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a b s t r a c t

Zedoary tumeric (Curcumae Rhizoma, Ezhu in Chinese) has a long history of application and has great
potential in the treatment of liver cancer. The antiliver cancer effect of zedoary tumeric depends on
the combined action of multiple pharmacodynamic substances. In order to clarify the specific mechanism
of zedoary tumeric against liver cancer, this paper first analyzes the mechanism of its single pharmaco-
dynamic substance against liver cancer, and then verifies the joint anti liver cancer mechanism of its
‘‘pharmacodynamic group”. By searching the research on the antihepatoma effect of active components
of zedoary tumeric in recent years, we found that pharmacodynamic substances, including curcumol,
zedoarondiol, curcumenol, curzerenone, curdione, curcumin, germacrone, b-elemene, can act on multi-
target and multi-channel to play an antihepatoma role. For example, curcumin can regulate miR,
GLO1, CD133, VEGF, YAP, LIN28B, GPR81, HCAR-1, P53 and PI3K/Akt/mTOR, HSP70/TLR4 and NF-jB.
Wnt/TGF/EMT, Nrf2/Keap1, JAK/STAT and other pathways play an antihepatoma role. Network pharma-
cological analysis showed that the core targets of the ‘‘pharmacodynamic group” for anti-life cancer are
AKT1, EGFR, MAPK8, etc, and the core pathways are neuroactive live receiver interaction, nitrogen meta-
bolism, HIF-1 signaling pathway, etc. At the same time, by comparing and analyzing the relationship
between the specific mechanisms of pharmacodynamic substance and ‘‘pharmacodynamic group”, it is
found that they have great reference significance in target, pathway, biological function, determination
of core pharmacodynamic components, formation of core target protein interaction, in-depth research
of single pharmacodynamic substance, increasing curative effect and so on. By analyzing the internal
mechanism of zedoary tumeric pharmacodynamic substance and ‘‘pharmacodynamic group” in the treat-
ment of liver cancer, this paper intends to provide some ideas and references for the deeper pharmaco-
logical research of zedoary tumeric and the relationship between pharmacodynamic substance and
‘‘pharmacodynamic group”.

� 2022 Tianjin Press of Chinese Herbal Medicines. Published by ELSEVIER B.V. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Liver cancer is the sixth most common invasive cancer in the
world and the third leading cause of cancer death. Asia is one of
the regions with the highest number of liver cancer patients in
the world. Among them, China accounts for more than 50% of the
number of liver cancer patients in the world, and the 5-year sur-
vival rate of liver cancer patients in China is only 12.1% (Li et al.,
2020;Watanabe et al., 2021; Zeng et al., 2018). There are many fac-
tors inducing liver cancer, including hepatitis virus infection, alco-
holic liver injury, nonalcoholic fatty liver disease, liver fibrosis,
obesity, diabetes, and so on. Liver cancer tumors are mostly found
in the middle and late stages. They lose the chance of liver trans-
plantation or radical surgery. Radiotherapy and chemotherapy
usually fail to achieve satisfactory results. The incidence rate and
mortality rate are close to 1, which has caused serious medical
and social burden worldwide (Scaglione et al., 2020; GBD, 2015).
Nowadays, the treatment methods of liver cancer mainly include
surgical resection, liver transplantation, radiotherapy, chemother-
apy, targeted therapy, and so on. However, the above treatments
have some problems in the clinic, such as large toxic and side
effects, high requirements for organ function, easy recurrence, easy
drug resistance and so on. Therefore, it is very important to con-
tinue to explore and develop more effective treatment measures
for liver cancer. At present, traditional Chinese medicine can signif-
icantly reduce the toxic and side effects of treatment methods, pro-
long the survival time of patients, improve the treatment effect,
and improve the quality of life of patients (Yuan et al., 2017; Li,
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2016). Traditional Chinese medicine has the outstanding curative
effects in anti-tumor. A variety of traditional Chinese medicine
components have been used in the cancer clinics. New drugs with
the anti-tumor effect of traditional Chinese medicine have great
research and development value.

Zedoary tumeric (Curcumae Rhizoma, Ezhu in Chinese) is the dry
rhizome of Curcuma phaeocaulis Val., Curcuma kwangsiensis S. G.
Lee et C. F. Liang or Curcuma wenyujin Y. H. Chen et C. Ling, and
sesquiterpenoids are its main active components and pharmacody-
namic substance. Modern studies show that zedoary tumeric has
the effects of antithrombotic, antitumor, antibacterial, anti-
inflammatory, and anti-virus activities. Zedoary tumeric is good
at breaking blood and Qi, soothing the liver and relieving depres-
sion, protecting the liver and anti-tumor. At present, there are
many studies, and the outstanding curative effect of zedoary
tumeric in liver cancer has also been confirmed. Some active com-
ponents, including curcumol, zedoarondiol, curcumenol, curdione,
curcumin, germacrone b-elemene, have been proved to exist in a
large number in zedoary tumeric (Gao et al., 2017; Chen et al.,
2008; Xu et al., 2015; Matsuda et al., 1998; Lou et al., 2009), and
it has also been reported that these components have significant
anticancer activity (Mao et al., 2013; Pan et al., 2018; Ahmed
Hamdi et al., 2014; Zeng et al., 2012; Feng et al., 2021), and these
components have been identified as quality markers of liver pro-
tection and anticancer of zedoary tumeric (Li, Cao, & Hao, 2021).
The research idea of this paper is shown in Fig. 1. At present, the
pharmacodynamic substance of zedoary tumeric in the treatment
of liver cancer has been determined and verified, but there is still



Fig. 1. Research strategy of internal mechanism of zedoary turmeric in treatment of liver cancer.
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a lack of in-depth and systematic comprehensive analysis of these
substances. Therefore, based on the above research basis, by inte-
grating the validated pharmacodynamic substances of zedoary
tumeric anti-liver cancer, the internal mechanism of these phar-
macodynamic substances play the role of anti liver cancer in zedo-
ary tumeric as a whole, and the relationship between these
pharmacodynamic substances and ‘‘pharmacodynamic group” anti
liver cancer is analyzed. It provides certain reference value and
ideas and methods for the follow-up development and application
of zedoary tumeric and the research of traditional Chinese medi-
cine pharmacodynamic substance and ‘‘pharmacodynamic group”.

2. Mechanism of zedoary tumeric pharmacodynamic
substances in treatment of liver cancer

2.1. Curcumin

Curcumin, a diphenylmethane compound, is a hydrophobic
polyphenol. It shows a good application prospect in the treatment
of liver diseases. It has the ability to regulate a variety of cancer
signal pathways controlling differentiation, growth, and malignant
transformation, and plays an anti liver cancer role through a vari-
ety of molecular mechanisms (Yong & Peng, 2014). Curcumin can
induce the production of reactive oxygen species in human cancer
cells and arrest the cell cycle in G0/G1 phase (Wang et al., 2018).
Because curcumin has strong anticancer activity and can inhibit a
variety of cancers, scholars have studied it widely. The specific
mechanisms of curcumin in treating liver cancer are as follows.

2.1.1. Regulation of gene expression
MicroRNA (MIR) family genes affect the insulin-like growth

factor-1 (IGF-1) / IGF-1 receptor signal axis and regulate the devel-
opment and metastasis of cancer (Shastri et al, 2020). Curcumin
can play an anticancer role by bidirectional regulating the expres-
sion of MIR. Curcumin may regulate the biological process of liver
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cancer cells by up-regulating the expression of mir-29 and reduc-
ing the expression of vascular endothelial growth factor (VEGF)
(Chen, Xu, & Zhao, 2020). Curcumin can also down-regulate the
expression of miR-21, up-regulate the expression of TIMP3 and
inhibit the transforming growth factor-b 1(TGF-b1)/recombinant
humanmothers against decapentaplegic homolog 3 (Smad3) signal
pathway and can inhibit the proliferation of liver cancer HepG2
and HCCLM3 cells (Li et al., 2020).

Glo1 is widely distributed in the cytoplasm and participates in
the detoxification of methylglyoxal. It is overexpressed in a variety
of cancers. Its overexpression is related to multidrug resistance
(MDR) in cancer chemotherapy (Wang et al., 2012). Curcumin
can inhibit the proliferation of liver cancer HepG2 cells by inhibit-
ing the activity of Glo1, resulting in the increase of methylglyoxal
content (He, Tang, & Huang, 2020).

CD133 can recognize tumor-initiating cells and cancer stem cells.
CD133canbeusedasabiomarker for detecting liver cancer (Junet al.,
2019). Curcumin can inhibit HepG2 proliferation of liver cancer cells
by reducing the expression of HepG2 stem cell marker CD133 and
reducing the expression of Oct4 (Wen, Jiang, & Fan, 2019).

VEGF and its receptor VEGFR2 play an important role in angio-
genesis. The expression level of VEGF also reflects the growth level
of the tumor. VEGF can promote tumor growth by promoting new
capillaries (Di, Gao, Qu, Yang, & Zheng, 2017; Bai et al., 2020). In
today’s new target research of tumor treatment, looking for drugs
to inhibit tumor angiogenesis has become a research trend.
Because such drugs do not produce drug resistance, they have
become an ideal drug for tumor treatment and have high research
and development value. The level of VEGF in patients with liver
cancer is significantly increased. Studies have shown that cur-
cumin can inhibit the proliferation of hepatocellular carcinoma
(HCC) cells in vivo and in vitro by reducing the expression of VEGF
(Pan et al., 2018).

Overexpression of the Yap gene is easy to cause liver enlarge-
ment and tumorigenesis. Therefore, regulating Yap expression is
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very important to maintain liver homeostasis. Studies have con-
firmed that curcumin can promote oxidative stress and induce
apoptosis of hepg2 liver cancer cell line by downregulating Yap
expression (Yu, Zhang, & Gu, 2020).

LIN28B can participate in the process of tumorigenesis and
development. Its expression level is significantly downregulated
during cell differentiation, and plays the role of Oncogene by pro-
moting malignant transformation. It is overexpressed in human
liver cancer cells. LIN28B is involved in liver cancer by downregu-
lating the expression of a variety of tumor-related Mir (Ma, Zhao,
Chen, & Zhang, 2018). Curcumin can reduce the chemoresistance
of liver cancer Hep3B and HepG2 cells by downregulating the
expression of LIN28B (Tian et al., 2019).

Lactic acid regulates the DNA repair mechanism of the MDR
family by stimulating its G protein-coupled receptor 81 (GPR81)
/ hydroxycarboxylic acid receptor-1 (hcar-1) (Wagner, Kania,
Blauz, & Ciszewski, 2017). MDR-1 can induce cancer cell apoptosis
through hcar-1 signal. The expression of MDR-1 was also corre-
lated with the expression of hypoxia-inducible factor-1 (HIF-1).
Curcumin can down-regulate the expression of hcar-1 / GPR81
and promote the apoptosis of liver cancer HepG2 cells (Wagner,
Kania, Blauz, & Ciszewski, 2017).

As an important tumor suppressor gene in the course of cancer,
p53 can prevent cancer cell proliferation and induce apoptosis.
Studies (Fu et al., 2018; Li et al., 2015) have shown that curcumin
can up-regulate the expression of p53 and activate the correspond-
ing tumor suppressor pathway to promote the apoptosis of cancer
cells.

2.1.2. Regulation of signal pathway
2.1.2.1. PI3K / protein kinase B (Akt) / mTOR signaling pathway.
Phosphotidylinoside-3-kinases (PI3K) and its downstream
threonine-protein kinase (Akt) and mammalian target of rapamy-
cin (mTOR) constitute the PI3K/Akt/mTOR signal pathway. Studies
have confirmed that this signal pathway is related to the occur-
rence and development of cancer and plays an important role in
the growth, proliferation, diffusion, metastasis, and apoptosis of
cancer cells (Hassan, Akcakanat, Holder, & Meric-Bernstam,
2013). The anti-liver cancer effect of curcumin depends on this
pathway. Curcumin can also inhibit the activation of the PI3K/
Akt signaling pathway, down-regulate the expression of PI3K/Akt
protein, and reduce the tolerance of cells to chemotherapeutic drug
adriamycin (Wang, Wang, & Bu, 2018; Wei & Liu, 2018).

2.1.2.2. External heat shock protein 70 (HSP70) / toll like receptor 4
(TLR4) signaling pathway. HSP70 can stimulate the expression of
TLR4 on the surface of immune cells and tumor cells, and the com-
bination of them activates nuclear transcription factor-jB (NF-jB).
NF promotes the transcription of cytokines, chemokines and
growth factors-jB pathway and affects the process of tumorigene-
sis and development. Studies have shown that curcumin can inhi-
bit NF-jB transcription (Lim et al., 2016). Curumin can also inhibit
HSP70/TLR4 signal transduction, inhibit tumor cells by reducing
the level of inducible heat shock protein 70 (ehsp70), and thus
inhibit NF induced by TLR4 Signal transduction-jB pathway (Ren
et al., 2018).

2.1.2.3. NF-jB signal path. Modern research found that the NF-jB
signaling pathway is frequently up-regulated in the development
of liver disease and liver cancer, and this pathway can protect can-
cer cells from stress induction, so as to play a protective role
against cancer cells. In addition, activation of the NF-jB signaling
pathway is often associated with HCC progression, while disrup-
tion of the NF-jB signaling pathway has been shown to induce
the development of tumor promoter cells (TICs) in liver cancer
(Pai, & Sukumar, 2020; He, & Karin, 2011). Studies have shown that
482
curcumin specifically destroys NF-jB signaling pathway, which is a
potential treatment for hepatocellular carcinoma with poor prog-
nosis (Marquardt et al., 2015).

2.1.2.4. Wnt/ b-catenin and transforming growth factor (TGF) /
epithelial mesenchymal transition (EMT) pathway. Unc119 can regu-
late the expression of cyclin D1 (CCND1) and cyclin E1 (CCNE1) and
promote cell proliferation, while Wnt/b-abnormal activation of the
catenin signaling pathway is associated with many tumors, includ-
ing HCC (Lei, Chai, Wang, & Liu, 2015; Qiu et al., 2018). Studies
have shown that curcumin activates Wnt by inhibiting unc119
expression/ b-catenin signaling pathway and TGF / EMT pathway
play a role in inhibiting liver cancer (Zhao, Malhotra, & Seng, 2019).

2.1.2.5. Nrf2 / Keap1 signal path. Nuclear transcription factor E2
related factor 2 (Nrf2) is a cytoplasmic transcription factor that
can regulate antioxidant and stress-related enzymes. When com-
bined with Nrf2, kelch-like epichlorohydrin-associated protein 1
(Keap1) can accelerate Nrf2 ubiquitination and proteasome-
dependent degradation (Mishra, Zhong, & Kowluru, 2014). Nrf2 /
Keap1 pathway plays an important role in tumor development
and application of tumor drug resistance. Inhibition of Nrf2 activa-
tion can be used as an important strategy to inhibit tumor growth
and overcome chemoresistance (Jeddi, Soozangar, Sadeghi, Somi, &
Samadi, 2017). Curcumin can reduce the expression of Keap1 pro-
tein and mRNA, increase the expression of Nrf2 protein and mRNA,
and activate the signal of downstream antioxidant response ele-
ments, so as to reduce liver injury in liver cancer mice (Mu, Jin, &
Chen, 2020). Some studies have also confirmed that curcumin
can inhibit the expression of connective tissue growth factors by
upregulating Nrf2 and achieving the protective effect on HCC
(Shao et al., 2019).

2.1.2.6. JAK / STAT signal path. Janus kinase/signal transducers and
activators of the transcription (JAK/STAT) signal pathway can reg-
ulate cytokine-mediated immune response. Stat molecular path-
way is also involved in cell proliferation and apoptosis. The
imbalance of this pathway is considered to be an important
inducement for the formation of various cancers. Abnormal activa-
tion of signal transducers and activators of the transcription 3
(STAT3) signal pathway promotes the occurrence and progression
of tumors. JAK/STAT signal is the target of cancer treatment and
drug research and development. Studies have shown that cur-
cumin can not only inhibit JAK/STAT3 phosphorylation, but also
inhibit the expression of downstream targets of STAT3, such as
cyclin B1, BCL XL, VEGF, intercellular adhesion molecule-1
(ICAM-1) (Xu and Zhu, 2017). Curcumin can also up-regulate endo-
plasmic reticulum stress marker protein glucose regulatory protein
78 (GRP78), phosphorylated eukaryotic initiation factor 2 by
inhibiting STAT3 expression a (p-elF2 a), phosphorylated c-Jun
amino-terminal enzyme (p-JNK), CCAAT enhancer-binding protein
homologous protein (CHOP), cysteine containing aspartate prote-
olytic enzyme-4 (Caspase-4) expression, down-regulate the
expression of p-STAT3, and then induce apoptosis of human liver
cancer BEL-7404 cells (Zhang, Zhang, & Shen, 2020). Other studies
have shown that blocking its anti-apoptotic function by blocking
the phosphorylation of stat3ser727 site or the nuclear localization
of pser727 STAT3 protein is a new strategy for the treatment of
chemotherapy resistance induced by human liver cancer sodium
glycine deoxycholate (gcda) (Wang et al., 2020).

2.1.2.7. MAPK signal path. Mitogen-activated protein kinase
(MAPK) is a group of serine-threonine protein kinases composed
of p38 MAPK, c-Jun N-terminal kinases (JNK), and extracellular
signal-regulated kinases (ERK). As an important transmitter from
the cell surface to the nucleus, this signal cascade controls a variety
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of biological processes, including cell proliferation, immune
response, and carcinogenesis. Studies have shown that curcumin
can activate p38 MAPK and JNK pathways, and the inhibitors of
p38 MAPK and JNK can inhibit curcumin-induced apoptosis pro-
tease cysteine protease-9/-3 (Caspases-9/-3). Curcumin can also
inhibit p38MAPK phosphorylation, then inhibit the proliferation
of liver cancer-resistant cell HepG2/ADM, and reverse its adri-
amycin resistance (Yu et al., 2016; Cao, Huang, & Huang, 2020).

2.2. Curcumol

Curcumol is a guaiacane sesquiterpene natural compound. As a
characteristic active component of zedoary tumeric, curcumol has
strong anticancer activity. Curcumol can inhibit the cell prolifera-
tion by blocking cell cycle in G0/G1 and G2/M phases (Huang,
Wang, & Lu, 2013). Because of its obvious curative effect and broad
development prospect, it has become a research hotspot of schol-
ars. Its specific anticancer mechanism is as follows.

2.2.1. Regulation of gene expression
The latest research shows that curcumol can inhibit the expres-

sion of COX-2, VEGF (Tang & Li, 2007), p-pi3k, p-Akt (Wu, Li, &
Peng, 2019), cyclin A1 (Huang et al., 2013), up-regulate the expres-
sion of Caspase-3 (Wu et al., 2019), p21 WAF1, p27kip1 and Cdk8
(Huang et al., 2013), so as to promote the proliferation and apopto-
sis of life cancerhepg2.

Curcumol can also regulate the expression of a variety of tumor
suppressor genes and proto-oncogenes. EZH2 protein has histone
methyltransferase activity and can regulate the development of
cancer. Abnormal activation of EZH2 can inhibit the normal
expression of tumor suppressor genes. Curcumol can inhibit cancer
genes by inhibiting the expression of EZH2. Isocitrate dehydroge-
nase (IDH) is a key enzyme in the tricarboxylic acid cycle. IDH gene
mutation will cause tumors (Zhou et al., 2018). IDH1 is the expres-
sion product of IDH, which can promote NADPH and a-formation
of ketoglutarate (Liu & Ling, 2015). Curcumol can downregulate
oncogene IDH1 and up-regulate reactive oxygen species (ROS) in
tumor cells, so as to achieve the effect of tumor inhibition (Zang,
2017). PCNA and p27 are important tumor suppressor genes regu-
lating the cell cycle. Curcumol can down-regulate the expression of
the PCNA gene and upregulate the expression of the tumor sup-
pressor gene p27 (Ma, 2015). P53 and p73, as characteristic tumor
suppressor genes, can induce cell cycle arrest and apoptosis (Sun,
Han, & Wang, 2001). Curcumol can up-regulate the expression of
oncogene p73 and activate the expression of tumor suppressor
gene p53 (Huang et al., 2017).

2.2.2. Regulation of signal pathway
Modern studies have shown that curcumol inhibits PI3K/Akt

(Wu et al., 2019), Raf/MEK/ERK (Guo, 2018), microRNA-30a-5p
and hippo (Yu et al., 2021) signaling pathways, and activates PRB
(Huang et al., 2013; Huang et al., 2018) pathways, so as to play
an anti liver cancer role.

2.2.3. Reducing liver injury
Liver diseases such as liver injury, liver fibrosis, and hepatitis

are the great inducements of liver cancer. Curcumol can reduce
chronic liver injury by reducing the expression of Kr ü ppel like fac-
tor 5 (KLF5). It can also reduce the production of reactive oxygen
species in mitochondria of sinusoidal endothelial cells (LSEC) and
improve the morphology of LSEC mitochondria. In addition, curcu-
mol can inhibit KLF5 mediated LSEC angiogenesis by inhibiting
reactive oxygen species / ERK signal transduction (Gao et al.,
2021). Recent studies have also found that curcumol may protect
the liver from the phenotypic changes of early and late fibrosis
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through the urokinase plasminogen activator/urokinase type plas-
minogen activator receptor pathway (Li et al., 2020).
2.2.4. Others
The anticancer effect of curcumol also depends on its effect on

the invasion, migration, and metabolism of tumor cells. The migra-
tion and invasion of malignant tumors are the main causes of poor
prognosis, clinical treatment failure, and death. The occurrence,
invasion, and metastasis of tumors is a complex and multi-step
process of multi-factor and multi-gene coordination. The inactiva-
tion of the tumor suppressor gene is closely related to tumor
metastasis and invasion. Curcumol can induce TGF by regulating
E-cadherin and N-cadherin-b 1 mediated epithelial-mesenchymal
transformation, which affects the migration of cancer cells. The
process of cell proliferation is accompanied by nucleic acid meta-
bolism. If nucleic acid metabolism is inhibited, the process of cell
proliferation will be affected accordingly. Curcumol also has a
direct antitumor effect, which will affect the synthesis of nucleic
acid, and the mechanism may be related to its inhibition of cellular
RNA synthesis (Yan et al., 2018).
2.3. b-Elemene

b-Elemene is a national class II non-cytotoxic anti-tumor drug.
b-Elemene Emulsion Injection with elemene as the main compo-
nent has been approved as a class II new anticancer drug by the
state in 1995. b-Elemene can inhibit tumor proliferation by induc-
ing apoptosis, blocking tumor cells from G0 and G1 to S phase and
from S phase to G2 and M phase, so as to reduce the ability of cell
division and proliferation (Li, Mo, & Zhao, 2018).

b-Elemene not only exerts an anticancer effect, but also
enhances immune function. In the clinical application of liver can-
cer, b-elemene can significantly reduce the symptoms of patients
with liver cancer and delay the course of the disease. It has great
development and promotion value. Its specific mechanisms are
as follows.
2.3.1. Effect on gene expression
The latest research found that it can down-regulate the expres-

sion of survivin mRNA, survivin (Li, Mo, & Zhao, 2018) and Bcl-2
(Tong, 2013) protein in tumor tissues and upregulate the expres-
sion of Caspase-3 mRNA, Caspase-3 (Tong, 2013) and p53 (Di
et al., 2017) protein, so as to promote cancer cell apoptosis and
play an anti-tumor role. b-Elemene can effectively inhibit the inva-
sion and metastasis of human liver cancer cells by reducing the
expression of matrix metalloproteinase-2 (MMP-2) and MMP-9
protein (Li & Zhuang, 2012).
2.3.2. Impact on signal pathway
Current research shows that b-lemene can adjust ERK, Akt, Wnt

and glial matching factor b (GMF b)-anti mitogen-activated protein
kinase 3/6 (mkk3/6) signaling pathway and induces apoptosis
(Que, 2015). b-Elemene can block the Notch signaling pathway
during the differentiation of endothelial progenitor cells (EPC),
thus inhibiting EPC’s participation in tumor angiogenesis (Meng,
2010).
2.3.3. Others
b-Elemene can also enhance the immune function and play an

anti-tumor role by inducing a cellular immune response, mediator
fluid immune response, regulating cytokines (interleukin (IL),
interferon (IFN) and tumor necrosis factor (TNF)), and enhancing
the immunogenicity of tumor cells (Shen & Ni, 2014).
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2.4. Germacrone

Germacrone is a monocyclic sesquiterpene compound with
strong antitumor activity. It can inhibit the proliferation and pro-
mote apoptosis of liver cancer cells. Its antitumor mechanism is
mainly to induce cancer cell apoptosis and block G2 / M cycle
(Liu et al., 2013; Wang, 2013; Fang, 2013; Liu, 2013). Some studies
(Wang, 2013; Fang, 2013; Liu, 2013) also found that germacrone
selectively inhibited the proliferation of liver cancer cells. The con-
centration of germacrone is 80–240 lmol/L can promote the apop-
tosis of liver cancer cells, and it is expected to make compound
preparations alone or with other substances for the prevention or
treatment of liver cancer.

2.4.1. Effect on gene expression
Germacrone can inhibit the proliferation of liver cancer cells

and promote the apoptosis of liver cancer cells by upregulating
p53 and Bax (Liu et al., 2013; Sadia et al., 2014), downregulating
Bcl-2 (Liu et al., 2013; Sadia et al., 2014) and cyclinB1 (Wang,
2013; Fang, 2013; Liu, 2013).

2.4.2. Impact on signal pathway
Studies have confirmed that germacrone can induce apoptosis

of human liver cancer cells by inhibiting JAK2/STAT3 signaling
pathway (Liu et al., 2013).

2.5. Curdione

Curdione, as one of the main active components of zedoary
tumeric, can inhibit tumor cell proliferation and invasion, promote
tumor cell apoptosis, and block cell cycle (Jiang & Wang, 2021;
Zhang, Lv, & Chen, 2021). Curdione can regulate MAPK and Akt sig-
naling pathways, downregulate the phosphorylation levels of ERK,
JNK, and Akt proteins, and reduce the expression of MMP2 and
MMP-9 (Sun, Jahnke, & Lv, 2019).

2.6. Curzerenone, zedoarondiol and curcumenol

It is reported that curzerenone, zedoarondiol and curcumenol
also have strong antitumor effects. They also have protective
effects on acute liver injury. They can induce the production of
nitric oxide by macrophages in vivo, inhibit the cytotoxic activity
of galactosamine and galactosamine induced liver injury, and pro-
tect tumor necrosis factor-a. It also has an obvious inhibitory effect
(Zeng et al., 2012; Feng et al., 2021). However, there are few stud-
ies on these active ingredients and a lack of specific mechanism
research. They have great research and development prospects in
anti-tumor.

The above analysis shows that curcumol, zedoarondiol, curcu-
menol, curzerenone, curdione, curcumin, germacrone, b-elemene
are the pharmacodynamic substance of zedoary tumeric with high
research significance and development value. These components
can play a role in the treatment of liver cancer by acting on
multi-target and multi-channel, which shows a synergistic effect
in the treatment of liver cancer. Among these compounds, cur-
cumin and zedoary tumeric alcohols are widely studied. Curcumin
has a wide range of pharmacological activities and has become one
of the research hotspots. It shows good therapeutic potential in
malignant tumors, rheumatic diseases, neuroinflammatory dis-
eases, infectious diseases, atherosclerosis, and myocardial infarc-
tion. zedoary tumeric alcohol, as a characteristic component of
zedoary tumeric, has strong anti-inflammatory and antiviral activ-
ities. However, the bioavailability of curcumin and zedoary
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tumeric alcohol is low. Therefore, at present, more studies have
formed new derivatives with higher bioavailability by modifying
their structures, which is of great significance to their subsequent
research and development.

3. Mechanism of zedoary turmeric pharmacodynamic group in
treatment of liver cancer

3.1. Research methods

3.1.1. Prediction of potential targets of zedoary turmeric
pharmacodynamic group

Obtain the SMILES number of active components in the Pub-
chem database, import the compound SMILES number into Swiss
targetprediction database for target prediction, and obtain the tar-
get information corresponding to each active compound by Tcmsp
database. The SwissTargetPrediction database and TCMSP database
were integrated to obtain the target information related to the
chemical composition of zedoary tumeric, so as to obtain the
potential target library of active compounds.

3.1.2. Collection of liver cancer disease targets and screening of
common targets of pharmacodynamic group action targets and
disease targets

The keyword ‘‘liver cancer” was retrieved from the Genecards
database to obtain relevant disease targets and gene libraries.
The active ingredients and liver cancer-related genes were used
to obtain the common targets for the treatment of liver cancer
by using the online Wayne analysis tool.

3.1.3. Construction of protein protein interaction (PPI) network and
analysis of key targets

Import the integrated target information into the String 10
database, limit the species to ‘‘Homo sapiens”, set the minimum
interaction threshold to medium ‘‘medium confidence” (0.4),
obtain PPI information, import the file into Cytoscape 3.7.2 soft-
ware, draw PPI network, analyze network topology parameters
and screen out key protein targets.

3.1.4. Go biological function annotation and KEGG pathway
enrichment analysis

Metascape database was used for go gene enrichment analysis
and signal pathway KEGG enrichment analysis of zedoary tumeric
anti-liver cancer target, and bioinformatics platform medium and
high-level bubble diagram was used for visual analysis of biologi-
cal function and pathway.

3.1.5. Construction of compound target pathway molecular
pharmacological network

The target contained in the first 20 pathways and the com-
pounds corresponding to the target is used to construct the com-
pound target pathway network. First, the data of the compounds,
targets and pathways are input into the Excel table, and then the
Excel data are imported into Cytoscape 3.7.2 software for visual
processing.

3.1.6. Molecular docking verification
Download the core target protein structures from the PDB data-

base (http://www.rcsb.Org/), use PyMOL 2.3.4 software to remove
water from the core protein and separate the original ligand. After
saving, import Autodock 4.2.6 software for hydrogenation, set the
atomic type, and save it in ‘‘pdbqt” format. Download the small
molecular structure in the tcmsp database, save it as a ‘‘mol2”



Fig. 2. Chemical composition structures of zedoary tumeric pharmacodynamic substance.

Z. Li, E. Hao, R. Cao et al. Chinese Herbal Medicines 14 (2022) 479–493
structure, and use autodock for molecular docking of core
components.
Fig. 3. Wayne diagram of zedoary tumeric pharmacodynamic substances and liver
cancer targets.
3.2. Research results

3.2.1. Zedoary tumeric pharmacodynamic group target screening
results

In combination with the above screened pharmacodynamic
substances, we obtained the targets of curcumol, zedoarondiol,
curcumenol, curzerenone, curdione, curcumin, germacrone, b-
elemene (Fig. 2) through SwissTargetPrediction and Tcmsp data-
bases, and 228 common targets were obtained after integration.
3.2.2. Prediction of component targets and disease targets of liver
cancer

A total of 16730 targets related to liver cancer were retrieved
from the Genecards database. After Wayne’s analysis of their
potential target genes, it was found that most of the targets in
zedoary tumeric pharmacodynamic substance coincided with the
disease targets of liver cancer, indicating that these components
have an important targeted therapeutic effect on liver cancer to a
certain extent. There are 219 targets in the two sets, that is, the
potential target of zedoary tumeric pharmacodynamic substance
Fig. 4. Screening of core targets in PPI network of zedoary turmer
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for the treatment of liver cancer. The Wayne diagram is shown in
Fig. 3.

3.2.3. Protein protein interaction (PPI) network analysis of potential
targets of liver cancer treated by zedoary tumeric pharmacodynamic
group

The PPI network in zedoary tumeric anti liver cancer involves
207 nodes and 1628 edges, and the average degree is 15.2. In
Fig. 4, the node degree value is taken as the evaluation parameter.
The higher the node degree is, the larger the target and the darker
the connecting line color is, which also shows that it is more
ic pharmacodynamic substance for treatment of liver cancer.



Table 1
Core targets and topology parameters.

Genes Degree Betweenness Closeness

AKT1 107 83.78585304 0.966666667
PTGS2 56 26.30701521 0.805555556
CDH1 40 9.702425352 0.743589744
STAT3 58 39.42779443 0.878787879
MAPK8 62 48.46911422 0.90625
MDM2 35 8.162692863 0.743589744
EGFR 74 25.76998002 0.828571429
PPARG 47 22.61500167 0.783783784
EP300 45 9.955427905 0.763157895
NOS3 37 13.11762682 0.707317073
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important in the PPI network and may play an important role in
playing biological functions. In order to find out the core target
of zedoary tumeric pharmacodynamic substance, firstly, a PPI net-
work with 30 nodes and 238 edges is screened according to twice
the degree value, and then a PPI network with 10 nodes and 43
edges is screened according to the conditions that the degree is
greater than 34, the betweenness is greater than 7.543 and the
closeness is greater than 0.674. The core targets involved include
AKT1, PTGS2, CDH1, STAT3, MAPK8, MDM2, EGFR, PPARG, EP300
and NOS3. The screening process is shown in Fig. 4, and Table 1
for specific target and topology parameters.
3.2.4. GO biological function annotation and KEGG pathway
enrichment

The intersection target information of zedoary tumeric pharma-
codynamic substance and liver cancer disease was imported into
the Metascape platform for function and signal pathway analysis.
According to P < 0.01, the number of targets involved �3 and
enrichment factor >1.5, 20 key pathways were screened (Table 2,
Fig. 5). KEGG analysis results showed that the target enrichment
pathways were mainly concentrated in neuroactive live receiver
interaction, pathways in cancer, nitrogen metabolism, HIF-1 sig-
naling pathway, etc, It is suggested that these classical pathways
may play an important role in the treatment of anti liver cancer
by zedoary tumeric pharmacodynamic substance. Take the cancer
pathway and draw the pathway map (Fig. 6). Each node represents
Table 2
Top 20 targets of degree value in KEGG relationship network.

Number Pathways Target
number

Log10(P)
value

hsa04080 Neuroactive ligand-receptor
interaction

36 �32.66

hsa05200 Pathways in cancer 30 �20.29
hsa00910 Nitrogen metabolism 11 �19.26
hsa04066 HIF-1 signaling pathway 17 �16.25
hsa04726 Serotonergic synapse 15 �13.57
hsa00140 Steroid hormone biosynthesis 10 �10.63
hsa04330 Notch signaling pathway 9 �9.96
ko05206 MicroRNAs in cancer 17 �9.66
ko04723 Retrograde endocannabinoid signaling 11 �9.4
hsa04371 Apelin signaling pathway 12 �8.77
hsa03320 PPAR signaling pathway 9 �8.33
hsa05219 Bladder cancer 6 �6.14
hsa00350 Tyrosine metabolism 5 �5.15
hsa00590 Arachidonic acid metabolism 6 �5.07
hsa04720 Long-term potentiation 6 �4.87
hsa05120 Epithelial cell signaling in Helicobacter

pylori infection
6 �4.83

hsa00330 Arginine and proline metabolism 5 �4.37
hsa04750 inflammatory mediator regulation of

trp channels
6 �3.79

hsa04142 Lysosome 6 �3.4
hsa04340 Hedgehog signaling pathway 4 �3.32
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the gene/protein/enzyme, the arrow represents the relationship
between upstream and downstream, the yellow background node
represents the direct regulation site of the gene, the red node indi-
cates that the gene appears in the regulation network or is related
to the pathway, and the bold arrow indicates the specific pathway
of its role, The graph can express the specific ways and means of its
anti liver cancer effect.

Set the same screening conditions to obtain the GO analysis
results. The GO analysis shows that zedoary tumeric pharmacody-
namic substance plays the role of treating liver cancer through
multiple locations and biological processes in the body (Fig. 7).
Molecular function (MF) analysis shows that the target may play
a role through carbon dehydrase activity, neurotransmitter recei-
ver activity, phosphotransfer activity, alcohol group as acceptor,
oxidoreductase activity, etc; Biological process (BP) analysis
showed that cellular response to nitrogen compound, synaptic sig-
naling, and informational response was important in the anti-
living cancer of zedoary tumeric pharmacodynamic substance; Cell
component (CC) analysis showed that the products of the target
may be mainly in the postsynapse, membrane raft, gamma-
secretase complex and so on.
3.2.5. Construction of ‘‘drug component-target-pathway” network
Import drugs, compounds, key targets, and pathways into

Cytoscape 3.7.2 database to build a ‘‘drug component-key target-
pathway” network, as shown in Fig. 8. The network includes 247
nodes (eight pharmacodynamic substances, 219 targets, and 20
paths) and 522 edges, the figure clearly shows that the zedoary
tumeric pharmacodynamic group plays an anti hepatoma role
through multi-target and multi-channel regulation.
3.2.6. Molecular docking verification
Using autodock 4.2.6 software, the main pharmacodynamic

components curcumin, curzerenone, beta-elemene, curcumenol,
curcumol, curcudione, germacrone and zedoarondiol in zedoary
tumeric were connected with the corresponding core targets of
AKT1, EGFR and MAPK8. It is generally believed that the binding
energy < 0 indicates that the small molecular components of the
ligand can bind independently with the receptor target protein.
The lower the binding energy is, the more stable the molecular
conformation is, the greater the possibility of action is, and the
greater the absolute value of the binding energy is, that is, the
binding between the ligand and the receptor is better. The docking
results are shown in Table 3 and Figs. 9 and 10. The results showed
that the active components of zedoary tumeric had good docking
activity with the core target. Among them, the two groups of mole-
cules with a strong affinity for AKT1 and EGFR are curcumenol and
curcudione, while curcumenol and curcumol have the lowest bind-
ing energy with MAPK8, which are stably docked in the active
pocket of the receptor protein and form hydrogen bonds. The
charge number of AKT1 is 7.9713, the charge number of EGFR is
�5.0633 and the charge number of MAPK8 is 5.9674.

Based on the above network pharmacological analysis, we can
know that the core targets of zedoary tumeric pharmacodynamic
group in the treatment of liver cancer are AKT1, PTGS2, STAT3,
MAPK8, EGFR, etc., and the core pathways are neuroactive live
receiver interaction, nitrogen metabolism, HIF-1 signaling path-
way, etc, This is also similar to the previous anti hepatoma mech-
anism of zedoary tumeric pharmacodynamic substance. The
development of modern network pharmacology technology pro-
vides a feasible method for the analysis and research of the phar-
macodynamic group. This research can provide a certain
reference value for the further development of zedoary tumeric
and its active components.



Fig. 5. Bubble diagram of KEGG enrichment analysis.

Fig. 6. Cancer pathways of zedoary tumeric pharmacodynamic substance.
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Fig. 7. GO analysis of anti liver cancer targets of zedoary turmeric pharmacodynamic substances.

Fig. 8. ‘‘Pharmacodynamic substance-target-pathway” network of zedoary tumeric.
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Table 3
Molecular docking results of zedoary tumeric pharmacodynamic substance and core
targets.

Active ingredients Binding free energy (kcal/mol)

AKT1 EGFR MAPK8

Curcumol �7.12 �6.34 �7.1
Curzerenone �7.28 �4.6 �6.52
Beta-elemene �7.1 �5.12 �5.99
Curcumenol �8.07 �6.49 �7.49
Curcumin �5.01 �4.46 �6.13
Curdione �7.4 �6.48 �6.63
Germacrone �6.65 �5.82 �6.86
Zedoarondiol �7.33 �6.38 �6.51

Fig. 9. Molecular docking heat map.
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4. Discussion and analysis on relationship between
pharmacodynamic substance and pharmacodynamic group
mechanism

The chemical composition of traditional Chinese medicine is
complex, and its efficacy often depends on the role of the ‘‘pharma-
Fig. 10. Molecular docking verification of ‘‘ph
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codynamic group”. What is the relationship between the joint
action of pharmacodynamic substance and the action of a single
component needs to be further discussed. In zedoary tumeric, cur-
cuol, zedoarondiol, curcumenol, curdione, curcumin, germacrone
b-elemene has been proved to have the effect of anti-liver cancer.
It can be used as the pharmacodynamic substance of zedoary
tumeric anti liver cancer. Curcumol, curcumin, and other compo-
nents have been proved to play the role of treating liver cancer
through ‘‘multi-target, multi-channel”. Later, the ‘‘pharmacody-
namic group” was screened by network pharmacological means.
The ten core target proteins for the treatment of liver cancer are
AKT1, PTGS2, CDH1, STAT3, MAPK8, MDM2, EGFR, PPARG, EP300,
and NOS3. The corresponding bioconcentration functions and
pathways are also analyzed and verified by molecular docking. It
is not difficult for us to find that most of the core targets AKT1,
MAPK, and STAT3 of the ‘‘pharmacodynamic group” have been
proved to be the regulatory proteins of curcumin against liver can-
cer, which indicates that curcumin may play a leading role in the
anti liver cancer effect of the ‘‘pharmacodynamic group”, which
is consistent with the statements of ‘‘King medicine” and ‘‘minister
medicine” in the theory of traditional Chinese medicine. This also
proves that these pharmacodynamic substances have great poten-
tial in the study of unverified target proteins such as CDH1, MDM2,
EP300, and NOS3. Of course, the anti-liver cancer mechanisms of
these ‘‘pharmacodynamic groups” must also have interaction
effects. For example, it is the interaction of these pharmacody-
namic substances that leads to the existence of these new core tar-
get proteins, CDH1 and MDM2; For example, the gene database
shows that curcumol does not act on MAPK, but the gene database
and experimental studies have proved the existence of MAPK tar-
get in curcumin, resulting in strong interaction between a variety
of target proteins in curcumol and MAPK. By analyzing the rela-
tionship between pharmacodynamic substance and ‘‘pharmacody-
namic group”, it also has great reference significance for curdione,
curzerenone, zedoarondiol, and curcumenol, which have less
research on efficacy and mechanism, and can promote their in-
depth development and research. In addition, the interaction
between pharmacodynamic substances of traditional Chinese
medicine has the characteristics of increasing curative effect,
which is also the advantage of traditional Chinese medicine differ-
ent frommonomer components. However, there is still a lack of in-
depth research on the specific interaction mechanism between
these pharmacodynamic substances and whether the combined
armacodynamic substances and targets”.



Z. Li, E. Hao, R. Cao et al. Chinese Herbal Medicines 14 (2022) 479–493
action will produce side effects. There is a great reference between
the specific mechanisms of pharmacodynamic substance and
‘‘pharmacodynamic group” in the treatment of diseases, and the
study of the relationship between the single and combined effects
of pharmacodynamic substance is of great significance for better
exertion of curative effect and in-depth mechanism research
(Fig. 11).
5. Summary

From the perspective of traditional Chinese medicine, the gen-
eration of liver cancer is due to the deficiency of healthy Qi caused
by dampness, heat and toxin, improper diet, and emotional disor-
der. At the same time, phlegm and dampness are endogenous,
which is intertwined with phlegm and blood stasis in the liver to
form liver cancer. Deficiency of vital Qi and stagnation of liver Qi
is the basic pathogenesis of liver cancer. Zedoary tumeric is good
at ‘‘eliminating accumulation” and has a strong effect of promoting
Qi and dispersing stagnation. It is commonly used in Qi stagnation,
symptoms, and masses, and has a strong effect of eliminating accu-
mulation and relieving pain. Therefore, it has basic theoretical sup-
port of traditional Chinese medicine for the treatment of liver
cancer. Zedoary tumeric can play an active role in the treatment
of liver cancer. The injection preparation of zedoary tumeric phar-
macodynamic substance has been used in the clinic. By integrating
the target genes of zedoary tumeric and liver cancer diseases, it is
found that most target genes (>95%) of zedoary tumeric pharmaco-
dynamic substances coincide with liver cancer disease genes,
which also shows the specificity and pertinence of these pharma-
codynamic substances against liver cancer. Through the establish-
ment of the PPI network, ten core targets, including AKT1, PTGS2,
STAT3, MAPK8, EGFR, etc., were screened through degree,
betweenness, and closeness indicators. The molecular docking
results in this study preliminarily show that zedoary tumeric phar-
macodynamic substance has a good affinity with important targets
AKT1, EGFR,and MAPK8, suggesting that its main active compo-
nents have good binding energy with potential targets.

AKT1 protein kinase B is a key regulator and important down-
stream target of PI3K/Akt pathway. After being phosphorylated
and activated, AKT1 protein kinase B mainly participates in cell
process, controls cell growth and survival (Hinz, & Jücker, 2019),
Fig. 11. Reference significance between pharmacodynamic
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and plays a role in a variety of biological processes such as glucose
metabolism, cell proliferation and apoptosis, cell migration and so
on (Martíne z-Rodríguez, Thompson-Bonilla, & Jaramillo-Flores,
2020). Studies have shown that AKT1 inhibitor can effectively pre-
vent liver fibrosis (Reyes-Gordillo et al., 2019), so zedoary tumeric
pharmacodynamic substance is likely to play the role of liver pro-
tection and anti liver cancer by downregulating AKT1 gene. EGFR
plays a key role in hepatocyte proliferation and liver regeneration,
and is related to hepatocyte carcinogenesis (Michalo Poulos, 2013;
Michalo Poulos, 2007). PTGS2 can metabolize arachidonic acid into
various prostaglandin products and is an important rate-limiting
enzyme for prostaglandin synthesis. Some studies have reported
the role of PTGS2 in tumor occurrence and development, angiogen-
esis, and metastasis. It is found that PTGS2 is closely related to
chemoresistance. Ablation of PTGS2 will reverse T cell rejection
and make the tumor sensitive to immunotherapy (Lin et al.,
2019; Markosyan et al., 2019). Some experiments have confirmed
that overexpression of PTGS2 can reduce Tet1 induced promoter
hypermethylation and induce liver cancer (Chen et al., 2017).
PTGS2 gene plays an important role in redox regulation, which also
shows that energy metabolism regulation is an important regula-
tion mode of zedoary tumeric pharmacodynamic substance com-
bined with anti liver cancer. MAPK family genes can show strong
protein expression in tumor tissues. The activation of MAPK path-
way is the target of its anti liver cancer effect. In liver cancer, this
pathway is also highly activated (Westphal et al., 2021). MAPK is
involved in tumor progression, including cell proliferation and
migration (Akrami et al., 2016), apoptosis (Lu et al., 2007), survival,
and angiogenesis (Gaundar & Bendall, 2010). In addition, the MAPK
is also closely related to liver cancer and is involved in the prolif-
eration, migration, invasion, metastasis, autophagy, apoptosis,
and drug resistance of liver cancer cells. STAT3 is one of the main
members of the signal transduction and transcription factor family.
It is abnormally activated in liver cancer. It can not only affect the
expression of proto-oncogenes as a transcription factor, but also
promote the transduction of multiple carcinogenic signal path-
ways. The Latest research (Wang et al., 2019) found that
lipopolysaccharide mainly promotes the proliferation of liver can-
cer cells through Stat3. In conclusion, these core targets can play an
anti liver cancer role through multiple mechanisms.

Zedoary tumeric pharmacodynamic substance cooperates to
play the role of anti liver cancer at multiple levels through many
substance and pharmacodynamic group mechanism.
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genes and multiple pathways, which is consistent with the charac-
teristics of multi-target and multi-pathway of traditional Chinese
medicine in the treatment of diseases. Taking the currently vali-
dated zedoary tumeric pharmacodynamic substance as the
research object, this paper first summarizes the current research
progress of zedoary tumeric single component anti liver cancer
mechanism, and then analyzes the potential targets and signal
pathways of these pharmacodynamic substances combined with
anti liver cancer through network pharmacology technology. Com-
bined with the molecular docking method, it is verified that these
components can interact with the target of liver cancer, and the
internal mechanism of zedoary tumeric pharmacodynamic sub-
stance combined with anti liver cancer is clarified, which provides
a direction and reference for the follow-up in-depth verification of
the anti liver cancer mechanism of zedoary tumeric and its better
application in clinic. At the same time, by analyzing the relation-
ship between zedoary tumeric single component pharmacody-
namic substance and ‘‘pharmacodynamic group” anti liver cancer,
it is found that the relationship between them lies in the determi-
nation of target, pathway, biological function and core pharmaco-
dynamic components, the formation of core target protein
interaction, in-depth study of single pharmacodynamic substance.
Therefore, this paper can also provide some ideas for the relation-
ship between pharmacodynamic substance and ‘‘pharmacody-
namic group”.

6. Conclusion

Zedoary tumeric has a significant effect in treating liver cancer.
Its various pharmacodynamic substances can play an anti liver
cancer role by regulating multiple genes and acting on multiple
pathways. The core targets of the anti-liver cancer effect of the
‘‘pharmacodynamic group” are AKT1, EGFR, MAPK8, etc., and the
core pathways are neuroactive live receiver interaction, pathways
in cancer Nitrogen metabolism, HIF-1 signaling pathway, etc. Tak-
ing zedoary tumeric as an example, this study also found that there
is a valuable relationship between the traditional Chinese medicine
pharmacodynamic substance and the ‘‘pharmacodynamic group”
in the action mechanism of target, pathway, and biological func-
tion. By comparing the relationship between them, we can deter-
mine the core pharmacodynamic components, the formation of
core target protein interaction. It is of great significance and value
to determine the mechanism of a single pharmacodynamic sub-
stance and increase the curative effect.
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