Phytomedicine Plus 1 (2021) 100001

Contents lists available at ScienceDirect

Phytomedicine Plus

journal homepage: www.elsevier.com/locate/phyplu

Phytochemical characterization and biological activities of green tea )
(Camellia sinensis) produced in the Azores, Portugal

Updates

Sérgio Barreira?, Carla Moutinho?, André M.N. Silva®, José Neves? Ean-Jeong Seo°,
Mohamed-Elamir F. Hegazy ¢, Thomas Efferth ¥, Ligia Rebelo Gomes ®"*
A FP-ENAS-Faculdade de Ciéncias de Satide, Escola Superior de Satide da UFP, Universidade Fernando Pessoa, Rua Carlos da Maia, 296, P-4200-150 Porto, Portugal

Y LAQV-REQUIMTE, Departamento de Quimica e Bioquimica, Faculdade de Ciéncias da Universidade do Porto, Rua do Campo Alegre, 687, P-4169-007 Porto, Portugal
¢ Department of Pharmaceutical Biology, Institute of Pharmacy and Biochemistry, Johannes Gutenberg University, Staudinger Weg 5, 55128 Mainz, Germany

ARTICLE INFO ABSTRACT

Keywords: Background: Green tea is not only one of the most widely consumed beverages worldwide, but is also known
Antioxidant for its health promoting and therapeutic effects. Green tea is cultivated in areas with high humidity and acidic
Cancer soils in China, Indonesia and Japan. Those places have well-marked dry and rainy seasons. In opposite, Azores

Functional food
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have a climate with constant average annual rainfall and, unlike eastern regions, relatively constant air humidity
throughout the year. While a brand implemented on the Portuguese market, the quality of green tea produced
in Azores must be guaranteed. Quality control measures based on phytochemical determination of the chem-
ical composition and biological activities are needed in order to address whenever climate changes interferes
significantly with composition and biological effects.

Purpose: Make the phytochemical characterization of various extracts of green tea leaves coming from Azores
and evaluate the anti-cancer activities of the extracts in order to compare the obtained results with those of teas
coming from eastern regions.

Methods: Phytochemical characterization (catechins, oxyaromatic acids, flavonols, alkaloids and theanine) and
total catechins contents (TCC) was performed by using HPLC-DAD analysis, in infusions (5-7 min and 30 min),
maceration and methanolic extracts of Camellia sinensis samples coming from Azores, Portugal. The antioxidant
activity of extracts was measured by the DPPH assay and the total phenolics contents (TPC) were estimated using
the Folin-Ciocalteu colorimetric method. The cytotoxic activity towards drug sensitive and multidrug-resistant
leukemia cell lines was determined by the resazurin assay.

Results: The TCC was higher in methanolic extracts and lower in maceration, as epigallocatechin gallate (EGCG)
and epicatechin gallate (ECG) concentrations were significantly higher in methanolic extracts and were only
residual in maceration extracts. Maceration extracts showed the highest content of gallic acid, indicating that
methanol extracts contained more flavonols of higher molecular weight and/or that maceration may lead to the
degalloylation of catechins. The amount of o-caffeoylquinic acid extracted was significantly higher in methanolic
samples. Short-term extraction at high temperatures resulted in high amounts of neochlorogenic acid. The con-
tents of glycosylated quercitin-3-D-galactoside and kaempferol-3-glucoside were small in maceration samples and
high in methanolic samples. Caffeine was easily extracted by methanol (99%) compared with water, while extrac-
tion of the amino-acid L-theanine was impossible with methanol. TPC values correlated linearly with DPPH" ICs,,
with infusion samples showing the best antioxidant capacities. The aqueous and the methanol/water extracts
were active in multidrug-resistant and drug sensitive cancer cells.

Abbreviations: BHT, butylated hydroxytoluene; C, (+)-catechin; DPPH-, 1.1-diphenyl-2-picrylhydrazyl; EC, (-)-epicatechin; ECG, (-)-epicatechin gallate; EGC,
(-)-epigallocatechin; EGCG, (-)-epigallocatechin gallate; GA, gallic acid; GAE, GA equivalent; HPLC-DAD, high-performance liquid chromatography with diode-array
detection; SPME-GC, solid phase microextraction-gas chromatography; ICs,, half maximal inhibitory concentration; K-3G, kaempferol-3-glucoside; NCA, neochloro-
genic acid; 0-CQA, o-caffeoylquinic acid; Q-3 Gal, quercitin-3-D-galactoside; SD, standard deviation; TCC, total catechins content; TPC, total phenolics content.
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Conclusion: Despite these climatic differences, the phytochemical characterization revealed that tea coming from
the Azores compares well with those from China and Japan. In addition, tea can be produced without fungicides
and pesticides to control pests that appear during rainy seasons. This allows the production of high-quality bioor-
ganic tea. Aqueous and methanol/water extracts of the Azorean tea showed to be useful targeting sensitive and

drug-resistant tumor cells.

Introduction

The health benefits of consuming green tea in prevention of lifestyle-
related diseases are well reported (Sueoka et al., 2001; Naveed et al.,
2018), including prevention of several types of cancer (Yang et al., 2007;
Kavanagh et al., 2001; Geybels et al., 2013; Yang et al., 2011) cardio-
vascular diseases (Yang and Zhang, 2019; Yin et al., 2017; Peng et al.,
2014) and arthritis (Haqqi et al., 1999). Prevention effects in diabetes
(Yang et al., 2014; Jiao et al., 2015) and in other metabolic diseases
(Osada et al., 2001; Basu et al., 2013, 2010) have been also reported.

Green tea (Camellia sinensis (L.) Kuntze (Theaceae)) is produced in
Sao Miguel Island Azores, 37° 46’ 49.48” N 25° 29’ 49.369” W, Portu-
gal since the 19th century. The tea culture was introduced in Azores
around 1820 with seeds brought from Rio de Janeiro. In 1883, profes-
sional tea cultivation was implemented by local associations of farm-
ers, who succeeded in bringing more seeds from China (Macau), as
well as Chinese technicians, who taught traditional techniques of tea
manufacturing (de Melo, 2012). The regional variations of tea quality
can be attributed to genetic diversity and its interaction with the envi-
ronment (Sabhapondit et al., 2012). Pedoclimatic (soil type, sun expo-
sure, rainfall) or agronomic (culture in greenhouses or fields, biological
culture, hydroponic culture) factors influence the contents of catechins
(Manach et al., 2004). Sdo Miguel has a temperate climate that is mostly
free of rainy and dry seasons. As common plant pests such as mosquitoes,
tea fly, red spider and others do not appear under these specific climatic
conditions in the Azores, C. sinensis is cultivated in Azores without her-
bicides, fungicides or pesticides. Furthermore, only vegetable manure
is used (https://gorreana.pt/pt/). Therefore, it is pertinent to consider
that the unique quality of C. sinensis planted in the Azores may be char-
acterized by a specific profile of secondary metabolites concerning type
and quantity of substances.

For this reason, we analysed several extracts (infusions, maceration
and methanolic) of green tea cultivated in the Azores in the present
investigation. The chemical analysis included the quantification of to-
tal phenolics, five flavanols, two flavonols, two alkaloids, three oxyaro-
matic acids and the amino-acid L-theanine (Fig. 1). The quantitative and
qualitative compositions of the extracts were determined by HPLC-DAD.
Radical scavenging activities were also measured. In addition, resazurin
reduction assay was performed, in order to evaluate the cytotoxic activ-
ity of the green tea extracts towards sensitive and multidrug-resistant
leukemia cell lines.

Materials and methods
Solvents, reagents and standards

Certified commercial samples of green tea leaves were purchased
on the Portuguese market. Samples of different batches were blended
for extraction. All solvents and reagents were of the highest purity.
Methanol (LC-MS) and formic acid (p.a.) were obtained from Fluka An-
alytical (Munich, Germany), acetonitrile (LC-MS) from Sigma-Aldrich
(Steinheim, Germany). The Folin-Ciocalteu reagent was from Merck
(Darmstadt, Germany). Butylated hydroxytoluene (BHT) and DPPH’
(1.1-diphenyl-2-picrylhydrazyl) were purchased from Sigma-Aldrich
Reference standards of L-theanine (>99%), caffeine (>99%) and (-)-
epigallocatechin gallate (EGCG > 99%). were purchased from Sigma-
Aldrich. Water processed by a Milli-Q purification system (Simplicity-
UV. Millipore Corp. City France) was used for sample preparation and
analysis.

All standards were prepared as stock solutions in methanol or wa-
ter (theanine). Working standards were made by diluting stock solu-
tions to yield concentrations ranging between 5 ug/ml and 10 mg/ml.
Stock/working solutions of the standards were stored in darkness at
-18 °C.

Extraction methods

It has been reported that alkaloid and catechin contents in green tea
vary with different plucking periods (Lee et al., 2014). In order to di-
minish the differences in chemical composition, the material used for ex-
traction was gathered after blending tea samples from different batches
in accordance to the corresponding guideline of European Medicines
Agency (EMA, 2006).

Several extraction methods were adopted, i.e. Al for hot infusion
(5-7 min); A2 for hot infusion (30 min); A3 for maceration (48 h); and
A4 for methanolic extraction. All powdered extracts were kept frozen
(—18 °C) until further use.

Extraction method Al. Hot tea infusions were prepared for samples
by pouring purified water at 90 °C on 1.5 g green tea and brewed for
5-7 min. according to the recommendations of the manufacturer. This
procedure allows to have a quantification of the amount of catechins
and theanine existing in a normal cup of beverage. The infusions were
then filtered through Whatman membrane filters 0.45 pm, lyophilized
and stored. The pH of the extracted aqueous solutions was less than 5.0.

Extraction method A2. Hot tea infusion was prepared by pouring
purified water at 80 °C on 1.5 g green tea and brewed for 30 min as sug-
gested by Vuong et al. (2011). They were then filtered through Whatman
membrane filters 0.45 pm, lyophilized and stored.

Extraction method A3. Green tea (1.5 g) placed in a 250 ml Schott
flask, and 100 ml water were added. The flask was covered, and the plant
was macerated for 48 h at room temperature in the dark. This allows
to study the effect of long-time term extraction on the chemical compo-
sition. The water fraction was removed by filtration through Whatman
membrane filters mixed cellulose ester 0.45 um, lyophilized and stored.
The pH was kept below 5, because the pH affects the catechin contents
due to decomposition (Komes et al., 2010). At pH 6-7, the epi-structured
catechins can be partially epimerized to non-epi-structured catechins
and both groups may be degraded at pH > 9.

Extraction method A4. Methanolic extracts were prepared with dried
plant material (1.5 g) that was thoroughly mixed with methanol (99%),
(3 x 50 ml) for 30 min. Collected extracts were filtered and centrifuged
(3000 rpm, 15 min) and the solvent was evaporated. Although a polar
solvent, methanol has a lower dielectric constant than water. Thus, it is
expected to be more efficient to extract high molecular weight polyphe-
nols or substances that are not present as halo-hydrates. Some authors
found that methanol was less efficient for flavonol extraction than wa-
ter and used methanol mixtures (50:50 or 70:30) as extraction solvent
(Xu and Chang, 2007).

High-performance liquid chromatography with diode-array detection
(HPLC-DAD)

An analytical HPLC unit (Thermo Scientific Dionex Ultimate 3000)
equipped with a C18 column (15.0 x 0.46 cm; particle size) from Supelco
was employed. The solvent system used was a gradient of water—formic
acid (19:1) (A) and methanol (B), starting with 5% methanol and in-
stalling a gradient to obtain 15% B at 2 min, 25% B at 8 min, 30% B at
15 min, 35% B at 21 min, 45% B at 23 min, 45% B at 25 min, 50% B
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Fig. 1. Chemical structures secondary metabolites identified in extracts of green tea cultivated in the Azores.
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Fig. 1. Continued

at 26 min, 55% B at 28 min, 70% B at 30 min, 75% B at 34 min
and 80% B at 36 min, at a solvent flow rate of 0.9 ml/min. Spectral
data from all peaks were accumulated in the range 200-400 nm, and
chromatograms were recorded at 280, 320 and 350 nm. Chromato-
graphic data were processed with a Chromeleon™ 7.2 Chromatogra-
phy Data System Software. The compounds in each sample were identi-
fied and quantified by comparing their retention times and peak area
in the chromatograms relative to external standards. The quantifica-
tion of theanine was performed according to Song et al. (2012) at
200 nm.

Diphenyl-1-picrylhydrazyl (DPPH") assay

The antiradical activity of the extracts was determined spectrophoto-
metrically in a microplate reader by monitoring the decrease of DPPH’
(2.2-diphenyl-1-picrylhydrazyl) concentration at 515 nm at room tem-
perature. A dilution series (12 different concentrations) was prepared in
a 96-well plate. The reaction mixtures in the sample wells consisted of
25 ul extract and 200 pl of 150 uM DPPH" (dissolved in methanol). Four
experiments were performed with three parallel measurements each.
BHT (buthylated hydroxytoluene) was used for comparison. Inhibition
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of free radical by DPPH" in percent (%I) was calculated as follows:

%I = 100 X (AComroI - ASample)

AComrol
where Agonirol 1S the absorbance of the control reaction and Ag,pple is the
absorbance of the test compound. The antiradical activity was expressed
in terms of ICs that was obtained from linear analysis of the plot of the
percentage of DPPH' scavenging vs. the extract concentration.

Total phenolics content (TPC)

Total phenolics were estimated using the Folin-Ciocalteu colorimet-
ric method as previously described (Luthria et al., 2006) with small mod-
ifications. Briefly, 300 pl extract (1 mg/ml) were diluted in a 10.0 ml
volumetric flask, to which 1.0 ml undiluted Folin-Ciocalteu reagent
was added. Immediately 5.0 ml 20% (w/v) Na,CO5; were added. After
30 min incubation at room temperature, the absorbance was measured
at 735 nm and compared to a pre-prepared gallic acid calibration curve.
Determinations were performed in triplicate. Results were expressed as
milligram of gallic acid equivalents (GAE) per gram of extract.

Cytotoxic activity against cancer cells

Green tea was extracted with H,0, 70% MeOH:30% H,O or 50%
CH,Cl,: 50% MeOH. The cytotoxicity of tea extracts was tested against
sensitive CCRF-CEM and multidrug-resistant CEM/ADR5000 leukemia
cells as previously reported by us (Adem et al., 2019; Saeed et al.,
2019; Mbaveng et al., 2019; Hegazy et al., 2019). A total of 1 x 10*
cells per well were added into the 96-well-plates in a total volume of
100 ul. Various concentrations of tea extracts were placed in an ad-
ditional 100  ul of culture medium, 20  ul of 0.01% w/v resazurin
(Sigma-Aldrich) was added to each well after 72 h incubation, and the
plates were incubated at 37 °C for 4  h. Fluorescence was detected on
an Infinite M2000 Proplate reader (Tecan, Crailsheim, Germany) using
an excitation wavelength of 544 nm and an emission wavelength of
590 nm. Each assay was done three times, with six replicates each.
ICs values are the concentrations required to inhibit 50% of cell prolif-
eration and were calculated from a calibration curve by linear regression
using Microsoft Excel.

Statistical analysis

A completely randomized design was used with three replications.
Statistical analysis was performed using SPSS v. 24 (IBM Corp. Armonk.
NY. USA). Data of all analysis were expressed as mean + standard devi-
ation. Analysis of Variance (ANOVA) followed by Tukey’s HSD post-hoc
test for multiple comparisons was used to assess the statistical differ-
ences among means (p < 0.05). The results from hole-plate diffusion
and time-kill assays are represented as mean standard deviation (SD) of
three replicate measurements. Graphic representations were made with
SigmaPlot for Windows v.10.

Results and discussion
Phytochemical fingerprinting and marker compound analysis

Chromatographic methods are the methods of choice for the analy-
sis of complex multi-component mixtures in tea and are widely used for
identification and to make quantitative analysis of tea bioactive com-
pounds (Zuo et al., 2002). In this study, we identified and quantified
the phytochemical compounds of green tea by using HPLC-DAD. In to-
tal, 12 catechins can be identified by chromatography, although only 8
catechins are present in tea in significant quantities (Yashin et al., 2015).
However, most published studies focus specifically on epigallocatechin
gallate and epigallocatechin that constitute 70% of the total catechin
amount in tea. In this work, the following compounds were detected: (1)
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five flavan-3-ols, namely (-)-epicatechin (EC), (—)-epicatechin gallate
(ECG), (-)-epigallocatechin (EGC), (—)-epigallocatechin gallate (EGCG)
and (+)-catechin (C); (2) two flavonols, i.e. quercetin-3-D-galactoside
(Q-3 Gal) and kaempferol-3-glucoside (K-3 G); (3) the oxyaromatic
acids o-caffeoylquinic (0-CQA), neochlorogenic (NCA) and gallic (GA);
(4) two alkaloids: caffeine and theophiline and (5) the amino-acid L-
theanine. The chemical structures are shown in Fig. 1. Representative
chromatograms of the extracts are depicted in Fig. 2. It was clearly ev-
ident that differences in the phytochemical profiles were dependent on
the extraction method.

Contents of catechins, flavonols and oxyaromatic acids: Table 1 shows
the results for the catechin contents in the studied samples in compar-
ison to the results published in literature for several tea grades, extrac-
tion solvents (water/methanol), extraction times (from 5 min to 30 min)
and temperatures (from room temperature to boiling water). The total
catechin content (TCC) of commercial green tea samples varied in a
range of 21.4 to 228.2 mg/g dry tea for aqueous extractions and of 32.2
to 141.2 mg/g dry tea for methanol extracts (Uchenna et al., 2010).
There was a trend that extractions with methanol/water mixtures re-
vealed higher catechin amounts than extraction with absolute methanol.
Interestingly, concentration range was larger in aqueous extracts than
in the corresponding methanol extracts. The TCC values determined in
our samples varied between 35.8 and 163.9 mg/g dry tea for aqueous
extractions with maceration giving the lowest value, and the TCC was
13.7 mg/g dry tea for methanolic extractions.

We conclude that the high variability in catechin contents largely
depended on extraction temperatures, times, and solvents. While the
EGCG composition of green tea from Azores was significantly lower
than of teas from China and Japan, the EGC contents were higher.
Baptista et al. (1998) measured the catechin levels of hot water extracts
of green tea from Azores by HPLC/SPME-GC. With an extraction time
of 20 min, these authors measured four-fold higher TCC in Azorean tea
samples than we did in the present study with an extraction time of
5-7 min. The total contents of epicatechin derivatives and EGCG from
Azorean green tea accounted for 74.5 and 47.9% (w/w) of the TCC, re-
spectively, and an EGCG:caffeine ratio was four-fold higher compared
with teas from other origins (Baptista et al., 1998). In the present inves-
tigation, the EGCG:caffeine ratio was about two-fold higher, if the mg
of catechins/g of dry extract were considered. The results obtained in
this study indicated that methanol better extracted the high molecular
weight flavanols (ECG and EGCG) and the two flavonols, quercetin-3-D-
galactoside (Q-3Gal) and kaempferol-3-glucoside (K-3G).

Determination of catechin, flavonol and oxyaromatic acid contents: The
contents of phytochemicals have been expressed in mg/g extract to al-
low direct comparison with commercial lyophilized tea preparations.
The chatechin quantities as well as the TPC values are shown in Table 2
and Fig. 3. Catechins, flavonols and oxyaromatic acids are the major
flavonoids in green teas, and 90% of all phenolic compounds are cate-
chins (Rafael et al., 2011). As expected, catechins were also prevalent
among the phenolics in the Azorian green teas, and the ratio of TCC/TPC
ascend to 90%, except for maceration extraction. In Fig. 3, the three first
points are for the aqueous extracts arranged from lower to higher ex-
traction times (A1, A2 and A3, respectively), The 4th position showed
the result for the methanolic extraction (A4). Fig. 3(a) refers to TCC.
The TCC of A3 was significantly lower than those of A1 and A2, sug-
gesting that the high extraction time for maceration did not increase
but decrease TCC. A closer view on the contents of individual catechins
(Fig. 3b and c) showed that the catechin amount in A3 was similar to
that in A1 and A2, but contained lower amounts in the remaining cate-
chins.

Extraction is a process mainly governed by diffusion and solubility.
Longer extraction times increase the permeability of cell walls in green
tea leaves, and higher temperatures enhance solubility constants. This
enables more tea catechins and other substances to move into the
solution. Yet, the stability of the catechins may be affected, if tea is
brewed for too long because there may be an increased probability
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Fig. 2. Chromatograms of different extracts of Azores green
tea obtained at different wavelengths. At each wavelength, the
top chromatogram corresponds to the methanolic extract, the
middle one to the maceration and the one in the bottom to the
infusion.
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Table 1
Content of catechins in green tea extracts as determined by HPLC and expressed in mg/g (dry tea), infusions (time, min).
Tea grade (Extraction time) Catechins average (% of dry weight) Ref
EGCG EGC ECG EC C TCC Solvent
Average (68 different tea grades) 711 20.6 149 8.1 0.6 12% (mean) 33% (max) Wau et al., 2000
Green tea from China (mean value 134.0 4.4 29.0 55 0.2 18% (13%-22%) Lin et al.,, 1998
for 15 teas)
Green tea from Japan (mean value 131.4 8.8 19.5 8.7 0.2 17.8% (9%—24%) Lin et al., 1998
for 13 teas)
Azores (5-7 min) 664 +19 469+63 230+9.7 259+64 09+03 163.9 Hot water This work
Azores (30 min) 235+17 203+09 108+07 21.7+37 13+03 77.6 This work
China (5 min) 43.1 15.2 9.0 8.7 0.7 76.6 Wau et al., 2000
China (10 min) 52.2 23.3 14.3 10.1 1.0 100.9 Wu et al., 2000
Jasmine (5 min) 22.5 6.9 104 8.5 1.6 49.9 Wau et al., 2000
Lung Ching (5 min) 31.0 10.2 7.8 6.3 0.6 55.9 Wau et al., 2000
Xian-Zhe-Zhu-Jian 24.47 26.29 2.54 2.54 1.00 56.8 Lin et al., 2008
E-Mei-Shan (China) 14.74 37.20 3.14 3.70 1.10 59.8 Lin et al., 2008
Lu-Shan (China) 30.64 40.11 8.68 3.93 1.70 85.1 Lin et al., 2008
Longjing (Taiwan) 31.17 67.31 5.18 4.14 0.98 108.8 Lin et al., 2008
Decoct (Japan) 21.30 82.44 3.64 6.05 0.96 114.4 Lin et al., 2008
Azores (20 min) 97.7 313 38.5 14.6 2.51 184.6 Baptista et al., 2014
Azores (24 h) 51+ 05 5.7 + 0.6 0.65 + 0.06 24.1 +23 0.24 + 0.05 35.8 Maceration This work
Meifoo Me 52.7 27.7 21.8 10.3 - 30% methanol Zuo et al., 2002
Shanghai 51.1 30.8 11.3 7.25 - Zuo et al., 2002
Hongzhou 62.4 37.6 16.3 6.6 - Zuo et al., 2002
Jasmine 54.2 27.6 15.8 6.9 - Zuo et al., 2002
Xian-Zhe-Zhu-Jian (China) 29.38 20.88 9.98 1.94 0.50 75% methanol Lin et al., 2008
E-Mei-Shan (China) 14.90 28.02 5.51 2.49 0.49 Lin et al., 2008
Lu-Shan (China) 47.34 77.58 11.16 6.59 241 Lin et al., 2008
Longjing (Taiwan) 43.48 18.81 11.95 2.91 1.82 Lin et al., 2008
Decoct (Japan) 35.76 83.07 6.79 5.93 - Lin et al., 2008
Azores (5-7 min) 433 + 038 1.87 +0.15 543 + 037 2.04 + 0.15 - 13.7 99% methanol This work

Table 2

Content of catechins in green tea extracts from the Azores as determined by HPLC and expressed as mg/g. Al, infusion (5-7 min); A2, infusion (30 min); A3,
maceration (48 h); A4, methanolic extract; TCC, total catechins; TPC, total phenolic content.

Sample EGCG EC EGC ECG C TPC! TCC %TCC/TPC
Al 105.13 + 7.16 41.15 + 0.96 21.50 = 0.60 36.56 + 1.82 1.37 £ 0.16 221.18 205.7 93.0
A2 60.04 + 4.42 55.45 + 9.60 27.66 + 1.80 51.79 + 2.26 3.41 + 0.70 209.2 198.4 94.8
A3 9.28 + 1.42 31.51 + 2.85 8.84 + 1.00 1.10 + 0.06 0.29 + 0.03 79.83 51.0 63.9
A4 195.03 + 7.77 37.18 + 0.64 33.83 + 0.02 99.09 + 2.00 - 378.68 365.1 96.4

Values expressed as mean + standard deviation obtained from three measurements per replicate.

1 Sum of TCC with the oxyaromatic acids.

of epimerization, oxidation and degradation, especially under higher
extraction temperatures (Chen et al., 2001). At high temperatures, the
EGCG and ECG amounts diminished, if the extraction time was raised
from 5 to 7 to 30 min (Fig. 3c). By contrast, increasing extraction time
yielded higher quantities of catechins, epimerized catechins and EGC
(Fig. 3b). Increasing extraction times led to smaller extracted amounts
of catechins even at room temperature, particularly concerning degal-
loylated catechins (Fig. 3c). By contrast, the GA contents were higher
upon maceration than in the remaining samples (Fig. 3d). This may be
explained by the occurrence of hydrolysis during maceration. In fact,
EGC and GA may be generated by degalloylation of EGCG by enzymatic
catalysis as previously described (Battestin et al., 2008).

Aqueous and methanolic extracts are expected to differ in composi-
tion, namely concerning total phenols and secondary metabolites with
free radical scavenging activities. Therefore, the change of solvents may
impart different increments on the solubility of the individual cate-
chins due to their different structure and molecular weight. The TCC
in methanolic extract was the highest one. Methanol seemed to easier
extract higher molecular weight catechins (EGCG and ECG) (Fig. 3c)
than lower weight ones (Fig. 3b). Catechin itself appeared as residual in
the methanolic A4 extract. This sample also contained the lowest gallic
acid content.

Table 3 and Fig. 4 show the contents of o—caffeoylquinic acid (o-
CQA), GA, quercetin-3-D-galactoside (Q-3Gal), K-3G and neochloro-

genic acid (NCA) in green tea determined by HPLC and expressed
as mg/g extract. The 0-CQA amount was significantly higher in the
methanolic sample, while there was not a significant difference between
the values in the water extracts (Fig. 4a). By contrast, the quantity of
NCA decreased in a linear manner depending on the extraction time,
and the maceration extract showed the lowest value. Also, short-term
and high temperature extraction led to higher NCA amounts. The con-
tents of glycosylated Q-3Gal and K-3G were small in the maceration
sample, which could be due to the hydrolysis of the compounds in wa-
ter solutions. Flavonols were more effectively extracted with methanol
as solvent (Fig. 4b).

L-theanine contents: L-theanine, a typical amino-acid of green tea has
been widely studied due to its beneficial properties for human health,
since it interacts with diverse physiological and biochemical pathways,
e.g. it elicits significant effects on the general state of mental alert-
ness by increasing a-wave brain activity and the reduction of anxiety
(Kelly et al., 2008). It was also linked to the inhibition of the in vivo and
ex vivo growth of human solid or leukemia cell lines of diverse tumor
types by the induction of apoptosis (Calgarotto et al., 2018). Table 4
lists the amounts of L-theanine, caffeine and theophylline obtained by
our measurements. Theanine was undetectable in methanolic extracts
being higher in maceration.

Alkaloid contents: Green and black teas are another well-known
source of xanthines (Lin et al., 1998)). Among xanthines, caffeine is the
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Fig. 3. (a) Total catechins content; (b) amounts of non galloylated catechins; (c) amounts of galloylated catechins and (d) amount of gallic acid present in green tea
samples from the Azores. Al, infusion (5-7 min); A2, infusion (30 min); A3, maceration (48 h); A4, methanolic extract.

Table 3

Content of o-caffeoylquinic acid (0-CQA), gallic acid (GA), quercetin-3-D-galactoside (Q-3Gal), kaempferol-3-glucoside (K-3G) and neochlorogenic acid (NCA) in
green tea extracts as determined by HPLC and expressed in mg/g. Al, infusion (5-7 min); A2, infusion (30 min); A3, maceration (48 h); A4, methanolic extract.

Sample 0-CQA GA® Q-3Gal K-3G NCA

Al 2.73 + 0.09 4.45 + 0.01 1.97 + 0.09 2.00 + 0.06 432 + 0.14
A2 2.82 £ 0.22 5.78 + 0.46 2.20 £ 0.17 2.50 + 0.07 2.25 +0.18
A3 2.22 £ 0.07 24.51 + 0.97 0.63 + 0.03 1.00 + 0.05 0.45 + 0.20
A4 3.95 + 0.04 1.33 + 0.07 2.73 + 0.03 4.51 + 0.16 1.02 + 0.83

Values expressed as mean + standard deviation obtained from three measurements per replicate.

1a The graphic representation of GA is in Fig. 2d.

most abundant one, as can be seen in Table 4 and Fig. 5a. Numerous
biological effects have been attributed to caffeine, e.g. it exerted effects
on cognitive and physical function through adenosine A; and A,,
receptor blockade in the central nervous system and peripheral tissues
(McLellan et al., 2016)). Methanolic extracts yielded significantly

higher xanthine contents. The caffeine amounts extracted by water did
not differ significantly in samples A2 and A3, being higher than in Al.
The caffeine content was highest in methanol extracts (Fig. 5a). The
theophylline content was significantly lower in maceration, and was
not significantly different in the other extractions (Fig. 5b).
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Fig. 5. (a) Graphical representation of the content caffeine and (b) theophylline in green tea extracts from the Azores as determined by HPLC and expressed in mg/g.
A1, infusion (5-7 min); A2, infusion (30 min); A3, maceration (48 h); A4, methanolic extract.

Antioxidant properties

Free-radical scavenging activity has been determined by using
(DPPH"). Table 5 shows the results obtained for Azorian green tea ex-
tracts A1l and A4 in comparison to previously published data. Studies
performed with C. sinensis var. sinensis revealed an ICs, antioxidant
value of 23.26 ng/ml (Uchenna et al., 2010), which was significantly
different from those reported by Saito and colleagues who worked with
C. sinensis var. assamica extracts (Saito et al., 2007). Their IC5, values
ranged from 8.33 to 16.10 ug/ml, which are within the range obtained
for the infusion extracts studied in the present work. Other authors
found higher values than ours, but the standard they used was ascorbic
acid instead of GA (Manian et al., 2008; Jigisha et al., 2015). Limitations
of the DPPH" assay have been previously discussed by several authors.

Deng et al. (2011) found that different standards and a lack of standard-
ization of the ratio of DPPH" to antioxidants complicate comparisons
between published results. Moreover, the pigments that may co-exist in
the extracts may also interfere with the measurements, if they absorb at
similar wavelengths as the DPPH" radical.

Several studies claimed that the DPPH’ scavenging capacity of
tea is principally due to the presence of catechins, especially EGCG
(Nanjo et al., 1999). Many attempts were undertaken to correlate
the DPPH" scavenging activities with the presence of catechins, yet,
in most of the cases, poor correlations were found (Lin et al., 1998;
Manian et al., 2008; Nanjo et al., 1999) Other factors may also in-
fluence the measured results, e.g (1) other antioxidant substances
beyond catechins, (2) the dependence of the antioxidant power by the
catechins’ structure, (3) different flavonoid concentrations extracted by
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Table 4 Table 6

Content of L-theanine, caffeine and theophylline in green tea extracts from the
Azores as determined by HPLC and expressed as mg/g. A1, infusion (5-7 min);
A2, infusion (30 min); A3, maceration (48 h); A4, methanolic extract.

Tea sample L-Theanine Caffeine Theophylline

Al + 2.45° 48.31 = 1.76 0.138 + 0.005
A2 182.45 + 7.35 31.82 + 2.14 0.177 + 0.012
A3 341.76 + 12.09 35.25 + 1.28 0.014 + 0.002
A4 - 78.04 + 0.16 0.227 + 0.016

*Values expressed as mean + standard deviation obtained from three measure-
ments per replicate. For each parameter, different lowercase superscripts indi-
cate statistically significant differences (p < 0.05).

different extraction methods, and (4) antagonistic or synergistic effects
in complex plant compound mixtures (Pereira et al., 2013). Further-
more, the total DPPH" scavenging activity dependent on the presence
of additional antioxidant compounds such as glycosylated flavonols,
oxyaromatic acids and phenolic acids and their derivatives has already
been suggested by other studies (Lin et al., 2008; Horzic et al., 2009).
Hence, the antioxidant capacity of green tea is not determined by single
phytochemical but by a large number of different phenolics.

The values Table 6 show the TPC values and the ICs values for the
DPPH" assay measured in the A1-A4 samples. At first glance, TPC val-
ues appeared to be dispersive and not correlated with those obtained
from the DPPH" assay, but a closer look revealed an interesting trend as
illustrated in Fig. 6. Depending on the extraction method, a linear rela-
tionship between the DPPH" ICs5, and TPC values was observed (see the

Table 5

Free radical scavenging activity by DPPH" (ug/ml) of green tea.

Total phenolic contents and antioxidant activity obtained for green tea extracts
from the Azores.

Sample TPC* (mg GAE/g extract) IC5, (DPPH')* (ug/ml)
Al 151.843 + 6.857¢ 16.1 + 0.08*
A2 147.850 + 3.8282 20.6 + 0.032
A3 111.793 + 1.575P 27.7 + 0.04>
A4 85.179 + 1.776°¢ 37.9 + 0.02¢

* Values expressed as mean + standard deviation obtained from 3 measure-
ments per replicate. For each parameter different lowercase superscripts indicate
statistically significant differences (p < 0.05).

dashed linear regression lines in Fig. 6). Since the R? regression value
was close to 1, a line for linear regression was plotted in the graphic
representation. As expected, this line showed a negative slope, clearly
indicating that the antioxidant capacity varied among the extraction
methods: infusion-based extraction showed lower ICs, values followed
by maceration and finally by methanolic extraction. The antioxidant ac-
tivities of the infusions and methanolic extracts were probably due to
the higher catechin contents, while the high concentration of GA in the
maceration extract suggests that this substance may be the main contrib-
utor to the antioxidant activity, as previously described by other authors
(Battestin et al., 2008). Methanolic extract contained higher amount of
EGCG, ECG and higher TCC. Nevertheless, it revealed lower antioxidant
DPPH" activity, clearly suggesting that the antioxidant capability of the
phenolic compounds depends on its nature, as pointed out by several
other studies (Amic et al., 2003; Grzesik et al., 2018; Meo et al., 2013).

Tea Grade DPPH’ / IC5, (ug/ml)

Methanolic Infusion Standard Ref.
Assam green tea 75.30 + 0.11 80.10 + 0.03 Ascorbic acid Jigisha et al., 2015
Kashmir green tea 81.30 + 0.02 79.10 + 0.03 Ascorbic acid Jigisha et al., 2015
Uttarakhand green tea 79.30 + 0.02 81.50 + 0.05 Ascorbic acid Jigisha et al., 2015
Green tea mean 23.26 BHT Uchenna et al., 2010
Green tea 8.33 to 16.10 BHT Saito et al., 2007
Green tea 19.50 BHT Manian et al., 2008
Azores 37.90 + 0.20 16.1 £ 0.8 BHT This work
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Table 7

Cytotoxicity (IC5, values) of green tea extracts from the Azores with different solvent towards sensitive CCRF-CEM and multi-drug

resistant CEM/ADR5000 leukemia cell lines.

Solvent CCRF-CEM ICs, [uM] CEM/ADRS5000 ICs5, [uM] Degree of resistance®
H,0 14.09 + 1.88 2791 + 4.26 1.98
70% MeOH:30% H,0 12.13 + 2.62 2531 + 1.75 2.09
50% CH,CL,: 50% MeOH 12.40 + 3.34 26.35 + 2.60 213

2 The degree of resistance was determined as the ratio of ICs, value of multi-drug resistant CEM/ADRS5000 cells divided by the

ICs, value of sensitive CCRF-CEM.

Anticancer activity of green tea sample from Azores

Green tea and its ingredients such as EGCG and other polyphenols
have been reported to exert chemopreventive effects against human
cancer stem cells (Wang et al., 2002; Fujiki et al., 2018), to suppress
prostate carcinoma (Davalli et al., 2012) and the development of blad-
der cancer (Miyata et al., 2018). Quercitin and theanine from green tea
inhibited human leukemia cells (Calgarotto et al., 2018). Therefore, we
investigated the cytotoxicity of Azorean green tea extracts against wild-
type and drug-resistant leukemia cells. A major requirement in clinical
oncology is not only to have new drugs at hand, but also to have drugs
that are able to kill otherwise drug-resistant and refractory tumors.

The aqueous extract, aqueous/methanolic extracts, (70%
MeOH:30% H,0) as well as dichloromethane/methanol, (50% CH,Cl,:
50% MeOH) extracts were tested for their potential to inhibit drug-
sensitive CCRF-CEM and multidrug-resistant CEM/ADR5000 cancer
cells. The latter overexpressed the MDR-conferring drug transporter
P-glycoprotein/MDR1 (Kimmig et al., 1990; Gillet et al., 2004). The
extracts showed ICs, values of 12-14 pM and 25-27 pM against
CRF-CEM and CEM/ADRS5000 cells, respectively (Fig. 7 and Table 7).
The extracts showed low cross-resistances (1.98-2.13), while standard
drugs such as doxorubicin were more than 1000-fold less active in
multidrug-resistant CEM/ADRS5000 cells than in wild-type CEM/CCRF
cells (Efferth et al., 2008). This indicates these extracts could be useful
to target not only drug-sensitive but also drug-resistant cells.

Conclusion

Green tea grown in the Azores, the oldest plantation of the C. sinen-
sis in Europe, was used to determine the chemical composition based on
various extraction conditions. The extracts were phytochemically char-
acterized (catechins, oxyaromatic acids, flavonols, alkaloids and thea-
nine) by HPLC-DAD, in order to quantify the amounts of phytochemicals
per gram of extract.

The TCC of the maceration extract was significantly lower than the
infusion extracts: the catechin amount extracted by maceration was sim-
ilar to the one obtained from infusions. However, the maceration sample
contained significantly lower quantities regarding the remaining cate-
chins. At high temperatures, the amounts of EGCG and ECG diminished,
if the extraction time was raised from 5 to 7 to 30 min. By contrast, in-
creasing extraction times led to higher quantities of catechins, epimer-
ized catechins and EGC. Moreover, increasing extraction times also in-
creased the GA amount. The content of this oxyaromatic acid was very
high in the maceration sample, indicating that the GA content was raised
due to the occurrence of degalloylation of EGCG and ECG in the macer-
ation sample.

Concerning the methanolic extraction, the change of solvent en-
hanced TCC and methanol facilitated the extraction of high molecu-
lar weight catechins (EGCG and ECG). Methanol more effective ex-
tracted glycosylated Q-3Gal and K-3G. The 0-CQA amount extracted by
methanol was also significantly higher than the one in the aqueous sam-
ples.

The quantity of NCA decreased in a linear manner depending on
extraction times. The maceration extract showed the lowest value.

L-theanine was not extracted in methanol, and the amount extracted
in aqueous solutions increased with the extraction time. By contrast,
higher contents of caffeine and theophylline were extracted by means of
methanol. The content of extracted theophylline was significantly lower
in the maceration extract.

The anti-oxidant activities (DPPH" assay) and TPC of aqueous (in-
fusions and maceration) and methanolic extracts of Azorean C. sinensis
were also determined. TPC correlated with DPPH" ICs, values in a lin-
ear fashion depending on the extraction method. Infusion yielded the
highest TPC, while the methanolic extract yielded the lowest one.

Finally, the cytotoxic activity of Azorean green tea samples was
screened towards drug-sensitive CCRF-CEM and multidrug-resistant
CEM/ADR5000 cancer cells. The highly multidrug-resistant cells re-
vealed only low degrees of cross-resistances, indicating that they might
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be useful to target not only drug-sensitive but also drug-resistant and
otherwise refractory tumor cells.

Declaration of Competing Interest

The authors declare that there is no conflict of interest.

CRediT authorship contribution statement

Sérgio Barreira: Methodology, Investigation. Carla Moutinho:
Methodology, Investigation. José Neves: Methodology, Investigation,
Conceptualization. Ean-Jeong Seo: Methodology, Investigation, Writ-
ing - original draft. Mohamed-Elamir F. Hegazy: Investigation, Writ-
ing - review & editing. Thomas Efferth: Supervision, Writing - review &
editing. Ligia Rebelo Gomes: Supervision, Conceptualization, Writing
- original draft, Writing - review & editing.

Acknowledgments

We are indebted to the Portuguese Foundation for Science and Tech-
nology (FCT) UID/Multi/04546,/2013 for financial support.

Supplementary materials

Supplementary material associated with this article can be found, in
the online version, at doi:10.1016/j.phyplu.2020.100001.

References

Adem, F.A., Mbaveng, A.T., Kuete, V., Heydenreich, M., Ndakala, A., Irungu, B., Yene-
sew, A., Efferth, T., 2019. Cytotoxicity of isoflavones and biflavonoids from Or-
mocarpum kirkii towards multi-factorial drug resistant cancer. Phytomedicine 58,
152853.

Amic, D., Davidovic-Amic, D., Beclo, D., Trinajstic, N., 2003. Structure-radical scavenging
activity relationships of flavonoids. Croat. Chem. Acta 76, 55-61.

Baptista, J.A.B., Da, P., Tavares, J.F., Carvalho, R.C.B., 1998. Comparison of catechins and
aromas among different green teas using HPLC/SPME-GC. Food Res. Int. 31, 729-736.

Baptista, J., Lima, E., Paiva, L., Castro, A.R., 2014. Value of off-season fresh Camellia
sinensis leaves. Antiradical activity, total phenolics content and catechin profiles. LWT
— Food Sci. Technol. 59, 1152-1158.

Basu, A., Betts, N.M., Mulugeta, A., Tong, C., Newman, E., Lyons, T.J., 2013. Green tea
supplementation increases glutathione and plasma antioxidant capacity in adults with
the metabolic syndrome. Nutr. Res. 33, 180-187.

Basu, A., Sanchez, K., Leyva, M.J., Wu, M., Betts, N.M., Lyons, T.J., 2010. Green tea sup-
plementation affects body weight, lipids, and lipidperoxidation in obese subjects with
metabolic syndrome. J. Am. Coll. Nutr. 29, 31-40.

Battestin, V., Macedo, G.A., de Freitas, V.A.P., 2008. Hydrolysis of epigallocatechin gallate
using a tannase from Paecilomyces variotii. Food Chem. 108, 228-233.

Calgarotto, A.K., Maso, V., Junior, G.C.F., Nowill, A.E., Filho, P.L., Vassallo, J.,
Saad, S.T.O., 2018. Antitumor activities of quercetin and green tea in xenografts of
human leukemia HL60 cells. Sci. Rep. 8, 3459-3466.

Chen, Z.-.Y., Zhu, Q.Y., Tsang, D., Huang, Y., 2001. Degradation of green tea catechins in
tea drinks. J. Agric. Food Chem. 49, 477-482.

Davalli, P., Rizzi, F., Caporali, A., Pellacani, D., Davoli, S., Bettuzzi, S., Brausi, M.,
D’Arca, D., 2012. Anticancer activity of green tea polyphenols in prostate gland. Oxid.
Med. Cell. Longev. 8, 984219.

de Melo, P.P.F., 2012. Breve histdria de cultura do ché na Ilha de Sdo Miguel. Acores Rev.
Oriente 21, 40-49.

Deng, J., Cheng, W., Yang, G., 2011. A novel antioxidant activity index (AAU) for natural
products using DPPH assay. Food Chem. 125, 1430-1435.

Efferth, T., Konkimalla, V.B., Wang, Y.F., Sauerbrey, A., Meinhardt, S., Zintl, F., Mat-
tern, J., Volm, M., 2008. Prediction of broad spectrum resistance of tumors towards
anticancer drugs. Clin. Cancer Res. 14, 2405-2412.

European Medicines Agency, 2006. Guideline on Quality of Herbal Medicinal Prod-
ucts/Traditional Medicinal Products from. https://www.ema.europa.eu/en/
quality-herbal-medicinal-productstraditional-herbal-medicinal-products  (accessed:
Sept 11, 2020).

Fujiki, H., Watanabe, T., Sueoka, E., Rawangkan, A., Suganuma, M., 2018. Cancer preven-
tion with green tea and its principal constituent, EGCG: from early investigations to
current focus on human cancer stem cells. Mol. Cells 41, 73-82.

Geybels, M.S., Verhage, B.A., Arts, I1.C., Van Schooten, F.J., Goldbohm, R.A., Van Den
Brandt, P.A., 2013. Dietary flavonoid intake, black tea consumption, and risk of over-
all and advanced stage prostate cancer. Am. J. Epidemiol. 177, 1388-1398.

Gillet, J., Efferth, T., Steinbach, D., Hamels, J., de Longueville, F., Bertholet, V.,
Remacle, J., 2004. Microarray-based detection of multidrug resistance in human tu-
mor cells by expression profiling of ATP-binding cassette transporter genes. Cancer
Res. 64, 8987-8993.

Phytomedicine Plus 1 (2021) 100001

Grzesik, M., Napartlo, K., Bartosz, G., Sadowska-Bartosz, 1., 2018. Antioxidant properties
of catechins: comparison with other antioxidants. Food Chem. 241, 480-492.

Haqqi, T.M., Anthony, D.D., Gupta, S., Ahmad, N., Lee, M.S., Kumar, G.K., Mukhtar, H.,
1999. Prevention of collagen-induced arthritis in mice by a polyphenolic fraction from
green tea. Proc. Natl. Acad. Sci. USA 96, 4524-4529.

Hegazy, M.F., Abdelfatah, S., Hamed, A.R., Mohamed, T.A., Elshamy, A.A., Saleh, L.A.,
Reda, E.H., Abdel-Azim, N.S., Shams, K.A., Sakr, M., Sugimoto, Y., Paré, P.W., Ef-
ferth, T., 2019. Cytotoxicity of 40 Egyptian plant extracts targeting mechanisms of
drug-resistant cancer cells. Phytomedicine 59, 152771.

Horzic, D., Komes, D., Belscak, A., Ganic, K.K., Ivekovic, D., Karlovic, D., 2009. The com-
position of polyphenols and methylxantine in teas and herbal infusions. Food Chem.
115, 441-448.

Jiao, H., Hu, G., Gu, D., Ni, X., 2015. Having a promising efficacy on type II diabetes, it’s
definitely a green tea time. Curr. Med. Chem. 22, 70-79.

Jigisha, A., Upadhyaya, B., Rawat, P., Rai, N., 2015. Biochemical characterization and
pharmacognostic evaluation of purified catechins in green tea (Camellia sinensis) cul-
tivars of India. Biotechnology 5, 285-294.

Kavanagh, K.T., Hafer, L.J., Kim, D.W., Mann, K.K., Sherr, D.H., Rogers, A.E., Sonen-
shein, G.E., 2001. Green tea extracts decrease carcinogen-induced mammary tumor
burden in rats and rate of breast cancer cell proliferation in culture. J. Cell. Biochem.
82, 387-398.

Kelly, S.P., Gomez-Ramirez, M., Montesi, J.L., Foxe, J.J., 2008. L-theanine and caffeine in
combination affect human cognition as evidenced by oscillatory alpha-band activity
and attention task performance. J. Nutr. 138, 15725-15778S.

Kimmig, A., Gekeler, V., Neumann, M., Frese, G., Handgretinger, R., Kardos, G., Did-
dens, H., Niethammer, D., 1990. Susceptibility of multidrug-resistant human leukemia
cell lines to human interleukin 2-activated killer cells. Cancer Res. 50, 6793-6799.

Komes, D., Horzié, D., Bels¢ak, A., Ganié, K., Vulié, K.I., 2010. Green tea preparation and
its influence on the content of bioactive compounds. Food Res. Int. 43, 167-176.

Lee, L.-.S., Kim, S.-.H., Kim, Y.-.B., Kim, Y.C., 2014. Quantitative analysis of major con-
stituents in green tea with different plucking periods and their antioxidant activity.
Molecules 19, 9173-9186.

Lin, J.K., Lin, C.L., Liang, Y.C., Lin-Shiau, S.Y., Juan, .M., 1998. Survey of catechins, gallic
acid, and methylxanthines in green, oolong, puerh, and black teas. J. Agric. Food Chem.
46, 3635-3642.

Lin, L., Chen, P., Harnly, J.M., 2008. New phenolic components and chromatographic
profiles of green and fermented teas. J. Agric. Food Chem. 56, 8130-8140.

Luthria, D.L., Mukhopadhyay, S., Krizek, D., 2006. Content of total phenolics and phenolic
acids in tomato (Lycopersicon esculentum Mill.) fruits as influenced by cultivar and solar
UV radiation. J. Food Compos. Anal. 19, 771-777.

Manach, C., Scalbert, Morand, C., A., Rémésy, C., Jiménez, L., 2004. Polyphenols: food
sources and bioavailability. Am. J. Clin. Nutr. 79, 727-747.

Manian, R., Anusuya, N., Siddhuraju, P., Manian, S., 2008. The antioxidant activity and
free radical scavenging potential of two different solvent extracts of Camellia sinensis
(L.) O. Kuntz. Ficus bengalensis L. and Ficus racemosa L. Food Chem. 107, 1000-10070.

Mbaveng, A.T., Bitchagno, G.T.M., Kuete, V., Tane, P., Efferth, T., 2019. Cytotoxicity of
ungeremine towards multi-factorial drug resistant cancer cells and induction of apop-
tosis, ferroptosis, necroptosis and autophagy. Phytomedicine 60, 152832.

McLellan, T.M., Caldwell, J.A., Lieberman, H.R., 2016. A review of caffeine’s effects
on cognitive, physical and occupational performance. Neurosci. Biobehav. Rev. 71,
294-312.

Meo, F., Lemaur, V., Cornil, J., Lazzaroni, R., Duroux, J., Olivier, Y., Trouillas, P., 2013.
Free radical scavenging by natural polyphenols: atom versus electron transfer. J. Phys.
Chem. A 117 (10), 2082-2092.

Miyata, Y., Matsuo, T., Araki, K., Nakamura, Y., Sagara, Y., Kojiro, O., Sakai, H., 2018.
Anticancer effects of green tea and the underlying molecular mechanisms in bladder
cancer. Medicines 5, 87-105.

Nanjo, F., Mori, M., Goto, K., Hara, Y., 1999. Radical scavenging activity of tea catechins
and their related compounds. Biosci. Biotechnol. Biochem. 63, 1621-1623.

Naveed, M., BiBi, J., Kamboh, A.A., Suheryani, I., Kakar, 1., Fazlani, S.A., et al., 2018.
Pharmacological values and therapeutic properties of black tea (Camellia sinensis): a
comprehensive overview. Biomed. Pharmacother. 100, 521-531.

Osada, K., Takahashi, M., Hoshina, S., Nakamura, M., Nakamura, S., Sugano, M., 2001.
Tea catechins inhibit cholesterol oxidation accompanying oxidation of low den-
sity lipoprotein in vitro. Comp. Biochem. Physiol. Part C Toxicol. Pharmacol. 128,
153-164.

Peng, X., Zhou, R., Wang, B., Yu, X., Yang, X., Liu, K., Mi, M., 2014. Effect of green tea
consumption on blood pressure: a meta-analysis of 13 randomized controlled trials.
Sci. Rep. 4, 6251-6258.

Pereira, R.B., Sousa, C., Costa, A., Andrade, P.B., Valentdo, P., 2013. Glutathione and the
antioxidant potential of binary mixtures with flavonoids: synergisms and antagonisms.
Molecules 18, 8858-8872.

Rafael, J., Carmona, L.-., Galano, A., 2011. Is caffeine a good scavenger of oxygenated
free radicals? J. Phys. Chem. B 115, 4538-4546.

Sabhapondit, S., Karak, T., Bhuyan, L.P., Goswami, B.C., Hazarika, M., 2012. Diversity of
catechin in northeast Indian tea cultivars. Sci. World J. 2012, 485193.

Saeed, M.E.M., Boulos, J.C., Elhaboub, G., Rigano, D., Saab, A., Loizzo, M.R., Has-
san, L.E.A., Sugimoto, Y., Piacente, S., Tundis, R., Yagi, S., Khalid, H., Efferth, T.,
2019. Cytotoxicity of cucurbitacin E from citrullus colocynthis against multidrug-re-
sistant cancer cells. Phytomedicine 62, 152945.

Saito, S.T., Gosmann, G., Saffi, J., Presser, M., Ritcher, F.M., Bergold, A., 2007. Charac-
terization of the constituents and antioxidant activity of Brazilian green tea (Camellia
sinensis var. assamica IAC-259 cultivar) extracts. J. Agric. Food Chem. 55, 9409-9414.

Song, R., Kelman, D., Johns, K.L., Wright, A.D., 2012. Correlation between leaf age, shade
levels and characteristic beneficial natural constituents of tea (Camellia sinensis) grown
in Hawaii. J. Food Chem. 133, 707-714.


https://doi.org/10.1016/j.phyplu.2020.100001
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0001
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0001
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0001
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0001
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0001
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0001
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0001
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0001
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0001
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0002
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0002
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0002
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0002
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0002
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0003
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0003
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0003
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0003
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0003
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0004
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0004
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0004
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0004
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0004
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0005
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0005
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0005
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0005
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0005
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0005
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0005
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0006
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0006
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0006
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0006
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0006
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0006
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0006
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0007
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0007
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0007
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0007
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0008
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0008
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0008
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0008
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0008
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0008
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0008
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0008
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0009
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0009
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0009
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0009
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0009
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0010
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0010
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0010
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0010
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0010
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0010
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0010
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0010
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0010
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0011
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0011
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0012
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0012
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0012
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0012
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0013
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0013
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0013
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0013
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0013
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0013
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0013
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0013
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0013
https://www.ema.europa.eu/en/quality-herbal-medicinal-productstraditional-herbal-medicinal-products
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0015
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0015
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0015
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0015
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0015
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0015
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0016
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0016
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0016
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0016
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0016
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0016
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0016
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0017
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0017
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0017
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0017
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0017
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0017
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0017
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0017
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0018
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0018
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0018
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0018
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0018
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0019
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0019
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0019
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0019
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0019
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0019
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0019
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0019
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0020
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0020
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0020
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0020
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0020
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0020
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0020
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0020
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0020
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0020
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0020
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0020
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0020
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0020
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0021
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0021
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0021
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0021
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0021
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0021
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0021
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0022
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0022
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0022
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0022
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0022
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0023
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0023
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0023
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0023
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0023
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0024
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0024
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0024
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0024
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0024
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0024
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0024
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0024
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0025
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0025
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0025
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0025
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0025
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0026
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0026
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0026
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0026
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0026
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0026
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0026
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0026
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0026
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0027
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0027
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0027
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0027
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0027
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0027
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0028
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0028
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0028
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0028
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0028
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0029
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0029
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0029
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0029
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0029
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0029
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0030
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0030
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0030
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0030
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0031
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0031
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0031
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0031
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0032
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0032
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0032
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0032
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0032
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0032
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0033
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0033
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0033
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0033
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0033
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0034
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0034
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0034
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0034
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0034
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0034
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0035
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0035
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0035
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0035
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0036
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0036
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0036
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0036
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0036
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0036
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0036
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0036
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0037
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0037
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0037
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0037
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0037
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0037
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0037
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0037
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0038
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0038
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0038
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0038
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0038
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0039
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0039
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0039
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0039
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0039
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0039
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0039
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0039
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0040
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0040
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0040
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0040
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0040
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0040
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0040
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0041
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0041
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0041
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0041
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0041
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0041
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0041
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0041
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0042
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0042
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0042
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0042
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0042
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0042
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0043
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0043
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0043
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0043
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0044
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0044
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0044
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0044
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0044
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0044
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0045
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0045
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0045
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0045
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0045
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0045
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0045
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0045
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0045
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0045
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0045
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0045
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0045
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0045
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0046
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0046
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0046
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0046
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0046
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0046
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0046
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0047
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0047
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0047
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0047
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0047

S. Barreira, C. Moutinho, A.M.N. Silva et al.

Sueoka, N., Suganuma, M., Sueoka, E., Okabe, S., Matsuyama, S., Imai, K., Nakachi, K.,
Fujiki, H., 2001. A new function of green tea: prevention of lifestyle-related diseases.
Ann. N. Y. Acad. Sci. 928, 274-280.

Uchenna, J., Unachukwu, S.A., Kavalier, A., Lyles, J.T., Kennelly, E.J., 2010. White and
green teas (Camellia sinensis var. sinensis): variation in phenolic, methylxanthine and
antioxidant profiles. J. Food Sci. 75, C541-C548.

Vuong, Q.V., Golding, J.B., Stathopoulos, C.E., Hguyen, H.N., Roach, P.D., 2011. Optimiz-
ing conditions for the extraction of catechins from green tea using hot water. J. Sep.
Sci. 34, 3099-3106.

Wang, Y.C., Bachrach, U., 2002. The specific anti-cancer activity of green tea
(-)-epigallocatechin-3-gallate (EGCG). Amino Acids 22, 131-143.

Wu, J., Xie, W., Pawliszyn, J., 2000. Automated in-tube solid phase microextraction cou-
pled with HPLC-ES-MS for the determination of catechins and caffeine in tea. Analyst
125, 2216-2222.

Xu, B.J., Chang, S.K., 2007. A comparative study on phenolic profiles and antioxidant
activities of legumes as affected by extraction solvents. J. Food Sci. 72, 159-166.
Yang, C.S., Zhang, J.S., 2019. Studies on the prevention of cancer and cardio-metabolic
diseases by tea: issues on mechanisms, effective doses, and toxicities. J. Agric. Food

Chem. 67, 5446-5456.

Phytomedicine Plus 1 (2021) 100001

Yang, G., Shu, X.0., Li, H., Chow, W.H., Ji, B.T., Zhang, X., Zheng, W., 2007. Prospective
cohort study of green tea consumption and colorectal cancer risk in women. Cancer
Epidemiol. Prev. Biomark. 16, 1219-1223.

Yang, G., Zheng, W., Xiang, Y.B., Gao, J., Li, H.L., Zhang, X., Shu, X.0., 2011. Green
tea consumption and colorectal cancer risk: a report from the Shanghai men’s health
study. Carcinogenesis 32, 1684-1688.

Yang, J., Mao, Q.X., Xu, HX., Ma, X., Zeng, C.Y., 2014. Tea consumption and risk of
type 2 diabetes mellitus: a systematic review and meta-analysis update. BMJ Open 4,
e005632.

Yashin, A.Y., Nemzer, B.V., Combet, E., Yashin, Y.I., 2015. Determination of the chemical
composition of tea by chromatographic methods: a review. J. Food Res. 4, 58-88.
Yin, J., Duan, S., Liu, F.C., Yao, Q.K., Tu, S., Xu, Y., Pan, C.W., 2017. Blood pressure is
associated with tea consumption: a cross-sectional study in a rural, elderly population

of Jiangsu China. J. Nutr. Health Aging 21, 1151-1159.

Zuo, Y., Chen, H., Deng, Y., 2002. Simultaneous determination of catechins, caffeine, and
gallic acid in green, oolong, black, and pu-erh teas by HPLC with photodiode detection.
Talanta 57, 307-316.


http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0048
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0048
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0048
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0048
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0048
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0048
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0048
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0048
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0048
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0049
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0049
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0049
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0049
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0049
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0049
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0050
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0050
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0050
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0050
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0050
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0050
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0051
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0051
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0051
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0052
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0052
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0052
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0052
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0053
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0053
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0053
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0054
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0054
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0054
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0055
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0055
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0055
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0055
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0055
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0055
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0055
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0055
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0056
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0056
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0056
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0056
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0056
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0056
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0056
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0056
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0057
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0057
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0057
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0057
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0057
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0057
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0058
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0058
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0058
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0058
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0058
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0059
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0059
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0059
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0059
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0059
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0059
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0059
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0059
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0060
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0060
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0060
http://refhub.elsevier.com/S2667-0313(20)30001-4/sbref0060

	Phytochemical characterization and biological activities of green tea (Camellia sinensis) produced in the Azores, Portugal
	Introduction
	Materials and methods
	Solvents, reagents and standards
	Extraction methods
	High-performance liquid chromatography with diode-array detection (HPLC-DAD)
	Diphenyl-1-picrylhydrazyl (DPPH&#x2022;) assay
	Total phenolics content (TPC)
	Cytotoxic activity against cancer cells
	Statistical analysis

	Results and discussion
	Phytochemical fingerprinting and marker compound analysis
	Antioxidant properties
	Anticancer activity of green tea sample from Azores

	Conclusion
	Declaration of Competing Interest
	CRediT authorship contribution statement
	Acknowledgments
	Supplementary materials
	References


