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Abstract: Aim To investigate the chemica constituents from the twigs and leaves of Pithecellobium clypearia Benth and their
immunomodulatory effects M ethods The constituents were separated and purified by various chromatographic methods and their
structures were identified on the basis of spectral analysis. The immunomodulatory effects of all the compounds were examined
by a Con A-induced T Iymphocytes proliferation assay. Results Eight compounds were isolated and identified as (-)-
epigalocatechin (1), (-)-5, 7, 3', 4', 5'-pentahydroxyflavan (2), (-)-epigallocatechin-7-galate (3), (-)-5, 3', 4', 5'-tetrahydroxyflavan-
7-galate (4), quercitin-3-O-a -L-rhamnpyranoside (5), myricitin-3-O-a -L-rhamnpyranoside (6), gallic acid (7), and ethyl gallate (8),
respectively. Conclusion Compounds 3 and 8 were isolated from this genus for the first time, and compound 1 was isolated
from this species for the first time. Compound 3 exhibited a strong inhibition on the T lymphocytes proliferation induced by Con

A with an ICs of 4.4 V] mol- L.
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Introduction

Pithecellobium clypearia Benth, a member of
Mimosoaceaeis family, is an aiphyllium and distrib-
uted widely in the south of ChindY. Its twigs and
leaves are used as a herbal medicine in the treatment
of empyrosis and rheumatismi?. The pharmaceutical
preparations made of the aqueous extract of the
twigs and leaves of P. clypearia have been used in
China to treat upper respiratory infection, acute
laryngopharyngitis, acute tonsillitis, and chordapsus.
Phenolic compounds, such as (7-O-galloyltricetiflavan
and 7, 4-O-di-gdloyltricetiflavan) have been isolated
from this plant® 4.

In the current study, eight compounds were iso-
lated from the 60% ethanol extract of the twigs and
leaves of P. clypearia and their structures were
identified as (-)-epigallocatechin (1), (-)-5, 7, 3,
4', 5'-pentahydroxyflavan (2), (-)-epigallocatechin-7-
galate (3), (-)-5, 3', 4', 5'-tetrahydroxyflavan-7-
gallate (4), quercitin-3-O-a-L-rhamnpyranoside (5),
myricitin-3-O-a -L-rhamnpyranacside (6), gallic acid
(7), and ethyl gallate (8) by spectral analysis and
comparing the spectral data with those of the
literatures. The immunomodulatory effects of eight
compounds were examined by a Con A-induced T
lymphocytes proliferation assay.
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Results and discussion

Compound 1, [a] b =-71.8°(MeOH, c. 1.0), responded
positively to 3% FeCls-ethanol solution. The IR spec-
trum showed the absorption bands at 3244, 1624, 1524,
and 1458 cm' which were ascribable to the hydroxyl
and aromatic moieties. The ESI-MS spectrum showed
the ions of m/z 307 [M + H]" and 305 [M — H]J’, suggesting
that the molecular weight of 1 was 306. The molecular
formula of 1 was deduced as CisH407in combination
with the NMR data. The 'H and “C NMR data of 1
were in agreement with those of (-)-epigallocatechin®.
Thus, 1 was identified as (-)-epigallocatechin.
Compound 2, [a] ) =-2.3° (MeOH, c. 1.0), showed
a positive response to spraying 3% FeCl;-ethanol solution,
and the IR spectrum of 2 was similar to that of 1.
The molecular formula of 2 was deduced as C;sH 405
according to the ions of m/z 313 [M + Na]" and 289
[M - H] in the ESI-MS spectrum and the NMR data. In
the “C NMR spectrum, the presence of twelve aro-
matic carbon signals at § 157.7-95.8, one oxygenated
methenyl carbon signal at J 78.0, and two methylene
carbon signals at 6 30.4, and 19.8, suggested that 2 was a
flavan. The '"H NMR and HMQC spectra showed a pair
of meta-couple aromatic proton signals from A-ring at &
6.00 (1H, d,J=2.4 Hz, H-6) and 5.88 (1H, d, J=2.4
Hz, H-8) , two aromatic proton signals from B-ring at &
6.48 (2H, s, H-2', 6') , one oxygenated methenyl proton
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signal at ¢ 4.78 (1H, dd, J = 9.7, 2.4 Hz, H-2) and
two methylene proton signals at ¢ 2.62 (2H, m, H-
4), 2.10 (1H, m, H-3b), and 1.88 (1H, m, H-3a)
from C-ring. So the structure of 2 was elucidated as
(-)-5, 7, 3", 4', 5'-pentahydroxyflavan®.

Compound 3, [aly= —37.4° (MeOH, c. 1.0),
showed absorption bands in the IR spectrum at
3244, 1697, 1620, 1512, and 1454 cm ' which were
ascribable to hydroxyl, carbonyl, and aromatic
moieties. The molecular formula of 3 was deduced
as C»H30,, from the ions of m/z 481 [M + Na]’,
459 [M + HJ', and 457 [M - H] in the ESI-MS
spectrum and the NMR data. The *C NMR and
DEPT spectra showed the signals of one carbonyl
carbon (& 165.3), eighteen aromatic carbons (J 157.2 —
101.7), two oxygenated methenyls (6 79.5, 66.5),
and onc methylene (6 29.0), suggesting the presence
of three aromatic groups and one ester group in the
structure of 3. The 'H NMR and HMQC spectra ex-
hibited similar signal profile to that of 1, except for
the aromatic proton signal at 6 7.25 (2H, s, H-2",
6'). In the HMBC spectrum, the correlations
between H-2 (6 4.92) and C-9 (6 156.8), C-1' (6
131.1), C-2, and C-6' (¢ 106.8), H-3 (6 4.28) and
C-10 (0 106.0), H-4 (6 2.96, 2.88) and C-9 (6 156.8),
and C-10 (6 106.0) confirmed the presence of the
same flavanol skeleton in the structure of 3 with
that of 1. The HMBC correlation between H-2", 6"
(0 7.25) and the carbonyl carbon at 6 165.3 indi-
cated the presence of one galloyl group in the
structure. Comparing the *C NMR data of 3 with
those of 1, the signals of C-7 was found to have an
upfield shift of 6.4 ppm, with C-6, C-8 and C-10
having downfield shiftes of 5.5, 6.5, and 6.2 ppm,
respectively. The above NMR data indicated that the
position of the galloyl ester group was located at C-7
of epigallocatechin. Thus, the structure of 3 was
elucidated as (-)-epigallocatechin-7-gallate!® 7.,

Compound 4, [a]p = —2.6° (MeOH, c. 1.0), had
the similar IR spectrum to that of 3. The HR-TOF-
ESI-MS spectrum showed the ion at m/z 443.0948
[M + HJ" to give the molecular formula Cx»HisO1o.
The *C NMR data of 4 were similar to those of 3,
and the '"H NMR showed the signals similar to those
of 2, except for the carbon signal at J 30.0 (C-3)

and the aromatic proton signal at 6 7.24 (2H, s, H-
2", 6", indicating that 4 was a flavan galloyl ester.
The HMBC correlations between H-2 (6 4.87) and
C-9 (6 157.4), C-1'" (6 133.9), C-2’, and C-6'
(0 106.1), H-3b (¢ 2.17) and C-10 (¢ 108.1), H-4
(0 2.73) and C-10 (¢ 108.1), and C-9 (¢ 157.4)
confirmed the presence of the same flavan skeleton
in the structure of 4 with that of 2, and the HMBC

correlation between H-2", 6" (§ 6.51) and the car-
bonyl group at J 165.3 indicated the presence of one
galloyl group. Comparing the *C NMR data of 4
with those of 2, the signal of C-7 showed an upfield
shift of 6.4 ppm, and the signals of C-6, C-8, and
C-1 shifted downfield for 5.7, 6.6, and 6.2 ppm,
suggesting that the position of the galloyl ester was
at C-7 of the flavan. Consequently, the structure of
4 was characterized as (-)-5, 3, 4/, S"-tetrahydroxy-
flavan-7-gallate®!. The structures of compounds 1 —
8 were showed in Figure 1.

SR=H
6 R=O0H

HO

HO Q COOR

HO
7R=H
8 R = CH.CH;
Figure 1. Structures of compounds 1 — 8 from Pithecellobium
chpearia Benth.
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Table 1. Inhibitory effects of compounds1—8on T lymphocytes
proliferation

Compound ICso(pmol- L)

1 > 50.0
21.9
4.4
25.0

> 50.0
30.0
251
27.1

o~NOoOOh~WN

(-)-Epigallocatechin-7-gdlate (3) and ethyl gallate
(8) were isolated from this genus for the first time,
and (-)-epigallocatechin (1) was isolated from this
species for the first time. In the present study, we
first examined the immunomodulatory effects of the
phenolic compoumds from P. clypearia by a Con A-
induced T lymphocytes proliferation assay. Com-
pounds 1 — 8 al inhibited the T lymphocytes prolif-
eration induced by Con A, and compound 3 showed
the strongest inhibitory effects with an 1Cs value of
4.4 pmol- L (see Table 1). The results suggested
that the phenolic compounds from P. clypearia may
inhibit the immunological function of mice cells by
inhibiting the T lymphocytes proliferation.

Experimental
General procedures

Melting pointswere determined on a YANAGIMOTO
micromelting point apparatus and uncorrected. UV
spectra were measured in MeOH using a SHIMADZU
UV 2401PC spectrophotometer. IR spectra were run
in KBr disks with a SHIMADZU FTIR-8400
spectrophotometer. HR-TOF-ESI-MS and ESI-MS
spectra were recorded on a Micromass Q-TOF
mass spectrometer and a Bruker Esquire 2000 mass
spectrometer, respectively. NMR spectra were recorded
on a Bruker AVANCE-400 spectrometer with TMS as
an internal standard. Diaion HP-20 and MCI GEL
CHP20P (Mitsubisghi Chemica Corporation, Japan),
ODS-A 120-S150 (YMC Co., Ltd., Japan),
Sephadex™ LH-20 (Amersham Biosciences AB,
Sweden), and Toyopearl HW-40F (Tosoh Corporation,
Japan) were used for the column chromatography.

Plant material

The twigs and leaves of Pithecellobium clypearia
were collected in October 2004, from Conghua in
Guangdong Province, China, and identified by Bai-
Ying Liu (Associate chief pharmacist, Guangdong
Institute of Drug Control). A voucher specimen
(YGXY PC-2004) was deposited in Traditiona Chinese
Medicines and Natural Products Research Center
Shenzhen, Shenzhen, China.

Extract and isolation

The twigs and leaves of P. clypearia (7.6 kg) were
extracted two times with 60% ethanol for 2 h/each.
The combined extract was concentrated under re-
duced pressure to yield a dark-brown residue (1.5
kg, 19.7 %). The residue (1.2 kg) was suspended in
water, and partitioned successively with CHCls,
EtOAc, and n-BuUOH, repectively. The EtOAC extract
(100.0 g) was subjected to a Diaion HP-20 column
chromatography (5.2 cm x 46.5 cm) eluted with
MeOH-H,O gradiently to give nine fractions (Fr. 1 - 9).
Fr. 2 (10.0 g) was subjected to a Sephadex LH-20
column chromatography eluted by MeOH-H,O
gradiently and wasrecrysdlized in MeOH-H,O (10: 90,
V/V) to afford 7 (4100.0 mg). Fr. 3 (28.0 g) was
separated by a MCl GEI CHP 20P column chroma-
tography eluted by MeOH-H,O gradiently to give
four fractions (Fr. 3.1 — 3.4). Fr. 3.1 was subjected
to a column chromatography on Sephadex LH-20
eluted by MeOH-H,O gradiently and was recrystal-
lized in MeOH-H.0 (20 : 80, V/V) to obtain 1 (30.0
mg) and 2 (1000.0 mg). Fr. 3.2 was separated by a
Sephadex LH-20 column chromatography eluted by
MeOH-H,0O gradiently to afford 3 (900.0mg), 4
(5500.0 mg), and 8 (2400.0 mg). Fr. 4 (30.0 g)
was subjected to a medium pressure liquid chroma-
tography on ODS eluted by MeOH-H,O gradiently
and was recryddlized in MeOH-H-O (20 : 80, V/V) to
give 5 (842.0 mg) and 6 (117.2 mg).

| dentification

(-)-Epigallocatechin (1). White amorphous powder;
[a]p = —71.8° (MeOH, c. 1.0); UV(MeOH) Amax
(log €) nm = 212 (4.95), 270 (3.69), 392 (3.56);
IR (KBr) vmu (cm): 3244 (-OH), 1624, 1524, 1458
(-Ar); ESI-MS: m/z 307 [M + H]", 305 [M - H] ; 'H
and BC NMR data, see Table 2.
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Table 2. 'H NMR (400 MHz) and “C NMR (100 MHz) data of compounds 1 — 4 (in acetone-ds)

211

1 2 3 4
Position e e =

On dc On dc On oc OH dc
2 482 (IH, brs) 794 478 (1H, dd, J=97,24) 780 492 (1H, brs) 795 487 (1H,dd,J=99,22) 783
. 420 (IH,brs) 610 2 10 (IH, m) 04 428 (IH, bry) 665 2 17 (IH, m) 300

! 88 (IH, m) 95 (1H, m)
4 285 (1H, dd, J=166,46) 288 62 (2H, 198 296 (1H, dd, J=170, 43) 290 273 (2H, m) 20.1
B 273 (IH, dd, /=16.6,34) 288 (1H, dd, /=170, 2.7y

5 1576 1570 1572 1568
6 602 (IH,d, /=22) 9.2 6.00 (1H,d, J=24) 958 634 (1H, d, J=22) 101.7 631 (1H, d, J=22) 1015
7 1576 1577 1512 1513
8 592 (I, 4,J=22) 957 588 (IH,d,J=24) %9 628 (IH,d J=22) 102 6B(HAJ22) 1025
9 157.1 1575 156.8 1574
10 99 101.9 106.0 108.1
1’ 1315 1344 1311 1339
2'6' 6.58 (1Heach, s) 1069 648 (1Heach, 5) 106.0 6.62 (IHeach, s) 1068 651 (1Heach, s) 106.1
3.5 146.1 1464 1460 146.5
4’ 1329 1330 1329 1331
" 1210 121.1
26" 725 (1Heach, s) 1102 724 (IHeach, s) 1103
3" 5" 146.1 1462
4" 1394 1394
Cc=0 1653 1653

(-)-5, 7, 3', 4', 5'-Pentahydroxyflavan (2). White
amorphous powder; [a]y = —2.3° (MeOH, c. 1.0);
UV (MeOH) Amax (log €) nm = 214 (4.96), 270 (3.69);
IR (KBr) v (cmi): 3294 (-OH), 1624, 1520, 1474
(-Ar); ESI-MS: m/z 313 [M + Na]’, 289 [M - HJ;
'H and C NMR data, see Table 2.

(-)-Epigallocatechin-7-gallate (3). White amor-
phous powder; [a] ®=-374° (MeOH, c. 1.0); UV
(MeOH) Amax (log €) nm = 211 (5.09), 280 (4.44);
IR (KBr) vma (cm™'): 3244 (-OH), 1697 (C=0),
1620, 1512, 1454 (-Ar); ESI-MS: m/z 481 [M + Na]’,
459 [M + H]", 457 [M - H]'; 'H and "C NMR data,
see Table 2.

(-)-5, 3', 4', 5'-Tetrahydroxyflavan-7-gallate (4).
White amorphous powder; [a]f = —2.6° (MeOH, c.
1.0); UV (MeOH) Ansx (log €) nm = 210 (4.97), 280
(4.31), 446 (3.45), 473 (3.45); IR (KBr) vmax (cr):
3244 (-OH), 1732 (C=0), 1620, 1535, 1443 (-Ar);
ESI-MS: m/z 465 [M + Na]’, 443 [M + HJ", 441
[M - H]; 'H and ®C NMR data, see Table 2.

Quercitin-3-0-a-L-rhamnpyranoside (5). Yellow
amorphous powder; [a]f = ~205.4° (MeOH, c. 1.0);
UV (MeOH) Ama (log €) nm = 250 (4.80), 256 (4.53),
351 (4.41); IR (KBr) vmsx (cm™): 3260 (-OH), 1655

(C=0), 1605, 1497, 1454 (-Ar); ESI-MS: m/z 471
[M + Na]’, 325 [M + Na - 146]", 447 [M - HJ,
301 [M - H - 146]; '"H NMR (400 MHz, acetone-
ds): 0 6.27 (1H, d, J = 2.1 Hz, H-6), 6.47 (1H, d,
J= 2.1 Hz, H-8), 7.50 (1H, d, J = 2.2 Hz, H-2'), 7.00
(IH, d, J = 8.3 Hz, H-5", 7.40 (1H, dd, J = 8.3, 2.2
Hz, H-6"), 5.52 (1H, d, J = 1.4 Hz, H-1"), 4.33 (1H,
dd, J = 3.5, 1.4 Hz, H-2"), 3.73 (1H, dd, J = 9.8, 3.5
Hz, H-3"), 3.36 (1H, t, J = 9.0 Hz,H-4"), 3.38 (1H,
m, H-5"), 0.92 (3H, d, J = 5.9 Hz, H-6"), 12.73
(IH, s, 5-OH); “*C NMR (100 MHz, acetone-ds): &
158.4 (C-2), 135.8 ( C-3), 179.4 (C-4), 163.2 (C-5),
99.5 (C-6), 165.0 (C-7), 94.5 (C-8), 158.0 (C-9),
105.8 (C-10), 122.9 (C-17), 116.8 (C-2"), 1459 (C-3),
149.0 (C-4", 116.2 (C-5", 122.6 (C-6"), 102.8 (C-1"),
71.5 (C-2"), 72.2 (C-3"), 73.1 (C-4"), 71.3 (C-5"),
17.8 (C-6"). The UV, IR, and NMR data were similar
to those of quercitin-3-0O-a-L-rthamnpyranoside' #1.

Myricitin-3-0-a-L-rhamnpyranoside (6). Yellow
amorphous powder; [a]p = ~156.9° (MeOH, c. 1.0);
UV (MeOH) Amax (log €) nm = 209 (4.89), 257 (4.53),
354 (4.44); IR (KBr) vma (cm™): 3256 (-OH), 1655
(C=0), 1605, 1500, 1454 (-Ar); ESI-MS: m/z 487
[M+ NaJ', 463 [M - H], 317 [M - H - 146] ;'H NMR
(400 MHz, acetone-ds): d 6.26 (1H, d, J = 2.2 Hz,
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H-6), 6.46 (1H, d, J = 2.2 Hz, H-8), 7.10 (2H, s, H-
2', 6", 5.49 (1H, d, J = 1.4 Hz, H-1"), 4.22 (1H,
dd, J =4.2, 1.4 Hz, H-2"), 3.75 (1H, dd, J = 9.4,
4.2 Hz, H-3"), 3.37 (1H, t, J = 9.4 Hz, H-4"), 3.52
(1H, m, H-5"), 0.94 (3H, d, J = 6.2 Hz, H-6"), 12.74
(1H, s, 5-OH); *C NMR (100 MHz, acetone-ds): &
1585 (C-2), 135.9 ( C-3), 179.4 (C-4), 163.2 (C-
5), 99.5 (C-6), 165.0 (C-7), 94.5 (C-8), 158.0 (C-
9), 105.8 (C-10), 121.9 (C-1'), 109.3 (C-2'), 146.4
(C-3, 5), 137.0 (C-4'), 109.3 (C-6'), 102.8 (C-1"),
715 (C-2"), 72.2 (C-3"), 73.2 (C-4"), 71.3 (C-5"),
17.8 (C-6"). The UV, IR, and NMR data were similar
to those of myricitin-3-O-a -L-rhamnpyranoside* 9.

Gallic acid (7). White needles; mp 250 — 251 °C;
UV (MeOH) A ma(log € ) nm = 216 (4.67), 265 (4.16);
IR (KBr) umx(cm®) = 1701 (C=0), 1616, 1539,
1450 (-Ar); ESI-MS miz 171 [M + H]*, 169 [M - H];
'H NMR (400 MHz, DMSO): 5 6.94 (2H, s, H-2, 6);
13C NMR (100 MHz, DMSO): 8 167.5 (C=0), 120.5
(C-1), 108.7 (C-2, 6), 145.4 (C-3, 5), 138.0 (C-4).
The *H NMR data was in agreement with those of
gallic acid?.

Ethyl gallate (8). White needles, mp 156 — 158 °C;
UV (MeOH) A ma(log € ) nm = 217 (4.74), 275 (4.34);
IR (KBr) umx(cm?): 3294 (-OH), 1705(C=0),
1620, 1535, 1470 (-Ar); ES-MS; m/z 221 [M + NaJ*,
199 [M + H]*, 197 [M - H]; *H NMR (400 MHz,
DMSO): & 6.95 (2H, s, H-2, 6), 420 (2H, g, J = 7.1
Hz, -O-CH,-), 1.27 (3H, t, J = 7.1 Hz, -CHs); 3C
NMR (100 MHz, DMSO): & 165.8 (C=0), 119.6
(C-1), 1085 (C-2, 6), 145.5 (C-3, 5), 138.3 (C-4),
60.0 (-O-CH2-), 14.2 (-CHs). The H and **C NMR
datawere in agreement with those of ethyl gallate".

T lymphocytes proliferation assay!*?

Spleens were aseptically taken from the Kunming
mice, crushed gently and homogenized in 10 mL
RPMI-1640 medium (GIBCO BRL). The cell sus-
pension was filtrated with the gauze of 400 mesh
and centrifuged at 1000 r- min* for 5 min at 4 °C.
The cell pellet was sugpended in 10 mL 0.17 mol- L™
Tris (hydroxymethyl aminomethane) —0.75% NH.CI
(pH 7.5), and centrifuged at 1000 r- min for 5 min at
4 °C to remove erythrocytes. After washing twice
with RPMI-1640 medium, the cells were suspended
and cultured in fresh RPMI-1640 medium. The spleen
cells were seeded in 96-well plates at a density of

5 x 10° cellsgwell with RPMI1-1640 medium, and
treated with 5 pg- mL= Con A and sample solution for
72hat 37°Cin 5% CO.. Then, the effectson the T
lymphocytes proliferation were evaluated with the
modified MTT assay!™. In brief, 20 pL of 5
mg- mL*MTT/RPMI-1640 solution were added for a
4-h incubation. The supernatant was removed after
centrifugation, and 200 yL DMSO were added to
dissolve the formazan crystals. The absorbance was
read on an ELISA reader (Sunrise Remote/Touch
Screen, TEACAN, Augtria) at 540 nm.
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