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ABSTRACT: Camellia sinensis var. pubilimba, one variety of the genus Camellia sect. Thea (Theaceae), has been used for
producing green tea mainly by the local people of its growing areas of Guangxi province, China. Forty compounds, including
eight C-8 N-ethyl-2-pyrrolidinone-substituted flavan-3-ols (1−8) and their substituted unit N-ethyl-5-hydroxy-2-pyrrolidinone
(9), four flavan-3-ol monomers (10−13) and one dimer (14), nine flavonoids (15−23), three hydrolyzable tannins (24−26),
two lignans (27−28), 11 simple phenolics (29−39), and caffeine (40), were first isolated and identified from the leaves. Their
structures were determined by detailed spectroscopic analysis and comparison with the literature data and authentic samples.
Both 1 and 4 were obtained as a mixture of the N-ethyl-2-pyrrolidinone C-5 enantiomers (1a and 1b and 4a and 4b),
respectively, while the resolution of another three pairs of enantiomers (2 and 3, 5 and 6, and 7 and 8) was achieved. Among
them, 1b is a new compound whose NMR data together with its enantiomer (1a) were reported for the first time, while 2 and 3
are two new natural products. Most of the isolates exhibited significant antioxidant activities, stronger than ascorbic acid and
trolox, while parts of the isolates, particularly C-8 N-ethyl-2-pyrrolidinone-substituted flavan-3-ols, showed obvious inhibitory
effects on acetylcholinesterase (AChE). The results indicated that C. sinensis var. pubilimba is a valuable plant resource for tea
production.

KEYWORDS: Camellia sinensis. var. pubilimba, green tea, C-8 N-ethyl-2- pyrrolidinone substituted flavan-3-ols,
AChE inhibitory activity, antioxidant

■ INTRODUCTION

According to Min’s phytotaxonomic system,1 12 species and 6
varieties are inclusive in the genus Camellia sect. Thea
(Theaceae), in which the two widely cultivated tea plants, C.
sinensis L. and C. sinensis var. assamica (Masters) Kitamura, are
also included. Due to the higher content of polyphenols, which
displayed broad health beneficial effects, such as antioxidative,2

antimicrobial,3 antimutagenesis,4 antitumor,5 and hypoglyce-
mic activities,6 most of the species in the genus Camellia sect.
Thea have been used for producing tea by the people of its
growing areas. The flavan-3-ols, e.g., epigallocatechin-3-O-
gallate (EGCG), epicatechin (EC), gallo-catechin (GC), and
epicatechin-3-O-gallate (ECG) are the major polyphenols of
green tea from C. sinensis and C. sinensis var. assamica.7 In
addition, three new flavan-3-ol dimers, talienbisflavan A from
C. taliensis8 and fangchengbisflavans A and B from C.
fangchengensis,9 were isolated from the leaves of several wild
tea plants.
Camellia sinensis (L.) O. Ktze. var. pubilimba Chang

(Theaceae), namely, “Baimao” tea in Chinese because of the
dense slivery leaf-hairs on the leaves, is one variety of the genus
Camellia sect. Thea. It grows in the broad-leaved forest with an
altitude of 240−1450 m in Guangxi, Hainan, northeast of
Yunnan, and west of Guangdong provinces, China, and has
been cultivated for producing green tea mainly in the
northwest of Guangxi province. Thus far, the chemical

constituents of this tea plant are not well known. As a part
of our studies on tea plants, the present paper describes the
isolation and identification of 40 chemical constituents (1−40)
from the leaves of C. sinensis var. pubilimba for the first time.
Moreover, most of the isolates were tested for their inhibitory
effects on acetylcholinesterase (AChE) and antioxidant
activities (DPPH and ABTS+ radical assays).

■ MATERIALS AND METHODS
General Procedure. Optical rotations were measured with a

Horiba SEPA-300 high-sensitivity polarimeter. The circular dichroism
(CD) spectrum was detected with an Applied Photophysics
spectrometer. IR and UV spectra were measured, respectively, on a
Bio-Rad FTS-135 series spectrometer with KBr pellets and a
Shimadzu UV2401A ultraviolet−visible spectrophotometer. ESIMS
were run on a VG Auto Spec-300 spectrometer. HRESIMS were run
on an API QSTAR Pular-1 spectrometer. 1D and 2D NMR spectra
were recorded in CD3OD with Bruker DRX-500 and DRX-600
spectrometers operating at 500 and 600 MHz for 1H and at 125 and
150 MHz for 13C, respectively. Chemical shifts were described in units
of δ (ppm) with TMS as an internal standard, and coupling constants
(J) were expressed in Hertz (Hz). Water was purified in a Milli-Q
(Millipore, America). The AChE inhibitory effect was detected on a
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Multiskan FC (Thermo, America), and the DPPH and ABTS+ radical
scavenging activities were tested on an Emax precision microplate
reader. The results were analyzed by Origin 8.0 and Excel 2016.
Chemicals and Reagents. 1,1-Diphenyl-2-picryl-hydrazyl

(DPPH), ABTS+, trolox, and potassium persulfate were purchased
from Sigma-Aldrich Chemicals (Steinheim, Germany), and ascorbic
acid was obtained from Xinxing Chemical Industrial Reagent Institute
(Shanghai, China). EGCG and C were purchased from Shunbo
Biotech Co. Ltd. (Shanghai, China). S-Acetylthiocholine iodide, S-
butyrylthiocholine iodide, 5,5′-dithio-bis(2-nitrobenzoic) acid
(DTNB, Ellman’s reagent), and acetylcholinesterase derived from
human erythrocytes were all purchased from Sigma Chemical (Saint
Louis, MO). Column chromatography (CC) was done on Sephadex
LH-20 (25−100 μm, GE Healthcare Bio-Science AB, Uppsala,
Sweden), TSK gel Toyopearl HW-40F (37−70 μm, Tosoh Co. Ltd.,
Tokyo, Japan), MCI-gel CHP20P (75−100 μm, Mitsubishi Chemical
Co. Ltd., Tokyo, Japan), and RP-18 gel (40−60 μm) (Merck,
Darmstadt, Germany). Thin-layer chromatography (TLC) was
carried on 0.2−0.25 mm thick silica gel H-precoated plates (Qingdao
Haiyang Chemical Co., Qingdao, China) with benzene/ethyl
formate/formic acid (1:7:1, 2:7:1, 3:6:1, v/v/v), and spots were
detected by spraying with 2% ethanolic FeCl3 or anisaldehyde-H2SO4
reagent followed by heating.
Plant Materials. The leaves of C. sinensis (L.) O. Ktze. var.

pubilimba Chang were collected from Lingyun county, Baise city,
Guangxi province, P. R. China, in May, 2015, and identified by Dr. Yi-
Lin Zhu, from the College of Pharmacy, Guangxi University of
Chinese Medicine. A voucher specimen (KIB-Z-1505003) has been
deposited in the State Key Laboratory of Phytochemistry and Plant
Resource in West China, Kunming Institute of Botany (KIB), Chinese
Academy of Sciences (CAS).
Extraction and Isolation. The air-dried leaves (1.5 kg) of C.

sinensis var. pubilimba were soaked with 60% aqueous acetone at room
temperature four times (each time 1 week). After removal of the
organic solvent under reduced pressure, the extract was fractionated
with EtOAc.
The yielded water fraction (386 g) was subjected to Sephadex LH-

20 column chromatography (CC), eluting with water−methanol
(1:0−0:1), to give three fractions, Fr. W1−Fr. W3. Fr. W3 (170.0 g)
was applied to repeated CC over MCI-gel CHP20P, Sephadex LH-20,
Toyopearl HW-40F, and RP-18, eluting with water−methanol (1:0−
0:1), to give compounds 1 (6 mg), 2 (1 mg), 3 (2 mg), 4 (8 mg), 5 (7
mg), 6 (3 mg), 7 (2 mg), 8 (2 mg), 12 (28 mg), 13 (7 mg), 14 (5
mg), 17 (16 mg), 21 (225 mg), 22 (36 mg), 24 (58 mg), 30 (26 mg),
36 (18 mg), 37 (12 mg), and 39 (18 mg), Fr. W1 (18.2 g) gave
compound 29 (129 mg), and Fr. W2 (1.0 g) gave compound 38 (57
mg) by the same method.
The EtOAc fraction (393 g) was applied to Sephadex LH-20,

eluting with water−methanol (1:0−0:1), to afford four fractions (Fr.
E1−Fr. E4). Further repeated CC on MCI-gel CHP20P, Sephadex
LH-20, and Toyopearl HW-40F, eluting with MeOH/H2O (0:1−
1:0), gave compounds 10 (65 mg), 11 (38 mg), 18 (30 mg), 19 (87
mg), 26 (7.0 mg), 31 (77 mg), 35 (16 mg), and 40 (4.5 g) from Fr.
E1, compounds 2 (7.0 mg), 5 (2.0 mg), 6 (5.0 mg), 9 (2.0 mg), 15
(300 mg), and 32 (26 mg) from Fr. E2, compounds 16 (26 mg), 20
(299 mg), 25 (28 mg), 33 (3 mg), and 34 (9 mg) from Fr. E3, and
compounds 23 (49 mg), 26 (37 mg), 27 (8 mg), and 28 (2 mg) from
Fr. E4.
Compound 1 (1a and 1b). Brownish yellow amorphous powder;

[α]D
25 −199.3 (c 0.1, methanol). ESI-MS: m/z 552 [M − H]−.

HRESI-MS: m/z 552.1515 [M − H]− (calcd for C28H27NO11,
552.1511). IR (KBr): νmax 3431, 2975, 1691, 1616, 1527, 1455, 1377,
1230, 1115, 1041, 971, 876, 768 cm−1. UV λmax (methanol) (log ε):
282 (0.18), 205 (0.90) nm. 1H NMR (600 MHz, CD3OD): major
isomer (1a): δH 6.90 (2H, s, galloyl H-2,6), 4.99 (1H, s, H-2), 5.38
(1H, brs, H-3), 3.02 (1H, dd, J = 17.7, 4.1 Hz, H-4a), 2.90 (1H, dd, J
= 17.7, 4.8 Hz, H-4b), 6.06 (1H, s, H-6), 6.93 (1H, d, J = 1.5 Hz, H-
2′), 6.72 (1H, d, J = 8.2 Hz, H-5′), 6.80 (1H, brs, H-6′), 2.67−2.15
(4H, m, H-3″, 4″), 5.48 (1H, m, H-5″), 3.68 (1H, q, J = 7.1 Hz, H-
6″a), 2.89 (1H, m, H-6″b), 1.09 (1H, t, J = 6.7 Hz, H-7″); minor

isomer (1b): δH 6.91 (2H, s, galloyl H-2,6), 5.03 (1H, s, H-2), 5.56
(1H, brs, H-3), 3.02 (1H, dd, J = 17.7, 4.1 Hz, H-4a), 2.90 (1H, dd, J
= 17.7, 4.8 Hz, H-4b), 6.03 (1H, s, H-6), 6.80 (1H, br d, H-2′), 6.70
(1H, d, J = 8.4 Hz, H-5′), 6.77 (1H, brs, H-6′), 2.43−2.27 (4H, m, H-
3″, 4″), 5.48 (1H, m, H-5″), 3.61 (1H, q, J = 7.1 Hz, H-6″a), 2.65
(1H, m, H-6″b), 1.18 (1H, t, J = 7.0 Hz, H-7″). 13C NMR (150 MHz,
CD3OD): Major isomer (1a):δC 121.6 (galloyl C-1), 110.4 (galloyl
C-2, 6), 146.5 (galloyl C-3, 5), 140.0 (galloyl C-4), 167.7 (galloyl C-
7), 79.3 (C-2), 70.3 (C-3), 27.5 (C-4), 156.5 (C-5), 96.2 (C-6), 157.8
(C-7), 105.6 (C-8), 156.9 (C-9), 100.3 (C-10), 131.0 (C-1′), 115.0
(C-2′), 146.2 (C-3′), 146.2 (C-4′), 116.1 (C-5′), 119.5 (C-6′), 177.4
(C-2″), 32.7 (C-3″), 24.3 (C-4″), 54.4 (C-5″), 36.9 (C-6″), 12.7 (C-
7″); minor isomer (1b): δC 121.4 (galloyl C-1), 110.3 (galloyl C-2,
6), 146.4 (galloyl C-3, 5), 140.0 (galloyl C-4), 167.6 (galloyl C-7),
78.5 (C-2), 69.7 (C-3), 27.2 (C-4), 156.6 (C-5), 96.2 (C-6), 157.6
(C-7), 105.6 (C-8), 156.6 (C-9), 100.3 (C-10), 131.3 (C-1′), 115.2
(C-2′), 146.1 (C-3′), 146.1 (C-4′), 116.4 (C-5′), 119.8 (C-6′), 177.7
(C-2″), 32.7 (C-3″), 24.6 (C-4″), 54.4 (C-5″), 36.5 (C-6″), 12.9 (C-
7″).

AChE Inhibitory Activity. AChE inhibitory activity of C-8 N-ethyl-
2-pyrrolidinone substituted flavan-3-ols was assayed by the
spectrophotometric method developed by Ellman et al. with slight
modification.10 Compounds were dissolved in DMSO. The reaction
mixture (total 200 μL) containing phosphate buffer (pH 8.0), test
compound (50 μM), and acetyl cholinesterase (0.02 U/mL) was
incubated for 20 min (37 °C). Then the reaction was initiated by
addition of 40 μL of a solution containing DTNB (0.625 mM) and
acetylthiocholine iodide (0.625 mM) for AChE inhibitory activity
assay. The hydrolysis of acetylthiocholine was monitored at 405 nm
every 30 s for 1 h. Tacrine was used as positive control with a final
concentration of 0.333 μM. All reactions were performed in triplicate.
The percentage inhibition was calculated as follows: % inhibition = (E
− S)/E × 100 (E is the activity of the enzyme without test compound
and S is the activity of enzyme with test compound).

DPPH Radical Scavenging Activity. The DPPH assay was
performed as described and reported in our previous paper11,12

using ethanol as blank control and ascorbic acid as positive control.
The reaction mixtures containing 2-fold serial dilutions of testing
sample (ranging from 2 to 1000 μg/mL in ethanol, 100 μL) and
DPPH radical (200 μM in ethanol, 100 μL) were transferred into a
96-well microplate and kept for 30 min at 37 °C. The absorbance was
detected at 517 nm after incubation, and the scavenging activity was
calculated by the following equation: percentage of DPPH reduction
(%) = [Acontrol − Asample]/Acontrol × 100. In this assay, all reactions
were performed in triplicate. The SC50 value was obtained by
extrapolation from linear regression analysis and denoted the
concentration of sample required to scavenge 50% of DPPH radicals.
The data presented are means ± SD of three times determinations.

ABTS+ Radical Scavenging Activity. ABTS+ assay was conducted
as reported previously,8,13 with trolox as positive control and ethanol
as blank control. First, the ABTS+ solution was prepared by the
incubation of ABTS (7 mM) and potassium persulfate (2.45 mM) in
the dark for 12−16 h at room temperature. Then the prepared ABTS+

solution with an absorbance of 0.700 ± 0.002 at 734 nm was obtained
by dilution with 80% aqueous ethanol. The ABTS+ solution (200 μL)
and the testing samples (10 μL) were added into a 96-well microplate
and kept at 37 °C for 6−8 min. The absorbance at 405 nm was
immediately recorded after incubation. All tests were performed in
triplicate. The scavenging activity was determined according to the
following equation: percentage of ABTS+ reduction (%) = [Acontrol −
Asample]/Acontrol × 100. The SC50 value was obtained by extrapolation
from linear regression analysis and denoted the concentration of
sample required to scavenge 50% of ABTS+ radicals. The data
presented are means ± SD of three determinations.

■ RESULTS AND DISCUSSION

Isolation of Compounds 1−40. The 60% aqueous
acetone extract of the leaves of C. sinensis var. pubilimba was
partitioned between EtOAc and H2O. Both organic and H2O
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fractions were subjected to repeated CC over Sephadex LH-20,
MCI-gel CHP20P, and Toyopearl HW-40F to yield 40
compounds (1−40), including eight C-8 N-ethyl-2-pyrrolidi-
none substituted flavan-3-ols, ethylpyrrolidinonyl epi-catechin-
3-O-gallate (1),14 5″R-ethylpyrrolidinonyl epigallocatechin-3-
O-gallate (2),14,15 5″S-ethylpyrrolidinonyl epigallocatechin-3-
O-gallate (3),14,15 ethylpyrrolidinonyl epigallocatechin (4),14,16

5″R-ethylpyrrolidinonyl epicatechin (5),14,16 5″S-ethylpyrroli-
dinonyl epicatechin (6),14,16 5″R-ethylpyrrolidinonyl catechin
(7),14,16 and 5″S- ethylpyrrolidinonyl catechin (8),14,16 and
their C-8 substituted unit, 1-ethyl-5-hydroxy-2-pyrrolidinone
(9)15 (Figure 1). Both compounds 1 and 4 were obtained as a
mixture of the N-ethyl-2-pyrrolidinone C-5 enantiomers (1a
and 1b, 4a and 4b). Other 31 known compounds were
identified as four flavan-3-ol monomers and one dimer,
(±)-GC (10),17 (−)-ECG (11),17 (−)-EC (12),18 (−)-epi-
gallocatechin (13),17 and procyanidins B2 (14) (Figure 1),19,20

nine flavonoids, kaempferol-3,7-di-O-α-L-rhamnoside (15),21

-3-O-α-L-rhamnopyranoside (16),22 -3-O-β-D-glucopyranoside
(17)23 and -7-O-α-L-rhamnopyranosyl-3-O-β-D-glucopyrano-
side (18),24 quercetin-3,7-di-O-α-L-rhamnopyranoside (19),21

-3-O-α-L-rhamnopyranoside (20)22 and -3-O-β-D-glucopyrano-
side (21),22 and myricetin -3-O-α-L-rhamnopyranoside (22)25

and -3-O-β-D-glucopyranoside (23),26 three hydrolyzable
tannins, 1,6-di- (24)27 and 1,2,6-tri- (25)28 O-galloyl-β-D-
glucopyranose and strictinin (26),29 two lignans, pinoresinol-
4′-O-β-D-glucopyranoside (27)30 and erythro-(7S,8R)-guaiacyl-
glycerol- β-O-4′-dihydroconiferyl ether (28),31 11 simple
phenols, gallic acid (29),23 methyl gallate (30),32 catechol
(31),33 pyrogallol (32),34 4,4′-methylenebis[1,2,3-benzene-
triol] (33),35 p-hydroxyphenethylalcohol (34),36 3,4-dihydrox-
ybenzoic acid (35),37 2-(4-hydroxyphenyl)ethyl β-D-glucopyr-
anoside (36),38 coniferin (37),23 theogallin (38),18 and

chlorogenic acid (39)39 as well as caffeine (40) by comparison
of their physical and spectroscopic data with references and
authentic samples (Figure S2). All of the isolates 1−40 were
obtained from the titled plant for the first time. Compounds 2
and 3 are two new natural products, which had been obtained
previously by semisynthesis and biotransformation.14,15

Characterization of Compound 1 (1a and 1b).
Compound 1, a brownish amorphous powder, was obtained
as a mixture of enantiomers 1a and 1b with a ratio of about 4:1
according to the integration of the 1H NMR spectrum. Its
molecular formula was deduced to be C28H27NO11 according
to the negative HRESI-MS (m/z 552.1515 [M − H]−, calcd
for 552.1511). The IR spectrum showed the presence of
hydroxyls (3431 cm−1), benzene rings (1616 and 1455 cm−1),
and ester carbonyl (1691 cm−1) groups. The 1H and 13C NMR
spectra of 1 showed obviously the existence of a flavan-3-ol
skeleton and galloyl group. Due to the coupling constants of
J3,4 in the 1H NMR spectrum (J3,4a = 2.2 Hz/J3,4b = 4.5 Hz for
ECG and J3,4a = 6.4 Hz/J3,4b = 5.0 Hz for CG),40 the flavan-3-
ol unit in 1 (J3,4a = 4.1 Hz/J3,4b = 4.8 Hz) was concluded to be
(−)-epicatechin-3-O-gallate. However, instead of the two A-
ring aromatic methines (CH-6 and CH-8) in epicatechin, the
13C NMR data of 1 displayed only one aromatic methine [δC
96.2] and one additional quaternary aromatic carbon at δC
105.6 as well as a set of signals [δC 12.7 (CH3), 24.3 (CH2),
32.7 (CH2), 36.9 (CH2), 54.5 (CH) and 177.4 (C)] assignable
to an N-ethyl-2-pyrrolidinone moiety. The moiety itself was
also obtained as compound 9 from the titled plant, whose
structure was identified by the 1H and 13C NMR, HSQC,
HMBC, and specific rotation ([α]D) values. The connection of
N-ethyl-2-pyrrolidinone moiety to (−)-epicatechin-3-O-gallate
in 1 was further determined by two-dimensional (2D) NMR
spectrum.

Figure 1. Compounds 1−14 isolated from C. sinensis var. pubilimba.
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In the HMBC spectrum (Figure 2), correlations from H-4
(δH 3.02, 2.90) to C-3 (δC 70.3), C-2 (δC 79.3), C-10 (δC
100.3), C-9 (δC 156.9), and C-5 (δC 156.5) and from H-2 (δH
4.99) to C-9 (δC 156.9), C-1′ (δC 131.0), C-2′ (δC 115.0), C-
6′ (δC 119.5), and C-4 (δC 27.5) can be clearly discerned,
which confirmed undoubtedly the assignments of C-9 and C-5.
Moreover, HMBC correlations of the N-ethyl-2-pyrrolidinone
H-5″ (δH 6.72) with epicatechin C-9 (δC 156.9) and C-7 (δC
157.8) revealed that the N-ethyl-2-pyrrolidinone moiety was
directly linked to the A ring C-8 of (−)-epicatechin-3-O-
gallate. Other HMBC correlations (Figure 2) confirmed the
structure of 1 as shown in Figure 1. Therefore, compound 1
was elucidated as C-8 N-ethyl-2-pyrrolidinone-substituted
(−)-epicatechin-3-O-gallate. Furthermore, compounds 1a and
1b can be identified by the 2D NMR spectrum.
However, there are two configurations, 5″R and 5″S, for N-

ethyl-2-pyrrolidinone substitution at C-8 having existed in this
type of compounds. As we can see for compound 1, it existed
as a mixture of enantiomers 1a and 1b, while for compounds 2
and 3, they are a couple of stereoisomers at C-5″. Previous
studies showed that the absolute configuration at C-5″ can be
distinguished by subtracting one CD spectrum from its
stereoisomer with the same configurations at C-2/C-3.16,41

Therefore, the CD spectra of compounds 2 and 3 were
compared after subtracting the CD spectra from each other
(Figure 3). The arithmetically isolated CD curves of

compound 2 showed a strong negative Cotton effect (CE) at
210 nm (De −22.1), which confirmed its 5″R configuration,
while for compound 3, the arithmetically isolated CD curves of
C-5″ showed a strong positive CE at 210 nm (De +22.1),
confirming an S-configuration at C-5″ of compound 3. It is
noted that for this type of compounds including both
epicatechin and catechin forms the [α]D values of compounds
with a 5″R configuration were negative, while the ones with the

5″S configuration were positive.16 For example, the [α]D values
of compounds 2 (−234), 5 (−84),16 and 7 (−83)16 with 5″R
configuration are all negative, while compounds 3 (+24), 6
(+17),16 and 8 (+74)16 with 5″S configuration were all positive
for their [α]D values. Due to the negative [α]D of compound 1
([α]D

25 −199.3) (Figure S10), the major isomer 1a was
supposed to be 5″R, and the minor isomer 1b was 5″S
configurations. Similarly, the absolute configurations of the
known compounds 4−8 were determined.16

It suggested that the precursors of N-ethyl-2-pyrrolidinone-
substituted flavan-3-ols were catechins and theanine, and
fungal fermentation was regarded as indispensable for the
biosynthesis and biotransformation of these compounds.15,16

In the present study, C-8 N-ethyl-2-pyrrolidinone-substituted
flavan-3-ols (1−8) together with their substituted unit 1-ethyl-
5-hydroxy-2-pyrrolidinone (9) were successfully isolated and
identified from the air-dried leaves of tea plants for the first
time, suggesting there might be some enzymes or endophyte in
the plant to promote the transformation of catechins and
theanine.

AChE Inhibitory Activity. It is reported that tea
polyphenols as well as theanine enriched in green tea could
pass through the blood−brain barrier, improved the cognitive
performance, and have a dramatic inhibitory effect on
acetylcholinesterase (AChE).42−45 The isolates 1−8 derived
from flavan-3-ols and theanine and 9 derived from theanine
were evaluated for their AChE inhibitory activities, together
with four flavan-3-ol monomers, 11−13 and EGCG, with
tacrine as positive control, and the results are shown in Table
1.

At a concentration of 50 μM, compounds 1, 2, 5, and 7 with
5″R configuration showed obvious inhibitory activity (>60%)
on AChE, together with two flavan-3-ol monomers, 11 and
EGCG, without N-ethyl-2-pyrrolidinone substitution (Table
1). Their activity order from the stronger ones by IC50 is 11 >
EGCG > tacrine > 2 > 1 > 7 > 5. Compound 9, the cyclization
analog of theanine as well as the 5″S isolates, 3, 4, 6 and 8,
showed no inhibitory activity on AChE. The results suggested
that the C-5″ configuration of the N-ethyl-2-pyrrolidinone
moiety is the most important factor for the AChE inhibitory
activity. For the flavan-3-ol monomers, if no galloyl group
attached to the C-3 position they (12 and 13) lost the
activities.

Antioxidant Activity. All of the C-8 N-ethyl-2-pyrrolidi-
none-substituted flavan-3-ols (1−8) together with their
corresponding flavan-3-ols, 11, 12, 13, (+)-catechin (C), and
EGCG, were evaluated for their antioxidant activities by DPPH

Figure 2. Key HMBC correlations (H → C) of compound 1.

Figure 3. Configurations of compounds 2 and 3 were determined by
arithmetically isolated CD curves subtracted from each other for a
couple of stereoisomers.

Table 1. AChE Inhibitory Activities of Compounds 1−9 and
11-13 from C. sinensis var. pubilimbaa

sample IC50 (μM)b sample inhibition ratio (%)c

Tacrined 0.258 ± 0.014 3 43.38 ± 0.73
EGCG 0.124 ± 0.012 4 42.48 ± 2.25
1 1.971 ± 0.059 6 45.50 ± 1.83
2 1.928 ± 0.134 8 44.56 ± 2.45
5 9.811 ± 0.925 9 37.86 ± 3.26
7 2.126 ± 0.117 12 47.31 ± 1.43
11 0.102 ± 0.013 13 14.05 ± 4.57

aValues represent means ± SD (n = 3). bIC50 = one-half maximal
inhibitory concentration to AChE. cConcentration of test samples
were 50 μM. dPositive control.
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and ABTS+ radical scavenging assays, and the results are shown
in Table 2. All of them showed significant DPPH and ABTS+

radical scavenging activities, most of which were stronger than
or comparable to the positive controls (ascorbic acid and
trolox).
All of the tested compounds, including the C-8 N-ethyl-2-

pyrrolidinone-substituted and nonsubstituted flavan-3-ols,
showed stronger DPPH radical scavenging activities than
positive control (ascorbic acid) except 7, with an activity order
of 1 > EGCG > 3 > 13 > 5 > 2 > 11 > 6 > 8 > 4 > 12 > C >
ascorbic acid > 7. On the ABTS+ radical scavenging assay, all of
the tested compounds exhibited stronger activities than
positive control (trolox); their activity order is 1 > 3 > 2 >
6 > 8 > EGCG > 11 > 5 > 13 > 4 > C > 12 > 7 > trolox. It
suggested that the N-ethyl-2-pyrrolidinone moiety had no
obvious effect on free radical scavenging activities of flavan-3-
ols.
In conclusion, eight C-8 N-ethyl-2-pyrrolidinone-substituted

flavan-3-ols (1−8) and the substitution N-ethyl-5-hydroxy-2-
pyrrolidinone (9) were isolated and identified from C. sinensis
var. pubilimba together with four flavan-3-ol monomers (10−
13) and one dimer (14), nine flavonoids (15−23), three
hydrolyzable tannins (24−26), two lignans (27−28), and 11
simple phenols (29−39) as well as caffeine (40). All of them
were obtained from the titled plant for the first time. The C-8
N-ethyl-2-pyrrolidinone-substituted flavan-3-ols were success-
fully isolation from tea plant for the first time. Among them, 1b
is a new compound whose NMR data together with its
enantiomer (1a) were reported for the first time, while 2 and 3
are two new natural products. The known compound 9,
reported previously to be prepared from theanine Strecker
aldehyde, was isolated from tea plant for the first time. All of
the C-8 N-ethyl-2-pyrrolidinone-substituted flavan-3-ols (1−8)
exhibited stronger antioxidant activities on both DPPH and
ABTS+ assays, and the 5″R isomers also exhibited obvious
AChE inhibitory activities, making them to be the character-
istic phenolic constituents in C. sinensis var. pubilimba. The
results indicated that C. sinensis var. pubilimba, as one of the
varieties of the genus Camellia section Thea, is a valuable plant
resource for tea production.
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