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Camellia crassicolumna var. multiplex (Chang et Tan) Ming belonging to Camellia sect. Thea
(Theaceae), is endemic to the southeastern area of Yunnan province, China, where the leaves have
been commonly used for making tea and beverages consumed widely. HPLC analysis showed that
there was no caffeine or theophylline contained in the leaves; however, thin layer chromatography
(TLC) analysis suggested the abundant existence of phenolic compounds. Further detailed chemical
investigation of the green tea produced from the leaves of the plant led to the identification of 18
phenolic compounds, including four flavan-3-ols (1-4), six flavonol glycosides (5-10), three
hydrolyzable tannins (11-13), two chlorogenic acid derivatives (14, 15), and three simple phenolic
compounds (16-18). The isolated compounds were evaluated for their antioxidant activities by 1,1′-
diphenyl-2-picrylhydrazyl (DPPH) radical scavenging and tyrosinase inhibitory assays. Most of them
exhibited significant DPPH radical scavenging activities, whereas flavan-3-ols and hydrolyzable tannins
showed stronger inhibitory activities on tyrosinase. The results suggest that C. crassicolumna could
be an ideal plant resource for a noncaffeine beverage.
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INTRODUCTION

Tea is one of the most popular beverages consumed in the
world due to its rich content of polyphenols, which are reported
to have various bioactivities, such as antioxidative, antimicrobial,
antitumor, and antimutagenesis (1-3).

According to Min’s system (4), there are 12 species and 6
varieties in Camellia sect. Thea (Theaceae), in which the
commonly cultivated tea plants, Camellia sinensis L. and C.
sinensis var. assamica (Masters) Kitamura, are included. Camel-
lia crassicolumna Chang, as one member of Camellia sect. Thea,
is mainly distributed in the evergreen broad-leaved forests at
an altitude of 100-2540 m above sea level in southeastern
Yunnan province, China (5). The leaves, which were reported
to contain little caffeine (<0.19%) but some theophylline (6),
are often used to make a tea that is widely consumed by the
local people. Our preliminary study showed that the leaves of
C. crassicolumna var. multiplex collected from Menghai,
Yunnan province of China, contained no caffeine or theophylline
by high-performance liquid chromatographic (HPLC), but
significant amounts of phenolic compounds by thin-layer

chromatographic (TLC) analysis. To evaluate this tea plant,
further detailed chemical investigation on green tea produced
from leaves of this plant was carried out. Antioxidant activities
were tested by 1,1′-diphenyl-2-picrylhydrazyl (DPPH) radical
scavenging and tyrosinase inhibitory assays.

MATERIALS AND METHODS

General Procedure. 1H, 13C, and 2D NMR spectra were recorded
in acetone-d6 with Bruker AM-400 and DRX-500 spectrometers
operating at 400 and 500 MHz for 1H and at 100 and 125 MHz for
13C, respectively. Coupling constants are expressed in hertz, and
chemical shifts are given on a parts per million scale with tetrameth-
ylsilane as internal standard. The MS data were recorded on a VG Auto
Spec-3000 spectrometer with glycerol as the matrix, and LC-MS data
were recorded on an API Qstar Pulsar LC/TOF spectrometer. DPPH
radical scavenging and tyrosinase inhibitory assays were performed
on an Emax precision microplate reader. HPLC analysis was performed
on a Shimadzu LC-10AD (Japan) equipped with an SPD-M10AVP
diode array detector and a 250 × 4.6 mm, i.d., 5 µm, Zorbax SB-C18

column (Agilent, Palo Alto, CA). Column chromatography (CC) was
done on 25-100 µm Sephadex LH-20 (Pharmacia Fine Chemical Co.,
Ltd. Uppsala, Sweden), 75-100 µm MCI-gel CHP20P (Mitsubishi
Chemical Co., Ltd. Tokyo, Japan), and 37-70 µm Toyopearl HW-
40F (Tosoh Co., Ltd. Tokyo, Japan). Thin-layer chromatography (TLC)
was carried out on precoated 0.2-0.25 mm thick slica gel H plates
(Qingdao Haiyang Chemical Co., Qingdao, China), with benzene/ethyl
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formate/formic acid (3:6:1 or 2:7:1, v/v/v), and spots were detected by
spraying with 2% ethanolic FeCl3 or anisaldehyde/H2SO4 reagent
followed by heating.

Chemicals and Reagents. DPPH radical, tyrosinase, L-dopa, and
kojic acid were purchased from Sigma-Aldrich Chemicals (Steinheim,
Germany), and ascorbic acid was obtained from Xinxing Chemical
Industrial Reagent Institute (Shanghai, China). Acetonitrile (chromato-
graphic grade) and phosphoric acid (reagent grade) were purchased
from Merck (Darmstadt, Germany). Water was purified with a Milli-Q
apparatus (Millipore, Bedford, MA). Authentic samples used for HPLC
analysis were isolated from C. crassicolumna var. multiplex in the
present study or from other tea plants of Camellia Sect. Thea by our
group previously. Theophylline was purchased from Shanghai Shunbo
Bioengineering Co. (Shanghai, China).

Plant Materials. The green tea used in this study was produced
from the leaves of C. crassicolumna var. multiplex, collected from the
tea plant garden of the Tea Research Institute, Yunnan Academy of
Agricultural Sciences, Menghai.

Extraction and Isolation. Green tea (860 g) produced from the
leaves of C. crassicolumna var. multiplex was extracted three times
with 60% aqueous acetone at room temperature (each 7 days × 3 L).
After removal of the organic solvent under reduced pressure, the
aqueous fraction was extracted with CHCl3 and EtOAc successively,
to give a CHCl3 fraction (20 g) and an EtOAc fraction (90 g). TLC
detection demonstrated that phenolic compounds were contained in the
EtOAc and H2O fractions, on which further investigation was focused.

The EtOAc fraction (90 g) was subjected to CC over Sephadex LH-
20 and eluted with ethanol to afford five fractions (1-5). Further
repeated CC on MCI-gel CHP20P, Sephadex LH-20, and Toyopearl
HW-40F, eluted with MeOH/H2O (0:1-1:0) gave 17 (5 mg), 5 (55
mg), 6 (6 mg), 7 (100 mg), 8 (63 mg), and 9 (12 mg) from fraction 1
(2.0 g); 3 (16 mg) and 12 (40 mg) from fraction 2 (8.7 g); 2 (1.1 g),
4 (5.6 g), and 16 (200 mg) from fraction 3 (15.3 g); 1 (9 mg) and 13
(16 mg) from fraction 4 (0.3 g); and 10 (10 mg) from fraction 5 (1.7
g), respectively.

The H2O fraction (24 g) was chromatographed repeatedly over MCI-
gel CHP20P and Sephadex LH-20 and eluted with MeOH/H2O (0:1-1:
0) to give 11 (13 mg), 14 (19 mg), 15 (64 mg), and 18 (4 mg).

HPLC Analysis. Two and a half grams of green tea produced from
the leaves of C. crassicolumna var. multiplex in a volumetric flask was
saturated with 70% aqueous methanol (100 mL) for 12 h at room
temperature, during which ultrasonication for 15 min was carried out
twice. Authentic samples were prepared as methanolic solutions (0.5
mg/mL), respectively. All sample solutions were filterd through a 0.45
µm (Millipore) filter before injection into the HPLC.

The optimal mobile phase for analysis was a binary gradient elution
system consisting of solvent A (water containing 0.34% phosphoric
acid) and solvent B (acetonitrile). The gradient program (I) used was
from 4 to 40% B in 45 min. Another gradient program (II) from 5 to
15% of B in 45 min was used for the analysis of caffeine. The flow
rate was 1 mL/min, and the column temperature was set at 30 °C. The
injection volume was 10 µL. The UV detection wavelength was
monitored at 280 nm. The peaks were confirmed by the UV absorptions
and retention times of authentic samples, which were 27.97 (1), 27.59
(2), 21.11 (3), 21.95 (4), 30.08 (6), 33.45 (7), 30.29 (8), 26.14 (9),
18.21 (11), 12.32 (12), 26.62 (13), 14.17 (15), 7.89 (16), 8.54
(theogallin, peak a), 18.77 (caffeine), and 14.21 (theophylline),
respectively, under gradient program I.

Quantification of the Main Constitutes. Gradient amounts of 1-20
µL of theogallin and catechin analogues 2-4 solutions (0.5 mg/mL)
were injected to examine the linear relations. Then calibration curves
were made accordingly to yield the following regression equations and
ranges for quantificative analysis: y ) 2E + 06x + 1E + 06, r ) 0.9983,
0.53-7.76 µg (theogallin); y ) 2E + 06x + 252277, r ) 0.9995,
0.55-7.63 µg (2); y ) 657134x + 62236, r ) 0.9997, 0.42-8.48 µg
(3); y ) 1E + 06x + 209659, r ) 0.9994, 1.02-10.20 µg (4).

LC-MS Analysis. LC-MS analysis was carried out to identify the
two big unknown peaks d and e in Figure 2A. The tea extracts were
analyzed on an API Qstar Pulsar LC/TOF spectrometer equipped with
a 250 × 4.6 mm, i.d., 5 µm, Zorbax SB-C18 column (Agilent). The
mobile phases were solvent C (water containing 0.5% acetic acid) and

solvent D (methanol). The gradient was 0-20 min, 5-20% C; 20-30
min, 20-60% C; 30-31 min, 60-100% C; and 31-40 min, 100% C,
at a flow rate of 1 mL/min. The column temperature was set at 30 °C,
and the effluent was monitored at 280 nm.

DPPH Radical Scavenging Assay. The DPPH assay was performed
as described previously (7). A MeOH solution of DPPH (100 µM, 100
µL) was added to the MeOH solution of samples at series of
concentrations (1-1000 µg/mL, 100 µL). After storage at room
temperature for 15 min, the absorption values of the reaction mixtures
were read at 517 nm, and DPPH radical scavenging activity was
calculated according to the following equation: percentage of DPPH
reduction (%) ) 100 × [Ablank - Asample]/Ablank (ascorbic acid was used
as positive control). Then, a linear plot of percentage of DPPH reduction
and sample concentration was made (correlation coefficient R2 )
0.99-1). The antioxidant activity was evaluated by SC50 values (the
concentration of sample required to scavenge 50% of DPPH radicals),
which were obtained through extrapolation from the linear plot. In this
assay, each sample was evaluated in triplicate.

Inhibitory Activity on Tyrosinase. A tyrosinase inhibition assay
was performed as reported previously (8, 9) with slight modification.
First, 80 µL of L-dopa (2.5 mM) solution and 80 µL of sample solution
(2 mM) were mixed, and then 80 µL of tyrosinase solution (25 IU/
mL) was added. After incubation at room temperature for 20 min, the
mixture was monitored at 475 nm to obtain absorption values. The
inhibiting activity was determined according to the following equation:
% inhibition rate ) 100 × (Ablank - Asample)/Ablank [phosphoric acid buffer
solution (pH 6.8) was used as blank]. Second, samples possessing
stronger activity, which had an inhibitory rate of >50%, were further
evaluated to obtain their IC50 values. In this case, a series concentration
(1-1000 µg/mL) of samples was prepared, and the inhibiting activity

Figure 1. Compounds 1-18 from Camellia crassicolumna var. multiplex.
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was determined according to the equation % inhibition rate ) 100 ×
[(A - B) - (C - D)]/(A - B), where A ) absorption values at 475
nm without test samples, B ) absorption values at 475 nm without
test samples and enzyme, C ) absorption values at 475 nm with test
samples, and D ) absorption values at 475 nm with test samples but
without enzyme. Inhibitory activity on tyrosinase was evaluated by IC50

values obtained through extrapolation from standard curve. All
measurements were carried out in triplicate. All of the solutions were
prepared with phosphoric acid buffer solution (pH 6.8). Kojic acid was
used as positive control.

RESULTS AND DISCUSSION

The 60% aqueous acetone extract of C. crassicolumna var.
multiplex was partitioned successively with CHCl3 and EtOAc.
Then, the EtOAc and H2O fractions were separately subjected
to repeated column chromatography over Sephadex LH-20,
MCI-gel CHP20P, and Toyopearl HW-40F to afford 18 known
phenolic compounds. These were determined to be four flavan-
3-ols [(()-gallocatechin-3,5-di-O-gallate (1) (10), (-)-epicat-
echin-3-O- gallate (2) (11), (-)-epicatechin (3) (12), and (-)-
epigallocatechin-3-O-gallate (4) (12)], six flavonol glycosides
[kaempferol-3-O-�-D-glucopyranoside (astragalin) (5) (13),
kaemp-ferol-3-O-�-D-allopyranoside(asiaticalin)(6)(14),kaempfer-
ol-3-O-R-L-rhamnopyranoside (afzelin) (7) (11), quercetin-3-
O-R-L-rhamnopyranoside (quercetrin) (8) (15), rutin (9) (16),
and myricitrin (10) (17)], three hydrolyzable tannins [strictinin
(11) (18), 1,3-di-O-galloyl-�-D-glucopyranose (12) (18), and
1,2,3,4-tetra-O-galloyl-�-D-glucopyranose (13) (19)], two chlo-
rogenic acid derivatives [chlorogenic acid (14) (12) and 3R,5R-
dihydroxy-4R-O-caffeoylquinic acid (15) (12)], and three simple
phenolic compounds [gallic acid (16), 3,4-dimethoxyphenol (17),
and coniferin (18) (12)], respectively, by comparison with
authentic samples and of their spectroscopic and physical data
with previously reported values (Figure 1). This is the first time
that all of the compounds were isolated from this plant, and
compounds 6, 8, 10, 12, 13, and 17 were reported from tea and
tea plants.

The chemical constituents in green tea produced from the
leaves of C. crassicolumna var. multiplex were analyzed by
HPLC method, and the chromatogram was shown in Figure 2.
With co-HPLC analysis (gradient program I) with authentic
samples, 14 phenolic compounds, 1-4, 6-9, 11-13, 15, 16,
and theogallin (peak a), were identified (Figure 2A). The
retention times of caffeine and theophylline under gradient
program I were 18.77 and 14.21 min, respectively, suggesting
that there was no theophylline contained in this tea plant. To
confirm the existence of caffeine, another analytical gradient
program (II) was applied, and the chromatogram is shown in
Figure 2B. With this HPLC analytical condition, the retention
time of caffeine (27.47 min) was similar to those of peaks b
and c (27.05 and 27.81 min, respectively). However, the
ultraviolet absorptions of peaks b and c were different from
that of caffeine (Figure 2B). The result demonstrated that there
was no caffeine contained in the leaves of C. crassicolumna
var. multiplex either. Moreover, two main unknown peaks, d
and e, were observed at 11.75 and 22.57 min in Figure 2A.
These were further supposed to be epimers of theogallin and
EGCG due to their quasi molecular ion peaks at m/z 343 [M -
H]- (peak d) and 457 [M - H]- (peak e) and fragment ion
peaks at m/z 191 [M - 153 (galloyl)]- (peak d), 305 [M - 153
(galloyl)]- (peak e), and 169 for galloyl fragment, respectively,
by LC-MS analysis. However, further evidence is necessary to
confirm the structures.

The contents of theogallin and catechin analogues 2-4, which
are the main components in C. sinensis var. assamica, a widely

cultivated and consumed tea plant, were quantitatively analyzed
as 0.99, 0.31, 0.43, and 1.97%, respectively, in the green tea
produced from C. crassicolumna var. multiplex. Both tea plants
contain similar amounts of (-)-epicatechin-3-O-gallate (2).
However, compared with C. sinensis var. assamica (20), the
contents of (-)-epicatechin (3) and (-)-epigallocatechin-3-O-
gallate (4) were much lower, whereas the content of theogallin
was higher in C. carssicolumna var. multiplex. Moreover, neither
caffeine nor theophylline was detected in the leaves of C.
crassicolumna var. multiplex, which is inconsistent with previous
results (6, 21). According to Min’s system (4), about 47 reported
species and 3 varieties in Sect. Thea and Sect. Glaberrima of
genus Camellia were merged into sect. Thea as 12 species and
6 varieties. The present study suggested that there are significant
differences for the secondary metabolites of C. crassicolumna
collected from different sources. Further systematic research on
all species of Camellia sect. Thea is necessary to clarify their
relationships and components.

The antioxidant activity of 1-17 was evaluated by DPPH
radical scavenging and mushroom tyrosinase inhibitory assays,
and the results are shown inTable 1.

Compounds 1-4 exhibited stronger DPPH radical scavenging
activity than that of ascorbic acid, and their activity order was
1 > 4 > 2 > 3. This result is in accord with a previous paper
(22) and showed that the more galloyl and B-ring hydroxyl
groups attached to the molecule, the stronger the antioxidative
activity. The presence of at least an o-dihydroxy group in the
B-ring and a hydroxy or a galloyl group at the C-3 position of
the C-ring is essential for the radical scavenging activities of

Figure 2. (A) HPLC chromatogram of Camellia crassicolumna var.
multiplex (A) with program I. The number of each identified peak is
consistent with that of the compounds as shown in Figure 1; peak a is
theogallin. (B) HPLC chromatogram with program II and ultraviolet
absorption spectra of peaks b and c and caffeine.
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flavan-3-ols, and the galloyl group could considerably strengthen
the activity (23). Flavan-3-ols 1-4 are major antioxidants in
various plants, and more of their uses, such as natural antioxidant
in oils and fats against lipid oxidation and supplement for animal
feeds, have been reported (24).

Flavonol glycosides 5-10 displayed DPPH radical scaveng-
ing activity in the order 10 >8 > 9 > ascorbic acid > 5 > 6
> 7. The antioxidative activity of flavonoids was related to the
structure of the B-ring and C-ring, when the A-ring was the
same. An increase of o-hydroxy structures in the B-ring would
enhance the activity, whereas O-glycosylation at the C-3 position
in the C-ring would decrease the activity (25). Furthermore,
the larger the substituent at the C-3 position, the weaker will
be the activity (8 > 9), probably as the result of stereospecific
hindrance.

Hydrolyzable tannins 11-13 exhibited stronger radical
scavenging activity than ascorbic acid and flavan-3-ols (Table
1), due to their possessing one or more galloyl moieties. Their
activity was in the order 11 > 13 > 12. This demonstrated that
an increase of galloyl and/or catechol groups enhanced the
activity of the tannins significantly (15, 23). Besides, gallotan-
nins also showed the potential for HIV therapy (26).

Gallic acid (16), a well-known and widely used natural
antioxidant, also exhibited stronger antioxidative activity than
ascorbic acid. When the hydroxyl group was substituted by a
methoxy group (compound 17), the antioxidative activity
decreased.

The inhibitory activities on tyrosinase of the tested compounds
were in the order gallotannins > flavan-3-ols > flavonol
glycosides. Of these, compounds 1 and 13 displayed stronger
activity than kojic acid. The tyrosinase inhibitory activity of
gallotannins became stronger with the increase of the number
of galloyl moiety in molecule (13 > 12). This trend was also
applicable to flavan-3-ols (1 > 4 > 2 > 3). It was shown that
the galloyl group was indispensable to the activity. Moreover,
the number of hydroxy groups in the B-ring influenced the
tyrosinase inhibitory activity of flavan-3-ols to some extent, and
the increase of o-hydroxy groups also strengthened the activity
(4 > 2).

Tyrosinase, also known as polyphenol oxidase (PPO), is the
key enzyme in the undesirable browning of fruits and vegetables
(27). It is also involved in the initial step in melanin synthesis
(28). Thus, tyrosinase inhibitors are used as skin-whitening
agents in the cosmetic industry and enzymatic browning
inhibitors in the food industry. Now, there is a constant search
for better tyrosinase inhibitors from natural sources as they are
largely free of any harmful side effects (29).

In the present study, 18 phenolic compounds, including 4
flavan-3-ols (1-4), 6 flavonol glycosides (5-10), 3 hydrolyzable
tannins (11-13), 2 chlorogenic acid derivatives (14, 15), and 3
simple phenolic compounds (16-18) were isolated for the first
time from the leaves of C. crassicolumna var. multiplex. HPLC
analysis showed that the contents of catechin anologues 3 and
4 were much lower, whereas theogallin was higher in C.
crassicolumna var. multiplex, compared to those in C. sinensis
var. assamica. In addition, neither caffeine nor theophylline was
detected in the leaves of C. crassicolumna var. multiplex. Most
of the isolated compounds exhibited significant DPPH radical
scavenging activities, whereas flavan-3-ols and hydrolyzable
tannins showed stronger inhibitory activities on tyrosinase. The
above results will promote the reasonable usage of this tea plant,
and C. crassicolumna var. multiplex could be an ideal plant
resource for a noncaffeine beverage.
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