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Pharmacological Effects and Mechanism of Esculentoside A
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Abstract Extensive studies have found that Esculentoside a (EsA) has a variety of pharmacological effects, such as anti-inflammatory, anti-

bacterial , anti-tumor and the treatment of arthritis. In the present paper, the pharmacological effects and related mechanisms of EsA in recent

years were reviewed, in order to provide a theoretical reference for further research and development of EsA.
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1 Introduction

Phytolaccae Radix is the dry root of Phytolacca acinosa Roxb. or
Phytolacca americana L. It is a perennial herb native to North
America, mainly distributed in Jiangxi, Hunan and Hubei prov-
inces of China''’. Phytolaccae Radix has anti-inflammatory , anti-
bacterial , anti-viral, anti-tumor and immunomodulatory effects'’ .
Esculentoside A (EsA) is a triterpenoid saponin extracted from
Phytolaccae Radix, with a molecular formula of C,,H,O ¢ and it is
a solid powder at room temperature, soluble in water, ethanol and
n-butanol, and insoluble in organic solvents such as acetone and
ether. Studies have found that EsA has many effects such as anti-
inflammatory , anti-cancer and arthritis treatment . In this pa-
per, we reviewed the research progress of pharmacological effects
and mechanisms of EsA in recent years, in order to provide a the-

oretical reference for further research and development of EsA.

2 Pharmacological effects and mechanism of EsA
2.1 Anti-inflammatory effects Inflammation is a non-specific
and complex physiological reaction of organisms caused by external
injury, infection or stimulation. Inflammation usually involves vas-
odilation, increased vascular permeability, migration and activa-
tion of leukocytes, and edema of local tissues. The basic patholog-
ical changes in inflammation include degeneration, exudation and
hyperplasia of local tissues. Its clinical manifestations are fever,
tissue deterioration, exudation and tissue cell proliferation. Stud-
ies have shown that EsA has a good anti-inflammatory effect.

2.1.1

phritis is a disease caused by a variety of factors, including im-

Anti-nephritis effect and its molecular mechanism. Ne-

mune-mediated and inflammatory mediators, and its clinical mani-
festations are edema, hematuria and proteinuria. Glomerular me-
sangial cell (GMC) is an intrinsic cell in the glomerulus. Exces-
sive proliferation of GMCs and the increased secretion of extracel-

lular matrix (ECM) are the main causes of various proliferative
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glomerulonephritis. Zhang Xianggui et al. ©™*' found that EsA
(2.5-5.0 mg/L) could significantly inhibit the proliferation of
rGMC cells without obvious toxic and side effects through MTT as-
say, and they found that EsA could down-regulate the expression
level of CDK2 protein and up-regulate the expression level of cell
cycle protein p27, thus inhibiting the proliferation of rGMC cells.
Through MTT test, Tang Yinjie et al. " found that the drug-
containing serum of mice obtained after EsA treatment could sig-
nificantly inhibit the proliferation of rGMC cells, and the inhibito-
ry effect was the most significant when the concentration was
5.0 =10 mg/kg, and they further found that EsA could down-reg-
ulate the expression of phosphorylated mitogen-activated protein
kinase ( p-ERK1/2) and transcription factor activated protein-1
(AP-1) by Western blot. These results indicate that EsA can in-
hibit the proliferation of rGMC through the ERK1/2-AP-1 signa-
ling pathway. Systemic lupus erythematosus (SLE) is an autoim-
mune disease characterized by dysfunction of the immune system.
Lupus nephritis (LN) is an important clinical component of SLE,
which is a common but difficult to treat nephritis. Through mouse
experiments, Weng Xiaoxue'”' found that the urine protein/creati-
nine and serum creatinine values of LN mice treated with EsA
were significantly reduced. The pathological changes of the kidney
were observed under the microscope by HE and Masson staining.
It was found that there were different degrees of glomerular me-
sangial cell proliferation, mesangial matrix proliferation and capil-
lary endothelial cell proliferation in the kidney of MRL/Lpr lupus
model mice. The renal pathological changes in the EsA-treated
group were significantly improved compared with the model group.
Further western blotting showed that EsA down-regulated the ex-
pression levels of pro-inflammatory factors such as TNF-a, IFN-y
and IL-17, and up-regulated the expression level of anti-inflamma-
tory factor IL-2. Flow cytometry was used to detect the proportions
of MAIT cells ( mucosa-associated antibody T cells) in kidney tis-
sues , and the proportions of MAIT cells in the normal group, mod-
el group, and drug group were 0.25% +0.05% , 0.67% +0.05% ,
0.40% +0.02% , respectively, indicating that EsA could signifi-
cantly reduce the proportion of MAIT cells in LN mice. These re-
sults suggest that EsA can alleviate LN nephritis by down-regula-
ting the expression levels of TNF-a, IL-6, Bel-2, TNF-a, IFN-y
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and IL-17, and up-regulating the expression levels of IL-2, Fas
and FasL in lupus model mice.

2.1.2 Anti-hepatitis effect and its molecular mechanism. Hepa-
titis is a general term for liver inflammation. It is mainly caused
by viruses, bacteria, alcohol and parasites. Its clinical manifesta-
tions are fatigue, vomiting, abdominal distension and loss of appe-
tite. Through CCK-8 experiment, Zhang et al. " found that the
content of tumor necrosis factor ( TNF-o) in normal liver cells
(L-02) increased sharply after treatment with carbon tetrachloride
(CCl,), while EsA could significantly reduce the expression level
of TNF-a in L-02 cells. Further, Western blotting and real-time
fluorescence quantitative PCR experiments indicated that EsA up-
regulated the expression of peroxisome proliferator-activated recep-
tor y (PPAR-y) in L-02 cells after CCl, treatment. The liver in-
jury model and histopathological experiments in mice showed that
the liver cells in the CCl, model group (mice intravenously injec-
ted with CCl, and olive oil) were severely damaged, the cells were
balloon-like, and the liver became white, while the liver cells in
the Es-A-treated group were normal, the cytoplasm was well pre-
served and the nucleus was clear and plump. The results showed
that the pathological injury symptoms of CCl, model group were
significantly alleviated after EsA treatment. By measuring liver
function enzymes in serum, it was found that serum alanine amin-
otransferase ( ALT) and aspartate aminotransferase ( AST) levels
were significantly down-regulated by EsA. These results indicate
that EsA can attenuate CCl,-induced acute liver injury in mice by
inhibiting inflammatory response and oxidative stress. Through
MTT experiments, Wang et al. "' found that EsA significantly in-
hibited hepatotoxicity induced by acetaminophen ( APAP) or hy-
drogen peroxide (H,0,). Through the GSH peptide detection ex-
periment, it was found that EsA significantly inhibited the GSH
consumption caused by APAP. In addition, by measuring the con-
tents of H,0, and O, in the cells, it was found that EsA signifi-
cantly reduced the production of H,0, and O, in the cells induced
by APAP, indicating that EsA had a good inhibitory effect on oxi-
dative stress. It was found by flow cytometry that EsA significantly
reduced H,0,-induced apoptosis in a dose-dependent manner.
Western blot analysis showed that EsA up-regulated the expression
of phosphorylated Akt (p-Akt), phosphorylated glycogen synthase
kinase 3@ (p-GSK3B) and phosphorylated AMP-activated protein
kinase ( p-AMPK). These results indicate that EsA can protect
the liver by inhibiting oxidative stress.

2.1.3 Anti-arthritic effect and its molecular mechanism. Osteo-
arthritis (OA) is a common acute or chronic inflammation of con-
nective tissue with migratory pain in joints and muscles. Rheuma-
toid arthritis (RA) is a chronic, systemic disease characterized by
inflammatory synovitis, with clinical manifestations of joint pain,
fever, and swelling. Through CCK-8 experiment, Shao et al. """
found that EsA had no obvious toxic side effects on chondrosarco-
ma cells (SW1353). Through fluorescence real-time quantitative
PCR and ELISA kit detection, it was found that EsA can signifi-

cantly inhibit the protein expression of MMPs (MMP2, MMP3 and
MMP13) and pro-inflammatory cytokines (IL-6, IL-8 and TNF-a)
of SW1353 cells, suggesting that EsA can prevent OA by inhibi-
ting inflammatory response and catabolism. Western blot analysis
showed that EsA could down-regulate the expression of p-P65,
p-ERK, p-JNK and p-P38 proteins. EsA can alleviate the carti-
lage degeneration and inhibit the activity of osteoclasts in OA mod-
el mice. The above results indicate that EsA inhibits cartilage in-
flammation, matrix catabolism and osteoclast degeneration by reg-
ulating NF-kB and MAPK signaling pathways. Through thymocyte
proliferation method and bioassay, Zheng Qinyue et al. """ found
that EsA could significantly inhibit interleukin-1 (IL-1) and
tumor necrosis factor (TNF) produced by rabbit synoviocytes in-
duced by lipopolysaccharide (LPS) , indicating that EsA may help
alleviate the symptoms of rheumatoid arthritis.

2.1.4 Anti-neuroinflammatory effect and its molecular mecha-
nism. Alzheimer’s disease (AD) is one of the most common disea-
ses of senile dementia. It can affect the thinking, memory and in-
dependence of patients, and bring serious damage to the quality of
life of patients. Through Morris water maze test and field test, He
et al. "’ found that EsA could improve the cognitive deficit and
anxiety of mice. By analyzing the changes in EsA levels in blood
and brain of mice by liquid chromatography and tandem mass
spectrometry, it was found that EsA could penetrate the brain-
blood barrier, thus playing a therapeutic role in AD mice. Fur-
thermore, immunofluorescence assay and Western blotting showed
that EsA could up-regulate the expression of PPAR«y, thereby re-
ducing neuronal apoptosis. In cultures of primary neurons, the ad-
dition of the PPAR<y inhibitor GW9662 reversed the therapeutic
effect of EsA on AD pathology. These results show that EsA can
penetrate the brain-blood barrier and play a neuroprotective role
by regulating the expression level of PPAR<y, thereby alleviating
the cognitive deficit of AD mice. He et al. ®' found that EsA
could alleviate the symptoms of memory deficit, recognition deficit
and synaptic damage in AD mice through Y-maze test, novel ob-
ject recognition test, Gallyas-Braak silver staining and transmis-
sion electron microscopy. Through quantitative proteomic analy-
sis, it was found that EsA regulates the expression levels of brain-
specific angiogenesis inhibitor 3, galectin-1, and Ras-related pro-
tein 24. It was further found by Western blotting that EsA could
upregulate AKT/GSK3@ expression levels, inhibit microtubule-as-
sociated protein (Tau) hyperphosphorylation, and promote auto-
phagy to clear abnormally phosphorylated Tau. Inhibition of AMP-
activated protein kinase ( AMPK) activity by morphine abrogated
the effects of EsA in hippocampus-derived primary neurons. These
results indicate that EsA inhibits the hyperphosphorylation and au-
tophagy clearance of targeted Tau through AMPK signaling path-
way, attenuates the cognitive decline of mice, and then alleviates
the cognitive deficits of AD mice.

2.2 Anticancer effects Cancer is a disease caused by uncon-

trolled growth, reproduction and division of cells under the influ-
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ence of many factors. At present, chemical drugs commonly used
in the treatment of cancer have many shortcomings, such as toxic
side effects, strong drug resistance and high price. Therefore, loo-
king for a natural anticancer drug with high efficacy, less side
effects and low price is the focus of medical research. Studies have
reported that EsA has a good anti-cancer effect.

2.2.1

Colon cancer is a common malignant tumor and it mainly occurs in

Anti-colon cancer effect and its molecular mechanism.

the mucosa and submucosa of the colon. lIts clinical manifestations
are dyspepsia, abdominal distension and mucopurulent bloody
stool. Momenah et al. "'’ used CCK-8 method to study and found
that EsA had a good inhibitory effect on the proliferation of colon
cancer cells HT-29, with an IC, value of 16 uM. In addition,
through cell colony formation assay experiments, it was found that
EsA could significantly reduce the colony formation ability of
HT-29 cells. Transwell assay showed that the migration rate and
invasion rate of HT-29 cells treated with EsA decreased by 45%
and 51% , respectively, when compared with the untreated group.
The above results indicate that EsA has a good killing effect on co-
lon cancer cells and effectively inhibits the migration and invasion
of HT-29 cells.

2.2.2 Anti-breast cancer effect and its molecular mechanism.
Breast cancer is a common female malignant tumor, which usually
occurs in women’s breast tissue, and is clinically manifested as a
breast lump, and a few are accompanied by symptoms such as
vague or stabbing pain in the breast. AO/EB staining experiments
showed that the number of apoptosis of CSCs cells increased after
EsA treatment. Furthermore, Annexin V-FITC/PI double staining
method indicated that EsA induced apoptosis in mouse breast
cancer cells, mouse breast CSC cells, human breast cancer cells
and human breast CSC cells. Besides, Western blotting assays
showed that EsA down-regulated the expression level of the anti-
apoptotic protein B-cell lymphoma/leukemia-2 (Bcl-2), and up-
regulated the expression levels of the pro-apoptotic protein B-cell
lymphoma/leukemia-2-related protein (Bax) and cleaved-caspase-3.
These results suggest that EsA can induce apoptosis in breast

cancer cells through a mitochondria-dependent pathway.

3 Prospects

EsA is a compound extracted from Phytolaccae Radix, a tradition-
al Chinese medicine. It has many pharmacological effects, such as
anti-tumor, anti-inflammatory and so on, and has broad develop-
ment and application prospects. However, most of the studies on
EsA remain in its efficacy, and the specific pharmacological
mechanism of EsA is still in its infancy. Therefore, it is necessary
to comprehensively explore the mechanism of action of EsA at the
molecular, cellular and animal levels by combining the theoretical

knowledge and experimental techniques of molecular biology, cell

biology, toxicology, pharmacology, clinical medicine and other
disciplines, so as to obtain more comprehensive and in-depth re-
search results and provide a scientific basis for the development

and application of EsA.
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