide-induced inflammatory response
via NF-kappaB and AP-1, p-ERK, TNF-α, IL-6
and IL-1β in RAW 264.7 macrophages. PLoS One,
12: e0171322. https://doi.org/10.1371/journal.
pone.0171322
Pei, X., Xiao, Z., Liu, L., Wang, G., Tao, W., Wang, M.,
Zou, J. and Leng, D., 2019. Effects of dietary zinc
oxide nanoparticles supplementation on growth
performance, zinc status, intestinal morphology,
microflora population, and immune response in
weaned pigs. J. Sci. Fd. Agric., 99: 1366-1374.
https://doi.org/10.1002/jsfa.9312
Peterson, L.W. and Artis, D., 2014. Intestinal epithelial
cells: Regulators of barrier function and immune
homeostasis. Nat. Rev. Immunol., 14: 141-153.
https://doi.org/10.1038/nri3608
Rokutan, K., Kawahara, T., Kuwano, Y., Tominaga,

F

ri s

A
t

i
t
r

e
l
c

9

Effects of Atractylodes macrocephala Polysaccharide in Diarrheal Mice

K., Nishida, K. and Teshima-Kondo, S., 2008. Nox
enzymes and oxidative stress in the immunopathology
of the gastrointestinal tract. Semin. Immunopathol.,
30: 315-327. https://doi.org/10.1007/s00281-0080124-5
Shu, Y.-T., Kao, K.-T. and Weng, C.-S., 2017. In vitro
antibacterial and cytotoxic activities of plasmamodified polyethylene terephthalate nonwoven
dressing with aqueous extract of Rhizome
Atractylodes macrocephala. Mater. Sci. Eng.
C Mater. Biol. Appl., 77: 606-612. https://doi.
org/10.1016/j.msec.2017.03.291
Sousa, N.A., Barros, F.C.N., Araújo, T.S.L., Costa, D.S.,
Souza, L.K.M., Sousa, F.B.M., Leódido, A.C.M.,
Pacífico, D.M., de Araújo, S., Bezerra, F.F., Freitas,
A.L.P. and Medeiros, J.V.R., 2016. The efficacy of
a sulphated polysaccharide fraction from Hypnea
musciformis against diarrhea in rodents. Int. J. Biol.
Macromol., 86: 865-875. https://doi.org/10.1016/j.
ijbiomac.2016.02.028
Suzuki, H., 2012. Age-dependent changes in
intraepithelial lymphocytes (IELs) of the small
intestine, cecum, and colon from young adult to
aged mice. Arch. Gerontol. Geriatr., 55: 261-270.
https://doi.org/10.1016/j.archger.2011.07.009
Taveirne, S., Filtjens, J., Van Ammel, E., De Colvenaer,
V., Kerre, T., Taghon, T., Vandekerckhove, B., Plum,
J., Held, W. and Leclercq, G., 2011. Inhibitory
receptors specific for MHC class I educate murine
NK cells but not CD8αα intestinal intraepithelial
T lymphocytes. Blood, 118: 339-347. https://doi.
org/10.1182/blood-2011-01-331124
Tsoulfas, G. and Geller, D.A., 2001. NF-kappaB in
transplantation: Friend or foe? Transpl. Infect.
Dis., 3: 212-219. https://doi.org/10.1034/j.13993062.2001.30405.x
Van-Kaer, L. and Olivares-Villagómez, D., 2018.
Development, homeostasis, and functions of
intestinal intraepithelial lymphocytes. J. Immunol.
(Baltimore, Md. 1950), 200: 2235-2244. https://doi.
org/10.4049/jimmunol.1701704
Wang, C., Duan, H. and He, L., 2009. Inhibitory
effect of atractylenolide I on angiogenesis in
chronic inflammation in vivo and in vitro. Eur. J.
Pharmacol., 612: 143-152. https://doi.org/10.1016/j.
ejphar.2009.04.001
Wang, R., Zhou, G., Wang, M., Peng, Y. and Li, X.,
2014. The metabolism of polysaccharide from

O

i
l
n

e
n

Atractylodes macrocephala Koidz and its effect
on intestinal microflora. Evid. Based Complement.
Alternat. Med., 2014: 926381-926381. https://doi.
org/10.1155/2014/926381
Wang, Y., Kwak, M., Lee, P.C.-W. and Jin, J.-O., 2018.
Rehmannia glutinosa polysaccharide promoted
activation of human dendritic cells. Int. J. Biol.
Macromol., 116: 232-238. https://doi.org/10.1016/j.
ijbiomac.2018.04.144
Wei, Z., Chen, G., Zhang, P., Zhu, L., Zhang, L. and
Chen, K., 2018. Rhizopus nigricans polysaccharide
activated macrophages and suppressed tumor
growth in CT26 tumor-bearing mice. Carbohydr.
Polym. 198: 302-312. https://doi.org/10.1016/j.
carbpol.2018.06.076
Xu, D., Li, W., Huang, Y., He, J. and Tian, Y., 2014. The
effect of selenium and polysaccharide of Atractylodes
macrocephala Koidz. (PAMK) on immune response
in chicken spleen under heat stress. Biol. Trace
Element Res., 160: 232-237. https://doi.org/10.1007/
s12011-014-0056-y
Yang, X., Hu, Z., Chan, S.Y., Chan, E., Goh, B.C.,
Duan, W. and Zhou, S., 2005. Novel agents that
potentially inhibit irinotecan-induced diarrhea.
Curr. Med. Chem., 12: 1343-1358. https://doi.
org/10.2174/0929867054020972
Zhang, N., Liu, C., Sun, T.-M., Ran, X.-K., Kang, T.-G.
and Dou, D.-Q., 2017. Two new compounds from
Atractylodes macrocephala with neuroprotective
activity. J. Asian Nat. Prod. Res., 19: 35-41. https://
doi.org/10.1080/10286020.2016.1247351
Zhang, Y.Q., Xu, S.B., Lin, Y.C., Li, Q., Zhang, X. and Lai,
Y.R., 2000. Antagonistic effects of 3 sesquiterpene
lactones from Atractylodes macrocephala Koidz
on rat uterine contraction in vitro. Acta Pharmacol.
Sin., 21: 91-96.
Zhao, Y.-y., 2005. Studies on the constituents of
polysaccharide and the content of saccharide from
Mongolian medicine Hara Buri-16. Guang Pu Xue
Yu Guang Pu Fen Xi., 25: 314-316.
Zhou, Y.-H., Yu, J.-P., Liu, Y.-F., Teng, X.-J., Ming, M.,
Lv, P., An, P., Liu, S.-Q. and Yu, H.-G., 2006. Effects
of Ginkgo biloba extract on inflammatory mediators
(SOD, MDA, TNF-alpha, NF-kappaBp65, IL6) in TNBS-induced colitis in rats. Mediators
Inflamm., 2006: 92642. https://doi.org/10.1155/
MI/2006/92642

e
l
c

i
t
r

A
t

ri s

F

9

