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Abstract

Atractylodis Rhizoma comes from the dry rhizome of Atractylis lancea or Atractylodes chinensis in the Compositae family, and it is

suitable for preventing and treating diseases such as cold, edema, night blindness and rheumatic arthralgia. Atractylodin is the main active

component extracted and isolated from Atractylodis Rhizoma. A large number of studies have found that atractylodin has excellent drug activity

in improving gastrointestinal emptying, anti-inflammation, inhibiting malignant tumor and reducing blood lipid. In this paper, the purification
p g g ptying, 5 g g g p paper, P!

process and pharmacological activity of Atractylodin were summarized to provide a theoretical basis for basic research, clinical application and

further development and utilization of atractylodin.
Key words

1 Introduction

Atractylodis Rhizoma is a plant in the Compositae family de-
rived from the dry rhizome of Atractylis lancea or Atractylodes
chinensis. In the 2020 edition of Chinese Pharmacopoeia, A. lan-
cea and A. chinensis are listed as Chinese herbal medicines'" ,
which are often used to treat diseases such as cold, adrenalitis,
night blindness and rheumatic arthralgia. The main active compo-
nent of Atractylodis Rhizoma is volatile oil ( generally 5% -
9% ), and atractylodin, atractylol, B-eduesmol, atractylone,
hinesol are important components of volatile oil'*’.

Atractylodin, the main active component extracted and sepa-
rated from Atractylodis Rhizoma, is polyacetylene compound and
presents light yellow needle-like crystal. Its molecular formula is
C;H,,0 and its molecular weight is 182.22. A large number of
studies have found that atractylodin has excellent drug activity in
improving gastrointestinal emptying, anti-inflammation, inhibiting
malignant tumor and reducing blood lipid. In this paper, the purifi-
cation process and pharmacological activity of atractylodin were re-
viewed to provide a theoretical basis for the basic research, clinical

application and further development and utilization of atractylodin.

2 Physical and chemical characteristics, purification
process and content determination of atractylodin

Due to the existence of unsaturated bonds in the chemical
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molecules of atractylodin, the molecular structure of atractylodin is
unstable to some extent. Yang Dongli et al. ' found that there
were significant differences in the stability of atractylodin in differ-
ent media. Although the stability of atractylodin can be maintained
in low temperature environment, it is necessary to control the stor-
age time and the storage time should not be too long. The experi-
mental results of Xie Xiaoling et al. "*' also showed that atractylod-
in was easier to decompose or transform under strong light and
high heat conditions. In addition, the stability of atractylodin in
the fine powder and volatile oil of medicinal materials was more
stable than that in other substances. It can be seen that low tem-
perature environment is beneficial to maintaining the stability of
atractylodin.

Atractylodin is an important characteristic substance of Atrac-
tylodis Rhizoma, and has a relatively high content. The extraction
methods of atractylodin mainly include steam distillation, Soxhlet
extraction, ultrasonic extraction and supercritical CO, fluid extrac-

. [5-6
tion"

', Gao Ying et al. " first used molecular distillation tech-
nology to refine Atractylodis Rhizoma oil extracted by supercritical
fluid, and then used thermal uniformity analysis technology to de-
sign testing methods with two factors of temperature and vacuum
and five levels, so that volatile atractylodin could be directly en-
riched in a lower temperature and higher vacuum environment. By
comparing traditional water extraction, reflux extraction and mi-
crowave-assisted extraction, Wang Daowu et al. * found that mi-
crowave-assisted extraction could effectively extract a large number
of volatile oil components from Atractylodis Rhizoma. Ge Zhenkai
et al. *~°! optimized the extraction process by orthogonal test, and
finally screened out the microwave extraction method with the ad-
vantages of simple operation, high effectiveness, short duration,
low consumption and safety.

There were great differences in the content of atractylodin in

Atractylodis Rhizoma of various raw materials and producing are-
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as. Chen Jia et al. " used the application software of " Similarity
Evaluation System of Chromatographic Fingerprints of Traditional
Chinese Medicine" to determine the content of atractylodin in
A. lancea, which confirmed that the fingerprints of A. lancea from
different producing areas were quite different. Sun Jikai et al. "’
used HPLC to determine the content of atractylodin in A. chinensis
from different producing areas and different growing years, and
calculated that the content of atractylodin in A. chinensis from dif-
ferent producing areas was 0.323 2% -0.595 9% , and the de-
coction pieces of A. chinensis produced in Arong Banner had the
highest content of atractylodin. Among the three-year-old, four-
year-old and five-year-old Atractylodis Rhizoma, the four-year-old
A. chinensis had the highest content of atractylodin, and the best
cultivation time of A. chinensis was four years. In addition, Bi

1. ") studied varieties from different producing areas

Jiayao et a
under the same cultivation techniques, and found that there were
still great differences in the content of atractylodin in A. chinensis,
Atractylodes lyrata S. et. Z. f. ternata Nak. and A. lancea in the
same growth period, among which A. lancea had the highest con-
tent of atractylodin while Airaciylodes lyrata S. et. Z. f. ternata

Nak. had the lowest content of atractylodin.

3 Anti-inflammatory effect of atractylodin

Inflammation is the defense response of living tissues with
vascular system to injury factors. Many diseases are associated
with inflammation, such as cardiovascular disease and diabetes.
Yu et al. '’ found that atractylodin could effectively improve jeju-
nal epithelial inflammation in constipation and diarrhea model rats
by inhibiting pro-inflammatory cytokines, such as tumor necrosis
factor-a ( TNF-o ), interleukin-18 ( IL-1B ), interleukin-6
(IL-6) , inflammatory mediators inducible nitric oxide synthase
(iNOS) and nuclear transcription factor ( NF-kB). Qiu Weijian
et al. "™ found that atractylodin could effectively slow down the
inflammatory response of chondrocytes by inhibiting the activation
of NF-kB mediated by IL-183, and could inhibit the inflammatory
response of chondrocytes mediated by IL-1( by activating the ac-
tivity of nuclear receptor (LXRa) (P <0.05). Tang et al. s
found that atractylodin could down-regulate the content of nucleo-
tide binding domain-like receptor protein 3 (NLRP3) inflammato-
ry corpuscles and inhibit Toll-like candidates. Bailly et al. "'
found that atractylodin could play an anti-inflammatory role by reg-
ulating the signaling pathway of central regulators TLR4, NF-«B
and Nrf2.

4 Gastric emptying effect of atractylodin

Gastric emptying refers to the process that food is discharged
to duodenum through stomach. The influence of food quantity in
stomach on emptying rate and the influence of gastrin production
on gastric emptying are two factors to promote gastric emptying.
Zhang Mingfa et al. """ found that atractylodin had a good effect on
promoting gastric emptying, and its mechanism of action was

mainly to inhibit the production of central corticotropin secretion

and stimulate vagus nerve, promote the release of gastrointestinal
hormones gastrin and motilin, inhibit the release of vasoactive in-
testinal peptide and increase the number of interstitial cells in gas-
trointestinal tissues. Bai et al. "' found that atractylodin could
promote myosin light chain ( MLC ) phosphorylation through
growth hormone secretagogue receptor, and then promote gastric
emptying in mice. In addition, Liu Fen et al. "'’ found that Atrac-
tylodis Rhizoma extract ( containing 46. 97% atractylodin) could
reduce gastric mucosal damage caused by spleen deficiency and

inhibit gastrointestinal dysfunction caused by spleen deficiency.

5 Anticancer effect of atractylodin

Cancer cell is a kind of malignant cell mutated by normal
cells, and has strong infinite proliferation ability and can destroy
normal cell tissues. Therefore, inhibiting the expansion of cancer
cells is one of the main means to treat cancer at present. It has
been reported that atractylodin can inhibit the growth of many
tumor cells, including cholangiocarcinoma, colon cancer and lung
cancer.
5.1 Inhibitory effect of atractylodin on proliferation of
cancer cells After treating colorectal cancer cells with different
concentrations (20, 40, 80 mg/L) of atractylodin for 24 h, Shao
Chen et al. ™ used MTT method to detect cell survival rate and
found that atractylodin could significantly reduce the viability of
colorectal cancer cell LS174T, and then inhibit the proliferation of
colorectal cancer cell LS174T in a time-and concentration-depend-
ent manner. Through flow cytometry, it was found that the per-
centage of G,/G, cells in cycle of colorectal cancer cell LS174T
increased significantly after being treated with atractylodin. Fur-
thermore, it was found that atractylodin could inhibit the secretion
of IL-6 and IL-7 by colorectal cancer cell LS174T by liquid chip
detection. These results suggest that atractylodin can inhibit the
proliferation of LS174T cells by regulating the release of cytokines
(CK) and blocking the cell cycle of colorectal cancer.
5.2 Apoptosis induced by atractylodin Apoptosis is a kind of
programmed cell death, which is mainly realized by exogenous
pathway mediated by cell death receptor caused by apoptosis re-
ceptor and endogenous pathway mediated by mitochondria. At
present, inducing apoptosis of malignant tumor cells has become
one of the main technical means to treat cancer. Zhang Tong
et al. ™" used Western blot analysis to find that atractylodin could
regulate mitogen-activated protein kinase ( MAPK) , transcription
activator signal transducer 3 (STAT3) and nuclear factor (NF-kB)
signaling pathway, up-regulate the expression of p-JNK, p-p38
and p-IkBa, Bad, cytochrome c, cle-caspase-3 and cle-PARP
protein, and down-regulate the expression of p-ERK, p-STAT3,
NF-kB-p65 and Bcl-2 protein, thus inducing apoptosis of lung

1. found that atractylodin

cancer cell A549. Kotawong et a
could also induce apoptosis of cholangiocarcinoma CCA cells by
regulating caspase-level pathway.

5.3 Inhibitory effect of atractylodin on metastasis of cancer

cells Metastasis of cancer cells means that cancer cells invade
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other organs or lymphoid tissues of the body through blood metas-
tasis, lymphatic metastasis and implantation metastasis from the
primary site, and continue to grow in other places, which can form
malignant tumors with the same pathological types as the primary
tumors. Qu et al. " *' found that atractylodin inhibited the mi-
gration and invasion of HuCCT1 cells and Huh7 cells in a concen-

1. ™" used Western

tration-dependent manner. Zhang Tong et a
blot analysis to find that the expression level of N-cadherin protein
decreased significantly and the expression level of E-cadherin pro-
tein increased significantly after being treated with atractylodin,
indicating that atractylodin could effectively inhibit the migration

of lung cancer cell A549.

6 Preventive and therapeutic effect of atractylodin on
cardiovascular diseases

Cardiovascular and cerebrovascular diseases are a serious
threat to human beings. The number of people who die from cardi-
ovascular and cerebrovascular diseases in the world is as high as
15 million every year, ranking first among all causes of death,
with the characteristics of high morbidity rate, high disability rate
and high mortality rate. Gao Li et al. ! found that atractylodin
could increase the amplitude of calcium release from myocardial
cells by regulating PKA-SERCA2a pathway, exert positive ino-
tropic effect, and dilate peripheral blood vessels to reduce dias-
tolic blood pressure. Zhu Huijing et al. ™’ found that atractylodin
could alleviate arrhythmia caused by myocardial ischemia and is-
chemia-reperfusion in rats, and could reduce SOD activity and
MDA concentration in plasma after ischemia and ischemia-reperfu-

sion, thus reducing the scope of myocardial infarction.

7 Prospects

Atractylodin is a natural active substance extracted from Chi-
nese herbal medicine Atractylodis Rhizoma, having many pharma-
cological effects such as anti-inflammation, anti-tumor, promoting
gastric emptying, preventing and treating cardiovascular diseases.
It has broad market and development prospects in the optimization
of purification process of atractylodin, the basic research and clin-
ical application of pharmacological effects, etc. With the national
policy support for the revitalization and development of traditional
Chinese medicine, it is still necessary to optimize and improve the
preparation technology of atractylodin, and at the same time, carry
out more scientific and in-depth research on the pharmacological
activity of atractylodin, so as to provide a theoretical basis for the

further development and utilization of atractylodin.
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tion. In the future, we will prepare recombinant Hep protein of
A. hydrophila to further study its immunogenicity.

4.2 Conclusions In this study, the hep gene was successfully
cloned from A. hydrophila and its bioinformatics analysis was per-
formed. The results showed that the hep gene had a total length of
1 650 bp and encoded 549 amino acids, with molecular formula
C, 651 Hy 106 Neog O3 Sy, theoretical molecular weight 59 476. 44
kDa, and theoretical pI 5.00. The instability coefficient was
20.50, indicating the protein was stable. Neither obvious signal
peptide cleavage site nor signal peptide was found, and the pro-
tein had no transmembrane region. It might have close genetic re-
lationship with A. veronii due to high homology. In the secondary
structure, the a-helix, B-sheet, random coil and extended strand
accounted for 45.36% , 6.01 % , 37.52% and 11. 11% , re-
spectively. The tertiary structure model consisted of 18 «-helix
and 22 B3-sheet. Through the above bioinformatics prediction re-
sults, the basic information of hep gene of A. hydrophila is pre-
liminarily understood, and the possible function of this protein is
predicted, in order to provide guidance for subsequent vaccine re-
search.
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