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Abstract

Purpose: To evaluate the total content of polyphenols and the free radical scavenging activity of three
different extracts of three types of tea clone 100 (black, green and white), and their anti-proliferative
effects on colorectal cancer.

Methods: Five major polyphenols, viz, (+)-catechin, (-)-epicatechin, (-)-epigallocatechin, (-)-epicatechin
gallate and (-)-epigallocatechin gallate, were identified using thin layer chromatography (TLC).
Catechins were quantified by high performance liquid chromatography (HPLC). Antioxidant activity was
measured by DPPH radical scavenging method, while 3-(4, 5-dimethylthiazol-2-yl)-2, 5-
diphenyltetrazolium bromide (MTT) assay was employed for the determination of cell viability of colon
cell line HCT-116 after 24 and 48 h.

Results: The aqueous methanol (70 %) extract of white tea yielded the highest amount of polyphenols
(36.67 £ 0.54 mg GAE/g dry weight). The DPPH radical scavenging activity of white tea was 71.74 +
0.42 %, and it produced high anti-proliferation activity against colorectal cancer cell line HCT-116 (86.06
+ 0.54 %).

Conclusion: White tea extract possesses high DPPH radical scavenging activity, and exerts good anti-
proliferative effects against colorectal cancer cell line HCT-116, most likely due to its catechin content.
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INTRODUCTION

Tea (Camellia sinensis L.), which belongs to the
Theaceae, family is the second most widely
consumed drink in the world after water, and it is
rich in polyphenols [1]. Iranian teas are of

immense use to the pharmaceutical, cosmetic,
and food industries because their contents of
high purity polyphenolic compounds, high
antioxidant properties and absence of additives
[2]. Generally, tea can be classified into three
types: unfermented (green and white teas),
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partially fermented (oolong tea), and completely
fermented (black tea) [3]. White tea harvested
before the tea plant leaves open fully, is light in
colour and made from buds and immature leaves
that are covered with fine white hairs, and
undergo little or no oxidation before drying [4].

The major catechins present in tea are (-)-
epigallocatechin, (+)-catechin, (-)-
epigallocatechin gallate, (-)-epicatechin and (-)-
epicatechin gallate [5] (Figure 1). Studies have
shown that public awareness about the benefits
of tea has increased in the recent past [6].
Majority of the beneficial effects of tea are related
to the primary polyphenolic constituents of tea
and its strong antioxidant potential [7]. It has
beneficial  effects against cancers [8],
cardiovascular diseases [9], and diabetes [10]. In
general, polyphenols are classified into four
classes: phenolic acids, flavonoids, lignans, and
stilbbenes [11]. In recent vyears, lots of
epidemiological studies were focused on
bioactive phytochemicals such as phenolic
compounds because of their beneficial effects on
human health [12]. The antioxidant activities of
phenolic compounds are due to their redox
features, which allow them to play role as
reductive agents, singlet-oxygen quenchers, and
metallic-ion chelators [13].

Cancers are a complex group of diseases
caused by environmental and genetic factors
[14]. Cancers are rarely the result of a single
exposure or factor: a combination of exposures
and genetic factors lead to multiple types of
genetic damage and modification of multiple
genetic pathways [15]. Colorectal cancer (CRC)
is one of the major causes of cancer mortality,
and the second and third major cause of cancer
incidence among females and males,
respectively. Alarmingly, increasing numbers of
reported cases of colon cancer in recent years
have made this type of cancer one of the major
health concerns [16,17]. The American Cancer
Society reported 96,830 cases of colon and
40,000 cases of rectal cancers in 2014 [16,17].
The MTT assay is an indirect colorimetric assay
for determining cell viability. It is highly
recommended for studying the cytotoxic effects
of xenobiotics and herbal extracts, and for
analysing cell activity [18].

The aim of this research was to evaluate the total
content of polyphenolic compounds, and the
antioxidant activities of three types of tea clone
100 (white, green and black) extracted with
different solvent extraction methods. The second
goal was to assess the usefulness of the MTT
assay in analysing white tea extract, and the
effect of different concentrations of tea extracts

on anti-proliferation in the colorectal cancer cell
line, HCT-116.
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Figure 1: Major polyphenol structures in three types of
tea (white, green and black)

EXPERIMENTAL
Plant material

Leaves of white, green and black tea clone 100,
(C. sinensis (L.) O. kuntze), belonging to the
theaceae family were used in this research. The
samples were collected during the growing
season, spring 2016, by Tea Research Institute
of Iran (GPS location of 37° 14" 30" N latitude
and 52° 3' 2" E longitude) [19].

Extraction method

The method described by International
Organization for Standardization (ISO) 14502-1
[20] was wused for extraction, with some
modifications. Three solvents were applied for
extraction.

Methanol (70 %) extraction

In this method, 0.5 £ 0.001 g of each tea leaf
sample (white, green and black, from clone 100
Iran) was ground in liquid nitrogen, and put into
extraction tubes. Then, 10 mL of 70 % methanol
was added at 70 °C, and the mixture was heated
at 70 °C on bain-marie for 10 min. Then, the
extract tubes were sonicated for 5 — 7 min, and
heated again at 70 °C for 10 min. After cooling at
room temperature, the extract was centrifuged at
3500 rpm for 10 min, and the supernatant was
decanted into graduated tubes. One ml of extract
was diluted to 10 mL with distilled water for use
in the different chemical analysis.

Aqueous extraction

In this method, 10 mL of boiling water was added
to 0.5 £ 0.001 g of each tea leaf sample in
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extraction tubes, and the extraction followed the
methanol method as described above.

Agueous - methanol (70 %) extraction

In this method, 5 mL of distilled water at 100 °C
and 5 mL of 70 % methanol at 70 °C were added
to 0.5 £ 0.001 g of each tea leaf sample in an
extraction tube, and the extraction steps were as
described for the methanol method.

Determination of total polyphenolic content

The total polyphenolic content (TPC) was
measured spectrophotometrically using the Folin-
Ciocalteu reagent, with gallic acid (99 % purity,
Sigma, Germany) as standard, as described by
the 1SO 14502-1. Each diluted tea extract (1 mL)
was taken (in triplicates) in separate tubes
containing 5 mL of a 1:10 dilution of Folin-
Ciocalteu reagent (Merck chemicals, Germany)
in water. Then, 4 mL of an anhydrous sodium
carbonate solution (7.5 % wlfv, 95 % purity, Teb-
azma Co., Iran) was added, and the tube
contents were vortexed for 5 min, and then
allowed to stand at room temperature for 1 h. In
some references, sodium carbonate was omitted
from the tubes. In this research, both methods
were compared (to determine the difference
between them). The absorbance was measured
at 765 nm against distiled water. The
concentrations of polyphenols in the samples
were derived from a gallic acid standard curve
(Pearson correlation coefficient r* = 0.9877), and
the TPC was expressed as mg gallic acid
equivalents (GAE)/g dry weight.

TLC analysis

For TLC analysis, silica gel plates (layer
thickness 0.20 mm; Sigma), were put in the
chromatographic chamber (12 x 10 x 8 cm;
Sigma) containing the mobile phase solvent
system: chloroform, acetic acid and methanol (all
Merck Chemicals, Germany) at volume ratio of
80:16:4. After developing the chromatogram, the
spots were located on the plate under the UV
lamp at 254 nm. The spots were identified by
comparison of R; values.

HPLC analysis

The HPLC system consisted of Shimadzu with a
fixed wavelength UV-VIS detector (Model
LC10AD VP), and a Rheodyne sample injector
with a 20 pyL sample loop. The chromatography
column was C18 (300 mm x 3.9 mm ID x 5um).
The mobile phase flow rate was 1 ml / min, and
detection was carried out by measurement of UV

absorbance at 280 nm. The mobile phase was
composed of water, acetonitrile, methanol, ethyl
acetate and glacial acetic acid (89:6:3:1:1
viviviviv) (Merck, Germany). A Star v6.3 software
(varian) was used for the operation of the
detector and data processing static phase [22].
Catechin concentration of each samples was
determined using Eq 1 [23].

C(U)=AU)XC S A .oovererenn.. 1)

where C (u) is the concentration of unknown
sample, A (u) is the peak area of the unknown
sample, C (st) is the concentration of the
standard, and A (st) is the area peak of standard.

Determination of DPPH radical scavenging
activity

The DPPH radical scavenging activities of the
extracts were assayed using the modified
method of Blois [21]. A volume of 1 mL of each
extract was mixed with 5 mL of 500 yM DPPH
solution in absolute ethanol, and 2.5 mL of 0.1 M
Tris-HCI buffer, pH 7.4. The mixture was kept for
30 min in darkness at room temperature. Then
the absorbance was read at 517 nm in a
spectrophotometer. The free radical scavenging
activity of polyphenols in the samples was
derived from a standard curve of ascorbic acid
(Sigma, Germany). Radical scavenging was
calculated in terms of % inhibition as in Eq 2.

Inhibition (%) = {(Ao — A))/Ac} 100 ............ (2)

where Aq is the absorbance of the control, and A;
is the absorbance of the samples.

Cell culture

Human colorectal carcinoma cells (HCT-116)
were used in MTT assay to determine cell
viability. HCT-116 (ATCC_ HTB-38™) cells were
cultured and grown in DMEM high glucose (Bio
idea Co. Iran). The cells were supplemented with
10 % foetal bovine serum and 0.5 % pen-strep
{penicillin (10 U/ml), and streptomycin (10

pg/mi)} in a humidified incubator with 5% CO,
(Figure 2).

Figure 2: (A) First day culture of cell line HCT-116, (B)
second day of cell culture, (C) third day of culture
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Cell count and viability assay

The cell count was determined by counting the
cells in haemocytometer. About 0.2 mL of the cell
suspension was diluted in 0.2 mL of Trypan blue
(0.1 %), and transferred into the haemocytometer
immediately. The viable cells (non-viable cells
are stained blue, and viable cells remain
unstained) were counted in each corner of the
chambers. Cells lying on the top and to the left
were eliminated. The total number of cells, which
had been seeded at a concentration of 10°*
cells/well, in a 24-well plate was calculated as in
Eq 3.

Cl=Tbx (T/4)x 10%, ....ccovvernn, (3)

where CI = initial cell concentration, T = total
viable cell count of 4 squares, Tb = correction for
the trypan blue dilution, T/4 = correction to give
mean cells/corner square, and 10" = conversion
factor for counting chamber.

In vitro anti-proliferative effects of white tea
extract (WTE)

The inhibitory effect of WTE on the proliferation
of the colorectal carcinoma cell line, HCT-116,
was determined by using the MTT assay [24]. In
brief, cells were seeded in 96-well plates at 5000
cells/well, and allowed to attach overnight. Then
the media was changed, and the cells were
treated with various concentrations of the extract
(0 — 1000 pg/ mL) incubated for 24 h and 48 h.
Thereafter, 10 mL of MTT solution (100 mM of
MTT bromide in RPMI-1640) was added to each
well plate, and incubated for 4 h at 37 °C. The
supernatant was aspirated, and the MTT-
formazan crystals formed by metabolically viable
cells were dissolved in 50 ml of dimethyl
sulphoxide (DMSO). Eventually, the absorbance
of each well-plates was monitored in a micro-
plate reader at a wavelength of 580 nm. Growth
inhibition of the cells was calculated using Eq 4
[25]:

Inhibition (%) = {(A, — As)/A)}100, ......... 4)
Where Ab and As are the absorbance of blank
and test samples, respectively.

Determination of half-maximal
concentration (I1Cs)

inhibitory

The extract concentration that reduced the
viability of cells by 50 % (ICso) was determined
by plotting triplicate data points over a
concentration range. The ICg results was
indicated as regression analysis using GraphPad
PRISM. Calculation of confidence limits and

significance testing were made at the level of p =
0.05.

Statistical analysis

Data are presented as mean + SD, and all
measurements and analysis were carried out in
triplicate (n = 3). Excel 2013 and SPSS V.22.0
statistical packages were used for the statistical
and graphical evaluations. Statistical analysis
was performed by one-way analysis of variance
(ANOVA) with Duncan multiple comparisons, and
Student’s t-test. All p values < 0.05 were
considered significant.

RESULTS
Total phenolic content

There were significant differences between the
total phenolic contents (TCPs) of aqueous
extracts of black, green, and white tea in
presence of sodium carbonate (Table 1). Black
tea extract had the lowest content of polyphenols
(18.99 + 0.47 mg GAE/g DW), while the TPCs of
green tea and white extracts were 23.45 + 1.03
and 27.08 * 059 mg GAE/g dry weight,
respectively. In this method of extraction, the
TPC result for white tea was significantly different
from those of green and black tea (p < 0.05,
Table 1). The TPCs of 70% methanol extracts of
white, green, and black tea clone 100 were 13.68
+0.26, 13.12 £ 0.07, and 12.45 + 0.38 mg GAE/g
dry weight, respectively.

Similar results were obtained in the presence of
sodium carbonate, i.e., black tea extract still had
the lowest content of polyphenols (14.65 + 0.39
mg GAE/g dry weight), relative to green tea
extract (16.85 + 0.5 mg GAE/g dry weight), and
white tea extract (21.52 + 0.81 mg GAE/g dry
weight). The third method of TPC estimation in
tea extract was significantly more efficient than
the first one. In this study, both solvents were
used together. The result of TPCs of three types
of tea extracted with 70% methanol and distilled
water showed that black tea extract had the
lowest amount of polyphenols (16 + 0.21 mg
GAE/g DW), when compared with green tea
extract (18.64 = 0.46 mg GAE/g dry weight), and
white tea extract (23.08 = 0.76 mg GAE/g dry
weight).

The same pattern of TPC was achieved when
sodium carbonate was added. The black tea
extract still had the lowest TPC (21.68 £ 0.59 mg
GAE/g dry weight), followed by green tea extract
(27.54 + 0.84 mg GAE/g dry weight), and white
tea extract (36.67 = 0.54 mg GAE/g dry weight)
(Tablel). In this method, the TPC of white tea
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was significantly higher than those of black tea
and green tea (p < 0.01).

Table 1: Total phenolic contents of different tea
extracts clone 100 as a function of method used

water; GW: green tea extracted with distilled water;
BW: black tea extracted with distilled water; WW:
white tea extracted with distilled water; GA: gallic acid

Table 2: Gallic acid Rtin different teas

Extraction type / tea sample R for gallic acid

(GAE/g dry weight)
Extract TPC via TPC via
Folin- Folin-
Ciocalteu's Ciocalteu's
plus sodium
carbonate
Aqueous/white tea 17.91+0.33*  27.08+0.59*
Aqueous/green tea 15.94+021 23.45+1.03
Aqueous/black tea 12.84+0.84 18.99+0.47
Methanol (70 13.68+0.26 21.52+0.81
%)/white tea
Methanol (70 13.12+0.07 16.85+0.50
%)/green tea
Methanol (70 %) 12.45+0.38  14.65+0.39
/black tea
Aqueous — methanol
(70 %)/white tea 23.08+0.76**  36.67+0.54**
Aqueous — methanol 18.64+0.46*  27.54+0.84*
(70 %)/green tea
Aqueous — methanol 16+0.21 21.68+0.59

(70 %)/black tea

Methanol (70 %) / black tea 0.221+0.022
Methanol (70 %) / green tea 0.227+0.031
Methanol (70 %) / white tea 0.220+0.011

0.213+0.012*
0.214+0.017~*
0.211+0.031*

Aqueous / black tea
Agqueous / green tea
Aqueous / white tea

Data are expressed as mean + SD (n = 3). Values with
different superscript letters in a column are statistically
different (**p <0.01; *p <0.05)

Gallic acid in extracts

In TLC assay, gallic acid was detected in the
three types of tea extracts. From the results, the
highest differences in R; values appeared in
those teas extracted with distilled water (0.211,
0.213 and 0.214; Table 2). Therefore, distilled
water extraction method was the best method for
the separation of gallic acid. The R; value
obtained for gallic acid in this study was
comparable to the R¢ obtained by Amarowicz [23]
(Figure 3).

GW BW WW GA GMW BMW WMW GA

Figure 3: TLC profile for detection of gallic acid in
three types of extracts. GM: green tea extracted with
methanol; BM: black tea extracted with methanol; WM:
white tea extracted with methanol; GMW: green tea
extracted with the mixture of methanol + distilled
water; BMW: black tea extracted with the mixture of
methanol and distilled water; WMW: white tea
extracted with the mixture of methanol and distilled

Aqueous — methanol (70 %) / 0.208+0.029
black tea

Aqueous — methanol (70 %) / 0.201+0.024
green tea

Aqueous — methanol (70 %) / 0.203+0.028
white tea

Gallic acid standard 0.216+0.011
Results are expressed as mean + SD (n = 3);

*statistically significant (p < 0.05)

HPLC analysis

Five types of compounds C, EGC, ECG, EGCG,
EGCG, and gallic acid were identified.
Differences between their retention times, and
absorption spectra were compared with standard
references. Related to HPLC chromatograms,
content of polyphenols was remarkably different
in white, green, and black tea extracts. In white
tea the concentrations of EGCG and other
polyphenolic compounds were higher in
comparison with green, and black teas profiles.
In white tea, EGCG and other polyphenols were
present in high amount, relative to green and
black tea. HPLC chromatograms for green and
black tea extracts showed that different
fermentation times directly affected the amount
and structure of polyphenols in the extracts
[Table 3, Table 4 and Table 5].

DPPH radical scavenging activity

The results of this study showed that the
extraction of white tea extracted using the three
different solvent methods effectively reduced its
DPPH radical scavenging activity, relative to their
high catechin contents. In addition, extraction
with aqueous — methanol (70 %) and water
resulted in higher yield of catechins, when
compared with 70 % methanol (Table 6). This
could be due to the presence of high levels of
epigallocatechin gallate (EGCG), which is one of
major polyphenols in white tea [27]. The ICs
values of the various tea extracts were
expressed in pg/ml. Ascorbic acid was used as
standard.
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Table 3: Contents of individual tea catechins in black tea samples (mg/g dry weight)

Extraction GA EGC EC EGCG ECG
method

Methanol 1.38° 1.22° 0.33° 0.64° 2.91° 0.53°
(70 %)

Aqueous 1.41> 1.43% 0.41%° 0.69° 3.07° 0.58"
Aqueous — 1.53% 1.57% 0.47° 0.73° 3.12° 0.67°

methanol (70 %)

Data are expressed as Duncan®® variance comparison (n = 3). *Gallic acid (GA), (-)-epigallocatechin (EGC), (+)-
catechin (C), (-)-epigallocatechin gallate (EGCG), (-)-epicatechin (EC) and (-)-epicatechin gallate (ECG)

Table 4: Contents of individual tea catechins in green tea samples (mg/g dry weight)

Extraction GA EGC EC EGCG ECG
method

Methanol 2.27° 2.20° 0.447 1.19° 4.15% 0.63%
(70 %)

Aqueous 2.33% 2.78% 0.53% 1.31% 4.21° 0.69°
Agqueous — 2.47% 2.93% 0.60° 1.382 4.38° 0.72°

methanol (70 %)

Data are expressed as Duncan®® variance comparison (n = 3). *Gallic acid (GA), (-)-epigallocatechin (EGC), (+)-
catechin (C), (-)-epigallocatechin gallate (EGCG), (-)-epicatechin (EC) and (-)-epicatechin gallate (ECG)

Table 5: Contents individual tea catechins in white tea samples (mg/100g dry weight)

Extraction GA EGC EC EGCG ECG
method

Methanol 2.447 5.63° 0.68"° 1.62° 6.91% 1.08°
(70 %)

Aqueous 2.56" 6.02% 0.74° 1.71% 6.95 1.14%°
Aqueous — 2.66% 6.14% 0.90° 1.83?% 7.03% 1.192

methanol (70 %)

Data are expressed as Duncan®® variance comparison (n = 3). *Gallic acid (GA), (-)-epigallocatechin (EGC), (+)-
catechin (C), (-)-epigallocatechin gallate (EGCG), (-)-epicatechin (EC) and (-)-epicatechin gallate (ECG)

Table 6: DPPH scavenging activities of three type of
tea clone 100 extracted with different solvents

DPPH radical
scavenging activity
(ICs0), (Hg/ml)

Extraction solvent/tea
sample

Aqueous / white tea 66.61+0.27**
Agqueous / green tea 30.79+0.42
Aqueous / black tea 24.73+0.53

Aqueous + methanol (70 %) / 71.74+0.42**

white tea
Aqueous + methanol (70 %) / 52.61+0.63*
green tea
Aqueous + methanol (70 %) / 46.98+0.24*
black tea
Methanol (70 %) / white tea 47.90+0.31*
Methanol (70 %) / green tea 25.11+0.42
Methanol (70 %) / black tea 31.92+0.14
Ascorbic acid 15.06+0.14

Data are expressed as mean + SD (n = 3). Values with
different superscript letters in a column are statistically
different (**p <0.01; *p <0.05)

In vitro anti-proliferative effect of white tea
extract on HCT-116 cell lines

HCT-116 cells were treated with different
concentrations of white tea extracts (0 — 1000

pg/mL) for 24 h and 48 h (Figure 4). Aqueous
extraction was the best extraction method that
yielded the highest polyphenol contents, and
highest radical scavenging activity. Aqueous
extract of white tea clone 100 at a concentration
of 1000 pg/mL, had strong anti-proliferative
activity on HCT-116 cells in 24 h (ICso = 75.87 £
0.061 pg/mL) (Figure 5). The result showed that
in 48 h, the same concentration of tea extract
had 1Cs, of 86.06 = 0.023 pg/mL (Figure 6).
Within 24 h and 48 h, the anti-proliferative activity
of the white tea extract was concentration-
dependent.

Figure 4: Anti-proliferative effect of white tea extract
against HCT-116 cells within 24 h and 48 h
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Figure 5: Inhibitory effect of aqueous extract of white tea on the growth of HCT-116 linein 24 h
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Figure 6: Inhibitory effect of aqueous extracts of white tea on the growth of HCT-116 line in 48 h

DISCUSSION

The results for both methods of TPC estimation
showed that unfermented tea (white tea) had the
highest amount of polyphenols. It has been
reported that when tea leaves are fermented for
a long time, the flavonoid and phenolic structures
may become degraded and unstable [25]. The
detection of these compounds is in good
agreement with the chemical composition of tea
as widely described elsewhere [26]. Minor
catechins such as EGC and EC were
significantly higher in white and green tea
products. It has been suggested that most of
polyphenols and flavonoid compounds could be
detected in white tea clearly because of lower
fermentation used in its processing, as opposed
to green and black tea [27]. High temperature
related to solvent extraction can degrade
polyphenol structures [28]. The best solvent
combination for polyphenol extraction was
distiled water and methanol (70 %). Distilled
water was more efficient than the other solvents.
A study reported that the most efficient mobile

phase for separation of catechin (EGCG and
ECG) was a mixture of acetonitrile, methanol and
acetic acid [29,30].

The present results showed that regardless of
the type of extraction method, white and green
tea extracts had more scavenging activity than
black tea, due to their higher content of catechin,
which is a known antioxidant compound. Tea
TPC has been linked to DPPH radical capacity
[30]. Indeed, catechin levels influence the
antioxidant capacity of tea [29]. Phenolic
structures in different tea extracts inhibit the
radical scavenging activity of tea. The
polyphenols usually decrease the reaction of
oxygen and nitrogen species. Several studies
have proposed the inhibitory effect of tea against
carcinogenesis of lung, skin, oesophagus, liver,
and stomach [31,32]. These are in agreement
with the results of the present study.

CONCLUSION

This study has demonstrated that white and
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green teas have more phenolic compounds
(catechin and flavonoids) than black tea. Higher
amounts of phenolic content were obtained by
inclusion of sodium carbonate in the Folin-
Ciocalteu assay. Aqueous methanol (70%)
extraction method was the best method for
extracting polyphenols from all the tea types
studied. White tea extracted with this method had
higher TPC content and higher DPPH radical
scavenging activity than extracts obtained using
any of the other methods. In addition, aqueous
extract of white tea, at higher doses exhibited
high anti-proliferative activity against HCT-116
cells in 48 h. Thus, the extract possesses
appreciable anti-carcinogenic properties, due
obviously to its high TPC.
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