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Abstract: The aim of this study was to provide a compre-
hensive overview of the botanical characteristics, chemical
composition, pharmacological activities, toxicology, and meta-
bolic pathways of the primary active compounds, especially
flavonoids, found in Apocynum venetum and offer new
insights and scientific evidence for further research on this
plant. Information on A. venetum was obtained from tradi-
tional Chinese medicine books and electronic databases such
as PubMed, CNKI, ScienceDirect, Scifinder, the Chinese
Pharmacopoeia (2020), and the Flora of China. A. venetum,
with a long history of use, was valuable across multiple. A
total of 174 compounds were identified; flavonoids were the
primary active constituents. Numerous pharmacological stu-
dies demonstrated the leaf extract’s antidepressant, hepato-
protective, antihypertensive, lipid-lowering, cardiotonic,
anxiolytic, and antioxidant properties, with a high safety pro-
file. A. venetum leaves contain diverse chemical constituents
with broad pharmacological activities. Modern pharmacolo-
gical research provides reliable evidence supporting the
plant’s traditional uses, such as calming the liver and pro-
moting diuresis. However, several issues remain unresolved.
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Further research on non-flavonoid compounds is needed.
Additionally, the potential of A. venetum leaves in the treat-
ment of epilepsy is discussed, highlighting future prospects
for the plant’s development and utilization.
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Abbreviations

DA dopamine

CYP cytochrome P450 enzyme

FST forced swimming test

TST tail suspension test

OFT open field test

S100A10  S100 calcium-binding protein A10
5-HT serotonin

ALT alanine aminotransferase

TNF-a tumor necrosis factor-a

APAP acetaminophen

LDH lactate dehydrogenase

Ang-1I carbachol angiotensin II

L-NAME an inhibitor of nitric oxide [NO] synthase
TG triglycerides

MDA malondialdehyde

SOD superoxide dismutase

SREBP-1c  sterol regulatory element-binding protein
GLUT glucose transporters

PDE3 phosphodiesterase 3

GABA y-aminobutyric acid

TT thrombin time
MYD maximum tolerated dose
TCMs traditional Chinese medicines

1 Introduction

Apocynum venetum L., commonly known as luobuma in
Chinese, is a perennial herbaceous plant belonging to the
Apocynaceae family. It is also referred to as “tea flower,”
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“wild hemp,” and “zeqi hemp,” and has two varieties: red
hemp and white hemp [1]. In China, A. venetum is mainly
distributed in regions such as East China and Northwest
China, typically growing wild in saline-alkaline wastelands,
desert fringes, and barren lands, as depicted in Figures 1
and 2.

The bast fiber of A. venetum is characterized by its fine,
soft, corrosion-resistant, wear-resistant, and tensile-resistant
properties, which make it widely applicable in the textile,
paper, aviation, and maritime industries. Additionally,
A. venetum leaves are used as a tea, offering benefits
such as heat clearing, dizziness prevention, and cardio-
tonic effects. Various parts of the plant, including the roots,
stems, leaves, and flowers, are used in traditional medi-
cine. The plant is considered slightly cold in nature, with
a bitter and sweet taste. A. venetum contains a wide range

Taxonomy of Apocynum Venetum L.

Kingdom: Plantae
Phylum: Angiospermae
Class: Magnoliopsida
Order: Gentianales
Family: Apocynaceae

Genus: Apocynum

Figure 1: Taxonomy of A. venetum L.

Figure 2: Different parts of A. venetum L. [(a) plant, (b) stem and leaf,
(c) flower, and (d) fruit].
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of important phytochemicals, including flavonoids and
their glycosides, phenylpropanoids, steroids and their gly-
cosides, terpenoids, volatile oils, organic acids, pyrrolizi-
dine alkaloids, and polysaccharides. These compounds
have demonstrated pharmacological activities such as anti-
depressant, hepatoprotective, antihypertensive, lipid-low-
ering, cardiotonic, anxiolytic, and antioxidant effects [2].
This review aimed to summarize recent advances in the
chemical composition and pharmacological activities of A.
venetum, exploring its active compounds and mechanisms
of action to provide a scientific basis for future research.

2 Materials and methods

This study utilized data from electronic databases, including
PubMed, CNKI, ScienceDirect, Scifinder, and the Flora of
China, focusing on information related to A. venetum. The
search terms included “Apocynum venetum L.,” “Apocynum
venetum L. leaves,” “Apocynum venetum L. flowers,” and
“Apocynum venetum L. roots.” Additionally, the 2020 edition
of the Chinese Pharmacopoeia and other relevant books, such
as the Dictionary of Chinese Medicine, were consulted to
further supplement the content of this review.

3 Results

3.1 Study on the pharmacological action and
mechanism of A. venetum

Previous studies have reported that various parts of
A. venetum, including the roots, stems, leaves, and flowers,
possess biological activities such as antidepressant, hepato-
protective, antihypertensive, lipid-lowering, cardiotonic, and
anxiolytic effects. It may play a role by inhibiting inflamma-
tion and regulating oxidative stress response (Figure 3).

3.1.1 A. venetum flavonoids demonstrate antidepressant
effects through the regulation of calcium ion
channels, which enhances neurohormone levels
and inhibits neuroinflammatory responses

It has been reported that the antidepressant activity
of A. venetum is mainly attributed to its flavonoid com-
pounds, and the total flavonoid content is positively corre-
lated with its antidepressant effects [3]. Studies have
shown that treatment with A. venetum extracts at doses
of 30-125mg/kg for 14 days significantly shortened the
immobility time of male SD rats in the forced swimming
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Figure 3: The graphical abstract of pharmacological action.

test (FST). Hyperoside and isoquercitrin, at doses of
0.6-1.3mg/kg, produced similar effects. Moreover, treat-
ment with A. venetum extract at doses of 15, 60, and
250 mg/kg for 8 weeks resulted in a reduction in norepi-
nephrine and dopamine (DA) concentrations in rats.
Through radioligand binding assays, it was found that
treatment with A. venetum extract did not alter the binding
of U%UCYP (cytochrome P450 enzyme) to p-adrenergic
receptors in the frontal cortex of rats, suggesting that
A. venetum extract may exert its antidepressant effects
by modulating the presynaptic a2-receptor sensitivity
through the adrenergic system [4].
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Figure 4: Antidepressant effects of A. venetum flavonoids and
hyperoside.
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Further research revealed that A. venetum flavonoid
extract (25, 50, and 100 pg/mL) or hyperoside (25, 5, and 10 g/mL)
could protect PC12 cells from cortisol-induced neurotoxicity
by upregulating BDNF through reducing intracellular Ca*
levels and activating the AC-CAMP-CREB signaling pathway,
thereby exerting antidepressant effects [5,6] (Figure 4). Addi-
tionally, male ICR mice were pretreated with 50 mg/kg sul-
piride (DA D2 receptor antagonist), 0.05mgkg SCH23390
(DA D1 receptor antagonist), and 50 mg/kg A. venetum extract
for 10 days before being subjected to the FST, tail suspension
test (TST), and open field test (OFT). The DA receptor antago-
nists blocked the anti-depressant effects of A. venetum extract
in the TST, indicating that DA D1 receptors are involved in the
antidepressant mechanism of A. venetum extract [6]. Further-
more, studies found that treatment with A. venetum water
extract at doses of 0.58, 117, and 234 g/kg for 4 weeks
increased the sleep occurrence rate, sleep duration, and brain
coefficient in male ICR mice. Treatment with 1.62g/kg
A. venetum water extract for 4 weeks elevated the brain coef-
ficient in male SD rats, decreased DA levels, and increased
5-hydroxyindoleacetic acid levels. These results suggest that
A. venetum water extract improves sleep, potentially through
mechanisms involving the upregulation of hypothalamic 5-HT
(serotonin) levels and downregulation of DA levels [7-9].

Ion channels play a crucial role in the antidepressant
effects of A. venetum leaves. Through whole-cell patch-
clamp recording on N2A cells, researchers have found
that A. venetum water extract exerts neuropharmacolo-
gical effects by regulating voltage-gated Na* and K* chan-
nels [10]. To further explore the antidepressant mechanism
of A. venetum leaves, the chronic unpredictable mild stress
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model was used, wherein female SD rats were subjected to
mild stress for 4 weeks, followed by an OFT. It was
observed that pretreatment with 40 or 80 mg/kg of total
flavonoid extract from A. venetum significantly increased
the total horizontal movement distance and vertical activity
counts of the rats. Reverse transcription polymerase chain
reaction analysis revealed a reduction in the expression level
of the S100A10 gene. S100A10, a member of the calcium-
binding protein S100 family, is a widely distributed protein
involved in various intracellular and extracellular processes.
The total flavonoid components of A. venetum may exert
antidepressant effects by regulating the expression of the
S100A10 (S100 calcium-binding protein A10) gene.

3.1.2 The extract of A. venetum leaves has the potential
to protect the liver by modulating oxidative stress
and inhibiting cellular apoptosis

The use of A. venetum leaves as a hepatoprotective agent
has a history of over 1,000 years. Modern pharmacological
studies have shown that pretreatment with A. venetum
extracts at doses of 50 and 500 mg/kg for 1 week inhibits
the elevation of alanine aminotransferase (ALT) levels
induced by CCL, or p-galactosamine/lipopolysaccharide
(LPS) in male ddY mice, and reduced tumor necrosis
factor-a (TNF-a) levels. The flavonoid compounds in
A. venetum were found to inhibit TNF-a-induced cell
death, suggesting that flavonoids might be the hepatopro-
tective components in A. venetum leaves [11]. Further-
more, pretreatment with 50 or 100 mg/kg A. venetum leaf
extract for 3 days alleviated acetaminophen (APAP)-induced
liver damage in male Kunming mice. Histopathological exam-
ination, DNA ladder assay, and Western blot analysis showed
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Figure 5: Hepatoprotective effects of A. venetum leaf extract.
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hepatocyte apoptosis by suppressing the release of cyto-
chrome c, activation of caspase-3, and DNA fragmentation,
thereby exerting its hepatoprotective effects [12] (Figure 5).
To further investigate the hepatoprotective mechanism of A.
venetum leaves, in vitro studies using 25, 50, and 100 pg/mL
of total flavonoid extract from A. venetum showed sig-
nificant protection against CCL,-induced damage in
HepG2 cells. Cell viability was increased, the number
of apoptotic cells decreased, and lactate dehydrogenase
(LDH) release was reduced in a dose-dependent manner.
Subsequent in vivo experiments revealed that pretreat-
ment with 100, 200, and 400 mg/kg of total flavonoid
extract from A. venetum for 14 days significantly reduced
the elevation of ALT and aspartate aminotransferase
levels in male Kunming mice, and provided dose-depen-
dent protection against the reduction in peroxidase
activity induced by CCL, [13]. These findings suggest
that the total flavonoid components of A. venetum may
exert hepatoprotective effects by scavenging free radicals,
inhibiting apoptosis, and enhancing the antioxidant
defense system.

3.1.3 The leaf extract of A. venetum has been shown to
lower blood pressure through the inhibition of
inflammation and the enhancement of vascular
endothelial function

It has been reported that the aqueous extract of A. venetum
leaves exhibits significant antihypertensive effects. Pretreatment
with 10 mg/mL of A. venetum extract for 15 min effectively inhib-
ited the contraction of aortic rings in male SD rats induced by
K(l, carbachol, angiotensin II (Ang-I), and phenylephrine [14,15].
Further studies revealed that this inhibitory effect could be
reversed by 1-NAME (an inhibitor of nitric oxide [NO] synthase),
suggesting that the antihypertensive effect of A. venetum extract
may be mediated through the scavenging of superoxide anions
and the release of NO [15]. An in-depth investigation into the
antihypertensive mechanism of A. venetum leaves showed that
treatment with 10 pg/mL of A. venetum extract increased NO
levels in the aorta of male SD rats, and this effect was abolished
by inhibitors of Src kinase and PI3K. Moreover, in the presence
of Src kinase inhibitors, PI3K inhibitors, and NO synthase inhi-
bitors, the same concentration of A. venetum extract led to the
upregulation of Akt and eNOS expression in human umbilical
vein endothelial cells. The expression of these two proteins was
inhibited by Src kinase and PI3K inhibitors, which subsequently
reduced NO levels [16]. Therefore, A. venetum extract induces
NO-mediated vasodilation through the Src/PI3K/Akt signaling
pathway, as illustrated in Figure 6. Network pharmacology
studies on the anti-hypertensive mechanisms of A. venetum
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suggest that its active components primarily exert therapeutic
effects on hypertension by inhibiting inflammatory responses,
improving vascular endothelial function, and influencing
hemorheology [17].

3.1.4 The leaf extract of A. venetum contributes to the
reduction of blood lipid levels by enhancing
oxidative stress management and suppressing
inflammation

A. venetum leaves exhibit significant lipid-lowering effects.
After 1 month of treatment with total flavonoid extracts of
A. venetum at doses of 5, 50, and 100 mg/kg, or with iso-
quercitrin at doses of 0.1, 0.5, and 5mg/kg, male Wistar
rats, male SD rats, or male ICR mice fed a high-fat diet
showed reduced lipid deposition, aortic thickening, and a
decrease in subendothelial foam cells and lipid vacuoles in
the aorta. In addition, the levels of total cholesterol, trigly-
cerides (TG), low-density lipoprotein cholesterol, vascular
cell adhesion molecule-1, malondialdehyde (MDA), and
Ang-II in serum decreased, while high-density lipoprotein
cholesterol levels and superoxide dismutase (SOD) activity
increased. The atherosclerosis index and NO levels were
also elevated [18-20]. In summary, the total flavonoids in A.
venetum may exert lipid-lowering effects by improving endothe-
lial damage and oxidative stress caused by hyperlipidemia.
Moreover, genetic studies on male ICR mice using SREBP-
1c (sterol regulatory element-binding protein) and AMPK inhi-
bitors, along with glucose uptake experiments, revealed that
inhibition of SREBP-1c and AMPK for 2 weeks attenuated the
anti-obesity effects of isoquercitrin. Administration of iso-
quercitrin reduced blood glucose levels and increased the
gene expression of glucose transporters (GLUT1, GLUT2, and
GLUT4) in obese mice. Additionally, the levels of SREBP-1c,
fatty acid synthase (FAS), stearoyl-CoA de-saturase-1, and
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Figure 6: Vasodilatory effects of A. venetum leaf extract.
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CD36 were significantly elevated in obese mice. These find-
ings suggest that A. venetum water extract and its main com-
ponent isoquercitrin may improve obesity symptoms by inhi-
biting the AMPK/SREBP-1¢/FAS/CD36 signaling pathway and
promoting glucose uptake [20] (Figure 7). Network pharma-
cology studies investigating the anti-atherosclerosis and lipid-
lowering mechanisms of A. venetum leaves suggest that the
plant primarily exerts its therapeutic effects through inhi-
biting inflammatory responses, improving vascular endothe-
lial function, and influencing hemorheology in the treatment of
atherosclerosis. It treats hyperlipidemia through processes such
as lipid biosynthesis, regulation of inflammatory responses, and
oxidative stress [18,21].

3.1.5 The leaf extract of A. venetum may exert a
cardiotonic effect by interacting with proteins and
pathways associated with inflammation and the
immune system

A. venetum leaves contain various cardiac glycosides, which
exhibit significant cardiotonic effects. Studies have shown
that treatment with 1mg/mL of A. venetum extract signifi-
cantly increased the contractile force and pulse rate of the
right atrium in male Hartley guinea pigs. In vitro assays on
human platelet phosphodiesterase 3 (PDE3) revealed that
A. venetum extract at this concentration inhibited PDE3
activity, suggesting that the cardiotonic effects of A. venetum
extract may be mediated through PDE3 inhibition [22].
Further research demonstrated that pretreatment with
500 mg/kg of A. venetum leaf extract for 7 days reduced myo-
cardial infarction size and the number of apoptotic cardio-
myocytes in male SD rats subjected to myocardial ischemia/
reperfusion injury. The treatment also decreased the Al and
reduced the levels of creatine kinase, LDH, SOD, caspase-3, and
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Figure 7: Lipid-lowering effects of isoquercitrin.
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gp91phox. Additionally, A. venetum leaf extract inhibited the
production of superoxide and MDA while increasing the phos-
phorylation levels of Akt and ERK1/2. These protective effects
were blocked by the PI3K inhibitor wortmannin or the ERKY/
2 inhibitor PD98059, indicating that A. venetum leaf extract
exerts its cardioprotective effects through the PI3K/Akt and
MEK/ERK1/2 signaling pathways [23,24] (Figure 8).

Moreover, network pharmacology studies on the cardi-
oprotective mechanisms of A. venetum leaves suggest that
the plant may treat cardiovascular diseases by targeting
proteins and pathways related to inflammation, the immune
system, endocrine system, signal transduction, hormone
regulation, smooth muscle relaxation, and angiogenesis
[21]. Experimental validation has shown that pretreatment
with A. venetum leaf extract for 30 min alleviated doxoru-
bicin-induced apoptosis in rat cardiomyocyte HIC2 cells and
human cardiomyocyte HCM cells. The survival rate of car-
diomyocytes increased in a dose-dependent manner from
0 to 70 pg/mL, with the highest survival rate observed at
70 ug/mL. However, this effect was reversed by the Akt inhi-
bitor, suggesting that A. venetum leaf extract may protect
cardiomyocytes by inhibiting apoptosis through the Akt/Bcl-2
signaling pathway [25].

3.1.6 A. venetum extract exerts anti-anxiety effects by
mediating GABA system

Traditionally, A. venetum has been known for its calming
effects, and modern pharmacological studies have shown
that ethanol extracts of A. venetum at doses of 22.5-30 and
100-125 mg/kg, as well as kaempferol at 0.02-1.0 mg/kg,
increased the time spent and the number of entries into
the open arms of male C57BL/6 mice in the elevated plus
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Figure 8: Cardioprotective effects of A. venetum leaf extract.
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maze test. However, this anxiolytic effect was blocked by
the GABA (y-aminobutyric acid) receptor antagonists flu-
mazenil and WAY-100635, which effectively inhibited the
effects of A. venetum extracts at doses of 125 and 30 mg/kg,
respectively [26,27]. These findings suggest that kaempferol
contributes to the anxiolytic activity of A. venetum and that
the anxiolytic effect of its ethanol extract is mediated
through the GABAergic system.

3.1.7 Other effects

In addition to the aforementioned activities, A. venetum exhi-
bits inhibiting oxidative stress, anti-inflammatory, and antic-
oagulant effects.

A. venetum extract is abundant in polyphenolic com-
pounds and may function as an in vitro aldose reductase
inhibitor. It has the potential to restore the polyol pathway,
inhibit oxidative stress, and maintain intracellular autop-
hagy through the AMPK/mTOR/ULK! signaling pathway.
These mechanisms may underlie the therapeutic effects of
A. venetum in the treatment of diabetic retinopathy [22]. A.
venetum polysaccharide, which mainly consists of arabinose,
galactose, rhamnose, glucose, xylose, caramel, and mannose,
can inhibit the expression of cyclooxygenase-2, tumor
necrosis factor-a, and interleukin-6 mRNA in RAW 264.7
macrophages induced by LPS. It also significantly reduced
paw edema in mice after carrageenan injection. It can be
developed as a potential antioxidant and anti-inflammatory
agent [28].

In terms of anticoagulant activity, A. venetum has unique
effects. Studies have shown that A. venetum extracts at con-
centrations of 200-500 pg/mL can significantly inhibit ADP-
induced platelet aggregation in venous blood samples from
male rabbits in a dose-dependent manner. The ethyl acetate
fraction of A. venetum extract exhibited the strongest anti-
platelet aggregation activity, suggesting that the flavonoid
glycosides in A. venetum possess potent anti-platelet proper-
ties [29]. Additionally, polysaccharides such as Vp3, at a
concentration of 1 mg/200 pL, were found to prolong pro-
thrombin time and thrombin time (TT), while Vp2a-II at the
same concentration prolonged activated partial thrombo-
plastin time and TT. Vp3 exerts anticoagulant effects through
the extrinsic pathway, whereas Vp2a-II inhibits coagulation
via both intrinsic and extrinsic pathways [30].

Network pharmacology studies on the antiseptic effects
of A. venetum leaves revealed that compounds such as kaemp-
ferol, luteolin, proanthocyanidin Bl, and stigmasterol may
target predictive biological markers such as AKT1, VEGFA,
MAPK3, EGFR, SRC, and PTGS2 to regulate signal transduction,
hormone levels, and anti-infection processes. These compounds
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Table 1: Flavonoid compounds identified in A. venetum
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Table 1: Continued

Classification Name Source References Classification Name Source References
Flavonoids (1) Luteolin Leaf [35] (41) Gallic catechin Leaf [49]
(2) Apigenin Leaf [35] (42) Epigallocatechin  Leaf [49]
(3) Isoorientin Leaf [35] Proanthocyanidins  (43) Procyanidin C1 Leaf [31
(4) Acacetin Leaf [35] (44) Procyanidin B2 Leaf [50,51]
(5) Chrysoeriol Leaf [36] (45) Procyanidin B1 Leaf [52]
Flavonols (6) Kaempferol Leaves, [37] (46) Procyanidin Leaf [53]
flowers
(7) Quercetin Leaves, [38]
) flowers may treat sepsis through pathways such as VEGF, EGFR, ErbB,
(8) Rutin Leaf [39] . . . .
(9) Tamarixetin Leaf 40] HIF-1, and Ras, playing an important role in controlling inflam-
(10) Isorhamnetin Leaf [39,41] mation and infection [24].
(11) Myricetin Leaf [42]
(12) Baicalein Leaf [43-45]
(13) Avicularin Leaf [44] 3.2 Toxicological analysis of A. venetum
(14) Hyperoside Leaf [38]
(15) Isoquercitrin Leaf (38] A. venetum tea, made from the dried leaves of the plant,
gli)cl?rl:;rifj?n-} Leaf 431 has a long history of use for lowering blood pressure, redu-
(17) Trifolin Leaf (43,44] cing blood lipids, and delaying aging. It remains widely
(18) Quercetin 7-0- Leaf [35] consumed today, with a recommended daily dosage of
rutinoside 0.3 g/kg. Modern studies have shown that A. venetum tea
(19) Acetylated Leaf [43,44] contains flavonoids, sterols, glycosides, amino acids, and
hyperoside other chemical constituents, with the total flavonoid content
i(:g;::fctﬁ:ed Leat [38] ranging from 0.20 to 2.5%. Flavonoids are the primary active
(21) Malonated Leaf [45] compounds in A. venetum, providing antihypertensive, car-
hyperoside diotonic, diuretic, and lipid-lowering effects. Acute toxicity
(22) Malonated Leaf [45] experiments with total flavonoid extracts of A. venetum in
isoquercetin ) mice revealed that the maximum tolerated dose (MTD) was
(azje)t;‘zempfeml'6 0 Leaf (] 10.24 g/(kg d), which is 161 times the recommended human
(24) Isoquercetin-6-  Leaf 1 daily dose, indicating a high level of safety [31].
O-acetate Although there are few safety evaluations of A. venetum
(25) Kaempferol-3-0-  Leaf [46] both domestically and internationally, a safety assessment
a-o- was conducted following the national standard “Procedures
galactopyranoside and Methods for Toxicological Evaluation of Food Safety
(26) Quercetin-3-0--  Toast [43.441 (GB15193.1-1994).” This assessment indicated that when con-
p-glucosy-a-p- leaves
glucopyranoside sumed as a natural health tea, A. venetum tea did not produce
(27) Astragalin Leaf [471 toxic effects on any toxicological parameters in experimental
Dihydroflavones (28) Hesperetin Leaf [36] animals at doses up to 10 times the human intake [32]. Addi-
(29 Bavachin Leaf (37] tionally, acute toxicity tests in mice showed that the oral MTD
Double flavonoids (:? Q,mgntOf!avone tea: [mi] of A. venetum tea was greater than 30.0 g/kg bw, classifying it
Isoflavones 532)) S[Z?Igenm L::f E48’] ] as a non-toxic substance [33]. However, A. venetum water
methylretusin extract administered at a maximum dose of 24 g/(kg day),
Chalcones (33) Carthamin Leaf [36] equivalent to 800 times the intended human dose, exhibited
Anthocyanins (34) Delphinidin Leaf [36] some acute toxic effects. Subacute toxicity tests indicated that
(35) Pelargonidin - Leaf [36] the safe dose of A. venetum water extract was 40-80 times the
gg)) F’YL ?:;I:i?ili: E::g:gz t::: Sg clinical .dose [?4]. OV?raH, the safety margin of A. venetum
(38) Cyanidin Leaf 36] extract is relatively high.
Flavanols (39) Epicatechin Leaf [49] Therefore, A. venetum is considered a safe natural
(40) Catechin Leaf [49] plant for consumption and has potential for further devel-

opment and utilization. However, due to the relatively high
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Table 2: Phenylpropanoid compounds identified in A. venetum

Serial Name Source References
number
[©) Scopoletin Leaf [54]
(2) Esculetin Leaf [55]
3) Esculin Leaf [54]
(4) Isofraxidin Leaf [54]
(5) 2-Methyl-5-acetonyl-7- Leaf [56]
hydroxychromone
(6) Neochlorogenic acid Leaf [571
7) Chlorogenic acid Leaf [55]
(8) Cryptochlorogenic acid Leaf [57]
9) 3-0-Caffeoylquinic acid Leaf [55]
methyl ester
(10) Isochlorogenic acid C Leaf [53]
(11) 1-CQA Leaf [53]

content of alkaloids, which have certain toxic effects,
A. venetum tea should not be consumed in large quantities
over prolonged periods to avoid toxicity. It is also not

DE GRUYTER

recommended for individuals with weak digestive systems
or those with heart conditions.

4 Active components

To date, various chemical constituents have been identified
and isolated from A. venetum, including flavonoids, phe-
nylpropanoids, steroids, terpenoids, volatile oils, organic
acids, alkaloids, and polysaccharides. Each of these com-
pounds plays distinct pharmacological roles.

4.1 Flavonoids and their glycosides

Over the past two decades, several flavonoid compounds
have been isolated from A. venetum, including flavones,
flavonols, flavanols, dihydroflavonoids, biflavonoids, iso-
flavones, chalcones, anthocyanins, and proanthocyanidins.
Increasing research has reported the biological activities of

HO

Figure 10: Chemical structures of phenylpropanoids.
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Table 3: Steroid compounds identified in A. venetum

Serial Name Source References
number

1 B-Sitosterol Stems [58]

(2) Daucosterol Flowers [43]

(3) Stigmasterol Leaf [58]

(4) Campesterol Leaf [58]

(5) Cholesterol Leaf [58]

(6) Uvaol Leaf [58]

7) Cardenolide B-1  Leaves, stems, [59]

roots

these flavonoids. For instance, hyperoside and isoquercitrin
have been shown to exhibit antihypertensive effects.
Moreover, many traditional Chinese medicines (TCMs) used
to treat coronary heart disease or promote blood circulation,
such as rutin and quercetin, contain flavonoid compounds,
which have demonstrated significant coronary dilation effects.
Some flavonoids have also been shown to reduce blood lipid
levels and prevent atherosclerosis. The names and structures
of these flavonoid compounds are listed in Table 1 and
Figure 9.

Study on the Apocynum venetum L. = 11

4.2 Phenylpropanoids

The phenylpropanoids isolated from A. venetum to date pri-
marily include simple phenylpropanoids and coumarins.
Coumarins, which are widely found in nature, have become
a research hotspot in recent years for the development of
new drugs due to their strong biological activities, such as
antiviral, antitumor, anti-osteoporotic, and anticoagulant
effects. The names and structures of these phenylpropanoid
compounds are listed in Table 2 and Figure 10.

4.3 Steroids and their glycosides

Among the steroid compounds isolated from A. venetum,
B-sitosterol and lupeol are the most prominent active com-
ponents, known for their antibacterial and antiviral activities.
Cardiac glycosides, which are essential for the treatment of
heart failure, have their biological activity and toxicity influ-
enced by the type and number of sugar moieties attached.
Certain cardiac glycosides also exhibit antitumor effects in
animals, such as hyrcanoside, which has demonstrated signifi-
cant inhibitory effects on human nasopharyngeal carcinoma.

Figure 11: Steroids and their glycosides.
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Table 4: Terpenoids and volatile oils identified in A. venetum

Classification Serial number Name References

Terpenoids 0] Lupeol [60]
() Phytol [60]

Aromatic compounds (3) P-xylene [61]
(4) 4-Ethylphenol [61]
(5) 3,5-diMethylphenol [61]
(6) 3-Methylphenol [61]
@ 1,2-Benzenedimethanol [61]
(8) 5,6,7,7a-Tetrahidro-4,4,7a-trimetil-(4H)-benzofuranosa [61]
9) Dibutyl phthalate [62]
(10) Phenethyl alcohol [62]
1) Benzyl alcohol [62]
(12) 1,1-Dimetoxi-etanoacetofenona [62]
(13) 2-Feniletil acetato [62]
(14) Benzoin acid 2 phenyl ethyl ester [62]
(15) Ethyl formate [62]
(16) Diisobutyl phthalate [62]
(17) Alcohol cis-oxoaromatico [61]
(18) Alcoholes aromaticos transoxidados [61]
(19) Benzaldehyde [61]
(20) Anethol [61]
(21 1,2-Dihidro-1,5,8-trimetil-naftaleno [61]
(22) 2-Penten-1-ol [61]
(23) 4,4-Dimetil-2-ciclopenten-1-ona [61]
(24) Metilciclohexano [61]
(25) 2-Metildihidro-3(2H)-furanona [61]
(26) 1,2,5,5-Tetrametil-1,3-ciclopentadieno [61]
(27) N-Hexen-3-ol [61]
(28) 1,3,5-Octatrieno [61]
(29) 2-Furanmetanol [61]
(30) 1,3,5,7-Cicloocteno [61]
(31) 2-Acetilfuran [61]
(32) 6-Methyl-5-hepten-2-one [61]
(33) 2-Pentilfurano [61]
(34) Limoneno [61]
(35) 2,2,6-Trimetilciclohexanona [61]
(36) 1-Octanol [61]
(37) a-Terpinene [61]
(38) 2,6-Dimetilciclohexanol [61]
(39) 6-Methyl-3,5-pentadien-2-one [61]
(40) Camphene [61]
(41) Menthone [61]
(42) Menthol [61]
(43) a-Terpineol [61]
(44) Safranal [61]
(45) Decyl aldehyde [61]
(46) B-Cyclocitraldehyde [61]
(47) a-Purineno [61]
(48) Damascenone [61]
(49) Tetradecane [61]
(50) 6-Eudesmene [61]
(51) 1,2,4-Triethylcyclohexane [61]
(52) B-Caryophyllene [61]
(53) Damascenone [61]
(54) Pristane [61]

Aromatic compounds (55) N-Eicosane [61]

(Continued)
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Table 4: Continued

Study on the Apocynum venetum L. == 13

Classification Serial number Name References
(56) 2,6,11,15-Tetrametilhexadecano [61]
(57) 10-Methylnonadecane [61]
(58) Acido E-15-heptadecenoico [61]
(59) 6,10,14-Trimetil-2-pentadecanona [62]
(60) Methyl palmitate [62]
(61) Palmitic acid [62]
(62) 1-Octadeceno [62]
(63) N-eicosane [62]
(64) Oleic acid [62]
(65) 10,13-Octadecadienoato de metilo [62]
(66) N-heneicosane [62]
(67) Linoleic acid [62]
(68) 1-(1,5-Dimetilhexil)-4-(4-metilpentil) ciclohexano [62]
(69) 2-Octilciclopropanocarboxaldehido [62]
(70) (2)-9,17-Octadecadienal [62]
71) Olealdehyde [62]
(72) Linolenic alcohol [62]
(73) Tetracosene [62]
(74) N-tetracosane [62]
(75) Ethyl acetate [62]
(76) Leaf alcohol [62]
(77) 15-Nonacosanone [62]
(78) 2-Methoxy-1,3-dioxolane [62]
(79) Squalene [62]
(80) Octadecanaldehyde [62]
(81) Pentadecane [62]
(82) Hexadecane [62]
(83) N-heptadecane [62]
(84) Nineteenth carbon dioxide [62]
(85) Methyl oleate [62]
(86) N-hentriacontane [62]
(87) Palmitic acid [58]
(88) Linolenic acid [55]

The names and structures of these steroid compounds are

listed in Table 3 and Figure 11.

4.4 Terpenoids and volatile oils

To date, two terpenoid compounds, lupeol and phytol, have

19 volatile compounds have been identified from the leaves

of A. venetum. Furthermore, 88 aliphatic and aromatic com-
pounds have been isolated from the flowers and leaves.
According to ancient medical texts, volatile oils possess var-
ious medicinal properties, including expectorant, antitussive,
antiasthmatic, antipyretic, analgesic, antibacterial, and anti-
inflammatory effects. The names and structures of these ter-

been isolated from the leaves of A. venetum. Additionally, Figure 12.

Figure 12: Chemical structures of terpenoids.

penoid compounds and volatile oils are listed in Table 4 and
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Table 5: Organic acids identified in A. venetum Table 6: Alkaloid compounds identified in A. venetum
Serial Name Source References Serial number Name Source References
number -

) Intermedine Leaf [66]
[©) Vanillic acid flowers  [58] (2) Lycopsamine Leaf [66]
(2) Caffeic acid Leaf [63] (3) Intermedine N-oxide Leaf [66]
3) Succinic acid Leaf [64] (4) Lycopsamine N-oxide Leaf [66]
4) Fumaric acid Leaf [65] (5) Scopolamine Root [52]
(5) 3-Hydroxy-4- Leaf [58]

methoxybenzoic acid
(6) Protocatechuic acid Leaf [58]
i HO I i o
° x
e OH OH  HO XN o HO on
HO HO o] o
(1) (2) (3) 4)
0 o)
HU:©A HO
OH OH
\O HO

(©)]

Figure 13: Chemical structures of organic acids.

4.5 Organic acids

Six organic acid compounds have been isolated from A. venetum,
exhibiting biological activities, such as antioxidant, anticancer,
hepatoprotective, and immunomodulatory effects. The names
and structures of these organic acids are listed in Table 5 and
Figure 13.

4.6 Alkaloids

Alkaloids are often the active ingredients in many medic-
inal plants, capable of regulating the activities of various

(6)

metabolic enzymes and transporters, making them an
important class of natural organic compounds. The alkaloids
isolated from A. venetum are primarily pyrrolizidine alkaloids
and tropane alkaloids. Pyrrolizidine alkaloids are naturally
occurring compounds widely distributed across plant species
worldwide. However, most pyrrolizidine alkaloid N-oxides
and their metabolically activated products, dehydropyrro-
lizidine alkaloids, exhibit various toxic effects, including
multi-organ damage, carcinogenicity, and developmental
toxicity [67]. The pyrrolizidine alkaloid content in A.
venetum leaves has been measured, showing that the con-
centrations of indicine, lycopsamine, indicine N-oxide, and

Figure 14: Chemical structures of alkaloids.
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Table 7: Polysaccharide and other compounds identified in A. venetum
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Classification Serial number Name Source References

Polysaccharide [©) AVRP-N Root [65]
2) Vp2a-II Flowers [68]
(3) Vp3 Flowers [68]
(4) ATPC-A mixture Leaf [69]
(5) ALP Leaf [67]

Other ingredients (6) Grasshopper ketone Leaf [36]
7) Inositol Leaf [58]
(8) Phytol Leaf [58]
9) Methoxytocopherol Leaf [58]
(10) Caryophyllene oxide Leaf [56]
(1) Anthraquinone Leaf [56]

lycopsamine N-oxide range from 10.51 to 27.56, 20.66 to
42.54, 40.54 to 76.89, and 61.45 to 164.23 ug/kg, respectively.
These alkaloid levels exceed the limits set by some coun-
tries or organizations, indicating a potential safety risk
with long-term use. Further research on the hepatotoxicity
of these alkaloids is necessary to ensure the safe use of this
medicinal plant. The names and structures of these alka-
loid compounds are listed in Table 6 and Figure 14.

4.7 Polysaccharides and other components

In addition to alkaloids, several polysaccharides have also
been isolated from A. venetum. One such polysaccharide,
AVRP-N [67], is composed of mannose, arabinose, glucose,
and galactose in a molar ratio of 35.10:34.18:23.67:7.04, with
a molecular weight of 6.43kDa [67]. Vp2a-II, another poly-
saccharide, consists of rhamnose, arabinose, xylose, man-
nose, glucose, and galactose in a molar ratio of 1.94:16.7:0.
38:1.76:0.17:15.4, with a molecular weight of 7 kDa [68]. Vp3
comprises rhamnose, arabinose, xylose, mannose, glucose,

OH

HO,,

©)

Figure 15: Chemical structures of other components.

and galactose in a molar ratio of 8.09:7.87:2.12:2.46:0.
41:8.43, with a molecular weight of 9 kDa. Another notable
compound, ATPC-A, is a polysaccharide conjugate
extracted from A. venetum tea residue under alkaline con-
ditions, with strong emulsification properties [69]. Alkaline
phosphatase is a water-soluble crude polysaccharide
extracted from dried A. venetum leaves through hot water
extraction, ethanol precipitation, and the Sevag method for
protein removal. It is composed of mannose, rhamnose,
glucuronic acid, glucose, galactose, and arabinose in a
molar ratio of 0.29:1.0:0.55:3.88:1.12:2.20:1.29. Many reports
have highlighted the biological activities of plant polysac-
charides, including hypoglycemic, lipid-lowering, anti-throm-
bosis, antibacterial, anti-inflammatory, immunomodulatory,
and anti-fatigue effects. Polysaccharides in natural medicines
often possess strong bioactivities and are considered the
active ingredients of these medicines. Their biological activ-
ities are influenced by associated proteins, pigments, metal
ions, and stereochemical structures. This article also
explored the potential role of polysaccharides from A.
venetum in treating central nervous system (CNS) diseases,
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such as epilepsy. Additionally, A. venetum contains essential
amino acids, inorganic elements, and trace elements, whose
names and structures are presented in Table 7 and Figure 15.

5 Metabolic study of flavonoids in
A. venetum leaves

The metabolism of TCM in the body involves both proto-
type compounds and metabolites. The former are referred
to as the “chemical constituents of TCM,” while the latter
are known as the “metabolome of TCM.” In a study [52], A.
venetum leaf extract (2 mL) was administered orally to rats,
and urine was collected 12h after administration. Eight
prototype compounds were identified, including chloro-
genic acid, scopoletin, hyperoside, isoquercitrin, trifolirhizin,
formononetin, quercetin, and kaempferol. Among these, hypero-
side, isoquercitrin, trifolirhizin, formononetin, quercetin, and
kaempferol are flavonoid compounds. Additionally, 34 metabo-
lites were detected, 30 of which were related to flavonoid meta-
bolism. The urinary metabolite profile indicated that A. venetum
leaf extract underwent the following metabolic reactions to form
these 34 metabolites: (1) Phase I reactions, including methylation,
hydroxylation, hydration, reduction, and hydrolysis, and (2)
Phase 1I reactions, primarily sulfate conjugation and glucuroni-
dation. Methylation, sulfate conjugation, and glucuronida-
tion were the major metabolic pathways. The metabolic
process of the key active compounds is illustrated in
Figure 16. Both A. venetum leaf extract and urine containing
the extract showed flavonoid compounds as the primary
constituents. Hyperoside is the most abundant compound
in A. venetum, while isoquercitrin, an isomer of hyperoside,
is also present in significant amounts. Hyperoside lacks
hydrolytic enzymes in the intestine, so upon ingestion, it is
rapidly absorbed into the bloodstream and metabolized into
other forms in the plasma, resulting in low bioavailability.
Isoquercitrin, on the other hand, may undergo enterohe-
patic circulation, but its absorption in the small intestine
is poor, and the unabsorbed portion is metabolized by
intestinal microbiota, also resulting in low bioavailability.
Isoquercitrin is readily metabolized into glucuronidated
quercetin in the body, although the presence of other com-
ponents in A. venetum extract may enhance its
bioavailability.

It is known that the flavonoid compounds hyperoside,
quercetin, isoquercitrin, trifolirhizin, and kaempferol are
the primary active ingredients responsible for the pharma-
cological effects of A. venetum. Additionally, A. venetum
leaves have been found to improve TG metabolism, regulate

Study on the Apocynum venetum L. = 17

blood lipids, reduce lipid peroxidation levels in rats, and
enhance the immune system and amino acid metabolism in
Tan sheep, promoting carbohydrate absorption. Furthermore,
A. venetum leaves also influence serum metabolite levels in
Tan sheep. Through UPLC-Q-TOF/MS, differential metabolites
such as chlorophenol, f-hydroxybutyrate, catechol, fumarate,
ethylmalonate, 2-hydroxyphenylacetic acid, gentisic acid, and
protocatechuic acid were identified [48].

6 Potential of A. venetum L. leaves
in the treatment of epilepsy

Existing studies have demonstrated that A. venetum leaves
exhibit anxiolytic, antidepressant, and sedative effects, but
further research is required to explore their potential in
treating CNS disorders such as epilepsy. In the develop-
ment of antiepileptic drugs, traditional Chinese medicines
have garnered widespread attention for their natural, safe,
and low-toxicity profiles. Research has shown that LPS
exacerbates hippocampal neuronal damage and induces
hippocampal neuroinflammation in epileptic mice, with an
increased expression of interleukin-1 receptor type 1 (IL-1R1)
signaling during this process. Blocking central IL-IR1 can
reduce seizure susceptibility and severity in epilepsy [66].
This indicates that IL-1R1 mediates LPS-induced central inflam-
matory responses, increasing seizure susceptibility.

Polysaccharides from A. venetum leaves, such as ALRPN-1
(composed of glucose, ga-lactose, and arabinose) and ALRPN-2
(composed of glucose, galactose, and mannose), have demon-
strated significant anti-inflammatory activity in LPS-induced
macrophages by regulating the levels of pro-inflammatory
mediators (NO) and cytokines (TNF-a, IL-6, and IL-1B) and
activating the ERK/MAPK signaling pathway. It is hypothe-
sized that A. venetum polysaccharides may reduce LPS-
induced seizure susceptibility. Furthermore, A. venetum
leaf extract has been shown to exert neuroprotective effects
by inhibiting neuronal apoptosis in rat cortical neurons via
the downregulation of caspase-3 expression and modulation
of the Bcl-2/Bax ratio [68]. Additionally, the extract directly
inhibits superoxide production by significantly reducing the
expression of gp91lphox, a key component of NADPH oxi-
dase, enhancing SOD activity, and reducing the formation
of MDA, thereby inhibiting neuronal apoptosis [69]. Based
on this, it can be concluded that A. venetum leaves may exert
neuroprotective effects through oxidative stress modulation,
providing a foundation for further research into the phar-
macodynamics and mechanisms of A. venetum in epilepsy
treatment.
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7 Conclusions

This article systematically reviews the chemical constitu-
ents isolated from A. venetum leaves, their pharmacolo-
gical mechanisms of action, and the metabolism of the
major active compounds. A. venetum leaves are rich in
essential nutrients and represent a safe, healthy, and eco-
friendly herbal medicine with medicinal uses, offering
great potential for development in the medical and textile
industries. Numerous studies have reported on the phar-
macological effects of the primary active compounds in
A. venetum leaves, particularly flavonoids. However, there
has been relatively little research on other constituents,
such as steroids, phenylpropanoids, and organic acids.
Further studies could explore the medicinal and economic
potential of A. venetum leaves, as well as the possibility of
developing new drug formulations by combining A. venetum
with other herbal or Western medicines to enhance thera-
peutic efficacy.
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