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Abstract: Ampelopsis grossedentata, also called vine tea, has been used as a traditional beverage in
China for centuries. Vine tea contains rich polyphenols and shows benefit to human health, but
the chemical and antioxidant properties of vine tea polyphenols from different locations remain
unclear. This study aims to investigate the chemical and antioxidant properties of vine tea from
three major production areas in China including Guizhou, Hunan, and Guangxi Provinces. The
highest amount of polyphenol from vine tea was extracted by 70% ethanol at 70 ◦C for 40 min
with ultrasonic treatment. The major compound in vine tea polyphenols (VTP) was determined as
dihydromyricetin (DMY) by high-performance liquid chromatography (HPLC) and the content was
estimated as 21.42%, 20.17%, and 16.47% of dry weight basis from Hunan, Guizhou, and Guangxi
products, respectively. The antioxidant activities were investigated in vitro and in culture hepatic cells.
VTP and DMY showed strong 1,1-Diphenyl-2-picrylhydrazyl free radical (DPPH) scavenging ability
and high oxygen radical absorption capacity (ORAC) value in vitro. VTP and DMY also increased the
level of nicotinamide adenine dinucleotide phosphate (NADPH):quinone oxidoreductase (NQO1)
in HepG2 cells. Moreover, VTP and DMY enhanced the level of nuclear factor erythroid 2-related
factor 2 (Nrf2) and reduced the level of Kelch-like ECH-associated protein 1 (Keap1). Taken together,
our data demonstrated that the extraction of vine tea by 70% ethanol with ultrasonic treatment is a
novel method to efficiently obtain components possessing stronger antioxidant activity. Furthermore,
the results from the culture cells suggest that the bioactive component of vine tea might exert the
antioxidant activity by activating the cellular Nrf2/Keap1 pathway.
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1. Introduction

Polyphenols are natural substances occurring in fruits, vegetables, beverages, and essential oils.
These compounds can protect plants from oxidative stress and insects, and maintain the bioactivity in
plant-derived food for humans. Plant polyphenols as antioxidant agents are now used to keep the
properties of food in the aspects of both preservation and nutrition. Furthermore, dietary polyphenols
intake has been linked to a lowered risk of the most common chronic diseases that are known to be
caused by oxidative stress [1,2].

Oxidative stress is an imbalance status in oxidants and antioxidants, and is considered as a
major factor in the pathogenesis of chronic disease [3,4]. The proper level of reactive oxygen species
(ROS) in our body in a low-moderate concentration has positive effects such as involvement in energy
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production, regulation of cell growth, and intercellular signaling [5]. On the other hand, excess ROS
can attack lipids in cell membranes, proteins in tissues or enzymes, and DNA to cause oxidation,
which leads to lipid peroxidation and DNA damage [6]. This oxidation damage is considered to be an
important factor of aging and aging-associated disease such as heart disease, cognitive dysfunction,
and cancer [7]. A number of polyphenolic compounds have been reported to possess antioxidant
properties in human study, and enhance the expression of cellular antioxidant enzymes through the
nuclear factor erythroid 2-related factor 2 (Nrf2)-mediated pathway [8,9]. These activities account for
the disease-preventing effects of polyphenol diets. Epidemiological studies have revealed an inverse
correlation between the intake of fruits, vegetables, wine, tea, and the incidence of certain cancers and
cardiovascular disease [10]. It has been reported that dietary polyphenols enhanced the function of
antioxidant vitamins and enzymes to defend against the oxidative stress caused by excess ROS [11].
Thus, it is now well recognized that a daily intake of polyphenols in the diet is important for preventing
some chronic diseases.

Green tea and black tea are the most consumed beverages worldwide, and their antioxidant
properties are well investigated [12–14]. On the other hand, some traditional or folk teas from various
edible plant leaves are also popular in Asia [15–17]. Ampelopsis grossedentata, also called vine tea, is
a traditional herb widely used in medicine and health supplements in the southwest of China. The
traditional manufacturing process of vine tea is similar to green tea, and people also usually drink
vine tea by soaking it in boiling water as a health beverage. However, the growing environment
of vine tea is different, and there is no standard for manufacturing process. Recently, it has been
reported that the antioxidant capacity and major polyphenol composition of teas are affected by
geographical location, plantation elevation, and leaf grades [18]. To clarify whether the antioxidant
capacity and major polyphenol composition of vine tea are affected by the geographical locations
and plantation elevation, we chose vine tea samples from three principle producing areas in China
including Guizhou, Hunan, and Guangxi Provinces in this study. First, we used different solvents to
optimize an efficient extraction method to obtain the highest content of polyphenol, and the major
compounds in vine tea were then determined by high-performance liquid chromatography (HPLC).
Second, we estimated the antioxidant capacity of the vine tea polyphenol (VTP) extract and its major
compound, dihydromyricetin (DMY), from the above three locations. Finally, we used a culture cell
line, HepG2, to investigate their antioxidant mechanisms in culture cells, focusing on their effect on the
expression of Nrf2/Kelch-like ECH-associated protein 1 (Keap1)-mediated antioxidant enzymes.

2. Material and Methods

2.1. Samples and Chemical Reagents Preparation

The dried leaves and stems of vine tea were purchased from Hunan, Guizhou, and Guangxi
Provinces, P.R. China. The gallic acid standard (3,4,5-trihydroxybenzoic acid, CAS Number 5995-86-8,
purity ≥ 98%) and 6-hydroxy-2,5,7,8 tetramethyl chroman-2-carboxylic acid (Trolox) were purchased
from Sigma-Aldrich (St. Louis, MO, USA). Dihydromyricetin (DMY) (CAS Number 27200-12-0,
purity ≥ 98%) standard was purchased from Yuanye Bio-Technology Co. Ltd (Shanghai, China).
Ethanol, methanol, acetone, and ethyl acetate were purchased from Sinopharm Chemical Reagent Co.
Ltd (Shanghai, China). Phosphoric acid (HPLC purity) and methanol (HPLC purity) were obtained
from Sigma (St. Louis, MO, USA). Fetal bovine serum (FBS) was obtained from Equitech-Bio (Kerrville,
TX, USA). The antibodies against Nrf2, Keap1, Heme oxygenase 1 (HO-1), nicotinamide adenine
dinucleotide phosphate (NADPH): quinone oxidoreductase (NQO1), and β-actin were from Santa
Cruz Biotechnology (Santa Cruz, CA, USA).

2.2. Extraction and Total Polyphenol Content Analysis

Vine tea was comminuted by a grinder to pass a 0.60 mm sifter and stored in a −20 ◦C freezer for
further analysis. One gram of vine tea dry powder extracted with different solvents was placed in glass
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tubes and a condenser pipe was connected to the glass tubes to prevent solvent evaporation. The tubes
were in a thermostatic water bath set at 15 ◦C in a fume hood, and the ratio of vine tea to solvent was
1:5. It has been reported that the extracting solvents significantly affected the total polyphenol content
and antioxidant activity of the green tea extracts [19]. Thus, we used distilled water, ethanol, methanol,
acetone, and ethyl acetate as the extracting solvents, and further investigated the effect of solvent
concentration, extraction time, and temperature on the extraction efficiency, respectively. The extracts
were filtrated with a 0.45 µm organic filter and concentrated by a rotary evaporator. The concentrated
extracts were further purified by nonionic polystyrene-divinylbenzene resin, and freeze-dried for three
days. The powder obtained was used as VTP (Figure 1).
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Figure 1. Diagram of vine tea polyphenol (VTP) extraction. All vine tea leaves from different locations
were freeze-dried to ensure the same moisture content.

The total polyphenol content was determined by the Folin–Ciocalteu method [20]. In brief, gallic
acid (3,4,5-trihydroxybenzoic acid) standards were set at 1, 0.5, 0.25, 0.125, and 0.06125 mg/mL. Vine tea
extracts were prepared at 0.5 mg/mL. One hundred microliters of vine tea extracts and standards were
diluted with 900 µL distilled water in a 10 mL tube, 4 mL 0.2 N Folin and Ciocalteu’s phenol reagent
(Sigma-Aldrich, Shanghai, China.), and 4 mL of 10% sodium carbonate aqueous solution were added
into the tube. The tube was placed in a thermostat water bath set at 25 ◦C, the absorbance of each
reaction was measured at 760 nm by a spectrophotometer (Thermo Fisher scientific, Oulu, Finland)
after 2 h. Results are expressed as mg gallic acid equivalents (GAE) per g dry-matter of vine tea.

2.3. HPLC Analysis

HPLC analysis of VTP was performed in a Jasco MD-2015Plus HPLC (JASCO International Co.
Ltd., Tokyo, Japan) equipped with a Cosmocore 2.6 C18 Packed Column (Nacalai Tesque Inc., Kyoto.
Japan). Mobile phase A was 0.1% (v/v) phosphoric acid (aqueous), and mobile phase B was acetonitrile.
A mobile phase consisting of 85% A and 15% B was delivered to the column at a flow rate of 1.00
mL/min at 27 ◦C. DMY was prepared at 2, 1, 0.5, 0.25, 0.125, and 0.06125 mg/mL in methanol. VTP
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extracted from different locations were prepared at 1 mg/mL in methanol. The injection volume was
set at 10 µL. UV absorption spectra were obtained from 200 nm to 400 nm, and in particular, the
absorbance at 290 nm was recorded.

2.4. Assay of 2,2-diphenyl-1-picrylhydrazy (DPPH) Free Radical Scavenging Activity

The radical scavenging activity of different locations of VTP and dihydromyricetin were measured
by the DPPH method [21]. All of the VTP and DMY samples were prepared at 12.5, 25, 50, 100, 200,
and 400 µg/mL in 70% ethanol. Trolox standards were prepared at 12.5, 25, 50, 100, 200, and 400 µM
in 70% ethanol. Briefly, ten microliters of each sample were mixed with 190 µL of 0.2 mM DPPH in
96-well plates, and the final concentrations of VTP samples and DMY were 0.625, 1.25, 2.5, 5, 10, and
20 µg/mL. The absorbance was then measured at 492 nm with a microplate reader (Thermo scientific
Multiscan FC, Tokyo, Japan) after the plate covered with aluminum foil was left for 30 min at 25 ◦C.
The percentage scavenging rate of DPPH was calculated according to the formula:

DPPH Scavenging rate = (A0 − As)/A0 × 100%

where A0 represents the absorption of the blank sample, and as represents the absorption of VTP or
other standards.

2.5. Assay of Oxygen Radical Absorbance Capacity (ORAC)

ORAC was measured according to the method as described previously [22]. In brief, one hundred
microliters of fluorescein (7.5 nM), 10 µL of Trolox or VTP or DMY were added in the 96-well plate
and incubated at 37 ◦C for 15 min. After the incubation, 40 µL of 2,2'-Azobis(2-amidinopropane)
dihydrochloride (AAPH) (100 mM) was added rapidly to start the reaction, and the microplate was
automatically shaken prior to each reading. The fluorescence was recorded every 2 min by a multilabel
counter (PerkinElmer Co. Ltd., Tokyo, Japan). The ORAC values were calculated based on the area
under curve (AUC) of the sample standardized by blank and Trolox standards. The data were expressed
as Trolox equivalents (µmol TE/g).

2.6. Cell Culture and Western Blot Analysis

Human hepatoblastoma HepG2 cells obtained from the Cancer Cell Repository (Tohoku University,
Sendai, Japan) were cultured in Dulbecco’s modified Eagle’s medium (DMEM) containing 10% FBS at
37 ◦C in a 5% CO2 atmosphere. HepG2 cells (5 × 105 cells/dish) were precultured in 10 cm culture
dishes for 24 h and then treated with various concentrations of VTP and DMY in 0.1% dimethyl
sulfoxide (DMSO), and the control group was 0.1% DMSO only. The cells were harvested with
modified RIPA buffer (50 mM Tris-HCl (pH 8.0), 150 mM NaCl, 1 mM EDTA, 1% Nonidet P-40, 0.25%
Na-deoxycholate, 1 mM sodium fluoride, 1 mM sodium orthovanadate, 1 mM phenylmethylsulfonyl
fluoride) plus proteinase inhibitor cocktail (Nacalai Tesque, Inc., Kyoto, Japan). Equal amounts of lysate
protein were separated on sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
transferred to a polyvinylidene difluoride (PVDF) membrane electrophoretically (GE Healthcare UK
Ltd., Amersham, England). After the membrane was blocked with TBST buffer (500 mM NaCl, 20 mM
Tris-HCl (pH 7.4), and 0.1% Tween 20) containing 5% non-fat dry milk, the membrane was incubated
overnight with the primary antibodies (β-actin, Nrf2, HO-1, and NQO1) at 4 ◦C and further incubated
with HRP-conjugated secondary antibodies for another 1 h. The target proteins were detected using the
enhanced chemiluminescence (ECL) system. The relative amounts of proteins bound with a specific
antibody were quantified with Lumi Vision Imager software (TAITEC Co. Ltd., Saitama, Japan).

2.7. Statistical Analysis

The experiment results were presented as mean ± SD. The statistical differences between groups
were performed by one-way analysis of variance tests, followed by Fisher’s least significant difference
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(LSD) and Duncan’s multiple range tests with the SPSS statistical program (version 19.0, IBM Corp.,
NY, USA.). A probability of p < 0.05 was considered as significant.

3. Results

3.1. Extraction Conditions for Vine Tea Polyphenol

As shown in Figure 2A, the extracts obtained by organic solvents including ethanol, methanol,
acetone, and ethyl acetate showed significant higher polyphenol content than that by water (p < 0.05).
Due to the use of ethanol being recognized in the food industry, we chose ethanol as the solvent to
extract polyphenol from vine tea in this study. To optimize the efficiency conditions, the ethanol
concentration, extraction time, and temperature were further investigated. The polyphenol yield
was increased in a concentration-dependent manner from 10–70% ethanol, and the highest yield
of polyphenol was obtained by 70% ethanol extraction (Figure 2B). The polyphenol yield was also
observed in the extraction time and temperature-dependent manner from 20–60 min at 40–100 ◦C,
respectively. Extraction with 70% ethanol at 70 ◦C for 40 min yielded the highest VTP (Figure 2C,D).
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Figure 2. Conditions for extracting the vine tea polyphenols. (A) Polyphenol yield extracted by
different solvents. (B) Polyphenol yield extracted by different concentrations of ethanol. (C) Polyphenol
yield extracted by 70% ethanol with different times. (D) Polyphenol yield extracted by 70% ethanol at
different temperatures. (E) Polyphenol yield extracted by 70% ethanol alone (control) and 70% ethanol
plus ultrasonic treatment (ultrasonic). (F) Polyphenol yield of vine tea from different locations. The data
represent mean ± SD with three repeats, and different letters in the same column indicate significant
differences (p < 0.05).
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An ultrasonic extraction technique was reported to increase the polyphenol contents extracted
from tea [23]. Our data also revealed that extraction plus ultrasonic treatment in the above conditions
could significantly increase the yield of VTP than that by ethanol alone (p < 0.05, Figure 2E). Finally,
we used these optimized extraction conditions to extract the polyphenols from three locations. As
shown in Figure 2F, the total polyphenol contents of vine tea from Hunan and Guizhou Provinces were
significantly higher than that from Guangxi Province (p < 0.05).

3.2. DMY Determination in Vine Tea Polyphenol by HPLC

It has been reported that the main component of vine tea is DMY [24], therefore, we determined
DMY in VTP by HPLC with a standard DMY. Figure 3A–C show the HPLC profile with a main peak
from Hunan, Guizhou, and Guangxi Provinces, respectively. Figure 3D shows the HPLC profile of a
mixture containing 1 mg VTP and 1 mg standard DMY, where the main peak increased to about twice
as high than that in VTP alone. These data indicate that the main peak in VTP is DMY. Furthermore,
we estimated that the DMY content in vine tea came from three different locations, according to the
dihydromyricetin standard curve. The DMY content was estimated as 21.67%, 20.79%, and 16.42%
in the dry powder of vine tea (white bar, Figure 3E), and as 64.44%, 62.36%, and 56.22% in the vine
tea polyphenol (VTP) extract (black bar, Figure 3E) from Hunan, Guizhou, and Guangxi Provinces
respectively (Figure 3E). The DMY content from Guizhou and Hunan Provinces was significantly
higher than that from Guangxi Province (p < 0.05).
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Figure 3. Dihydromyricetin determination in vine tea polyphenols by high-performance liquid
chromatography (HPLC). The HPLC profiles of vine tea polyphenols (VTP) from Hunan Province (A),
Guizhou Province (B), Guangxi Province (C) as well as the VTP plus standard dihydromyricetin (DMY)
(D). (E) DMY content in the vine tea dry powder (white bar) and in VTP (black bar) from the above
three locations. (F) Chemical structure of DMY. The data represent mean ± SD from three repeats,
different letters in the same column indicate significant differences (p < 0.05).
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3.3. DPPH Radical Scavenging Activity and ORAC Values

The DPPH radical is one of the few stable organic nitrogen radicals and can be simple and
accurately measured [25]. Thus, we first used the DPPH assay to screen the radical scavenging activity
of vine tea extract from three different locations. As shown in Figure 4A, a concentration-dependent
manner was observed in the range of 0.6125 to 10 µg/mL. The concentration for scavenging 50% DPPH
radicals (IC50) by VTP from Hunan, Guizhou, and Guangxi products were estimated as 4.51 µg/mL,
4.06 µg/mL, and 4.31 µg/mL, respectively. Moreover, the IC50 of pure DMY was estimated as 3.24 µg/mL,
which was 0.7-fold of the IC50 than that of the VTP and significantly lower (Figure 4B). As we measured
above, the DMY content was as high as 64.44%, 62.36%, and 56.22% in VTP from three locations.
These data indicated that DMY is a major DPPH radical scavenger in VTP. The ORAC assay utilizes
a controllable source of peroxyl radicals that can stimulate the antioxidant reactions with lipids in
both food and physiological systems, which cannot be assayed by the DPPH assay [25]. Therefore,
we further used the ORAC assay to evaluate the oxygen radical absorbance capacity of vine tea from
three different locations. As shown in Figure 4C,D, the ORAC value of vine tea from Hunan, Guizhou,
and Guangxi Provinces were estimated as 3116.97, 2941.61, and 2791.32 µmol of Trolox equivalent
(TE) /g, respectively. No significant difference in ORAC value was observed between three products
VTP (p > 0.05). The ORAC value of DMY was also significantly higher than that of VTP from three
locations (p < 0.05), indicating DMY is also a major compound for ORAC in VTP.Antioxidants 2019, 8, x FOR PEER REVIEW 9 of 13 
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Figure 4. Antioxidant ability of VTP. (A) 2,2-diphenyl-1-picrylhydrazy (DPPH) free-radical scavenging
rate of VTP from three locations and DMY. (B) IC50 value of the DPPH free-radical scavenging of VTP
from three locations and DMY. (C) Relative florescence intensity of oxygen radical absorbance capacity
(ORAC) of VTP from three locations and DMY in 2 h. (D) ORAC value (Trolox equivalent/g sample) of
VTP from three locations and DMY. The data represent mean ± SD with three repeats, different letters
in the same bar indicate significant differences (p < 0.05).
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3.4. Effect of VTP and DMY on Expression of Antioxidant Enzymes in HepG2 Cells

The results from the in vitro data indicated that VTP and its main component DMY possessed
antioxidant activity. To clarify whether the antioxidant activity was also observed in the cells, we
further investigated the effect of VTP and DMY on the expression of antioxidant enzymes such as
NQO1, which is typical antioxidant enzyme in liver and is regulated by the Nrf2/Keap1 pathway. In a
time-course experiment, HepG2 cells were treated with 40 µM DMY (Figure 5A) and VTP (equivalent
to 40 µM DMY) (Figure 5B) from 0–12 h. Both VTP and DMY enhanced the NQO1 level from 3–12 h,
Nrf2 level from 3–6 h, and reduced Keap1 level from 12 h. In a dose-experiment, HepG2 cells were
treated with 0–120 µM DMY (Figure 5C) and VTP (equivalent to 0–120 µM DMY) (Figure 5D) for 9 h.
Both DMY and VTP enhanced the NQO1 and Nrf2 level from 20–120 µM, and also reduced the Keap1
level in this dose range.Antioxidants 2019, 8, x FOR PEER REVIEW 10 of 13 
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Figure 5. Effects of DMY and VTP on the level of nicotinamide adenine dinucleotide phosphate
(NADPH):quinone oxidoreductase (NQO1), nuclear factor erythroid 2-related factor 2 (Nrf2) and
Kelch-like ECH-associated protein 1 (Keap1) proteins. A time-effect of DMY (A) and VTP (B) on
the level of NQO1, Nrf2 ,and Keap1 proteins. HepG2 cells were treated with DMY (40 µM) or VTP
(equivalent to 40 µM DMY) for 0–12 h. A dose-effect of DMY (C) and VTP (D) on the level of NQO1,
Nrf2, and Keap1 proteins. HepG2 cells were treated with DMY (20–120 µM) and VTP (equivalent to
20–120 µM DMY) for 9 h. The fold was normalized with the control protein, β-actin, and obtained from
triplicate blot data.
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4. Discussion

4.1. Extraction and Determination of Vine Tea Polyphenols

Vine tea as a traditional herb is widely used in medicine and health supplements in southwest
China. A previous study reported that the extraction of tea compounds by ethanol was more efficient
than that by water [26]. In order to precisely estimate the chemical and antioxidant properties in
vine tea, we optimized the extraction condition by investigating the extraction solvents, solvent
concentration, extraction time, and temperature in this study. The extraction condition with 70%
ethanol at 70 ◦C for 40 min with ultrasonic treatment obtained the highest VTP, significantly higher
than that by water. Although tea is usually consumed by soaking it into boiling water, there has
been an increasing utilization of tea extracts in a variety of foods such as bread, biscuits, and meat
products [14,27], and especially in health supplements. Moreover, ethanol is approved as a generally
recognized as safe (GRAS) substance by the Food and Drug Administration(FDA) [28]. Furthermore,
the extracts of vine tea by 70% ethanol contained a higher total polyphenol content, which seemed to
be 2-fold higher than that in green tea, and was 7-fold higher than black tea through a comparison
with the results of the polyphenol content in aqueous or ethanol extracts of green tea, black tea, and
another 11 leafy herb teas [29]. Thus, the extracts of vine tea by 70% ethanol with ultrasonic treatment
will have great potential in efficiently utilizing vine tea.

Generally, tea is a complex mixture containing a range of polyphenols and other components,
many of which have well-recognized antioxidant properties [29]. In this study, we found that there
was only one major component, DMY, which is as high as 60% in VTP. DMY belongs to flavonoids,
which is a special class of phenolic compounds with a structure based on the diphenylpropane carbon
skeleton. It is known that DMY is an antioxidant agent in food preservation [30], and also increases
antioxidant ability in animal model experiments [31].

4.2. Antioxidant Capacity of Vine Tea Polyphenols

Vine tea possesses high polyphenol contents. Accumulated data have indicated that polyphenol
content has a significant positive correlation to antioxidant ability [32]. The DPPH free radical assay is
an electron transfer reaction, and this assay is rapid and widespread in antioxidant screening. However,
the DPPH assay is not a competitive reaction because the small molecules tend to find it easier to bind
with the radical site and have a higher value. Meanwhile, the ORAC assay can simulate a human
physiological antioxidant situation based on the transfer reaction mechanism. Thus, we used both
assays to investigate the antioxidant ability of VTP and DMY. The high antioxidant activity of VTP and
DMY were observed in both assays, suggesting that the extracted VTP possessed strong antioxidant
capacity and could be developed as an antioxidant agent used in human biology. Moreover, vine tea
seems to have higher ORAC value when compared with most consumed green tea ethanol extracts in
China [17].

The contents of VTP and DMY showed some differences between the three locations. The order
of both contents was Guizhou = Hunan > Guangxi, in particular, the DMY content of Guangxi
was significantly lower than that from Guizhou and Hunan. We further researched the plantation
elevation of the three samples, and found that the plantation elevation of vine tea in Guizhou and
Hunan was 800–1300 m, and was 800 m Guangxi. A recent study reported that the antioxidant ability
and polyphenol composition were affected by geographic location, growing environment, and leaf
grades [18], and black tea contained about 20% more polyphenols when plants were at low elevation.
However, our study showed the opposite trend where vine tea from higher plantation elevations
contained 30% more polyphenols, and 15% more DMY than those from lower elevations. This result
may be due to the different varieties, but this is still the first report and in further study will be required
to find the relationship between the growing environment and polyphenolic active compound contents.

Previous studies have reported that DMY could increase antioxidant defense through activation
of the ERK and Akt signaling pathways, which induces heme oxygenase-1 expression and thereby
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protects PC12 cells from H2O2 induced apoptosis [33,34], and DMY could protect endothelial cells
from oxidative stress, and increase the production of nitric oxide [35]. Based on this information,
we investigated the effect of VTP and DMY on the Nrf2/Keap1 pathway, which is a master cellular
antioxidant defense system against oxidative stress. Our data revealed that VTP and its major
component DMY enhanced the level of Nrf2, a positive factor for the Nrf2/Keap1 pathway, and reduced
the level of Keap1, a negative factor for the Nrf2/Keap1 pathway. Sequentially, the level of downstream
antioxidant enzyme, NQO1, was increased by VTP and DMY in a dose- and time-dependent manner.
These data demonstrated that vine tea and its major compound DMY might exert an antioxidant
activity in culture cells by activating the Nrf2/Keap1 pathway.

5. Conclusions

In conclusion, the extraction of vine tea by 70% ethanol with ultrasonic treatment is a novel
method to efficiently obtain the bioactive components that possess stronger DPPH scavenging ability
and ORAC in vitro. Moreover, they enhanced the level of the antioxidant enzyme, NQO1, in culture
cells by activating the Nrf2/Keap1 pathway. These findings will help us understand the mechanism of
the health function of a traditional vine tea.

Author Contributions: Conceptualization, D.-X.H. and K.X., Methodology, K.X., K.C., and J.C.; Software, K.X.;
Validation, K.S., X.H. ,and D.-X.H.; Formal Analysis, K.X. and D.-X.H.; Investigation, K.X. and K.C.; Resources,
X.H. and D.-X.H.; Data Curation, K.X. and D.-X.H.; Writing-Original Draft Preparation, K.X.; Writing-Review &
Editing, D.-X.H; Project Administration, K.X. and D.-X.H.

Funding: This research was supported by the Scholar Research of Kagoshima University Fund to D.-X.H. (grant
number 70030117), and the National Key R&D Program of Intergovernmental Key Projects of China (grant number
2018YFE0101700) to X.H.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1. Zhang, H.; Tsao, R. Dietary polyphenols, oxidative stress and antioxidant and anti-inflammatory effects.
Curr. Opin. Food Sci. 2016, 8, 33–42. [CrossRef]

2. Amiot, M.J.; Riva, C.; Vinet, A. Effects of dietary polyphenols on metabolic syndrome features in humans: A
systematic review. Obes. Rev. 2016, 17, 573–586. [CrossRef] [PubMed]

3. Moylan, J.S.; Reid, M.B. Oxidative stress, chronic disease, and muscle wasting. Muscle Nerve 2007, 35, 411–429.
[CrossRef] [PubMed]

4. Dhalla, N.S.; Elmoselhi, A.B.; Hata, T.; Makino, N. Status of myocardial antioxidants in ischemia-reperfusion
injury. Cardiovasc. Res. 2000, 47, 446–456. [CrossRef]

5. Shadel, G.S.; Horvath, T.L. Mitochondrial ROS Signaling in Organismal Homeostasis. Cell 2015, 163, 560–569.
[CrossRef]

6. Birben, E.; Sahiner, U.M.; Sackesen, C.; Erzurum, S.; Kalayci, O. Oxidative stress and antioxidant defense.
World Allergy Organ. J. 2012, 5, 9–19. [CrossRef]

7. Pietta, P.G. Flavonoids as antioxidants. J. Nat. Prod. 2000, 63, 1035–1042. [CrossRef]
8. Tanigawa, S.; Fujii, M.; Hou, D.X. Action of Nrf2 and Keap1 in ARE-mediated NQO1 expression by quercetin.

Free Radic. Biol. Med. 2007, 11, 1690–1703. [CrossRef]
9. Li, J.; Sapper, T.N.; Mah, E.; Rudraiah, S.; Schill, K.E.; Chitchumroonchokchai, C.; Moller, M.V.; Mcdonald, J.D.;

Rohrer, P.R.; Manautou, J.E.; et al. Green tea extract provides extensive Nrf2-independent protection against
lipid accumulation and NFκB pro-inflammatory responses during nonalcoholic steatohepatitis in mice fed a
high-fat diet. Mol. Nutr. Food Res. 2016, 60, 858–870. [CrossRef]

10. Rice-Evans, C.A.; Miller, N.J.; Paganga, G. Antioxidant properties of phenolic compounds. Trends Plant Sci.
1997, 2, 152–159. [CrossRef]

11. Tsao, R. Chemistry and biochemistry of dietary polyphenols. Nutrients 2010, 2, 1231–1246. [CrossRef]
[PubMed]

12. Almajano, M.P.; Carbó, R.; Jiménez, J.A.L.; Gordon, M.H. Antioxidant and antimicrobial activities of tea
infusions. Food Chem. 2008, 108, 55–63. [CrossRef]

http://dx.doi.org/10.1016/j.cofs.2016.02.002
http://dx.doi.org/10.1111/obr.12409
http://www.ncbi.nlm.nih.gov/pubmed/27079631
http://dx.doi.org/10.1002/mus.20743
http://www.ncbi.nlm.nih.gov/pubmed/17266144
http://dx.doi.org/10.1016/S0008-6363(00)00078-X
http://dx.doi.org/10.1016/j.cell.2015.10.001
http://dx.doi.org/10.1097/WOX.0b013e3182439613
http://dx.doi.org/10.1021/np9904509
http://dx.doi.org/10.1016/j.freeradbiomed.2007.02.017
http://dx.doi.org/10.1002/mnfr.201500814
http://dx.doi.org/10.1016/S1360-1385(97)01018-2
http://dx.doi.org/10.3390/nu2121231
http://www.ncbi.nlm.nih.gov/pubmed/22254006
http://dx.doi.org/10.1016/j.foodchem.2007.10.040


Antioxidants 2019, 8, 295 11 of 12

13. El-Shahawi, M.S.; Hamza, A.; Bahaffi, S.O.; Al-Sibaai, A.A.; Abduljabbar, T.N. Analysis of some selected
catechins and caffeine in green tea by high performance liquid chromatography. Food Chem. 2012, 134,
2268–2275. [CrossRef] [PubMed]

14. Namal Senanayake, S.P.J. Green tea extract: Chemistry, antioxidant properties and food applications—A
review. J. Funct. Foods 2013, 5, 1529–1541. [CrossRef]

15. Hayat, K.; Iqbal, H.; Malik, U.; Bilal, U.; Mushtaq, S. Tea and Its Consumption: Benefits and Risks. Crit. Rev.
Food Sci. Nutr. 2015, 55, 939–954. [CrossRef] [PubMed]

16. Frei, B.; Higdon, J.V. Antioxidant Activity of Tea Polyphenols In Vivo: Evidence from Animal Studies. J.
Nutr. 2018, 133, 3275S–3284S. [CrossRef] [PubMed]

17. Jin, L.; Li, X.B.; Tian, D.Q.; Fang, X.P.; Yu, Y.M.; Zhu, H.Q.; Ge, Y.Y.; Ma, G.Y.; Wang, W.Y.; Xiao, W.F.; et al.
Antioxidant properties and color parameters of herbal teas in China. Ind. Crops Prod. 2016, 87, 198–209.
[CrossRef]

18. Zhang, C.; Suen, C.L.C.; Yang, C.; Quek, S.Y. Antioxidant capacity and major polyphenol composition of teas
as affected by geographical location, plantation elevation and leaf grade. Food Chem. 2018, 244, 109–119.
[CrossRef]

19. Turkmen, N.; Sari, F.; Velioglu, Y.S. Effects of extraction solvents on concentration and antioxidant activity of
black and black mate tea polyphenols determined by ferrous tartrate and Folin–Ciocalteu methods. Food
Chem. 2006, 99, 835–841. [CrossRef]

20. Ainsworth, E.A.; Gillespie, K.M. Estimation of total phenolic content and other oxidation substrates in plant
tissues using Folin–Ciocalteu reagent. Nat. Protoc. 2007, 2, 875. [CrossRef]

21. Zar, P.P.K.; Morishita, A.; Hashimoto, F.; Sakao, K.; Fujii, M.; Wada, K.; Hou, D.X. Anti-inflammatory effects
and molecular mechanisms of loquat (Eriobotrya japonica) tea. J. Funct. Foods 2014, 6, 523–533. [CrossRef]

22. Dávalos, A.; Gómez-Cordovés, C.; Bartolomé, B. Extending Applicability of the Oxygen Radical Absorbance
Capacity (ORAC-Fluorescein) Assay. J. Agric. Food Chem. 2004, 52, 48–54. [CrossRef] [PubMed]

23. Albu, S.; Joyce, E.; Paniwnyk, L.; Lorimer, J.P.; Mason, T.J. Potential for the use of ultrasound in the extraction
of antioxidants from Rosmarinus officinalis for the food and pharmaceutical industry. Ultrason. Sonochem.
2004, 11, 261–265. [CrossRef] [PubMed]

24. Du, Q.; Cai, W.; Xia, M.; Ito, Y. Purification of (+)-dihydromyricetin from leaves extract of
Ampelopsis grossedentata using high-speed countercurrent chromatograph with scale-up triple columns.
J. Chromatogr. A 2002, 973, 217–220. [CrossRef]

25. Prior, R.L.; Wu, X.; Schaich, K. Standardized methods for the determination of antioxidant capacity and
phenolics in foods and dietary supplements. J. Agric. Food Chem. 2005, 53, 4290–4302. [CrossRef] [PubMed]

26. Friedman, M.; Levin, C.E.; Choi, S.H.; Kozukue, E.; Kozukue, N. HPLC analysis of catechins, theaflavins, and
alkaloids in commercial teas and green tea dietary supplements: Comparison of water and 80% ethanol/water
extracts. J. Food Sci. 2006, 71, C328–C337. [CrossRef]

27. Ye, L.; Wang, H.; Duncan, S.E.; Eigel, W.N.; O’Keefe, S.F. Antioxidant activities of Vine Tea
(Ampelopsis grossedentata) extract and its major component dihydromyricetin in soybean oil and cooked
ground beef. Food Chem. 2015, 172, 416–422. [CrossRef] [PubMed]

28. Gad, S.E.; Sullivan, D.W. Generally Recognized as Safe (GRAS). In Encyclopedia of Toxicology, 3rd ed.; Academic
Press: Cambridge, MA, USA, 2014; ISBN 9780123864543.

29. Del Rio, D.; Stewart, A.J.; Mullen, W.; Burns, J.; Lean, M.E.J.; Brighenti, F.; Crozier, A. HPLC-MSn Analysis of
Phenolic Compounds and Purine Alkaloids in Green and Black Tea. J. Agric. Food Chem. 2004, 52, 2807–2815.
[CrossRef] [PubMed]

30. Yang, J.G.; Liu, B.G.; Liang, G.Z.; Ning, Z.X. Structure-activity relationship of flavonoids active against lard
oil oxidation based on quantum chemical analysis. Molecules 2009, 14, 46–52. [CrossRef]

31. Zheng, X.J.; Xiao, H.; Zeng, Z.; Sun, Z.W.; Lei, C.; Dong, J.Z.; Wang, Y. Composition and serum antioxidation
of the main flavonoids from fermented vine tea (Ampelopsis grossedentata). J. Funct. Foods 2014, 9, 290–294.
[CrossRef]

32. Dudonné, S.; Vitrac, X.; Coutiére, P.; Woillez, M.; Mérillon, J.M. Comparative study of antioxidant properties
and total phenolic content of 30 plant extracts of industrial interest using DPPH, ABTS, FRAP, SOD, and
ORAC assays. J. Agric. Food Chem. 2009, 57, 1768–1774. [CrossRef] [PubMed]

http://dx.doi.org/10.1016/j.foodchem.2012.03.039
http://www.ncbi.nlm.nih.gov/pubmed/23442685
http://dx.doi.org/10.1016/j.jff.2013.08.011
http://dx.doi.org/10.1080/10408398.2012.678949
http://www.ncbi.nlm.nih.gov/pubmed/24915350
http://dx.doi.org/10.1093/jn/133.10.3275S
http://www.ncbi.nlm.nih.gov/pubmed/14519826
http://dx.doi.org/10.1016/j.indcrop.2016.04.044
http://dx.doi.org/10.1016/j.foodchem.2017.09.126
http://dx.doi.org/10.1016/j.foodchem.2005.08.034
http://dx.doi.org/10.1038/nprot.2007.102
http://dx.doi.org/10.1016/j.jff.2013.11.019
http://dx.doi.org/10.1021/jf0305231
http://www.ncbi.nlm.nih.gov/pubmed/14709012
http://dx.doi.org/10.1016/j.ultsonch.2004.01.015
http://www.ncbi.nlm.nih.gov/pubmed/15081992
http://dx.doi.org/10.1016/S0021-9673(02)01092-0
http://dx.doi.org/10.1021/jf0502698
http://www.ncbi.nlm.nih.gov/pubmed/15884874
http://dx.doi.org/10.1111/j.1750-3841.2006.00090.x
http://dx.doi.org/10.1016/j.foodchem.2014.09.090
http://www.ncbi.nlm.nih.gov/pubmed/25442572
http://dx.doi.org/10.1021/jf0354848
http://www.ncbi.nlm.nih.gov/pubmed/15137818
http://dx.doi.org/10.3390/molecules14010046
http://dx.doi.org/10.1016/j.jff.2014.04.028
http://dx.doi.org/10.1021/jf803011r
http://www.ncbi.nlm.nih.gov/pubmed/19199445


Antioxidants 2019, 8, 295 12 of 12

33. Kou, X.; Shen, K.; An, Y.; Qi, S.; Dai, W.X.; Yin, Z. Ampelopsin inhibits H2O2-induced apoptosis by ERK and
Akt signaling pathways and up-regulation of heme oxygenase-1. Phyther. Res. 2012, 26, 988–994. [CrossRef]
[PubMed]

34. Kou, X.; Chen, N. Pharmacological potential of ampelopsin in Rattan tea. Food Sci. Hum. Wellness 2012, 1,
14–18. [CrossRef]

35. Hou, X.; Tong, Q.; Wang, W.; Xiong, W.; Shi, C.; Fang, J. Dihydromyricetin protects endothelial cells from
hydrogen peroxide-induced oxidative stress damage by regulating mitochondrial pathways. Life Sci. 2015,
130, 38–46. [CrossRef] [PubMed]

© 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1002/ptr.3671
http://www.ncbi.nlm.nih.gov/pubmed/22144097
http://dx.doi.org/10.1016/j.fshw.2012.08.001
http://dx.doi.org/10.1016/j.lfs.2015.03.007
http://www.ncbi.nlm.nih.gov/pubmed/25818185
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Material and Methods 
	Samples and Chemical Reagents Preparation 
	Extraction and Total Polyphenol Content Analysis 
	HPLC Analysis 
	Assay of 2,2-diphenyl-1-picrylhydrazy (DPPH) Free Radical Scavenging Activity 
	Assay of Oxygen Radical Absorbance Capacity (ORAC) 
	Cell Culture and Western Blot Analysis 
	Statistical Analysis 

	Results 
	Extraction Conditions for Vine Tea Polyphenol 
	DMY Determination in Vine Tea Polyphenol by HPLC 
	DPPH Radical Scavenging Activity and ORAC Values 
	Effect of VTP and DMY on Expression of Antioxidant Enzymes in HepG2 Cells 

	Discussion 
	Extraction and Determination of Vine Tea Polyphenols 
	Antioxidant Capacity of Vine Tea Polyphenols 

	Conclusions 
	References

