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Abstract

Thearubigins (TRs) are the major components of black tea, which are formed during the
fermentation reactions. Although anti-inflammatory and anti-cancer activities of TRs have been
reported, the prepared TRs according to the literature methods still contain many floating peaks. It
is puzzling whether the observed activities are from TRs or these floating peaks. Thus, it is urgent
to develop a method to prepare pure TRs and redefine them. In the present study, we developed a
new method, the combination of caffeine precipitation and Sephadex LH-20 column
chromatography, to prepare pure TRs. The floating peaks on the hump of the crude TRs were
removed, and pure TRs were prepared. The chemical profile of the floating peaks was established
using LC/MS, and the major compounds in this fraction were identified as apigenin glycosides,
quercetin glycosides, kaempferol glycosides, theaflavins, theasinensin, and galloylglucoses based
on the analysis of their tandem mass spectra and in comparison with literature data. This study will
pave the way to further study the chemistry and biological activities of TRs and the health effects
of black tea consumption.
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1. Introduction

Black tea is one of the most popular beverages in the world, produced from young green
shoots of the tea plant (Camellia sinensis) by fermentation [1]. Consumption of black tea has
been associated with many health benefits including the prevention of cardiovascular disease
[2], cancer [3, 4], and obesity [5]. These effects are attributed to the polyphenol compounds
in black tea [6, 7], which include catechins, phenolic acids, theaflavins(TFs) and
thearubigins (TRs) [ 8-11].
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Aside from TRs, other polyphenols in black tea have been well characterized structurally.
TRs were thought to be the major components of black tea which are believed to account for
up to 60% of the solids in a black tea infusion [12, 13]. However, the content of TRs was
overestimated because of a lack in an effective method to prepare pure TRs. On reverse-
phase high performance liquid chromatography (HPLC), the crude TRs appeared as a large
Gaussian-shape hump that is overlaid by a number of well-resolved sharp peaks [1, 14]. In
the 1960s, Roberts reported the crude TRs as three fractions, Sl, Sll, and Sla, which showed
a broad streak on two-dimensional paper chromatography [15, 16]. In the 1990s, Bailey
reinterpreted the issue with division of the crude TRs into groups I, I1, and 111 with the
development of HPLC techniques [17, 18]. At that time, Powell began to investigate the TRs
via the caffeine precipitation method [19]. During the past sixty years, many scientists have
been working on the isolation, purification, and characterization of TRs [1, 18, 20-23]. Most
of the reports on the separation of TRs were based on and modified from the Roberts’
method and the caffeine precipitation method. However, Roberts” method involves many
steps and cannot produce pure TRs, and the TRs from the caffeine precipitation method still
showed a hump with many floating peaks [20]. UIf W Stodt prepared the more clean TRs
via Amberlite XAD-7 resin and high-speed counter-current chromatography but with low
yields [20].

Numerous studies have reported the biological activities of TRs. Murad and colleagues
reported that TRs protected against acetaminophen-induced hepatotoxicity and
nephrotoxicity in mice [24], and improved the sildenafil-induced delayed gut motility in
mice [25]. Halder et al. found that TRs have significant antimutagenic and anticlastogenic
effects in Salmonella assay /n vitroand /n vivo in bone marrow cells of mice [26]. TRs have
also been reported to protect against the neuromuscular blocking action of botulinum
neurotoxin types A, B, and E by binding with the toxins [27, 28]. However, the TRs used in
these studies were prepared based onthe Roberts’ method and the caffeine precipitation
method, which are crude TRs and contain many floating peaks. It is puzzling whether the
observed activities are from TRs or these floatingpeaks. In the present study, we developed a
new method by combination of caffeine precipitation and the Sephadex LH-20 column
chromatography to remove the floating peaks and prepare pure TRs. We also analyzed the
chemical profile of these floating peaks and elucidated their structures based on the analysis
of their tandem mass spectra and in comparison with literature data.

2. Materials and methods

2.1. Chemicals and reagents

Black tea was purchased from Yunnan Province of China in 2016 (Baoshan Changninghong
Tea Industry Group Co., LTD, Yunnan, China). Caffeine and Sephadex LH-20 were
purchased from Sigma-Aldrich Corporation (St. Louis, MO, USA). ACS-grade ethanol,
acetone, HPLC grade methanol, LC/MS-grade solvents and other reagents were obtained
from Fisher Scientific (Pittsburgh, PA, USA).
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2.2. Preparation of black tea extract

Black tea was soaked with 70% methanol at room temperature for 4 days and repeated for
four times. The extracts were then concentrated by a rotary evaporator under vacuum at
35°C to remove the methanol, and then freeze-dried to obtain the black tea extract (yield:
33%).

2.3. Preparation of crude TRs

In our study, considering the effects of 1) concentrations of caffeine to precipitate tea
polyphenols, 2) the order of decaffeination by chloroform and the partition against ethyl
acetate, and 3) the pre-extraction of ethyl acetate before caffeine precipitation on the purity
and amount of the TRs, six methods (methods 1, 2, 3,17, 2", and 3”) were used to prepare
the crude TRs. Their schematic depictions of the procedure are shown in Figure 1. The only
difference between methods 1, 2, and 3 and methods 1”, 27, and 3’, respectively, is the
concentration of caffeine. We used 20 mM caffeine in methods 1, 2, and 3, and 40 mM
caffeine in methods 1°, 2”, and 3”. For method 1, TRs were prepared according to the
method of caffeine precipitation with modification [1, 23]. Briefly, black tea extract (1 g)
was added to boiling water (60 mL) with 20 mM of caffeine, stirred to ensure dissolution
(Figure 1). The solutionwas allowed to stand at 4 °C for 2 h, and then centrifuged at 8819
rpm for 10 min to form the precipitate. The precipitate was suspended in boiling water again
and extracted by ethyl acetate (100 mL/time, 6 times), which produced the aqueous fraction
and the ethyl acetate fraction. The aqueous phase was partitioned against chloroform (100
mL/time, 4 times) to remove caffeine, then the decaffeinated aqueous phase was dried by a
rotary evaporator under vacuum at 35 °C, to get the crude TRs fraction. Similarly, in method
2, the caffeine precipitate was suspended in boiling water and extracted by chloroform first,
and then ethyl acetate instead of ethyl aceate first and then chloroform in method 1. Then,
the aqueous phase was dried by a rotary evaporator to get the crude TRs fraction. While, in
method 3, black tea extract was extracted by ethyl acetate, then the aqueous phase was
precipitated by caffeine. Thecrude TRs were obtained by decaffeination of the precipitate.

2.4, Separation of the floating peaks from the crude TRs and preparation of pure TRs

fractions

The crude TRs fraction prepared based on method 1 was further chromatographed over
Sephadex LH-20 column (38 x 3.2 cm) with ethanol and 50% aqueous acetone as eluents.
HPLC-DAD was used to monitor the separation. All fractions containing caffeine were
combined and named as the caffeine fraction (F1). Fractions with just the floating peaks
were combined as fraction F2. Fractions with a hump with some floating peaks were
combined as fraction F3. F3 was partitioned against ethyl acetate to further remove the
floating peaks to get the ethyl acetate phase and the aqueous phase. The ethyl acetate phase
was combined with F2 to obtain the floating peaks fraction. The aqueous phase was named
as the TRs-al fraction. Fractions eluted by 50% acetone showed a clean hump and were
combined as the TRs-a2 fraction. The detailed procedure was shown in Figure 2A, and the
HPLC chromatograms were shown in Figure 2B.

The ethyl acetate fraction obtained from method 1 was also loaded to Sephadex LH-20
column (38 x 3.2 cm) with ethanol and 50% aqueous acetone as eluents following the same
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process as described above (Figure 2A) to remove caffeine and all the peaks, to get the pure
TRs fractions: TRs-el, and TRs-e2 (Figure 3).

2.5. New method to prepare TRs

Black tea extract (1 g) was added to boiling water (60 mL) with 40 mM of caffeine, stirred
to ensure dissolution (Figure 4A). The solution was allowed to stand at 4 °C for 2 h, and
then centrifuged at 8819 rpm for 10 min to form the precipitate. After centrifugation, the
precipitant containing TRs was directly suspended in 90% aqueous ethanol, and subjected to
Sephadex LH-20 column (38 x 3.2 cm) eluted by ethanol and 50% aqueous acetone
according to the method described above (Figure 2A), to remove caffeine and all the known
peaks and get the pure TRs fractions: TRs-p1 and TRs-p2 (Figure 4).

2.6. HPLC-DAD analysis

HPLC analysis was carried out on a Thermo scientific HPLC equipped with Dionex
Ultimate 3000 RS Pump, RS Autosampler, and diode array detector (Thermo Fisher
Scientific Inc., Waltham, MA, USA). Chromatographic separation was performed using a
Luna 5 pm Phenyl-Hexyl C18 column (250 mm x 4.6 mm i.d., 5 um) (Phenomenex). Mobile
phases were composed of 0.1% formic acid in water with 5% methanol (mobile phase A)
and 0.1% formic acid in methanol with 5% water (mobile phase B). The flow rate was 1 mL/
min, and the linear gradient elution had the following profile: 20% B from 0 to 5 min; 20—
100% B from 5 to 20 min; 100% B from 20 to 26.5 min; 100-20% B from 26.5 to 27 min;
and then 20% B from 27 to 30 min. The injection volume was 20 pL, and the detection
wavelength was set at 278 nm.

2.7. HPLC-MS/MS analysis

LC/MS analysis was performed with a Thermo-Finnigan Spectra System equipped with
Dionex Ultimate 3000 degasser, RS Pump, RS Autosample, diode array detector, RS column
compartment, an Accela refrigerated autosampler, and an LTQ Velos Pro ion trap mass
detector incorporated with heated electrospray ionization interfaces (Thermo Electrom, San
Jose, CA, USA). The same column, solvents A and B, and gradient system as shown under
section 2.6. HPLC-DAD Analysis were used for the LC/MS analysis. The flow rate was 1
mL/min with 30% imported into the MS detector by a three-way valve. The injection
volume was 10 pL. The electrospray ionization interface was operated at negative-ion mode
using a nebulizer at approximately 3.6 kV. Nitrogen gas was used as the sheath gas at a flow
rate of 34 arb and the aux gas at a flow rate of 10 arb. Optimized parameters, including
temperature (300 °C), voltage of the capillary (45 V), and voltage of the tube lens offset
(120 V). It was tuned using authentic theaflavin. Selected ion monitoring (SIM) mode was
used to search flavonoids. For MS-MS" (n = 2—-4) analysis, collision induced dissociation
(CID) was conducted using an isolation width of 1.5 Da and the normalized collision energy
of 35 values. The mass range was measured from 50 to 2000 /7/z. Data acquisition and
analysis were performed using Xcalibur 2.0 (Thermo Electron, San Jose, CA, USA).
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3. Results and Discussion

3.1. Preparation of crude TRs

To investigate the impacts of 1) concentrations of caffeine to precipitate tea polyphenols, 2)
the order of decaffeination by chloroform and the partition against ethyl acetate, and 3) the
pre-extraction of ethyl acetate before caffeine precipitation on the purity and amount of the
TRs, we tried six different methods to prepare the crude TRs (Figure 1). In the reported
caffeine precipitation method [20], 20 mM of caffeine was used. We proposed that higher
concentrations of caffeine could precipitate more polyphenols. Therefore, two parallel sets
of experiments were taken with 20 mM of caffeine for methods 1, 2, and 3 and 40 mM
caffeine for methods 1”, 27, and 3’. To determine the impact of the order of decaffeination
by chloroform and the partition against ethyl acetate to the purity and amount of the crude
TRs, the precipitant was extracted by ethyl acetate first, and then the resulting solution was
decaffeinated by chloroform in methods 1 and 1”, and in methods 2 and 2 the precipitant
was decaffeinated first, and then the resulting solution was extracted by ethyl acetate (Figure
1). While in methods 3 and 3’, ethyl acetate was used to extract the ethyl acetate soluble
TFs-rich fraction out first, and then the remaining ethyl acetate insoluble fraction was
precipitated by caffeine to produce crude TRs (Figure 1). Based on the amount of crude TRs
generated from each method (1: 98 mg; 1”: 156 mg; 2: 99 mg; 2": 147 mg; 3: 66 mg; and 3”:
93 mg), we concluded that 1) the 40 mM of caffeine could produce more crude TRs than 20
mM of caffeine; 2) the order of decaffeination by chloroform and the partition against ethyl
acetate had no impact on the amount of crude TRs; and 3) pre-extraction using ethyl acetate
before caffeine precipitation significantly decreased the amount of crude TRs.

3.2. Separation of the floating peaks from the crude TRs and preparation of pure TRs

fractions

The crude TRs prepared based on literature methods has many floating peaks on the TRs
hump. We developed the Sephadex LH-20 method to separate caffeine and the floating
peaks from the TRs hump. As shown in Figure 2A, the crude TRs obtained from method 1
was loaded to the Sephadex LH-20 column eluted by ethanol to wash out caffeine first as
fraction F1, most of the floating peaks as fraction F2, and the TRs hump with some floating
peaks on it as fraction F3, and followed by 50% aqueous acetone to generate fraction F4. F3
was further extracted by ethyl acetate to remove the floating peaks from the TRs hump to
generate the clean TRs hump named TRs-al (1.84%) (Figure 2B). The ethyl acetate phase
containing the floating peaks was combined with fraction F2 to obtain the fraction of the
floating peaks (Figure 2B). The fraction F4 eluted by 50% acetone contained a clean hump
and was named the TRs-a2 fraction (5.30%) ( Figure 2B ).

Using this Sephadex LH-20 method, the ethyl acetate phase obtained from method 1 was
also loaded to Sephadex LH-20 column to remove caffeine and all the peaks to generate two
pure TRs fractions named TRs-el (2.11%) and TRs-e2 (2.06%) (Figure 3). These results
indicated that some TRs could be extracted away by ethyl acetate, which explained why the
pre-extraction of ethyl acetate before caffeine precipitation (methods 3 and 3”) generated the
lowest amount of crude TRs amongst all the methods. TRs-e1 and TRs-e2 could be the TRs
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fraction that was included in Roberts’ Sl fraction, which contains large proportions of
catechin monomers and TFs [20].

3.3. New method to prepare TRs

Since the crude TRs fraction could be purified by Sephadex LH-20 column to obtain pure
TRs, and some TRs could be extracted away by ethyl acetate, we proposed a simple method
to prepare pure TRs by directly loading the caffeine precipitate to Sephadex LH-20 column.
The precipitate produced by 40 mM of caffeine was loaded to the Sephadex LH-20 column
eluted by ethanol and 50% aqueous acetone according to the Sephadex LH-20 method in
Figure 2, to obtain pure TRs-p1 (3.79%) and TRs-p2 (6.58%) which showed a hump in each
of their HPLC chromatograms (Figure 4). The total yield of TRs from black tea extract is
10.37%. Compared to the published methods, we used less organic solvents by using ethanol
and a small amount of acetone to elute the column, and avoided using toxic chloroform for
decaffeination.

3.4. Identification of the floatingpeaks on the crude TRs using LC -MS/MS analysis

In order to show the crude TRs that was prepared based on the literature method contains
many known peaks, we studied the chemical profile of the floating peaks fraction obtained
from method 1 by LC/MS with data-dependent acquisition. With data -dependent MS/MS
analysis by collecting the MS 2 and MS3 spectra of the most intense ions in the sample, we
were able to tentatively identify 25 compounds in this fraction. Then, we used selected-ion-
monitoring (SIM) model to conduct the MS" (n=2—4) of these 25 compounds to further
confirm their structures. LC chromatograms recorded at 278 nm and extracted from the Total
lon Chromatogram (TIC) are shown in Figure 5. The retention times (tg), deprotonated
molecules ([M-H]7), and the major fragment ions are listed in Table 1. Peak identification
was based on analysis of their tandem mass spectra and compared to published data in
literature [29-37]. Twenty-five compounds were detected and identified as apigenin
glycosides, quercetin glycosides, kaempferol glycosides, catechins, theaflavins,
theasinensin, and galloylglucoses (Table 1).

Four C-glycosylated apigenins (peaks 5, 6, 8, and 10, Figure 5 and Table 1) were detected in
the floating peaks fraction. Peak 8 had a molecular ion at /7/z563 [M-H]~ with fragment
ions at m/z 473 (loss of 90 amu) and 443 (loss of 120 amu) indicated that there isa C-
hexosyl group [29-31]. The tandem mass spectrum of 77/z 443 (MS3: 443/563 [M- H]") had
fragment ion at /772 383 (loss of 60 amu) which indicated that there is a C-pentosyl group
[29-31]. All of these suggested that peak 8 was apigenin with one C- hexoside group and
one C-pentosyl group. In addition, we could detect a small peak with the same molecular
weight as peak 8 at /1/z563 (peak 6, tg 13.44 min) and similar MS? data with those of peak
8, indicating peak 6 also contains one C-hexosyl group and one C-pentosy! group.
Apigenin-6- C-glucosyl-8- C-arabinoside and apigenin-6- C-arabinosyl-8- C-glucoside have
been previously reported in tea, and the retention time of apigenin-6- C-glucosyl-8-C-
arabinoside was shorter than that of apigenin-6- C-arabinosyl-8- C-glucoside [32]. Thus,
peaks 6 and 8 were tentatively identified as apigenin-6- C-glucosyl-8- C-arabinoside and
apigenin-6- C-arabinosyl-8- C-glucoside, respectively. In a similar manner, peak 5 (tg 12.76
min) had a molecular ion at m/z593 [M-H]~ with fragment ions at /m/z473 (loss of 120
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amu) and 503 (loss of 90 amu), indicating it was apigenin-6, 8- C-dihexoside. However, we
could not determine whether the hexosyl group is glucosyl or galactosyl. Peak 10 (tg 15.05
min) had a molecular ion at m/253 3 [M-H] ~ with fragment ions at /7/2473 (loss of 60 amu)
and 443 (loss of 90 amu). The tandem mass spectra of the fragment ions m/z473 and 443
(MS3: 473/533 and 443/533) had the fragment ions at /7/z 413 and 383, which lost 60 amu,
respectively. All of these features suggested that peak 10 was apigenin-6, 8- C-dipentoside.

Six quercetin O-glucosides (peaks 9, 11, 18, 19, 21, and 23) were detected in the floating
peaks fraction. They were identified as quercetin O-glycosides as listed in Table 1, due to the
observation of the aglycone ion at /772301 (molecular ion of quercetin under negative-ion
mode), and the fragment ions which lost 146 amu, 162 amu or 132 amu. Here 146 amu
could indicate a rhamnosyl or p-coumaroyl group, 162 amu could suggest a glucosyl or
galactosyl group, and 132 amu could represent an arabinosyl group. Without authentic
standards, we could not determine the exact structures of these six compounds.

Six kaempferol O-glycosides (peaks 12, 13, 20, 22, 24, and 25) were detected in the floating
peaks fraction. Peak 12 (tg 15.89 min) had a molecular ion at m/z 755 [M-H] ~ with
fragment ions at m/z 593 (loss of 162 amu) and 285 (loss of 162, 162 and 146 amu).
Kaempferol-3- O-glucosylrutinoside has been reported in tea previously [32]. Thus, peak 12
could be tentatively identified as kaempferol-3- O-glucosylrutinoside. Peak 13 (tgr 16.29 min)
had a molecular ion at 7/2593 [M-H] ~ with fragment ions at m/z447 (loss of 146 amu) and
285 (loss of 146 and 162 amu), and the tandem mass spectrum of the fragment ion m/z 447
(MS3: 447/593 [M-H] 7) had a fragment ion at /m/z 285, the loss of 162 amu from m/z 447.
These fragments suggested that this peak was kaempferol glycoside, in which the loss of 162
amu could due to a glucosy! or galactosyl group, and 146 amu could due to a rhamnosyl or
p-coumaroyl group. In a similar way, peaks 20, 22, 24, and 25 all had the fragment ion at
m/z 285, and were provisionally identified as kaempferol glycosides as listed in Table 1.

TFs were also detected from this fraction. Peak 15 (tg 17.91 min) had a molecular ion at m/z
563 [M-H] ~, with fragment ions at /m/z545, 425, 407, and 379 which were identified to
those of the authentic theaflavin standard obtained in our lab. Similarly, peaks 16 (tgr 17.91
min, m/z715 [M-H] 7) and 17 (tg 17.91 min, m/z2867 [M-H] ~) were identified as
theaflavin-monogallate and theaflavin-digallate based on the comparison with the authentic
standards, respectively[ 33].

Three galloylglucoses (peaks 2—-4) were detected in the floating peaks fractions. Peak 2 (tg
8.09 min) had a molecular ion at 77/z 483 [M-H] ~ with a fragment ion at /772331 (loss of
152 amu), and the fragment ions at /772331 and 313 had MS? fragment ion at /7/z 169,
indicating that there were two galloyl groups, and this compound could be tentatively
identified as digalloyl glucose [34]. Peak 3 (tg 9.07 min) had a molecular ion at /7/z633 [M-
H] ~ with fragment ions at /2481 (loss of 152 amu), 463 (loss of 170 amu), and 301 (loss
of 332 amu). The fragment of 301 was indicative of an hexahydroxydiphenoyl (HHDP)
group [34]. Therefore, this compound could be tentatively identified as galloyl-HHDP-
glucose. Peak 4 (tg 12.2 min) had a molecular ion at 7/2635 [M-H] ~ with fragment ion at
m/z 483 (loss of 152 amu), the tandem mass spectrum of /7/z 483 (MS3: 483/635 [M-H] )
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had fragment ions at /7/z 331 and 313, which were similar with the tandem mass spectrum
of peak 2, so this compound could be tentatively identified as trigalloylglucose [34].

We also detected a theasinensin, a catechin, and theaflavate B in the floating peaks fraction.
Peak 1 (tg 6.15 min) had a molecular ion at m/z761 [M-H] ~ with fragment ion at /7/z 609
(loss of 152 amu), and the fragment ion at /7/z 609 had the characteristic MS3 fragment ion
of theasinensins at 77/z 471, which lost 138 amu corresponding to a retro Diels-Alder
fragmentation [35]. This indicated that the peak 1 could be a theasinensin-gallate. Peak 7 (tg
13.51 min) had a molecular ion at 7/z 441 [M-H] ~ with a fragment ion at /7/2 289 (loss of
152 amu) indicated that this compound could be epicatechin-gallate. Peak 14 (tg 17.54 min)
had a molecular ion at m/z699 [M-H] ~ with a fragment ion at m/z 427 (loss of 272 amu)
and 271 (loss of 427 amu), and it was 152 amu less than that of theaflavate A. These indicate
that this compound could be theaflavate B [22, 36, 37].

Theaflavins have been reported to have strong anti-inflammatory and anti-cancer activities
viathe NF-xB and MAPKSs pathways [38]. Rutin and other flavonoids have also been shown
to have the anti-inflammatory and anti-cancer activities [39, 40]. Altogether, the polyphenols
present in the crude TRs could overestimate or underestimate our understanding of the
biological activities of TRs.

4. Conclusion

In the present study, we developed a novel method, the combination of caffeine precipitation
and Sephadex LH-20 column chromatography, to remove the floating peaks in the crude
TRs used in literature and obtain pure TRs. Compared to literature methods, our method is
simple, requires less organic solvents, and can be used for large scale preparation of TRs.
We have used this method to prepare a large scale of TRs (100 g) to further study how TRs
are metabolized by gut microbiota and how microbiome affects the effects of TRs on
gastrointestinal health. We also identified the structures of the floating peaks in the crude
TRs using LC/MS. Many of these compounds possess certain biological activities, which
complicate our understanding of the beneficial health effects of TRs. This study will pave
the way to further study the chemistry and biological activities of TRs and the health effects
of black tea consumption. Additionally, our results showed that only 10% TRs could be
prepared from black tea extract indicating that the amount of TRs was overestimated in the
literature.
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Highlights
. Different factors on the preparation of crude thearubigins were investigated.
. A newmethod was developed to prepare pure thearubigins.
. The chemical profile of the floating peaks was established.
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Method 1, 1'
Black tea extract (1 g/60 mL boiling water, 10min)
20 mM caffeine
(40 mM caffeine for method 1)
4°Cfor2h
centrifuged
obtain the precipitate

extracted by ethyl acetate

the aqueous phase the ethyl acetate phase

partitioned against chloroform

crude TRs fraction
98 mg (156 mg for method 1)

Method 2, 2'
Black tea extract (1 g/60 mL boiling water, 10min)
20 mM caffeine
(40 mM caffeine for method 2')
4°Cfor2h
centrifuged

obtain the precipitate

partitioned against chloroform

l extracted by ethyl acetate

the aqueous phase the ethyl acetate phase

dried in vacuo at 35 °C

crude TRs fraction
99 mg (147 mg for method 2')

Method 3, 3'
Black tea extract (1 g/60 mL boiling water, 10min)

extracted by ethyl acetate

the aqueous phase the ethyl acetate phase
20 mM caffeine

(40 mM caffeine for method 3')

4°Cfor2h

centrifuged

caffeine’precipitate  supernatant

partitioned against chloroform

crude TRs fraction
66 mg (93 mg for method )

Figure 1.
Schematic depictions of the procedure of methods 1,1, 2, 2", 3, and 3" for preparation of

the crude thearubigins (TRs)fraction from black tea extract.
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Method 1
Black tea extract

(1 /60 mL boiling water)

the crude TRs
Sephadex LH-20 method | lSephadex LH-20
Ethanol lSO% acetone
! l F4
Fl F2 F3
F3-ethyl F3-aqueous
acetate phase phase
v v v ¥
The caffeine fraction The floating peaks fraction TRs-al TRs-a2
(18.4 mg, 1.84%) (53.0 mg, 5.30%)
B
mAU
800 ) A
400 The caffeine fraction
0 P

150
100 The floating peaks fraction
50 o

0
30 TRs-al
20
10

ig TRs-a2
20

0
30 the crude TRs
20 from method 1
10

0 4 8

12 16 20 24 28

Time (min)

Figure 2.
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(A) Flowchart of Sephadex LH-20 method to prepare pure thearubigins (TRs), TRs-al and

TRs-a2, from the crude TRs fraction obtained from method 1, (B) The HPLC-DAD

chromatograms of the caffeine fraction, the floating peaks fraction, TRs-al fraction, and

TRs-a2 fraction from the crude TRs fraction of method 1, and the crude TRs fraction

prepared from method 1.
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A Method 1
Black tea extract

(1 g/60 mL boiling water)

The ethyl acetate phase

Sephadex LH-20 method

A 4

TRs-el TRs-e2
(21.1 mg, 2.11%) (20.6 mg, 2.06%)
B
mAU
40 ] TRs-el
20 |
0
80 ] TRs-e2
40
0 E J
2000 1
1000 1 the ethyl acetate phase
0 ] T T T T T T ¥ T T ‘VL T T T T T 1
0 4 8 12 16 20 24 28
Time (min)

Figure 3.
(A) Flowchart of the modified method to prepare the two thearubigins (TRs) fractions, TRs-

el and TRs-e2, from the ethyl acetate phase of method 1, (B) The HPLC-DAD
chromatograms of the TRs-e1, TRs-e2, and the ethyl acetate phase from method 1.
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A Black tea extract

(1 g/60 mL boiling water)

40 mM caffeine
4°Cfor2h
centrifuged
The precipitate

| Sephadex LH-20 method |

o

TRs-pl TRs-p2

(37.9 mg, 3.79%) (65.8 mg, 6.58%)

60 1 TRs-pl

40 1 TRs-p2

the crude TRs
from method 1

Time (min)

Figure 4.
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(A) Flowchart of the new method for preparation of pure thearubigins (TRs), TRs-p1 and
TRs-p2, from black tea extract, (B) The HPLC-DAD chromatograms of the TRs-p1 and

TRs-p2 fraction, and the crude TRs fraction prepared from method 1.
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15,16,17,18

150
100
50

mAU

100
80
60
40
20

(=]
I A I IR IR WAV I A A W

Relative Abundance

f T T T T T T T T T T T T T T T T T T T T T T T T 1l

| 6 8 10 12 14 16 18 20

Time (min)

Figure 5.
(A) The HPLC-DAD chromatogram of the floating peaks fraction from method 1 and (B)

the LC chromatogram of the extracted mass spectrum under Total lon Chromatogram (TIC).
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