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A New Tirucallane Triterpenoid from Galla chinensis

Li, Yuting Tong, Xueli Tian, Liwen™
(School of Pharmaceutical Sciences, Southern Medical University, Guangzhou 510515)

Abstract A new tirucallane triterpenoid was isolated from the ethyl acetate extract of Galla chinensis, along with five known
tirucallane triterpenoids. Their structures were elucidated by extensive spectrosopic data analysis. It is the first time to report
triterpenoids from G chinensis. Masticadienonic acid (3), isomasticadienonic acid (4) and masticadienolic acid (5) showed
neuroprotective activity at a concentration of 1.6 umolsL " !. This study provides a structure template for neuroprotection agent
discovery.
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1 Introduction which afforded a new tirucallane triterpenoid,
11-hydroxylmasticadienonic acid (1), along with five
known tirucallane triterpenoids 2~6 (Figure 1). Herein,
we describe the isolation, structure elucidation and the
neuroprotective activity of these isolates.

Galla chinensis is a gall mainly caused by the Chinese
aphid, Melaphis chinensis (Bell) Baker, parasitic on the
leaves of Rhus sp., including R. chinensis Mill, R. potanini
Maxim, and R. punjabensis Stew. var. sinica (Diels) Rehd.
et Wils.'! The major gall-producing areas are Sichuan, 2 Results and discussion
Guizhou, Hubei and Shaanxi Province, China. G. chinensis
has long been used as a natural remedy in folk China for
the treatment of diarrhea, hemorrhage, traumatic injuries
and so on.?1 It is also listed in Chinese Pharmacopoeia due
to its extensively clinic usage. Previous chemical investi-
gations of G. chinensis revealed that hydrolysable tannins
were the major ingredients,’*! which showed antifungal,’
hepatoprotective,’% antibacterial,l’) antidiarrheal,®! an-
ti-oxidative,”! pancreatic lipase inhibitory!'%! and osteoclast
differentiation inhibitory!!!! activities. There were few re-
ports concerning the less polar ingredients of G.
chinenesis. As a continuation of our efforts to search for
neuroprotective natural products,!'?! a chemical study on
the ethyl acetate extract of G. chinensis was carried out,

Compound 1 was obtained as an amorphous powder. Its
molecular formula, C30H4604, was established on the basis
of protonated molecular ion peak at m/z 471.3466 (calcd.
for C30H4704 471.3469) in the HRESIMS, suggestive of
eight degrees of unsaturation. The IR spectrum showed the
presence of hydroxy (3365 cm ') and carbonyl (1693
cm ') functional groups. The 'H NMR spectrum showed
signals for five tertiary methyls [dx 0.92 (s), 0.94 (s), 1.08
(s) 1.13 (s), 1.14 (s)], a secondary methyl [én 0.93 (d, J=
6.6 Hz)], a vinylic methyl [ou 1.94 (s)], an oxygenated
methine [dn 4.21~4.27 (m)] and two olefinic protons [du
5.40 (brs), 6.10 (t, J=7.6 Hz)]. One of the olefinic protons
(0u 6.10) was obviously deshielded, indicative of an
a.B-unsaturated carbonyl functional group. The '3C NMR
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coupled with HSQC spectroscopic data of 1 indicated 30
carbons, including seven methyls (oc 13.7, 18.4, 20.7,
21.5,21.9, 24.6, 27.9), a carboxyl carbon (dc 171.6), a ke-
tone carbon (dc 216.8) and two pairs of double bonds (dc
119.9, 125.9, 141.3, 146.1). The 'H NMR and '3C NMR
data (Table 1) of 1 were close to those of masticadienonic
acid (3), besides an oxygen-bearing methine [on 4.21~
4.27 (m, 1H); dc 67.6] in 1. The hydroxyl group attached at
C-11 of 1 was evidenced by the 'H-'"H COSY correlations
of H-9/H-11, and H-11/H,-12, as well as HMBC correla-
tions of H-11/C-9, C-10, C-12, and C-13 (Figure 2A). The
a-orientation of hydroxyl group was suggested by NOE
correlations between H-11/H3-19, H-11/H3-30 (Figure 2B),
assuming that H3-19 and H3-30 in tirucallane triterpenoid
were f-oriented, while H3-18 and side chain connected to
C-17 were a-oriented. The absolute configuration of C-20
was deduced to be S from the chemical shift value of C-18
at oc 21.5,[31 and tirucallane triterpenoid biogenetic con-
siderations. The double bond between C-24/C-25 adopted
a Z configuration as revealed by the chemical shift of H-24
(Ju 6.10),'1 and the NOE correlation of H-24/H3-27 (Fig-
ure 2B). Thus, the structure of 1, (242)-11-hydroxytirucall-
7,24-dien-3-0x0-26-0ic acid, was elucidated as shown in

— HMBC

— TH-"H cosY

Figure 1. It was trivially named 11-hydroxylmasticadien-
onic acid (1).

21,20

<~ NOESY

Figure 2 Selective 2D NMR correlations of 1

Table 1 '"H NMR and '3C NMR spectroscopic data of 1 in CDCl3

No. o (J in Hz)* oct No. o (J in Hz)? oc?
la 1.69~1.76 (m, 1H) 39.8 (f) 160: 1.96~2.04 (m, 1H) 28.1 (1)
15 2.50~2.61 (m, 1H) 168 1.29~1.37 (m, 1H)
2a 227 (dd, 14.5, 3.2, 1H) 35.2 (t) 17 1.44~1.56 (m, 1H) 52.7 (d)
28 2.80 (dd, 14.5, 4.7, 1H) 18 0.92 (s, 3H) 21.5(q)
3 216.8 (s) 19 1.13 (s, 3H) 13.7(q)

48.3 (s) 20 1.41~1.47 (m, 1H) 36.2 (d)
5 1.79 (dd, 10.4, 6.9, 1H) 52.7 (d) 21 0.93 (d, 6.6, 3H) 18.4 (q)

60 1.69~1.76 (m, 1H) 24.7 (1) 22a 1.47~1.59 (m, 1H) 35.7 (t)
68 2.50~2.61 (m, 1H) 22b 1.11~1.19 (m, 1H)

7 5.40 (brs, 1H) 119.9 (d) 23a 2.52~2.64 (m, 1H) 27.0 (1)
8 141.3 (s) 23b 2.41~2.50 (m, 1H)

9 2.34 (d, 103, 1H) 56.5 (d) 24 6.10 (t, 7.6, 1H) 146.1 (d)
10 36.7 (s) 25 125.9 (s)
1 421~4.27 (m, 1H) 67.6 (d) 26 171.6 (s)

124 1.69~1.76 (m, 1H) 48.7 (t) 27 1.94 (s, 3H) 207 (q)
128 2.50~2.61 (m, 1H) 28 1.08 (s, 3H) 24.6 (q)
13 443 (s) 29 1.14 (s, 3H) 21.9 (q)
14 51.2(s) 30 0.94 (s, 3H) 27.9(q)
15 1.47~1.60 (m, 2H) 34.4 (1)

“ Measured at 600 MHz. » Measured at 150 MHz.
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The known compounds were identified to be densi-
florinic acid A (2),['S] masticadienonic acid (3),l'" iso-
masticadienonic acid (4),!!” masticadienolic acid (5)!'%! and
isomasticadienolic acid (6),/'71 on the basis of detailed
spectroscopic data analyses, together with comparison of
their spectroscopic data with reported data. Compounds
2~6 were identified from G. chinensis for the first time.

To select suitable concentration for neuroprotection as-
say, the cytotoxicity of compounds 3~6 against PC12
cells were evaluated. Compound S showed cytotoxicity at a
concentration of 12.5 pmoleL~!, while the other com-
pounds did not show obviously cytotoxicity at the same
concentration. Subsequently, compounds 3~6 were tested
for neuroprotective activity in PC12 cells against corti-
costerone induced neurotoxicity. Compounds 3~S5 in-
creased cell viability by 6%, 8% and 15%, respectively, in
comparison with the model group at a concentration of 1.6
umoleL ™",

3 Conclusions

Chemical investigation on the ethyl acetate extract of G.
chinensis led to the isolation of a new tirucallane
triterpenoid, 11-hydroxylmasticadienonic acid (1). The
structure of compound 1 was elucidated by comprehensive
spectroscopic techniques. It is the first time to report
triterpenoids from G. chinensis. Compounds 3~5 showed
neuroprotective activity in PC12 cells against corti-
costerone induced neurotoxicity at a concentration of 1.6
umol-L~!. The study provides information on the less polar
ingredients of G. chinensis, and offers a structure template
for neuroprotection agent discovery.

4 Experimental section

4.1 General experimental

Melting point was measured on a micro melting point
apparatus (Kerui, Gongyi). Optical rotation was measured
with a perkin Elmer 341 polarimeter. UV spectrum was
recorded on a N5000 UV-Vis spectrophotometer (Yoke,
Shanghai). IR was performed on a Shimadzu Fourier
transform infrared spectrometer. NMR was recorded on a
Bruker AV-600 spectrometer with TMS as internal stand-
ard. HRESIMS spectrum was measured on the Triple
TOFTM 5600 plus a hybrid triple quadrupole
time-of-flight mass spectrometer equipped with ESI source
(AB SCIEX, CA, USA). Semi-preparative high perfor-
mance liquid chromatography (HPLC) was operated on a
shimadzu LC-20A pump with a Shimadzu SPD-M20A
photodiode Array Detector using a Thermo hypersil C-18
column (250 mm X 9.6 mm i.d.). Column chromatography
(CC) was performed on silica gel (200~300 mesh, Qing-
dao Marine Chemical), sephadex LH-20 (GE Healthcare),
MCI CHP 20P (Mitsubishi), or ODS (Merck).

4.2 Sample

The G. chinensis were purchased from Kunming
Juhuayuan Traditional Medicine Market, Yunan Province,
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China. The gall sample was identified by Xifeng Teng
from School of Chinese Medicine, Guangdong Pharma-
ceutical University. A voucher specimen (No. SMU-NPC-
201301) was deposited in Natural Product Chemistry Lab,
School of Pharmaceutical Sciences, Southern Medical
University.

4.3 Extraction and isolation

The powdered G. chinensis (5.0 kg) were refluxed with
ethyl acetate (3X10 L, each 3 h) and filtered. The com-
bined filtrate was concentrated to yield the crude extract
(400 g). The crude extract (400 g) was subjected to MCI
CHP20P CC (MeOH/H,0, V. V=1 : 9~10 : 0) to yield
five fractions A~E. Fraction B (20 g) was chromato-
graphed over sephadex LH-20 (CH.Cl,/MeOH, V @ V=
1 7 1), and silica gel (petroleum ether/EtOAc, V' @ V=9 :
1~1 I 1) to yield five sub-fractions B ~B5. A precipitate
(800 mg) from B3 was purified by semi-preparative HPLC
(CH3CN/H,O, V . V=8 : 2, isocratic model) to afford 5
(600 mg) and 6 (20 mg). Fraction C (18 g) was subjected
to silica gel (CH,ClyMeOH, V' : V=1 :1) CC to yield
three sub-fractions C1~C3. Sub-fraction C2 (2.0 g) was
purified over sephadex LH-20 (CH,Cl,/MeOH, V : V=
1:1), ODS (MeOH/H,O, V : V=8 1 2~1 : 0) and
semi-preparative HPLC (CH3CN/H,O, V' : V=285 ! 15,
isocratic model) to afford 1 (1.0 mg) and 2 (2.0 mg). Frac-
tion D (12.6 g) was subjected to silica gel (petroleum ether/
EtOAc, V : V=9 1 1~1 1 1) CC to yield four
sub-fractions D1~D4. Sub-fraction D3 (1.6 g) was puri-
fied over silica gel (CH,Cl,/MeOH, V' : V=100 : 1~20 :
1), sephadex LH-20 (CH.Cl/MeOH, V' V=1 : 1), ODS
(MeOH/H0, V : V=8 . 2~1 :0) and semi-preparative
HPLC (CH3CN/HO, V@ V=85 15, isocratic model) to
afford 3 (84 mg) and 4 (11 mg).

11-Hydroxylmasticadienonic acid (1): White amorphous
powder, m.p. 111~112 C; [a]5 —62 (¢ 0.1, MeOH);
UV (MeOH) Amax [log &/(Lemol~'scm™")]: 229 (2.51) nm;
'"H NMR (600 MHz, CDCl;): see Table 1; *C NMR (150
MHz, CDCIl;): see Table 1; IR (KBr) vmax: 3365, 2941,
2837, 1693, 1456, 1386, 1024 cm !; (+)-HRESIMS calcd
for C30H4704 [M+H]" 471.3466, found 471.3469.

4.4 Neuroprotective activity

The PC12 cells were seeded into 96-well plates with
density of 1X10* cells per well and cultured in the medi-
um consisted of 1% fetal bovine serum with 5% CO, for
24 h. For the cytotoxicity assay, the medium was replaced
with four different concentrations (50, 25, 12.5, 6.25
umolsL ') of compounds in the absence of corticosterone
for 24 h. While for the neuroprotection assay, the medium
was replaced with four different concentrations (1.6, 3.125,
6.25 and 12.5 umolsL ') of compounds in the presence of
corticosterone (200 umolsL ") for 24 h. Thereafter, 20 uL
of methyl thiazolyl tetrazolium (MTT) (5 mg/mL) was
added into each well and incubated for another 4 h. The
supernatant was removed and the formazan crystals were
dissolved in 150 puL of dimethyl sulfoxide (DMSO). The
optical absorbance at 570 nm was read with a multimode

http://sioc-journal.cn/ 2513
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microplate Reader.

Supporting Information HRESIMS, IR, 1D, and 2D
NMR spectra of compound 1, cytotoxicity and neuropro-
tective activity of compounds 3~6. The Supporting In-
formation is available free of charge via the Internet at
http://sioc-journal.cn.
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