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Keywords: Ethnopharmacological relevance: Vine tea is a popular folk tea that has been consumed in China for more than
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Nekemias grossedentata
Nekerias cantonensis
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Research on Materia Medica

provinces. In coastal areas, vine tea is mostly used to treat heatstroke, aphtha, aphonia, toothache, etc. In
contrast; in the southwest inland regions, vine tea is mostly used to clear away heat and toxic materials, anti-
phlogosis and relieving sore-throat, lowering blood pressure and lipid levels, and alleviating fatigue. Three main
species have been used as the source of vine tea, Nekemias grossedentata, Nekemias cantonensis and Nekemias
megalophylla. Among them, the leaves of Nekémias grossedentata were considered as new food resource in com-
plicance with regulations, according to the Food Safety Standards published by the Monitoring and Evaluation
Department of the National Health and Family Planning Commission in China.

Aim of the study: At present, the comprehensively summary of Materia Medica on the history and source of vine
tea is currently unavailable. The current article summed up the Materia Medica, species origin and pharmaco-
logical effects of all 3 major species used in vine tea to fill the knowledge gaps. We also aim to provide a reference
for future research on historical textual, resource development and medicinal utilization of vine tea.

Materials and methods: Adhering to the literature screening methodology outlined by the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA), this review encompasses 148 scholarly research
papers from three database, paper ancient books, local chronicles and folklore through field investizations. We
then comprehensively summarized and discussed research progresses in scientific and application studies of vine
tea.

Results: The historical records indicated that vine tea could have been used as early as Southern and Northern
Dynasties (AC 420-589). Nekemias grossedentata, Nekemias cantonensis and Nekemias megalophylla, were used to
considered as vine tea in the ethnic medicine. The main phytochemicals found in three plants are flavonoids,
polyphenols and terpenoids, among which dihydromyricetin (DHM) is the most important and most studied
active substance. The key words “Ampelopsis grossedentata” (Synonym of Nekemias grossedentata) and “dihy-
dromyricetin/DHM” showed the highest frequency over the last 27 year based on the research trend analysis.
And the ethnopharmacology studies drawn the main activities of vine tea are antioxidant, antibacterial, hep-
atoprotective, neuroprotective and anti-atherosclerosis activities.

Conclusions: This review systematically summarized and discussed vine tea from the following five aspects,
history, genetic relationship, phytochemistry, research trend and ethnopharmacology. Vine tea has a long his-
torical usage in Chinese ethnic medicine. Its outstanding therapeutic efficacies have attracted extensive attention
in other places in the world at present. Nekemias cantonensis and Nekemias megalophylla are quite similar to
Nekemias grossedentata in terms of many aspects. However, the current research has a narrow focus on mainly
Nekemias grossedentata and DHM. We propose that future studies could be carried out to determine the synergistic
effect of multi-components and multi-targets of vine tea including all 3 species to provide valuable knowledge.
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List of abbreviations

Abbreviations Full name

DHM Dihydromyricetin

SIRT3  NAD + -dependent protein deacetylase sirtuin 3
PKA Protein kinase A

PKC Protein kinase C

MAPK  Mitogen-activated protein kinase

NLRP3 NACHT, LRR and PYD domains-containing protein 3
ERK Mitogen-activated protein kinase

JAK Janus kinase

STAT Signal transducer and activator of transcription
HO-1 Heme oxygenase 1

CIFMS  CAMS Innovation Fund for Medical Sciences

AMPK  5-AMP-activated protein kinase, catalytic alpha subunit
GLUT4  MFS transporter, SP family, solute carrier family 2
T2DM  Type 2 diabetes mellitus

P2X7 P2X purinoceptor 7

LPS Lipopolysaccharide

1. Introduction

The plants used in vine tea (Nekemias of the Vitaceae family, Chinese
name: “Teng” tea) grow extensively in the provinces south of the
Yangtze River including Guangdong, Guangxi, Hunan, Hebei, Jiangxi,
Fujian, Yunnan and Guizhou in China. They usually grow in the valley
forest or mountainside shrubs at an altitude of 200~1500 m (Xu et al.,
2011). Vine tea has at least 35 different names such as ‘sweet tea’, ‘rattan
grass’, ‘white-haired monkey’, ‘longevity vine'.according to local. And it
is consumed by people in more than ten provinces like Guangxi, Fujian,
Guangdong, Shaanxi etc. At present, Nekemias grossedentata (WFO
(2023): Nekemias grossedentata (Hand.-Mazz.) J.Wen & Z.L.Nie, the
plant name has been checked with http://www.worldfloracnline.org,
Accessed on: 02 Mar 2023) is the most commonly used species for vine
tea, while Nekemias cantonensis (WFO (2023): Nekemias cantoniensis
(Hook. & Arn.) J.Wen & Z.L.Nie, the plant name has been checked with
http://www.worldfloraonline.org. Accessed on: 02 Mar 2023) and
Nekemias megalophylla (WFO (2023): Nekemias megalophylla (Diels &
Gilg) J.Wen & Z.L.Nie, the plant name has been checked with htt
pr/fwww.oworldfloraonline.org. Accessed on: 02 Mar 2023) are also
used locally to make vine tea in some minority groups. Currently, the
fundamental species associated with vine tea is predominantly recog-
nized as N. grossedentata. However, our research indicates that
N. cantoniensis and N. megalophylla should be given more attention, as
they share similarities with the more well-known species in aspects such
as usage history, intended purposes, and chemical composition. Addi-
tionally, given the vine-like nature of the Nekemias genus plants, culti-
vating vine tea poses considerable challenges, and the majority of vine
tea is derived from wild sources. Expanding the range of species re-
sources holds significant potential for enhancing the utilization of vine
tea. Consequently, this study presents a comprehensive review of vine
tea to furnish additional suppert for the ongoing development and
application of this remarkable plant.

These three species all have woody vines with cylindrical twigs,
bipinnate compound leaves and oblong or oval leaflets. Nekemias gros-
sedentata and Nekemias cantonensis are more morphologically similar,
with prominent longitudinal ridges on their branches and bifurcated
tendrils. Despite the leaves of the third species, Nekemias megalophylla,
are bolder, all three look very similar after drying. Nekemias originally
belonged to genus Ampelopsis. In 2014, Wen Jun (Wen et al., 2014)
renamed Ampelopsis pinnatifida (North I) as Nekemias based on
morphological differences and phylogenetic relationships. Nevertheless,
at present, Niu Guo vines are still called Ampelopsis in most published
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studies. Most of the descriptions of the origin, characters, efficacy and
application of vine tea in ancient books are very brief with no reference
images. So, it is difficult to accurately judge the original species of vine
tea until modern times.

The vine tea is a typical alternative tea consumed in addition to the
traditional tea extensively consumed for a long time. There are various
folk applications of vine tea, with the oldest traditional usage to clear
away heat and toxic materials, calm liver and lower blood pressure,
promote blood circulation and dredge collaterals. The usage history and
research using contemporary techniques on the vine tea have been
investigated and compared with more recent studies. Interestingly, Vine
tea shows a wide range of important biological activities, including
antioxidant, anti-inflammatory, antitumor, antidiabetic,
protective and other activities, and with no toxicity reported. These
biological activities inspired the development of vine tea in preventive
and therapeutic strategies to treat diseases. In addition, the folk appli-
cations of Nekemias cantonensis and Nekemias megalophylla are similar,
and they both contain dihydromyricetin (DHM), the most well studied
bioactive compound in vine tea. At the same time, the market demand of
vine tea has increased rapidly, leading to the gradual shrinkage of wild
resources of Nekemias grossedentata (Hand.-Mazz.) J.Wen & Z.L.Nie (Shi.
2020). Thus, we believe that Nekemias cantonensis and Nekemias mega-
lophylla may have the potential to applicated as new food supplement
resources just like supplement Nekemias grossedentata. This paper lays
the foundation for further application and in-depth exploration of the
vine tea species.

neuro-

2. Methods and materials
2.1. Literature collection and bibliometric analysis

A comprehensive literature review was meticulously conducted
across three databases: Web of Science, PubMed, and China National
Knowledge Infrastructure (CNKI) to collect relevant articles, papers, and
books. We employed a range of search terms including Nekemias gros-
sedentata, Nekemias cantonensis, Nekemias megalophylla, Ampelosis gros-
sedentata, Ampelosis cantonensis, Ampelosis megalophylla, vine tea, moldy
tea, and rattan tea to cast a wide net. The initial search was executed on
the 14th of April 2022, and an updated search was performed on the
18th of May 2023. We implemented database-specific filters such as full
text availability, language (English or Chinese), and year of publication
to fine-tune the search pool. All retrieved articles were subjected to an
initial screening process by analyzing the title, keywords, and abstract to
assess their relevance to our research objective. Any article not meeting
the established criteria was promptly excluded. In addition, we gathered
information from ancient books, local chronicles, and folklore through
field investigations and consultations with local paper county records
and ancient texts. All screened documents were independently reviewed
by two researchers to ensure reliability. A flowchart detailing our
screening strategy is provided in Fig. 1.

For bibliometric analysis, we collect articles that can be retrieved by
the database in various fields (without correlation screening). Thus, we
used Nekemias grossedentata, Nekemias cantonensis, Nekemias mega-
lophylla, Ampelosis grossedentata, Ampelosis cantonensis, Ampelosis mega-
lophylla, vine tea, moldy tea and rattan tea as keywords to search from
the core database of Web of Science, PubMed and China National
Knowledge Infrastructure (CNKI), and after removing duplications by
Citespace (version 6.1) we got 291 of publicly available scientific liter-
ature. The bibliometric analysis was used by R project ‘bibliometric’ and
the keywords co-occurrence network was constructed by VOSviewer
(version 1.6.18).

2.2. The sample coordinates collection and distribution of vine tea species

In this research, the present worldwide distribution of C. tinctorius
was collected by searching for fieldwork, GBIF (htips://www.gbif.org/),
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National Specimen Information Infrastructure (http://www.nsiiorg,
cn), and published literature. The visualization of distribution of vine
tea species was presented by ArcMap (ArcGIS, version 10.80), and the
map approval number is GS (2019)1822.

2.3. The construction of phylogenetic tree

The DNA sequence (trnL-F, atpB-rbcl, rps16 and psbA-trnH) of vine
tea species were downloaded from NCBI (https://wiww,.ncbinlm.nih.
zov/). These sequences were aligned by Multiple Alignment using Fast
Fourier Transform (MAFFT, v7.450) (Rozewicki et al., 2019), and a
phylogenetic tree was constructed using the alignment and
maximum-likelihood (ML) method implemented in IQtree (Jana et al.,
2016).

3. Research on Materia Medica and modern research trend of
vine tea

3.1. Research on Materia Medica of vine tea

We collected ancient books and documents and summarized the
timeline of historic usage of vine tea in Fig. 2. Vine tea was first recorded
to have been drunk by people in the Eastern Jin Dynasty in Hengdong
county (420-589AD) (X{u et al.,, 2011). In the Tang dynasty, a poet Lin
kuan (about 873AD) wrote “Flat sleeping otter stone, burning and
drinking ape vine” in one of his poems, suggesting the consumption of
vine tea. There were different names for vine tea over the history. For
example, “moldy tea” (Zheng et al., 2009) was sometimes used because a
large “white mold-like spot” on the plant surface after processing and
before used in tea. However, most of the alternative names have not
been circulated as common. Vine tea, moldy tea or Ampelopsis grosse-
dentata are still the most commonly used names. Vine tea has been used
as a medicine since ancient times. It is recorded in YinShanZhengYao
(1320AD) that vine tea was produced in Sichuan (Sichuan province in
modern time), and it is “sweet and bitter in nature, slightly cold,
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non-toxic, and has the functions of clearing away heat, quenching thirst,
promoting urination, promoting digestion, lowering qi, refreshing the
mind, and reduce sleepiness” in Caomu recipe (1870 AD). With the
tracing of the source of herbal classics and the development of modern
research, the origin of Ampelopsis cantoniensis (hook. et arn.) pl. var.
grossedentata was recorded in Guangxi Plant List in 1971 (Botany, 1971),
which is a variety of Ampelopsis cantonensis in Guangdong. In 1979,
Ampelopsis grossedentata (hand.-mazz.) W.T. Wang was discovered, and
its plant morphological characteristics were similar to those recorded in
Guangxi Plant Catalogue (Medicine, 1984), which was later included in
China's Higher Plant Atlas: Subsequently, the Atlas of Chinese Higher
Plants recorded it as Ampelapsis grossedentata, which was considered a
variety of Ampelopsis cantonensis back then. The source of majority of the
vine tea on the market at present is Nekemias grossedentata. However,
Nekemias megalophylla is also used as moldy tea in Hubei according to
the literature records. In addition, Nekemias cantoniensis, the genus
originally found in Guangdong, is used as vine tea in some areas of
Guangxi (RAN, 2016).

3.2. Folk names and applications of vine tea

Based on the literature we collected, vine tea is a traditional ethnic
medicine and tea drink that is widely used in southwest and coastal
areas (south and east) of China (Fig. 3). Interestingly, vine tea has at
least 35 different names over the history in different regions, such as
sweet tea, rattan grass, white-haired monkey, longevity vine and so on.
The folk names and applications in various parts in China are summa-
rized in Table 1. Notably, in coastal areas such as Fujian, Guangxi and
Guangdong where wetter and hotter climate is often expected, vine tea is
mostly used to treat heatstroke, aphtha, aphonia, toothache, itchy skin,
eczema, dermatitis, psoriasis, etc. In contrast, in the southwest inland
areas such as Shaanxi, Guizhou, Jiangxi, etc., vine tea is mostly used for
clearing away heat and toxic materials, calming liver and lowering
blood pressure, promoting blooed circulation and dredging collaterals,
treating dysentery, diarrhea, jaundice, wind-heat cold, sore threat and
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Fig. 1. The literature search process (PRISMA, 2020 flow diagram).
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Fig. 3. Ethnic usage of Nekemias in China

Different symbols represent different nationalities, and dashed boxes with different colors represent different usages of vine tea. (For interpretation of the references
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version of this article.)

carbuncle. It is still unclear if this is related to the geographic distribu- north temperate zone. Nekemias was divided from genus Ampelopsis of

tion of the three species used in vine tea (see below).

4. Biodiversity and phylogenetic relationship

the family Vitaceae, including many well-known flowering plants like
grapevine. Species in Vitaceae are mainly distributed in Asia, Africa,
Australia, new tropical regions and Pacific islands, with only a few
genera distributed in temperate regions (Nie et al., 2012). There are

4.1. Species origin and geographical distribution of Nekemias and vine tea about 25 species found in Eurasia, and 3 in North and Central America

(Fig. 4A). According to the literature, Ampelopsis originated in North

Ampelopsis is one of the few genera that are mainly confined to the America. It first migrated to South America, then spread to Africa,
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Table 1

Distribution and application of vine tea in different areas in China.
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Name

Distribution

Record

Reference

Sweel lea, rattan grass and delicious sweet tea
Vine tea
Vine tea, white-haired monkey

Vine tea

Vine tea

Ganoderma lucidum, longevity vine, rattan grass, wild
raspberry, strawberry Lea.
Vine tea, sweel tea vine, white tea, stick tea.

Wild vine tea, dysentery ted, white tea, white tea cake.

Vine tea

Vine tea

Vine tea

Vine tea, Ampelopsis grossedentata, wulian, red five-claw
golden dragon, finished tea, sweet tea vine, and
tianpocha.

Ampelopsis grossedentata, Ampelopsis grossedentata

Vine tea, Ampelopsis grossedentata and Tianpocha.

Tianpocha, Hongwuzhaojinlong, Wulian, Bitter snake, vine
tea, Gracilaria lemaneiformis, and golden silk.

Wild tea tree, water lily with vellow flowers, scented tea,
bone-drilling wind, sweet tea vine, rattan grape worker,
slag gang, pig vine, wild Akebia stem, hemp throat vine.

Sweel rattan, Maoyanmo tea, white tea, balsam pear dew,
rattan tea, red five-claw golden dragon.

Yao nationality area in Guangxi
province.

Zhuang nationality area in
Guangxi province.

Sanming she nationality area in
Fujian province.

Hengdong area, Hunan province,

Jinug area.

Tujia area in Wuling mountain
area,

Fanjingshan area of Guizhou
province.

Yingde and Lianzhou regions in
Guangdong province.

Hakka residence in Fujian
mountainous areas and counties
under Sanming City.

Lahu nationality area.

Dong nationality area.
Zhuang nationality area in
Guangxi province.

Southeastern Yunnan, Guangxi,
Guangdong, Fujian, Jiangxi,
Hunan, and western Hubei
province.

Jiangxi, Fujian, Hubei, Hunan,
Guangdong, Guangxi, Guizhouand
Yunnan province,

Southwest Shaanxi, Gansu, and

Hubei province,

Hunan province..

Guangxi province.

One of the bathing plants of Yao nationality, which treats skin
pruritus, eczema, dermatitis, psoriasis and so on.
Topical application to treat numbness, fever and thirst.

Treat heatstroke, aphtha, aphonia; toothache due to wind-
fire, equine toothache, and foot eczema,

Treat knife wound, falls, toothache, oral uleer, gastric uleer,
intractable skin disease, chronic pharyngitis, tinea corporis,
heart disease, hemorrhoids, diabetes, and relieving
aleoholism.

Chewable and ingestible tea to treat toothache caused by
wind-fire and so on,

Liu et al.
(2001]

Fei and
{1996)
2 el al.

(1996)

Hue

Xu et al
(2011)

Prevent and treat pharyngolaryngitis, oral inflammation, (2006)
carbuncle and constipation.

As sweet tea Lai (2003)
Medicinal tea for clearing away heat and toxic materials, Chen (2003)

dispelling rheumatism, strengthening bones and muscles,
ete.; Aged tea stored for a long time is used to treat acute
gastroenteritis.

Folk tea tradition

Beverage tea

Beverage tea
Make stem and leaf drinks to treal root dampness, fever, skin
tinea and furuncle

The whole plant is used medicinally, and has the effect of
clearing away heat and toxic materials. It is mainly used for
treating icteric hepatitis, common cold and wind-heat, sore
throat, acute conjunctivitis and carbuncle.

The whole plant is sweet, light and cool, can clear away heat
and toxic materials, and can be used for treating jaundice,
wind-heat cold, sore throat, carbuncle and furuncle, ete. At
the same time, it is indicated that the stems and leaves of
Ampelopsis grossedentata can be used as hot drinks in
summier in northwest Fujian province.

Clear away heal and dampness, calm liver, lower blood
pressure, promote blood circulation and dredge collaterals;
Treat dysentery, diarrhea, urinary stranguria, hypertension,
dizziness, dizziness and traumatic injury, ete.

Clear away heal and toxic materials, promote diuresis and
relieve swelling; Treat common cold and fever, sore throat,
ieterie hepatitis, red eyes, swollen carbunele, carbuncle, sore
and furuncle, ete: It can be decocted for oral administration,
15-30 g each time; twice as much as fresh. For external use,
decoct and wash with water.

Clear away heat and toxic materials, promot diuresis, relieve
swelling, calm liver, lower blood pressure, promaote blood
circulation and dredge collaterals. Take 15-30 g orally,
double the amount if using the fresh product; For external use,
decoct and wash with water. Instruction for a commonly used
prescription to treat hypertension: drink daily of tea made
with 30 g of rattan tea and boiling water; 10-day as a course of
Lreatment.

Ling (2007)

Studies
(1963)

(Chen, 2004;
Zow, 2011)

(Medicine,

1984)

(medicine,
1999)

Cai (2004)

{2013)

Australia and then to East Asia. However, the highest species richness
was found in East Asia. Ampelopsis is divided into North I (Nekemias) and
North II groups by phylogenetic trees, of which all species in North I are
pinnate plants, including five species endemics to China (Nie et al.,
2012).

Based on the recorded coordinates of the three species used in vine
tea, we illustrated their geographical distribution in China (Fig. 4B),
which showed that vine tea is distributed in the middle and southeast of
China and along the coast. As mentioned before, different species have
slightly different distribution, with Nekemias megalophylla mostly in the
inland (yellow triangles in Fig. 4B), while Nekemias cantoniensis and
Nekemias grossedentata are near the coast (white and pink triangles in
Fig, 4B).

4.2. Phylogenetic relationship of the genus Ampelopsis

In the genus Ampelopsis (Fig. 5), the 3 species used in vine tea all
belong to the North I group (Nekemias) with pinnate to bipinnate com-
pound leaves, and are rich in specific flavonoids. In recent years, it is still
controversial if the North I group should be considered as a standalone
genus (Nekemias) (Wen et al., 2014). While the protoplants of Nekemias
grossedentata with pinnate compound leaves are close in genetic rela-
tionship, the chemical composition of the three Nekemias species need to
be further clarified. A better documented comparison chart will greatly
facilitate the quality control of vine tea and the research and develop-
ment of products to be marketed.
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5. Phytometabolites and chemodiversity of Nekemias

There are few literature references to the phytochemistry of vine tea,
and most of them were focused on only Nekemias grossedentata. At pre-
sent, 31 flavonoids, three phenolic acids, one anthraquinone, two ter-
penes, two steroids, and four polysaccharides (AGP, AGP-SE, AGP-3,
AGP-4) have been isolated from Nekemias grossedentata (Liu et al.,
2021). Flavonoids were the most abundant bioactive compounds in
Nekemias grossedentata, which comprise up to 43.4%-44.0% of the total
dry weight of the organic phase extract (I1e et al., 2007). Among all the
flavonoids, DHM is the most dominant one oceupying 16.42%-21.67%
in the dry powder of vine tea (Xie et al., 2019). It is a rare phenomenon
in the whole plant kingdom that one compound can have such a high
content. Other main organic phase extracts include polyphenol com-
pound which is about 20%; and volatile oil content varied in different
picking seasons, with 0.37% and 0.35% in spring and summer samples
respectively (Yousheng et al., 2001). In addition, vine tea also contains
fatty acids, amino acids, trace elements (Fe, Cu, Zn, Ca, Mg, Mn, Se, Co,
Na, F, L, K, Cr) (Fan et al.. 2014), etc. In addition, currently available
literature show that DHM and other flavonoids were detected in Neke-
mias cantoniensis and Nekemias megalophylla, and many volatile com-
ponents of Nekemias megalophylla were also detected by GC/MS. Specific
composition of these compounds detected in the 3 Nekemias species are
summarized in Table 2. Based on our experience, the number of bioac-
tive compounds detected in these 3 species appear to be quite low
despite our exhausted literature search. This is likely due to the lack of
diverse isolation techniques and low sensitivity/resolution, which could
be improved to better understand the molecular and chemical basis of
the therapeutic effect of vine tea.

At present, there is no accepted quality evaluation standard for vine
tea, with only a few regional regulations, enterprise standards and
experimental articles. Additionally, the regional regulations only
focused on the characteristics and microscopic characteristics of vine tea
and lacked physical and chemical indexes that could be used for grading.
A recent study identified four core quality indexes of vine tea infusion:
flavonoids, polyphenols, soluble sugars and brightness by variation
analysis, correlation analysis, and principal component analysis (Zhang,
2021). Another study combined the entropy-weighted TOPSIS(Tech-
nique for Order Preference by Similarity to Ideal Solution) method and
gray correlation analysis on internal quality indicators. Accordingly,
based on the content of DHM, myricetin, acid-insoluble ash and extract,
Nekemias grossedentata was divided into four grades (Shi et al., 2022). In
addition to the requirements of appearance and origin, DHM of first
grade vine tea should be greater than 30%, and myricetin should be
greater than 0.35%. Interestingly, according to this criterion, some
Nekemias megalophylla are qualified for the second grade, which reveals
the feasibility of Nekemias megalophylla and Nekemias cantoniensis as
alternative vine tea resources (Chen et al., 2014).

6. Changes in research trend of vine tea

Although vine tea has been used in China for a long time, the sci-
entific research started merely within the recent decades. Since the
1970s, more and more attention has been drawn to vine tea around the
world, and the related research using modern techniques was also
increasing. To identify the research focus and trend of vine tea over time,
we performed bibliometric analysis on the literature published over the
last 2 decades. Up until 2015, glucoside was the key research focus, with
hot topics such as phosphorylation, induction, and resistance. More
recently, hot research areas of vine tea became more diverse, with the
top ones being Ampelopsis grossedentata (Nekemias grossedentata) and
DHM, whose term frequency peaked around 2018 (Fiz. 6A). In fact,
large-scale studies of DHM only began in 2014-2015, despite their early
discovery. After that, obesity, fatty liver-disease, antioxidant and lipid
metabolism also became popular topics in vine tea-related studies.
Nanoparticle is a new research focus emerged after 2017, indicating
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limited bioavailability of DHM and attempts to solve this problem (Lyu
et al., 2022). To discover research topics that tend to occur together, we
performed co-occurrence network analysis. Interestingly, DHM and
Nekemias grossedentata appear to be major hubs that connect not only
popular topics mentioned above, but also apoptosis, NF Kappa B,
flavonoid and cancer in high frequency (Fig. 6B). The reason why DHM
has been a major focus is likely due to its exceptional effect in protecting
liver function, resisting cancer and oxidation, and so on (Tong et al.,
2019). Fermentation is one of most commonly used processes in herbal
medicine/tea preparation, and so does vine tea. However, the fermen-
tation process typically causes bioactive compound loss, including fla-
vonoids. Notably, vine tea is so rich in flavonoids that large amounts of
white cream (the “mold” in moldy tea), detected as flavonoids, can be
directly observed on the leaves after drying. And DHM accounts for
more than 35% of total flavonoids in vine tea (e et al., 2007). However,
it is still unclear if the efficacy of vine tea depends entirely on DHM or
other flavonoids/compounds work synergistically with DHM, for effects
vary in DHM, total flavonoids and total extract (Liang et al., 2020; Ye
etal., 2015; Ying, 2022). Moreover, Nekemias megalophylla and Nekemias
cantoniensis are also rich in DHM. However; it has not been explored that
if and how their efficacy and mechanism of action is different compared
to Nekemias grossedentata. In the future, we should pay more attention to
the holistic research of the 3 vine tea species and the synergistic effect of
multiple components within vine tea.

7. Pharmacological properties
7.1. Pharmacological activity of the Ampelopsis plants used in vine tea

The research on the pharmacological effect of Ampelopsis has been
mainly done in Nekemias grossedentata focusing on the flavonoids
ampelopsin, namely dihydromyricetin (DHM). However, the other 2
vine tea species, Nekemias megalophylla and Nekemias cantoniensis, also
contain DHM. In addition, the results of the bibliometries results iden-
tified high frequency of key words including ‘antioxidant’, ‘Nf-kappa-b’,
‘inflammation’, ‘inflammatory response’ and ‘oxidative stress’ in pub-
lished studied. Thus, anti-oxidation and anti-inflammation are likely 2
major effects of vine tea and DHM (Fig. 7). Below, we summarized the
pharmacological effects of vine tea and DHM categorized by their tar-
geted diseases.

The toxicity of DHM is very low, with a safe dose of 10 g/kg in rats
(¥u et al., 2008). The maximum safe dose may be about 16 g/kg for mice
and 1.6 g/kg for adults, based on the body surface area normalization
method. In the in vivo experiments described below, the most common
therapeutic dose given to mice was 100-400 mg/kg, far less than the
maximum safe dose (Dong et al., 2021; Matouk et al,, 2022), The situ-
ation is similar for rats and adults (Chen et al., 2020; Chen et al., 2015).
It is important to note that vine tea (leaves of Nekemias grossedentata)
was certified by Chinese Ministry of Health as ‘new resource food' in
2013, which means vine tea is recognized as generally ‘non-toxic and
harmless for human consumption’. The dose of vine tea extract given to
mice is generally 200-500 mg/kg (L1, Y. et al., 2022a; Wu et al., 2022).

7.1.1. Antioxidation

Vine tea is rich in natural flavonoids which can resist oxidation and
quench free radicals. In recent years, vine tea extract and the main
compound DHM have been identified to have antioxidant activity in
vitro and in vivo. The scavenging activities of DPPH, ABTS" and ROS
levels are commonly used tests to monitor oxidation status in vitro.
Through rapid screening by DPPH- HPLC, fifteen flavonoids were found
in vine tea that have strong antioxidant activity, such as DHM, myr-
icetin, kaempferol and dihydroquercetin (Gao et al,, 2017). Among
them, DHM has the strongest DPPH scavenging activity. It can inhibit
the production of ROS, effectively reduce the hemolysis of human
erythrocytes induced by 2,2-azobis (2-amidinopropane) dihydro-
chloride (AAPH), and inhibit the lipid peroxidation in human plasma
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induced by CuCls. These observations are typically associated with
significant increase in the expression of antioxidant enzymes (superox-
ide dismutase, glutathione peroxidase, catalase) in DHM treated con-
ditions (Liao et al., 2014). Additionally, DHM can also reduce iron and
relieve Fe?' ion chelation, suggestive of antioxidative effect (Fu-Yan
et al., 2021).

Besides DHM, other polyphenols, flavonoids and polysaccharides
have also been studied because of their various degrees of ferrous ion
chelating activity. Notably, the antioxidant activity of the vine tea
extract varies depending on the specific plant parts used as the source,
likely due to different compositions of bioactive compounds. The extract
from tender tip leaves has the highest activity, followed by tender
leaves, old green leaves and immature fruits (Jia et al., 2020). At pre-
sent, Nekemias grossedentata has been used in the food industry as a
natural food source with antioxidant activity (Ye et al., 2015). Func-
tional beverage prepared by vine tea infusion fermentation possessed
strong antioxidant activities (Saimaiti et al., 2022; Xu et al., 2022). DHM
has also been tested in industrialized cookie baking process to reduce the
oxidation of lipid and protein, and subsequent toxic substances like to
reduce the formation of oxidation-induced toxic substances (Teng et al.,
2018).

7.1.2. Anti-inflammatory

Studies on the anti-inflammatory effect of vine tea have been mostly
focused on DHM. It has been reported that DHM can reduce the
inflammation symptom in many diseases such as arthritis, acute
pancreatitis, and colitis. This is through inhibiting the interrelatedAkt/
SIRT1/NLRP-3/NF-kB signaling pathways in most cases (Sun et al.,

2021). Many studies have shown promising results in DHM treated
arthritis with defined mechanisms. For instance, DHM prevented the
formation of osteoclasts and improved knee joint injury in
collagen-induced arthritis rats by inhibiting NF-xB signaling pathway
(Wu et al., 2019, 2020). DHM also inhibited the expression of
pro-inflammatory cytokines in arthritis by activating Nrf2 pathway (Chu
et al., 2018). In addition, DHM could be a drug candidate to prevent
rheumatoid arthritis and osteoporosis, since it reduced bone loss and
inhibited the formation and activity of osteoclasts in rats targeting
RANKL signaling pathway (Zhao et al.. 2017). Besides the bone/joint
related inflammation, DHM can alleviate caerulin-induced acute
pancreatitis in mice by preventing the activation of TRAF3-p38 signal,
indicating future therapeutic potential (Jia et al., 2018). Topical appli-
cation of DHM to the ear region of sensitized mice can rescue thymus
function damaged by dexamethasone, which is through up-regulating
PPARy-mediated fatty acid metabolism (Li et al., 2018). In mice with
colitis induced by dextran sodium sulfate, DHM can improve the intes-
tinal barrier function and reduce colon inflammation by restoring the
disrupted intestinal microbiome and bile acid metabolism. Notably, the
potential target of DHM could be the microbiome-bile acid -FXR/TGR5
signaling pathway, which plays a protective role in ulcerative colitis by
inhibiting the inflammatory signal pathway mediated by
IRAK1/TRAF6/NF-kB (Chen et al., 2018; Dong et al., 2021). Apart from
the inflammatory disease discussed above, inflammation is considered
to be associated with many other chronic diseases and their complica-
tions, including, e.g., cancer (Nust et al, 2021), atherosclerosis
(Soehnlein and Libby, 2021), neurodegenerative diseases (Pajares et al.,
2020), diabetes (Awad et al., 2022; Ding et al., 2022}, liver disease



Table 2
Chemical constituents isolated from vine tea.
Species No.  Chemical compounds Type Structure Molecular References
Formula

Nekemias 1 Phloridzin Chalcone C31H54010 Gao étal. (2017)
2 Phloretin Chalcone CysH 405 Gaaetal. (2017)
3 Hesperetin Flavanone CigH 1406 (Gao et al, 2017 He e al., 2007)
4 Dihydroquercetin Flavanone CisH 205 Gao etal. [2017)
5 I50-5,7,11,12,13-pentahydroxy-10,10-bis-dihydroflavenel Flavanonol CapHu04s Chen (2015)
6 Dihydromyricetin Flavanonol (<21 CysHi20g {Bai et al, 2013 Chen er al., 2016;

ﬁ"” Chen, 2015; Gao et al,, 2017; Lel et al., 2017;
aH i - OH Ming et al., 2015; Wang et al., 2002;
P‘O“ Zhang et al., 2016; Zhoutd and Zhouxx, 1996)
OH &
7 Taxifolin Flavanonol QOH Ci5H 205 (Dingyong et al., 1998; Ming et al., 2015)
|
OH__ SRR
OH
OH O

8 Grossedentataside Flavane OH CogHua0qg {wang, 1999)

(continued on riext page)

T3 Buag ol

882911 (£20Z) £1€ ASopvwmydangg fo pumer



ot

Table 2 (continued)
Species No.  Chemical compounds Type Structure Molecular References
Formula
9 Afzelechin Flavane OH CysH 405 Ming et al. {2015)
HO:
10 Apigenin Flavone CisH n0g (Dingyong et al., 1998; He et al.; 2007)
11 Rutin Flavone CosHigDye {Dingyong et al., 1998; Wang et al,, 2002a,b)
12 Astragalin Flavone CuyHap04q Ming et al. {2015)
13 Kaempferol Flavonol CsHp0gs (Gao et al, 2017; He et al,, 2007; Ming et al., 2015)
|
o OH
Ho™
14 Myricetin Flavonol o OH CyeHy g0y (Bal et al., 2013; Chen et al., 2016; Dingyong et al., 1998; Gao et al.,
HO L 2017; Wang et-al., 2002a;b; Wang et al,, 2002; Yuan and Huang,
- | | 1998; Zhang et al., 2016)
o7~ oH
15 Quercetin Flavonol CysH 505 (Dingyong etal., 1998; Ming et al., 2015)
16 4-0-(2-hydroxy)-ethyl myricetin Flavonol Cy7H 140y Chen eral. (2016)

(continued on next page)
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Table 2 (continued)
Species No.  Chemical compounds Type Structure Molecular References
Formula

17 6,7-dihydroxy-3-methoxy-4',5-methylenedioxyisoflavone Isoflavone Cy7H204 Wang etal, (2002¢)

18 Quercetin-3-rhamnoside Flavonoid CueaHzp041 {Chen, 2015; Gao ef al., 2017)
alycoside

19 Myricetin-3-0-f-D-galactopyranoside Flavonoid CaiHap0q5 ., 2015; Yousheng et al., 2001)
alycoside

20 Quereetin-3-0-fi-D-glucoside Flavonoid CuiHogOy2 {Dingyong et al., 1998; Ming et al., 2015)
alycoside

21 Quercetin-3-0-f-D-xyloside Flavenoid CsgHx 055 Gao et al. (2017)
alycoside

22 Kaempferol-3-0-u-L-rhamnoside Flavonoid E21Ha0054 Gao et al. (2017)
alycoside

23 Kaempferol-3-0-beta-D-glucopyranoside Flavonoid Ca:Hap0q (Gao et al., 2017; Ming etal, 2013)
alycoside

(continued on next page)
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Table 2 (continued )
Species No.  Chemical compounds Type Structure Molecular References
Formula
24 Myricetin 3-rhamnoside. Flavonoid CuiHanOy s Ming et al. {2015)
elycoside
25 Myricetin-3-0-beta-D-glucopyranoside Flavonoid CeaHanOyy Ming et al. (2015)
glycoside
26 myricetin-3 -O-f-D-xylopyranoside Flavenoid CanHig01z Ming el al. {2015)
alycoside
27 Myricitrin Flavonoid CuaiHapOq2 {Bai &l al., 2013; Chen et al., 2016; Du et al., 2004; Ming et al., 2015;
alycoside Wang et al,, 2002a,b; Wang et al., 2002; Yuan and Huang, 1998;
Zhang el al., 2003)
28 6,7-dihydroxy-3'methoxy-4',5-methylenedioxyisoflavone Flavenoid CiaH1406 Wang etal. (2002a,b)
6-0-a-L-rthamnopyranoside glycoside
29 6,7-dihydroxy-3-methoxy-4.5-methylenedioxyisoflavone Flavonoid C1aH1406 Wang et al. {(2002¢)
6-0-p-D-glucopyrancside glycoside

(continued on next page}

T3 Buag ol

8R.911 (E20F) L1 ASojoapurmydangy jo pumor



€L

Table 2 (continued)
Species No.  Chemical compounds Type Structure Molecular References
Formula
30 6,7-dihydroxy-3-methoxy-4',5-methylenedioxyisoflavone Flavonoid Ho. CaaH10015 Wang etal. (2002¢)
6-0-p-D-xylopyranosyl-(1-6)-p-D-glucopyranoside elycoside HO«.J\O
o S
"o | 1
ku’E/kn o
RTTY L
1 o
L
31 S,?'-dihydroxy~3’,4’—dihydroxyﬂa\rone-3-0~6“'—rhamnose Flavonoid aH CuaH1504 Du et al. (2004)
glycoside SOH
oH @ By
HOJV/.\O i e
#oH
OH
3z Gallic acid Phenolic acid o CyH Oy Zhang et al. (2003)
HO y
OH
33 Ethyl gallate Phenolic acid CoHy005 (Bai et al., 2013; Zhang et al., 2003)
34 galloyl-p-D-glucopyranoside Phenolic acid CigH 16006 (Bad et al., 2013; Zhang et al., 2003)
35 Emodin Anthraquinone CysHyy05 Ming et al. {2015}
36 Oleanalic acid Terpenoid CapHg04 (He et al,, 2007; Yuan and Huang, 1998)
a7 Ambrein Terpenoiid CupHsp0 (Carneiro et al., 2020; Yuan and Huang, 1998)
38 [i-Sitosterol Steroid CooHsgO (He et al., 2007; Yuan and Huang, 1998)
39 Stigmasterol Steroid CagHagO Wang et-al. (20023,1)

(continued on next page)
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Table 2 (continued)
Species No.  Chemical compounds Type Structure Molecular References
Formula
Nekemias 1 Dihydromyricetin Flavonoid OH O Cy5H 20 Xin-xing et al, (2014)
cantoniensis &
oM e e
I
\(J‘OH
OH
2 Ampechromonol A Meroterpenoid CyaH1405 Nguyen et al. (2020)
3 Ampechromonol B Meroterpenoid CygH140y Nguven et al. (2020)
4 Myricetin Flavonoid Ci5Hp0g (Thu et al., 2015; Xin-xing et ak, 2014)
5 Myricitrin Flavonoid CuiHogOy2 Thu &t al. (2015)
glycoside
6 Quercitrin Flavonoid CuaHagDyy {Thu & al., 2015; Xin-xing et al., 2014)
glycoside
7 Phloretin Flavonoid CysH 405 Thu &t al. (2015)
8 Phlorizin Flavenoid €51H:4010 Thu et al (2015)
alycoside

(continued on next page)
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Table 2 (continued)
Species No.  Chemical compounds Type Structure Molecular References
Formula
9 5,7-dihydroxychromone Flavonoid CeHe 04 Thu et al. (2015)
10 3,5, 7-trihydroxychromone Flavonoid CyHy 05 {Nguyen et al., 2020; Thu et al., 2015)
11 Astilbin Flavonoid CayHas0yq Thu et-al (2015)
12 Aromadendrin Flavorioid C1sH 206 Thu @t al, (2015)
OH
13 Methyl gallate Polyphenol o CyHg0s Thu et al. (2015}
HO o
HO
OH
14 3,4-dihyr1ro-2—(3’,4’,5‘-LrihydrbxyphenyI}—ZH—chromene— Palyphenal C!JH CisH1409 Thu et al (2015)
3,5,7-triol OH
HO. ] i o oH
# oH
OH
15 Arbutin Terpenoid HO 0. L0 CiaH 105 Thu et al. (2015)
glycoside I \Q\
HOY “OH' OH
OH
16 2-(3,4-dihydroxyphenyllethyl-O-p-D-glucopyranoside Phenolic glycoside OH C1aHap0y Thu et al. (2015)
Ho o o OH
17 Gallic acid Polyphenol o CyHaOs (Nguyen et al., 2020; Thu et al., 2015; Xin-xing et al., 2014)
Het OH
HO
OH

(continued on next page)
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Table 2 (continued)
Species No.  Chemical compounds Type Structure Molecular References
Formula
18 3,5.,5,7-tetrahydroxyflavanone Flavenoid o ©CH CysH1206 Thu et al. (2015)
ull)
Ho o” ™ oH
OH
19 Kaemplerol Flavonoid HC‘H e} CisH s Xin-xing et al, {2014)
20 Rhamnose Saccharides CeHp205 Nguyen et al. (2020}
21 Phloretic acid Phenylpropanoids CoHy 04 Nguyen el al, (202()
22 Phloroglucinol Palyphenal CeHaOy Nguyen et al. (2020)
23 Kaempferol-3-0-¢-L-rhamnoside Flavonoid CeiHzoOyp Xin-xing etal, {2014)
elycoside
24 Epicatechin-3-O-gallate Flavonoid CogHa010 Xin-ying et al, (2014)
Nekemias 1 Dihydromyricetin Flavorioid C1sHp0g Zhang et al. (2008)
megalophylla
2 Myricetin Flavonoid Ci5Hp0g Zhang et al. (2008)

(continued on next page)
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Table 2 (continued)
Species No.  Chemical compounds Type Structure Molecular References
Formula

3 Myricitrin Flavonoid OH CuyHa0y o Zhang et al, (2008)
elycoside HQ., - e

4 Quercitrin Flavonoid CeiHao041 Zhang el al. (2008)
glycoside

5 Emodin Anthragquinone OH O OH CisH1pn0g Zhang et al. (2008)

6 [i-sitosterol Steroids CagHzyO Zhang er al. (Z008)

7 Taxifolin Flavenoid CysHy405 Zhang et al. (2008)

8 Quercetin Flavonoid CysHpOy Zhang et al. (2008)

9 Oleanolic acid Triterpenoids CagHagOy Zhang el al. (2008)

10 «-Thujene Terpenes CigHip Xie'et al, (2014)

(continued on next page)
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Table 2 (continued)
Species No.  Chemical compounds Type Structure Molecular References
Formula

11 w-Pinene Terpenes j f CipHys Xie et ak (2004)

12 Camphene Terpenes z i CioHis Nie et al. (2014)

13 Sabinene Terpenes i CipHig Xie et al. {2014)

14 1-Octen-3-ol Aleohol OH CyHis0 Xie et al, (2014)
/\/\/l\//

15 Myreene Terpenes CigHpg Xie'et al, (2014)
S =

16 w-Terpinene Terpenes \q/ CipHig Xie et al: (2014)

17 p-Cymene Aromatics \@\( CipHyg Nie et al. (2014)

18 1.8-Cineole Aleohol . CipH150 Xie et al. {2034)

(¢]

19 ‘y-Terpinene Terpenes \©j/ CipHig Xie et al. {2014)

20 Linalool Terpene alcohols HO CypH 80 XKie er-al. (2014)
e =

21 Camphor Terpenes CigH 150 Xie et al. (2014)

o

22 Pinocarvone Terpenes ,;i j f CioH140 Xie et al. {2034)
(o]

23 Borneol Alcohol CipH 0 Xie et al. (2014)

OH
24 Terpinene-4-ol Terpenes CypH 0 Xie et al: (2014)
OH

25 a-Terpineol Terpenes CigH 0 Nie et al. (2014)
HO

26 Myrtenol Terpenes CigH150 Xie et al. {2014)

;

(continued on next page)
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Table 2 (continued)
Species No.  Chemical compounds Type Structure Molecular References
Formula

27 trans-Carveol Aleohol CioHy 50 Kie et al: (2014)
HO

28 cig-Piperitone oxide Monotetrpene (@] CigH 102 Nie et al. (2014)
J\é{‘)

29 Carvone Terpenes CipH 140 Xie eral. (2014
Q-

30 Bornyl acetate Ester €y:H5504 Xie et al. (2014)

6]
‘S
@]

3 Thymol Phenol /Jj@\ CypH 140 Xie'et al, (2014)
HO

32 Carvacrol Phenol CigH 140 Hieel al, (2014)
HO

33 Eugenol Phenol HOD\/\ CipH 20 Xie et al, (2014)
~0 N

34 fi-Elemene Terpenes i\ E CasHing Xie et al, (2014)

35 Longifolene Terpenes C\\i@ it al. (2014)

36 fi-Caryophyllene Terpenes E CysHag Xie et al, (2014)

37 w-Humulene Terpenes CisHag Xie et al. {2014)

Vi
38 Dodecanal Aldehyde /‘\/\/\/\/\./‘\\0 CyaHa40 Hieel al, (2014)
39 Germacrene D Terpenes CigHzq Xie et ak (2004)

(continued on next page)
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Table 2 {(continued )

Species No.  Chemical compounds Type Structure Molecular References
Formula
40 p—SeIineh‘e Terpenes CisHay et al, (2014)
41 (E,E)-a-Farnesene Terpenes CisHag eral. (2014)
T o
42 Germacrene A Terpenes CigHay e et al (2014)
43 y-Cadinene Terpenes ilg CysHag et al. (2014)
44 §-Cadinene Terpenes 5 CisHag » et ak (2014)
45 Spathulenol Terpenes CisHa40 et al (2014)
HO,
46 Caryophyllene oxide Terpenes C15H240 + gt al. (2014)
0
47 w-Cadinol Terpenoid ester ;} \E CisHaelD > gt al. (2004)
OH
48 T-Cadinol Terpenoid ester \;\E CisHz0 s gt al, (2014)
] OH
49 f-Eudesmol Terpenes HO I CisHueO et al. (2014)
50 a-Bisabolol Sesquiterpene enol CysHye05 > et ak (2014)

¢
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Fig. 7. Representative 2 pharmacological effects regulated by vine tea and DHM.

(Bessone et al., 2019), pulmonary fibrosis (Li. Z. et al., 2022). Therefore,
the therapeutic effects of bioactive compounds from vine tea, including
DHM, on these diseases are partly due to the anti-inflammatory mech-
anisms. (See details below).

7.1.3. Anti-tumor effect

Anti-tumor is the most studied pharmacological activity of vine tea.
The dominant active compound, DHM, has demonstrated good inhibi-
tory effect on many signature pathways activated in cancer, suggesting
its essential role in the overall anti-tumor effect of vine tea. Thus, we
integrated the results from studies using vine tea and/or DHM to sum-
marize their mechanisms of action.

DHM has been found to inhibit the migration and invasion of he-
patocellular carcinoma cells (Lu et al., 2017), reverse drug resistance
and reduce the invasion of ovarian cancer cells (Xu et al., 2017). Mul-
tiple underlying mechanisms have been proposed, including inhibiting
signaling pathways upstream of mTOR activation and regulation (Xia
et al., 2014), inhibiting Akt/Bad and NF-kB/Snail pathway (Liu et al.,
2015), down-regulating TGF-p/Smad3 signaling pathway mediated ROS
production (Liu et al., 2015), and down-regulating Notchl expression to
induce apoptosis (Lu et al., 2017). Meanwhile, DHM can inhibit the
proliferation;, migration and invasion of cholangiocarcinoma cells and
promote apoptosis. This was shown to be accomplished by upregulating
expression levels of miR-455-3p and miR-21 (Chen et al., 2020; Li et al.,
2021). Additionally, DHM was shown to inhibit the migration and in-
vasion of nasopharyngeal carcinoma cells by modulating Wnt/p-catenin
and downregulating ERK1/2 signaling pathways, which inhibit the
expression of MMP-2, an essential molecule in the migration process
(Huang et al., 2022; Ye et al., 2021).

DHM can also induce mitochondrial mediated apoptosis in numerous
cancer cells (Wang et al,, 2021b). This includes inhibiting the prolifer-
ation of osteosarcoma cells, fibroblasts in lung cancer and melanoma
cells. These are mediated by a number of different pathways depending
on different cell types. In osteosarcoma, DHM inhibited their metastasis
by blocking ERK, SP-1 and NF-kB activation (Chou et al., 2021), acti-
vating P38 (MAPK) and AMPKa-GSK3f-Sox2 signaling pathway (Zhao
et al., 2014), activating Erk1/2 and Akt (Fan et al., 2017) and inhibiting
ROS-NF-kB-dependent autophagy (Zeng et al., 2014; Zhou et al., 2017).
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In non-small cell lung cancer cells, DHM works through destroying
mitochondrial membrane potential to induce apoptosis (Kao et al.,
2017). In carcinoma, DHM can induce the death of skin squamous cells
by inducing excessive autophagy, which is mediated by MALAT1-TFEB
pathway (Tan et al., 2019). In addition, it can enhance ROS production
and JNK activation, leading to G1 and § phase arrest, triggering
apoptosis and autophagy to inhibit the proliferation of human glioma
cells (Guo et al., 2019), and inhibited the proliferation and growth of
colon cancer by suppressing Sema4D-dependent oxidative stress and
inflammation (Liang et al., 2019),

Furthermore, DHM is a potential drug candidate to treat ovarian
cancer and leukemia based on recent studies. The underlying mecha-
nisms include down-regulation of AKT and NF-xB signaling pathways,
inhibiting GRASP65 expression and activating JNK/ERK pathway
(Wang et al., 2019). It can also inhibit the expression levels of stemness
markers of leukemia, such as Oct4, Sox2, CD44 and CD133 (Han et al.,
2021). In human breast cancer cells, DHM can prevent the occurrence of
cancerous cells (Chang et al., 2014), and induce endoplasmic reticulum
stress and autophagy through Akt-mTOR pathway, which enhanced its
anti-breast cancer potential (Zhou et al., 2014).

In addition, total flavone extract from one of the less studied species,
Nekemias megalophylla, induced mitochondrial-mediated apoptosis in
the breast cancer cell line MCF-7 cells by disrupting mitochondrial
membrane potential in a time-dependent manner. The levels of
apoptotic proteins, including caspase-3, 8 and 9, Bax/Bcl-2 ratio and
Apaf-1, were also up-regulated. These results suggest that Nekemias
megalophylla is also potentially effective in treating breast cancer (Gui
et al., 2021).

Finally, flavonoids are thought to reduce the production of carci-
nogenic or mutagenic substances in food processing (Teng et al., 2023).
DHM and myricetin could trap phenylacetaldehyde, thus inhibit the
generation of heterocyclic aromatic amines in fried beef patties (Zhou
et al,, 2018). This reveals the potential of vine tea for its anti-tumor
effects as a health food rather than a drug.

7.1.4. Liver protection
Using vine tea to improve liver health and lower blood pressure is a
traditional application in Chinese folk medicine. Thus, many studies
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were performed to decipher its precise role in improving liver function.
Modern medical research also provides insight into the molecular
mechanism of this traditional therapeutic effect of vine tea.

Both crude vine tea extract and DHM showed good protective effects
against many mouse models of liver fibrosis induced by alcoholic diet or
nonalcoholic steatohepatitis (NAFLD) induced by high-fat diet. For
instance, DHM ecan reduce CCl4-induced liver fibrosis by activating
SIRT1/TGF-p1/Smad3 and autophagy pathway and inhibiting JNK/
TNF-o pathway (Ma et al., 2019). It can reverse thioacetamide-induced
liver fibrosis by inhibiting NF-kB-mediated inflammation and
TGF-pl-mediated PI3K/Akt signaling pathway (Zhao et al., 2021). DHM
can also alleviate liver steatosis and inflammatory reaction in the
pathological progress of alcoholic liver disease by improving p62 and
autophagy crosstalk through Keap-1/Nrf2 pathway (Qiu et al., 2017; Xie
et al., 2015). DHM and vine tea total extract were also shown to alleviate
acetaminophen-induced liver injury in mice by preventing hepatocyte
death. This is through promoting pS53-related regeneration and
improving lipid homeostasis (Dong et al., 2019). Both vine tea extract
and DHM can reduce the risk of developing fatty liver induced by
high-fat diet and alcohol consumption (Wu et al., 2022).

Vine tea polyphenol can reduce NAFLD by improving the homeo-
stasis of fatty acid oxidation, lipogenesis, liver oxidative stress, and in-
testinal microbiome (Xie et al., 20020). Results from in vitro experiments
indicate that DHM can slow down fatty liver progression induced by
oleic acid through inhibiting lipid accumulation, oxidative stress and
apoptosis. The underlying mechanisms include correcting PPARy, AMPK
and AKT signaling pathways (Xie et al., 2016). Meanwhile, DHM can
prevent NAFLD in high far diet treated mouse model by improving
mitochondrial respiration and redox homeostasis in hepatocytes
through SIRT3-dependent mechanism (Zeng et al.. 2019). DHM can
even alleviate NAFLD in LDLr—/— mice, a severe dyslipidemia model,
through SIRT1-mediated signal cascade regulation (Zeng et al., 2020).
Notably, there has been some promising progress in the clinical trials of
DHM conducted in 60 adults with NAFLD. The results showed that DHM
could improve insulin resistance, reduce the levels of serum TNF-,
cytokeratin-18 and fibroblast growth factor 21, and significantly alle-
viate the symptoms of NAFLD (Chen, 5. et al.. 2015).

7.1.5. Antibacterial and antiviral effects

With the severe epidemic consequences of COVID-19, drugs from
natural sources that have anti-infection activity or can relieve infection
symptoms have been explored by more and more scholars. Significantly,
vine tea has a traditional application in clearing away heat and detox-
ification (Table 1), which is consistent with modern clinical strategies in
COVID-19 treatments. Thus, we summarized the anti-inflammation and
antibacterial effects of vine tea.

DHM can effectively inhibit SARS-CoV-2 Mpro virus replication and
prevent lung inflammation and fibrosis in mice, suggesting that DHM
may become a potential drug candidate to treat COVID-19 and its
sequelae (Xiao et al., 2021). DHM also has a selective inhibition of po-
lymerase basic 2 subunit of influenza A virus, thus reduces the virus
activity. On the host side, DHM can inhibit TLR3 signaling pathway to
reduce cellular damage caused by immune reaction, which provides a
possibility for the development of new anti-influenza drugs (Tian et al.,
2020).

DHM exhibits ideal antibacterial activity on Staphylococcus aureus
and other four types of food-borne bacteria through lysis of the cell wall
and inhibition of the tricarboxylic acid cycle (TCA) pathway (Xiao et al.,
2019). Other flavonoid from the callus of Nekemias grossedentata, such as
angelioue, cuminatanol, epigallocatechin and taxifolin also showed
moderate to significant antibacterial activity (Li. V. et al., 2022b).

7.1.6. Alleviate diabetes and its complications
People have been paying more attention to their diet and lifestyle as

23

Journal of Ethnopharmacology 317 (2023) 116788

the prevalence of obesity and diabetes reaching alarming levels globally.
Vine tea has shown positive effects on regulating glucose and lipid
metabolism, thus, became a popular functional drink all over the world.

In recent years, DHM from vine tea was found to significantly alle-
viate obesity, diabetes and its complications. Clinical trials have been
performed in 80 adults with type 2 diabetes mellitus (T2DM), who took
970 mg of DHM once daily for one month. Strikingly, compared to the
placebo group, DHM group showed significantly reduced fasting blood
glucose, glycated albumin, cystatin C and retinol binding protein 4
levels, achieving normal blood glucose control with improved renal
function by the end of the study (Ran et al., 2019). Mechanistic studies
have been performed in rodent models of metabolic syndromes which
showed promising results. The anti-diabetic effects of DHM are at least
partly through improving insulin resistance (IR). For example, DHM can
normalize blood glucose in Zucker diabetic obese rats by inhibiting
PPARy phosphorylation (Liu et al., 2017a); In db/db mice, DHM
up-regulates the tyrosine phosphorylation of IRS-1, a key insulin action
effector that was typically compromised in IR. In inflammation-induced
IR, DHM can activate PLC-CaMKK-AMPK signaling pathway through
targeting phospholipase C in peripheral tissue (Hou et al., 2021). In
skeletal muscle, DHM can activate AMPK/AMPK-PGC-1a-Sirt3 signaling
pathway to activate autophagy, which reduced IR (Shi et al., 2015).
DHM was also reported to reduce IR in obese individuals likely through
FLCN-FNIP1-AMPK pathway mediated inhibition of palmitate-induced
slow muscle fiber loss (Muir et al., 2016).

Meanwhile, DHM can directly work in peripheral tissues to improve
the symptoms of diabetic complications. It prevents the inflammation
induced tissue injury by targeting P2X7 receptor (Ge et al., 2020) and
BDNF/TrkB pathway, to reduce levels of pro-inflammatory factors (Ge
et al., 2019). DHM can alse directly reduce the expression of P2X7 re-
ceptor in dorsal root ganglion, spinal cord and hippocampus to relieve
diabetic neuropathic pain and depression (Guan et al., 2015). In addi-
tion, DHM promotes autophagy and reduces renal interstitial fibrosis in
diabetic rats by regulating miR-155-5p/PTEN and PI3K/AKT/mTOR
signaling pathways (Guo et al., 2020). It improved the blood glucose and
recovered compromised autophagy process in streptozotocin-induced
diabetic rats by decreasing the expression of miR-34a in cardiac mus-
cle cells, thus alleviating the complication of diabetes (INi et al., 2020).
In diabetic mice, the endothelial dysfunction and apoptosis were
improved by DHM through SIRT3-dependent reduction of oxidative
stress (Xiao et al., 2021), and inhibiting miR-34a (He et al., 2019),
respectively. The reduced circulating inflammatory factors in DHM
treated diabetic cardiomyopathy rats showed improved diabetic reti-
nopathy, improved mitochondrial function, reduced cardiac cell
apoptosis; and restored autophagy in mouse ventricular cardiomyocyte
(Wu et al., 2017).

At last, DHM was shown to improve organism metabolism by
improving lipid metabolism. DHM improved glucose uptake in cultured
adipocytes through inhibition of PPARy phosphorylation induced by
ERK (Liu ef al., 2018), DHM could also play an anti-obesity role, by
targeting GRP78 and reducing the formation of lipid droplets, shown in
3T3-L1 cells (Sun et al., 2021); and by regulating FXR-mediated bile acid
metabolism pathway in ob/ob mice (Song et al., 2022).

7.1.7. Anti-atherosclerosis effect

DHM has shown a promising effect in treating atherosclerosis
through improving the function and survival of endothelial cells. For
instance, DHM inhibited the apoptosis of cultured human umbilical vein
endothelial cells induced by palmitic acid or ox-LDL (Luo et al., 2017),
which is at least partly through activating Nrf2 signaling pathway (Hu
et al., 2018). Consistently, in vascular endothelial cells under oxidative
stress, DHM activated Akt, ERK1/2, and Nrf2/HO-1 to up-regulate
antioxidant enzymes; and activated PI3K/Akt/FoxO3a signaling
pathway to up-regulate anti-apoptotic proteins (Zhang et al., 2019).
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DHM also reduced endothelial dysfunction induced by TNF-a by
up-regulating miR-21 mediated DDAH1-ADMA-NO signal pathway
(Yang et al,, 2018}, Similarly, DHM can inhibit
DDAH1-ADMA-eNOS-NO pathway in ApoE /~ mice through increasing
endothelial miR-21 expression (Yang et al., 2020). DHM can improve
many symptoms of atherosclerosis in LDLr" /~ mice under high-fat diet.
It reduced endothelial dysfunction, inhibited macrophage foam cell
formation, improved lipid profile, and exerted anti-inflammatory and
antioxidant effects (Liu et al., 2017b). In SIRT3 KO mouse model of
atherosclerosis, DHM inhibited the formation of foam cells, reduced
oxidative stress, improved mitochondrial function and dampened the
activation of NLRP3 in a sirt3-dependent way (Ding et al. 2021).
Interestingly, DHM also promoted LXRua-ABCA1/ABCG1 expression in
ApoE /" mice, suggesting the cholesterol efflux might be the key tar-
geting process of DHM to reduce lipid accumulation in the process of
macrophage foam cell transformation (Zeng et al., 2018).

In addition to DHM, total flavonoids of Nekemias megalophylla
(TFAM) was found to alleviate the symptoms in a spontaneously hy-
pertensive rat model by decreasing the expression of ACE and Ang in
thoracic aortic cells, which increased the content of eNOS (Qiu et al.,
2017). In addition, TFAM prevented cardiovascular diseases by inhib-
iting vascular remodeling in both in vivo and in vitro models. This was
achieved by inhibiting Wnt/p-catenin-mediated TCF/LEF trans-
activation, which reduced the expression of c-Myc and cyclin D1, and
prevented up-regulation of };iZ'I’KiFﬂ (Qiu, Z.P. etal., 2017).

7.1.8. Neuroprotective effects

In recent years, the neuroprotective effect of DHM has attracted
attention all over the world, especially for the potential prevention and
treatment of Alzheimer’'s Disease (AD) and Parkinson’s disease (PD).
Besides the traditional folk application of vine tea, modern medicine
also found numerous promising results.

In PC12 nerve cells treated with p -amyloid (Af), a classic AD in vitro
model, DHM showed inhibitory effect in the aggregation of Af40, which
hindered the formation of fibrils, and delayed the conformational
transformation of Ap40 (Jia et al., 2019b). In the AD mouse model of
APP/PS1, DHM can inhibit microglia-mediated neurcinflammation by
preventing the formation of NLRP3 inflammatory bodies (Feng et al.,
2018). In other mouse models with AD-like pathology including trans-
genic TG2576 and Swedish TG-SwDI mouse, DHM can reduce Ap pep-
tide, restore gephyrin level, GABA energy transmission and functional
synapse (Feng et al., 2018; Liang et al., 2014). In view of PD, in PC12
nerve cell treated with « -synuclein («-SN), DHM can inhibit «-SN ag-
gregation, destroy preformed fibrils and promote neuron survival (Jia
et al., 2019z). In Dicer conditioned knock-out (cKO) mice, a PD model,
DHM can reduce the loss of dopamine neurons and dyskinesia (Guo
et al., 2020}.

Oxidative stress is one of the most important effectors in neurode-
generative disease pathogenesis. In aging mice brain, DHM can reduce
oxidative stress and slow down the aging of hippocampal neurons
induced by D-galactose (Qian et al., 2021; Sun et al., 2022). It also
showed anti-oxidative and anti-apoptotic effect in rats with 3- nitro-
propionic acid-induced behavioral deficit and striatum injury (Mu et al.,
2016). In lipopolysaccharide-induced systemic inflammatory model,
DHM can protect microglia injury induced by inflammation by inhibit-
ing the activation of IxkB/NF-kB inflammatory pathway and decreasing
the phosphorylation level of JAK2-STAT3 and STAT3 nuclear trans-
location (Weng et al., 2017).

DHM also showed positive effects in a number of cognitive decline
models. In inflammatory model of microglia, DHM worked through
inhibiting the hyperactivation of phosphorylated AMPE, normalizing
the patterns of GLUT4 translocation between plasma membrane and
intracellular compartments, thus corrected cellular glucose uptake
(Jiang et al.. 2014). In another T2DM induced cognitive impairment
mouse model, DHM can inhibit oxidative stress, enhance the expression
of neurotrophic factors in hippocampus (Ling et al.. 2018). In a
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lead-induced cognitive dysfunction mouse model, DHM reduced
oxidative stress, apoptosis and inflammation partly mediated by inhib-
iting AMPK activation (Liu et al., 2018). In addition, DHM can improve
learning and memory of mice with acute sleep deprivation through
dampening oxidative stress and restoring synaptic plasticity (Li et al.,
2019).

7.1.9. Other therapeutic effects

DHM has shown positive effects in many other disease contexts. For
instance, by targeting Lanine Receptor, DHM can reduce muscle atrophy
caused by inflammation through Lanine Receptor-CaMKK-AMPK
signaling pathway (Hou et al., 2021). DHM can also prevent acute
lung injury (Wang et al., 2019) by inhibiting the activation of NLRP3
inflammasome, pyroptosis, and MAPK signal transduction. DHM also
protects mammary epithelial cells from heat stress by reducing oxidative
stress and improving mitochondrial fission and fusion homeostasis
(Wang et al., 2021a). Similarly, extreme hyperthermia induced U937
(immune) cell apoptosis can be inhibited by DHM through targeting
MAPKs and PI3K/AKT signaling pathways, which prevents mitochon-
drial dysfunction and caspase-mediated pathways (Feng et al., 2019). In
a sepsis rat model, acute bacterial prostatitis (ABP) induced cardiotox-
icity which damaged aorta contractility. Importantly, DHM significantly
alleviated this detrimental effect by stimulating SIRT1 mediated acti-
vation of NLRP3 inflammasome (Sun et al.,, 2020), This further
normalized the over-excited MaxiK and Kgrp channels by reducing
oxidative stress (Peng et al., 2018). Consistently, DHM reduced oxida-
tive stress by activating SIRT3 pathway, which alleviated myocardial
hypertrophy induced by related transverse aortic constriction in mice
(Chen et al., 2018). This beneficial effect of DHM might also involve
attenuation of the proliferative cardiac fibroblasts induced by angio-
tensin II related to the inhibition of oxidative stress (Song et al., 2017).
DHM ean protect skin from UVA induced damage by inhibiting ROS
production, decreasing mitochondrial membrane potential, and
lowering phosphorylation of histone H2AX (ile et al., 2016). Another
reported mechanism is through the synergistic effects with ellagic acid
to activate TGF-pl and Wnt signaling, which protected skin damage
caused by UVB (Moon et al., 2018). Meanwhile, DHM also showed some
effects in inhibiting melanin production in skin cells, which works
through down-regulating PKA, PKC and MAPK signaling pathways.
Thus, DHM has the potential to be developed into skin care products for
decolorization (Huang et al., 2016),

7.2. Potential pharmacological activity of other bioactive compounds in
vine tea

At present, there are many studies on the pharmacological effects of
DHM, but few studies have been carried out to test the integrated ac-
tivities when taking in to account of other bioactive compounds.
Although DHM accounts for more than 40% of the total extract in vine
tea, other flavonoids and non-flavonoids components can also
contribute to the efficacy of vine tea. For instance, studies showed that
the inhibition mode of vine tea extract on S. aureus were not exactly the
same as DHM, for vine tea extract had a greater effect on bacterial
membrane integrity, permeability, protein synthesis and energy meta-
bolic enzyme activity (Liang et al., 2020). In addition, DHM and vine tea
extract differed in mechanism in anti-fatigue effect. On basis of the
activation of AMPK pathway by DHM, vine tea extract also had an extra
effect on FoxO pathway and improved muscle condition (Ving. 2022).
Vine tea extract or the combined application of DHM and myricitrin,
showed stronger inhibitory effects on B16F10 cell proliferation than
single use (Zhao et al., 2022). Thus, the multi-component and
multi-target effect of vine tea in their pharmacological action is worthy
of increasing attention from researchers. Similar to the most commonly
used Nekemias grossedentata, Nekemias megalophylla and Nekemias can-
toniensis are also rich in DHM. However, it is still unclear if there are
differences in the pharmacological effects among the three Nekemias
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species, especially in the premise of their distinct geographical distri-
bution and traditional applications. In summary, future research could
focus on covering more chemical components of vine tea using sys-
tematic approaches, which will better facilitate the resource develop-
ment and utilization of Nekemias plants with pinnate leaves.

8. Conclusions and prospects

The origin of the variety of vine tea was only briefly described in the
ancient Chinese Materia Medica, without specific figure reference. With
the more detailed recording and description in modern research and
documentation of medicinal resources, Nekemias grossedentata, a genus
of Nekermias of Vitaceae, is considered as the main source plant of vine
tea.

The regional specific application with different species has been
recorded as well. Other two Nekemias plants were also used in vine tea:
Nekemias megalophylla is used in western Hubei, while Nekemias canto-
niensis is used in some areas of Guangxi. These three Nekemias species
are similar in morphology, chemical composition, and medicinal effects
in traditional application. They all contain DHM, a flavonoid with a wide
range of activities. While the content of DHM varies a long depending on
the geographic origin, processing method, picking time; and part of the
plants used in preparation. Therefore, more in-depth comparative
research is needed to help understanding the relationship among those
specific species.

The tea culture has been developed along with Chinese history, and it
has been profoundly integrated into lifestyle and influences human
health. The ethnomedicinal tradition, phytochemistry, and bioactivity
studies are crucial components in product research and development.
Modern research approaches have validated the traditional medicinal
effects of Nekemias at whole animal, cell and molecular levels. However,
a major knowledge gap within the field is developing bioassays to
identify the specific responsible bioactive components and chemicals.
Additionally, more recent pharmacological findings are not always
consistent with records of traditional uses. It is also imperative to
investigate the biochemical and physiological mechanisms of compo-
nents of vine tea species and their evolutionarily related taxa, especially
on their cardiovascular protection, antitumor and antioxidant activities.

Vine tea is widely studied as a non-camellia tea and ethnic medicine
in China. But at present, majority of the research has been focusing on
DHM. We also believe it is a great missing opportunity to not include
other bioactive compounds to carry out synergistic research when
considering vine tea as a whole. We hope this review provides references
and inspirations to fuel future research that could lead to better devel-
opment and utilization of vine tea.
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