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a b s t r a c t

Eucommiae Folium (EF), a traditional Chinese medicine, has been used to treat secondary hypertension,
including renal hypertension and salt-sensitive hypertension, as well as hypertension caused by thoracic
aortic endothelial dysfunction, a high-fat diet, and oxidized low-density lipoprotein. The antihyperten-
sive components of EF are divided into four categories: flavonoids, iridoids, lignans, and phenyl-
propanoids, such as chlorogenic acid, geniposide acid and pinoresinol diglucoside. EF regulates the
occurrence and development of hypertension by regulating biological processes, such as inhibiting
inflammation, regulating the nitric oxide synthase pathway, reducing oxidative stress levels, regulating
endothelial vasoactive factors, and lowering blood pressure. However, its molecular antihypertensive
mechanisms are still unclear and require further investigation. In this review, by consulting the relevant
literature on the antihypertensive effects of EF and using network pharmacology, we summarized the
active ingredients and pharmacological mechanisms of EF in the treatment of hypertension to clarify
how EF is associated with secondary hypertension, the related components, and underlying mechanisms.
The results of the network pharmacology analysis indicated that EF treats hypertension through a multi-
component, multi-target and multi-pathway mechanism. In particular, we discussed the role of EF tar-
gets in the treatment of hypertension, including epithelial sodium channel, heat shock protein70, rho-
associated protein kinase 1, catalase, and superoxide dismutase. The relevant signal transduction path-
ways, the ras homolog family member A (RhoA)/Rho-associated protein kinase (ROCK) and nicotinamide
adenine dinucleotide phosphate (NADPH) oxidase/eNOS/NO/Ca2þ pathways, are also discussed.
© 2021 The Authors. Published by Elsevier B.V. on behalf of Xi’an Jiaotong University. This is an open

access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Hypertension is a chronic disease that is associated with higher
morbidity and mortality [1]. Hypertension is mainly divided into
primary and secondary hypertension [2]. According to the World
Health Organization statistics, approximately 9 million people die
from hypertension every year [3], and 29.2% of adults will suffer
from hypertension in 2025 [4]. Therefore, reducing the prevalence
of hypertension is a global issue that needs to be addressed.
University.
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Hypertension is mainly controlled and treated with synthetic drugs
[5], which have a number of side effects. Eucommiae Folium (EF), a
natural Chinese herbal medicine that uses the dried leaves of EF [6],
has pharmacological effects, including anti-oxidation, lowering
blood pressure (BP), lowering blood sugar, treating osteoporosis,
and affecting uterine function [7e9]. EF has antihypertensive
properties, which have been examined as a potential therapeutic
Chinese medicine to combat hypertension. In the 1950s, Russian
scholars discovered that EF has a two-way regulation of BP, and the
effect of lowering BP, which was unmatched by many chemical
drugs, was obvious [10]. Since the 1970s, EF has been used as an
antihypertensive drug and health food in Sichuan, China [11].
Clinical studies have been conducted to evaluate its efficacy [12]. EF
is widely used in China, South Korea, and Japan to treat cardio-
vascular diseases [13]. In Japan, EF and its extracts are made into
functional beverages approved for use by the government as
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specific health foods [14]. Traditional Chinese medicine doctors
believe that kidney deficiency, liver stasis, and blood stagnation are
the causes of hypertension, which start from the kidney and change
in the liver [15]. EF has a nourishing effect on the liver and kidney,
lowers blood sugar and blood lipids, and reduces BP. EF has a good
therapeutic effect on secondary hypertension, including renal hy-
pertension, salt-induced hypertension, and hypertension caused by
thoracic aortic endothelial dysfunction, high-fat diet, and oxidized
low-density lipoprotein (ox-LDL) [14,16,17]. The phenylpropanoids,
flavonoids, and lignans in EF have been confirmed to have antihy-
pertensive activity [16,18e20]. These active ingredients exert
antihypertensive effects through a series of biological processes
and can improve endothelial dysfunction, reduce oxidative stress
levels, regulate inflammation, and regulate the nervous system. At
the same time, the mechanism of EF in the treatment of hyper-
tension also involves the regulation of gene expression. However,
no comprehensive reports on this could be found. Using network
pharmacology, we found that EF could effectively treat hyperten-
sion through a multi-component, multi-target and multi-pathway
molecular mechanism. With the multitude of potential antihyper-
tensive effects of EF, this review aimed to assess the scientific evi-
dence on the active ingredients and mechanistic investigations of
EF on hypertension.

2. Antihypertensive active ingredients of EF

The antihypertensive components of EF are mainly divided into
four categories: phenylpropanoids, flavonoids, lignans, and iridoids
(Table S1) [17,19e27]. These active ingredients have beneficial
therapeutic effects on secondary hypertension. Among these
compounds, lignans have beenmost studied. They play a larger role
in reducing BP. In total, 27 different lignans were isolated from EF.
Lignans mainly reduce BP by inhibiting the activity of aldose
reductase [28]; pinoresinol diglucoside (PD) and syringaresin
diglucoside can treat hypertension by regulating plasma endothelin
and nitric oxide levels. They have predominant therapeutic effects
Fig. 1. Antihypertensive mechanism of Eucommiae Folium (EF) via the ras homolog fami
phosphatidylinositol 3-kinase; MYPT-1: myosin phosphatase target subunit 1; MLC: myosin
p-MLC: phospho-myosin light chain; MLCP: myosin light chain phosphatase; MLCPh: myos
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on renal hypertension. Flavonoids have an important protective
effect on the cardiovascular system, lower BP and blood lipids,
reduce oxidation, and inhibit inflammation [29]. Quercetin (QU)
and rutin in EF have antihypertensive activity. QU can lower BP by
inhibiting angiotensin-converting enzymes to inhibit angiotensin II
(Ang II) synthesis. QU treats salt-induced hypertension by reducing
epithelial sodium channel (ENaC) expression. Most phenyl-
propanoid components are phenolic compounds, which not only
exhibit antioxidant and anti-inflammatory properties but also can
improve endothelial dysfunction activities and protect the cardio-
vascular system [30], such as chlorogenic acid (CHA), ferulic acid
(FA), and caffeic acid (CA). CA and FA have an inhibitory effect on
the increase in heat shock protein70 (HSP70) gene expression
caused by salt-sensitive hypertension and reduce the expression of
HSP70 to achieve a therapeutic effect. The antihypertensive activity
of iridoid compounds, such as geniposide and aucubin (AU), is
mainly reflected in their anti-inflammatory and antioxidant prop-
erties. Geniposidic acid (GEA) can improve endothelial vascular
function and have a better therapeutic effect on hypertension
caused by thoracic aortic endothelial dysfunction or high-fat diet.
AU has anti-inflammatory activity, reduces the level of oxidative
stress, and can be used to treat hypertension caused by ox-LDL.
Studies have shown that EFE has a superior therapeutic effect on
renal hypertension [7].

3. EF treatment of hypertension related to the signal
transduction pathway

3.1. Ras homolog family member A (RhoA)/Rho-associated protein
kinase (ROCK) signaling pathway

The therapeutic effect of the extract of EF (EFE) on hypertension
is mediated by the down-regulation of transforming protein RhoA
and ROCK (Fig. 1). The RhoA/ROCK pathway is involved in cell
migration, cell reorganization, vascular physiological function, and
BP reduction. When the RhoA/ROCK1 signaling pathway is
ly member A (RhoA)/Rho-associated protein kinase (ROCK) signaling pathway. PI3K:
light chain; eNOS: endothelial nitric oxide synthase; L-Arg: L-arginine; NO: nitric oxide;
in light chain phosphor; MLCK: myosin light chain kinase.



Fig. 2. Antihypertensive effect of quercetin in Eucommiae Folium (EF) via the NO/sGC/
cGMP pathway. NADPH: nicotinamide adenine dinucleotide phosphate; EDHF:
endothelium-derived hyperpolarizing factor; Ang II: angiotensin II; ET-1: endothelin-
1; MEJ: myoendothelial junctions; sGC: soluble guanylate cyclase; ROS: reactive oxy-
gen species; cGMP: cyclic guanosine monophosphate; L-Arg: L-arginine; PKG: protein
kinase G; eNOS: endothelial nitric oxide synthase
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abnormal, it can lead to the occurrence of hypertension and other
diseases [31]. ROCK participates in the regulation of vascular tone,
endothelial dysfunction, inflammation, and remodeling when
activated [32]. RhoA plays an important role in the construction of
cytoskeletal proteins, cell migration, cell proliferation, and tran-
scriptional activity [33]. The balance between the RhoA/Rho kinase
pathway and the nitric oxide (NO) system plays a significant role in
cardiovascular and renal insufficiency [34]. EFE can significantly
reduce the expression of RhoA in hypertensive rats and inhibit the
expression of ROCK, which is a key downstream effector of RhoA.

EF inhibits the phosphorylation of the myosin light chain, re-
duces the activity of integrin-linked kinases, and activates myosin
light chain phosphatase by downregulating ROCK causing smooth
muscle relaxation and lowering BP [35]. EFE increases endothelial
nitric oxide synthase (eNOS) activity and upregulates NO levels by
downregulating ROCK expression. NO acts as a vasodilator to relax
blood vessels and lower BP. The expression of ROCK decreases,
which involves the activation of the phosphatidylinositol 3-kinase/
protein kinase B (PI3K/AKT) pathway. The PI3K/AKT pathway can
increase the expression of eNOS, promote the increase of L-arginine,
enhance NO activity, and restore vascular function [32].

3.2. NO/soluble guanylate cyclase (sGC)/cyclic guanosine
monophosphate (cGMP) pathway

QU has endothelium-protecting effects against cardiovascular
diseases. QU can reduce BP and has therapeutic potential as a car-
diovascular agent [36]. QU also affects the function of vascular
smooth muscle cells (VSMCs) in the progression of cardiovascular
diseases and reduces the risk of cardiovascular diseases [37]. The
vascular relaxation mechanism of QU in EF is endothelial-
dependent [38,39]. EF enhances the activity of eNOS and pro-
motes the synthesis of NO by inducing the mRNA expression of
inducible NOS [40,41]. QU exerts its antihypertensive effects by
regulating NO levels and increasing the intracellular calcium con-
centration ([Ca2þ]i) in endothelial cells (ECs). QU can also down-
regulate the activity of nicotinamide adenine dinucleotide
phosphate (NADPH) oxidase, inhibit the production of reactive
oxygen species (ROS), and increase the activity of NO [42,43]. NO is
synthesized by L-arginine through eNOS catalysis [44] and plays a
critical role in regulating BP [45]. NO diffuses from ECs to VSMCs,
activates sGC in VSMCs, increases the level of cyclic guanosine
monophosphate, activates the cyclic guanosine monophosphate-
protein kinase G axis, stimulates the Kþ channel activated by
Ca2þ [46], and reduces the Ca2þ concentration in VSMCs. This
process induces membrane hyperpolarization. ECs transmit hy-
perpolarization to VSMCs through myoendothelial junctions,
inhibiting Ca2þ influx and intracellular Ca2þ release and causing
vasodilation [47,48] (Fig. 2). In addition, QU can also be used to treat
salt-sensitive hypertension by reducing the expression of ENaC
mRNA [49].

EF has the effect of lowering BP by regulating the RhoA/ROCK
and NO/sGC/cGMP signaling pathways. Studies have shown that
the NO/sGC/cGMP signaling pathway plays a key role in regulating
cardiovascular diseases [50]. QU in EF can improve the level of NO
and downregulate the activity of NADPH oxidase to treat hyper-
tension. According to reports, activation of RhoA/ROCK signaling
pathway is associated with pulmonary arterial hypertension (PAH)
and the NO/sGC/cGMP signaling pathway is protective in PAH
[51,52]. Whether EF can regulate the RhoA/ROCK and NO/sGC/
cGMP signaling pathways to ameliorate PAH needs further
research. It is a clinically meaningful way to conduct research on
the RhoA/ROCK and NO/sGC/cGMP signaling pathways and explore
the relevant biological processes involved in the treatment of sec-
ondary hypertension by EF.
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4. Pharmacological mechanisms of EF in the treatment of
hypertension

4.1. Suppressing oxidative stress

Oxidative stress refers to the pathological state of the imbalance
between the production of free radicals and antioxidant defenses in
the body. Excessive oxidative stress leads to endothelial cell
dysfunction, affects the release of endothelial cell-active sub-
stances, leads to vasomotor dysfunction [10], and causes hyper-
tension. EF contains various active antioxidant ingredients, such as
CHA, coumaric acid, protocatechuic acid (PA), and other phenyl-
propanoids. PA is the main antioxidant in EFE [23]. Several studies
have shown that the ability of CHA to scavenge free radicals in vitro
is better than that of vitamin E [53]. CHA, which can protect against
free radicals and scavenge free radicals by activating endogenous
antioxidants, relieves oxidative stress [54]. It can also form a chelate
with iron to reduce hydroxyl free radicals [55], thereby reducing
the level of oxidative stress to reduce BP. PA can effectively scav-
enge hydroxyl free radicals, reduce the generation of hydroxyl free
radicals by inhibiting the reaction of Cu2þ and H2O2 [56], and
reduce the level of oxidative stress. Previous studies have shown
that AU in EF can protect cell components from oxidative stress
[57,58]. Some studies have shown that at the early stage of
inflammation, ox-LDL damages ECs by inhibiting the production of
NO [59] and accelerating endothelial cell dysfunction [60].
Dephosphorylation of eNOS-Thr495 enhances eNOS activity and
promotes NO release [61,62]. AU inhibits the uncoupling of eNOS
induced by ox-LDL in human umbilical vein ECs, reduces the
phosphorylation level of eNOS-Thr495, increases NO activity, and
reduces the level of oxidative stress, achieving an antihypertensive
effect [17]. Many enzymes regulate oxidative stress, including
catalase, glutathione peroxidase, myeloperoxidase, and superoxide
dismutase [63]. Lignans of EF can significantly upregulate the ac-
tivity of various oxidative stress enzymes in liver tissues, increase
the expression levels of important proteins during oxidative stress,
and reduce superoxide production [13].
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4.2. Improving endothelial dysfunction

ECs regulate the release of the vasodilator NO, prostacyclin, and
vasoconstrictor factors (Ang II, endothelin-1, and ROS) to maintain
their balance, thus playing a key role in regulating vascular tension
[35]. Endothelial dysfunction is a marker of cardiovascular diseases
[64]. Hosoo et al. [14] studied the therapeutic effect of EF on
spontaneously hypertensive rats and concluded that EF has a
repairing effect on vascular endothelial function. They found that
GEA in EF is one of the main active components with antihyper-
tensive effect. FA and CA of EF can improve vascular endothelial
dysfunction, dilate blood vessels, and lower BP. Lignans of EF can
increase the activity of cyclic adenosine monophosphate (cAMP) by
inhibiting cAMP phosphodiesterase, thereby promoting the release
of NO, leading to vasodilation and improving endothelial function.
According to previous reports, the water extract of EF can cause
anti-vascular endothelial dysfunction, and its vasodilation effect is
endothelial-dependent, exerting a relaxing effect on the vascular
endotheliumvia the nitric oxide synthase pathway [65]. After seven
weeks of administration to middle-aged spontaneously hyperten-
sive rats, treatment with EFE significantly reduced endothelial
dysfunction, improved the vascular function of the thoracic aorta,
reduced the thickness of the thoracic aorta, and restored blood
vessel function [66].

4.3. Inhibiting the renin-angiotensin-aldosterone system (RAAS)

Excessive activation of RAAS can lead to hypertension. Angio-
tensin converting enzyme (ACE) can further catalyze Ang I and
transform it into Ang II, a cell membrane peptidase [67]. Ang II can
cause vascular endothelial dysfunction [68]. QU is an ACE inhibitor
that can chelatewith Zn2þ, inhibit ACE activity, interferewith RAAS,
and reduce the conversion of Ang I to Ang II [69], thereby reducing
the damage of Ang II to vascular endothelial function. Renin protein
is an upstream enzyme regulator of the RAAS system. EF can
maintain normal BP by reducing renin level. ACE2 is the main
component of RAAS. EF can inhibit the activation of the RAAS
system by inhibiting the generation of ACE. The RAAS system is
associated with a variety of diseases. RAAS inhibitors are generally
used to treat abnormal RAAS system function, but RAAS inhibitors
can cause adverse reactions, the most common of which is hyper-
kalemia. EF can inhibit the abnormal activation of the RAAS system;
thus, the therapeutic effect of EF on hyperkalemia is worthy of
investigation for potential use to ameliorate hypertension.

4.4. Activating ion channels

Changes in BP are related to the contraction of blood vessels and
the ion channels in VSMCs. EFE involves the activation of Kþ chan-
nels in the process of inducing vasodilation. This response is medi-
ated by endothelium-derived hyperpolarizing factor. It is also
affected by gap junctions between ECs and smoothmuscle cells [70].
QU in EF can open the Kþ channels of endothelium-derived hyper-
polarizing factors to induce the hyperpolarization of vascular smooth
muscle [71] and inhibit Ca2þ influx and intracellular Ca2þ release,
thereby causing vasodilation and lowering BP [48,72]. The imbalance
of elevated Ca2þ in vascular endothelial cells may lead to the loss of
endothelial-dependent vasodilation and cause endothelial dysfunc-
tion. Ca2þ flows into vascular endothelial cells through transient
receptor potential (TRP) channels. Among these TRP channels, the
transient receptor potential vanilloid (TRPV4) channel is widely
expressed in vascular endothelial cells and has relatively high
permeability of Ca2þ. As for whether QU in EF inhibits Ca2þ influx is
related to endothelial TRPV4 channels, there is no relevant report,
and it is highly worth researching the correlation.
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4.5. Regulating the autonomic nervous system

The imbalance and dysregulation of the autonomic nervous
system can lead to the occurrence and development of hyper-
tension and can be accompanied by the development of hyper-
tension [73e75]. AU in EF stimulates the parasympathetic nerves
[76]. Namba et al. [77] conducted a preliminary pharmacological
study on a water-based EFE and pointed out that the water
extract of EF could achieve a short-term antihypertensive effect
by stimulating the parasympathetic nervous system. The study
results showed that hyperinsulinemia in fructose-drinking rats
could cause neuronal vascular control system dysfunction, lead-
ing to the development of hypertension [78,79]. Jin et al. [71]
asserted that Eucommia ulmoides Oliv. leaves extract (ELE) could
improve the abnormal vascular peripheral innervation of adren-
ergic and calcitonin gene-related peptide-containing nerves in
fructose-drinking rats by improving insulin resistance, reducing
the density of tyrosine hydroxylase-like immunoreactive nerve
fibers, and increasing the density of calcitonin gene-related
peptide immunoreactive nerve fibers to achieve an antihyper-
tensive effect.

5. Screening of the targets and potential mechanism of EF in
hypertension treatment based on network pharmacology

Few studies have examined the targets and pathways related to
the treatment of hypertension with EF. To study the molecular
mechanisms underlying the effects of EF in the treatment of hy-
pertension and explore its targets and pathways, this review
employed network pharmacology to predict the targets and protein
interactions of EF in the treatment of hypertension and provide
scientific predictions for the targets and pathways of EF. The results
of the network pharmacology analysis showed that EF treated hy-
pertension through multiple targets and pathways.

Through the Traditional Chinese Medicine Systems Pharma-
cology Database and Analysis Platform (TCMSP, https://tcmspw.
com/tcmsp.php) as well as the UniProt database (http://www.
uniprot.org/), the gene targets of the active components of EF
were normalized and standardized. 16 active ingredients
(Table S2) and 167 potential targets of EF that could relate to the
treatment of hypertension were identified. The Online Mendelian
Inheritance in Man (https://omim.org/) and GeneCards (https://
www.genecards.org/) databases were used to search for genes
that regulate hypertension. The UniProt database was used to
normalize and standardize the collected disease protein targets. In
total, 557 related gene targets for the regulation and treatment of
hypertension were obtained. After intersecting and deleting du-
plicates, the targets of the active ingredients and disease targets of
EF were intersected, and 66 common targets were identified
(Table S3). The data, active ingredients of EF, and the co-action
targets that corresponded to active ingredients and hyperten-
sion of EF were imported into Cytoscape 3.7.2 software to
construct an “active ingredient-target-disease" network diagram
(Fig. 3).

The targets, namely, RhoA, ROCK, superoxide dismutase 1
(SOD1), catalase (CAT), tumor necrosis factor (TNF), the Bcl-2-
associated X protein (BAX), and interleukin-6 (IL-6), were veri-
fied. Among them, TNF, SOD1, CAT, cyclooxygenase-2 (COX-2), IL-
6, and RAC-alpha serine/threonine-protein kinase (AKT1) have
been identified to play a pivotal role in the treatment of hyper-
tension with EF. EF can reduce BP by regulating these targets
(Table 1) [80e83]. According to the network pharmacology anal-
ysis, there are 66 intersections of targets between the active
components of EF and hypertension. The 66 common targets were
mainly related to chemical components such as rutin, QU, and AU.

https://tcmspw.com/tcmsp.php
https://tcmspw.com/tcmsp.php
http://www.uniprot.org/
http://www.uniprot.org/
https://omim.org/
https://www.genecards.org/
https://www.genecards.org/


Fig. 3. Active ingredient-target-disease network diagram of Eucommiae Folium (EF) in
the treatment of hypertension.
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They play major roles in anti-inflammatory and anti-oxidative
stress and help to improve vascular function. The main targets
include insulin (INS), AKT1, IL-6, cellular tumor antigen p53, TNF,
and vascular endothelial growth factor A. INS has a regulatory
effect on the intrinsic apoptotic signaling pathway induced by
oxidative stress [84]. AKT1 is an important mediator of trans-
forming growth factor-beta signal transduction and is a key
regulator of endothelial barrier function [85]. TNF can induce
vascular ECs to produce vascular endothelial growth factor by
cooperating with IL-1b and IL-6 [86]. COX-2 and prostaglandins
are involved in angiogenesis [87,88], and these targets play a vital
role in the treatment of hypertension with EF. We imported the
relevant targets of EF in the treatment of hypertension into the
Database for Annotation, Visualization, and Integrated Discovery
(DAVID, https://david.ncifcrf.gov/) and Metascape (https://
metascape.org/) databases. Then, we performed a gene ontology
analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG)
analysis on the targets of EF in the treatment of hypertension
(Figs. S1 and S2). The results showed that the regulation of hy-
pertension by EF involves biological processes such as apoptosis
regulation and regulation of blood vessel development, the
Table 1
Intersection of targets of Eucommiae Folium (EF) in the treatment of hypertension from

Gene Protein name Change Funct

SOD1 Superoxide dismutase 1 Down-regulation Destr
TNF Tumor necrosis factor Down-regulation Cytok
CAT Catalase Up-regulation Prom
IL-6 Interleukin-6 Down-regulation Cytok
AKT1 RAC-alpha serine/threonine-protein kinase Up-regulation Regu

grow
COX-2 Cyclooxygenase-2 Down-regulation With

TNFRSF1A: tumor necrosis factor receptor superfamily member 1A; TNFR1: tumor necros
1B; TNFBR2: tumor necrosis factor beta receptor 2.
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influence of cells on nitrogen compounds, and regulation of cell
death, involves components such as plasma membrane protein
complex, cytoplasmic nucleus, and vesicles, which are involved in
molecular functions such as green factor binding, protein domain
specific binding, and protein kinase binding (Fig. S3). Therefore,
the action mechanism of EF in treating hypertension is complex.
The unverified components, targets, and pathways can be used as
the basis for future research on the mechanism of EF in the
treatment of hypertension.

The network pharmacological analysis revealed that EF has the
characteristics of multi-component, multi-target and multi-
pathway in the treatment of hypertension. Kaempferol, (þ)-cate-
chin, and pinoresinol, which exert antihypertensive effects, are
related components of EF. Although the antihypertensive effects of
kaempferol and pinoresinol in EF have not been proven, studies
have shown that they have antihypertensive activity. Kaempferol,
found in the leaves of Bauhinia forficata, has been shown to relax
blood vessels [89]. Through the regulation of the asymmetric
dimethylarginine/dimethylarginine dimethylaminohydrolase II/
eNOS/NO pathways, kaempferol can inhibit oxidative stress and
protect vascular ECs [90]. Therefore, kaempferol in EF has the
potential to lower BP, which can provide a theoretical basis for
follow-up research. Pinoresinol of Cedrela serrata Royle has been
reported to be negatively correlated with the onset of hyperten-
sion and has a good therapeutic effect on hypertension. Moreover,
(þ)-catechin induces vasodilation [91]. A KEGG analysis showed
that the mitogen-activated protein kinase (MAPK) signaling
pathway, TNF signaling pathway, pathways in cancer, and the
advanced glycation end products (AGE)/receptor for advanced
glycation end products (RAGE) signaling pathway participate in
the treatment of hypertension with EF. Targets such as transcrip-
tion factor AP-1, matrix metalloproteinase-3, TNF, matrix
metalloproteinase-9 (MMP9), IL-6, and MAPK8 are involved in the
TNF signaling pathway, and they have been shown to exert anti-
hypertensive effects. Some studies have indicated that pathways
in cancer associated with hypertension and chrysanthemum could
reduce BP [92,93]. Zhang et al. [94] confirmed that pulmonary
hypertension due to left heart disease mediates the activation of
the MAPK signaling pathway. The MAPK signaling pathway could
be involved in upregulating the expression of MMP9 and trans-
forming growth factor b-1 proprotein mediated by mechanical
stretching. Furthermore, mechanical stretching may be a key
cause of vascular remodeling. Litchi chinensis polyphenol-rich
extract from seeds can reduce BP and treat hypertensive kidney
damage by regulating the TNF signaling pathway [95]. The
advanced glycation end products (AGE)-receptor for advanced
glycation end products (RAGE) signaling pathway is regulated in
spontaneously hypertensive rats, which can suppress the accu-
mulation of AGEs and the expression of RAGE as well as inhibit
angiogenesis and thrombosis [96].
the literature and network pharmacology analysis.

ion Refs.

oying radicals [80]
ine that binds to TNFRSF1A/TNFR1 and TNFRSF1B/TNFBR2 [81]
oting growth of cells [82]
ine with a wide variety of biological functions [83]
lating many processes including metabolism, proliferation, cell survival,
th and angiogenesis

[83]

a particular role in the inflammatory response [80]

is factor receptor 1; TNFRSF1B: tumor necrosis factor receptor superfamily member
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6. Conclusion and perspectives

In conclusion, this review clarified the active ingredients and
mechanisms of EF in the treatment of hypertension at pharmaco-
logical and molecular levels. The active antihypertensive ingredients
of EF are phenylpropanoids, flavonoids, lignans, and iridoids. The
literature search and network pharmacology analysis found 29
active antihypertensive ingredients in EF, 18 of which have been
confirmed to play a crucial role in the treatment of hypertension
with EF. The other 11 ingredients require further research and veri-
fication. EF can reduce BP by inhibiting oxidative stress, improving
endothelial dysfunction, regulating the autonomic nervous system,
activating ion channels, and regulating the RAAS system. At the
molecular level, EF has antihypertensive effects by regulating the
RhoA/ROCK signaling and NO/sGC/cGMP pathways. Using network
pharmacology, we confirmed that EF treats hypertension through a
multi-component, multi-target and multi-pathway approach. The
network pharmacology analysis identified 16 active compounds in
EF that have antihypertensive activity, including kaempferol,
(þ)-catechin, and pinoresinol. EF regulates the RhoA/ROCK pathway
and controls BP by inhibiting the gene expressions of RhoA and
ROCK. FA and CA, which are phenylpropanoids in EF, can inhibit the
expression of the HSP70 gene in deoxycorticosterone acetate-salt
hypertensive rats and achieve a hypotensive effect. QU regulates
hypertension via the NO/sGC/cGMP pathway. QU can reduce the
increase in ENaC expression induced by a high-salt diet and reduce
hypertension induced by such as diet. EF promotes the release of NO
by increasing the expressions of SOD1 and CAT genes and lowering
BP. The expression of BAX gene affects vascular remodeling, and EF
reverses vascular remodeling and protects blood vessels by upre-
gulating BAX gene expression. Genipin exerts anti-inflammatory
effects via the PI3K/AKT signaling pathway, increases NO activity,
and regulates BP. The MAPK signaling pathway, TNF signaling
pathway, pathways in cancer, and AGE-RAGE signaling pathway play
crucial roles in the treatment of hypertensionwith EF. The efficacy of
EF in the treatment of hypertension has been confirmed, but the
mechanism of action requires further study. EF has a therapeutic
effect on secondary hypertension, including renal hypertension and
salt-sensitive hypertension, as well as hypertension caused by
thoracic aortic endothelial dysfunction, high-fat diet, and oxidized
low-density lipoprotein. However, the possibility of side effects of EF
in the treatment of hypertension has not been verified. Efficacy of EF
in the treatment of other types of secondary hypertension and
related mechanisms remains to be further studied. This review
provides a reference for further exploration of the molecular
mechanism of EF in the treatment of hypertension, including related
components, targets, and pathways.
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