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One new ursane-type triterpenoid glycoside, asiaticoside G (1), five triterpenoids, asiaticoside (2), asiati-
coside F (3), asiatic acid (4), quadranoside IV (5), and 2,3B,6B-trihydroxyolean-12-en-28-oic acid
28-0-[a-L-rhamnopyranosyl-(1—4)-B-p-glucopyranosyl-(1—6)-p-p-glucopyranosyl] ester (6), and four
flavonoids, kaempferol (7), quercetin (8), astragalin (9), and isoquercetin (10) were isolated from the
leaves of Centella asiatica. Their chemical structures were elucidated by mass, 1D- and 2D-nuclear
magnetic resonance (NMR) spectroscopy. The structure of new compound 1 was determined to be
20,3B,23,30-tetrahydroxyurs-12-en-28-oic acid 28-0-[a-L-rhamnopyranosyl-(1—4)-B-b-glucopyrano-
syl-(1—6)-B-p-glucopyranosyl] ester. The anti-inflammatory activities of the isolated compounds were
investigated on lipopolysaccharide (LPS)-stimulated RAW 264.7 cells. Asiaticoside G (1) potently inhib-
ited the production of nitric oxide and tumor necrosis factor-o. with inhibition rates of 77.3% and
69.0%, respectively, at the concentration of 100 uM.
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Nitric oxide (NO) and tumor necrosis factor (TNF) are essential
mediators of several biological processes, including the immune
response. TNF stimulates NO production via the expression of
inducible NO synthase (iNOS), with L-arginine being the only sub-
strate.! The production of NO confers cytostatic or cytotoxic activ-
ity on macrophages against microbes and tumor cells.? TNF-o. is
one of the most important pro-inflammatory cytokines and is pro-
duced by activated monocytes and macrophages. NO and TNF-o
generally act as defense factors against invading bacterial patho-
gens and are essential elements of antimicrobial immunity during
inflammation.® They are secreted during the early phase of acute
and chronic inflammatory diseases such as asthma, rheumatoid
arthritis, septic shock and other allergic diseases, as well as during
the activation of T cells.*

Centella asiatica (L.) Urban (Umbelliferae) is widely cultivated as
a vegetable or spice in Asia, Africa, and Oceania. It is also used to
treat skin diseases, rheumatism, inflammation, syphilis, mental ill-
ness, epilepsy, diarrhea, and wounds.® Previous phytochemical and
biological investigations of C. asiatica have yielded a number of tri-
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terpenes,®® polyacetylenes,® and flavonoids.!? Studies have cited
the anti-inflammatory activity of the ursane triterpenoids and a
number of derivatives from this plant with the ursane-type skele-
ton been found to possess anti-inflammatory activity and the
inhibitory production of NO and the secretion of TNF-o in lipopoly-
saccharide (LPS)-stimulated RAW 264.7 cells; these compounds in-
clude madecassic acid,!' madecassoside,'? asiatic acid,'>!* and
asiaticoside.'*!> Interestingly, our extensive phytochemical study
led to the isolation of one new ursane-type triterpenoid glycoside
as well as nine known compounds. In this study, we examined the
effect of the new ursane-type triterpenoid glycoside and the nine
known compounds on the production of NO and the secretion of
TNF-o in LPS-stimulated RAW 264.7 cells.

In a preliminary study, the methanol extract of the leaves of C.
asiatica inhibited the production of NO and secretion of TNF-a in
LPS-stimulated RAW 264.7 cells. To clarify the active compounds
from the leaves of C. asiatica caused this inhibition, one new ur-
sane-type triterpenoid glycoside (1), five triterpenoids, asiaticoside
(2),1° asiaticoside F (3),° asiatic acid (4),'® quadranoside IV (5),!”
and 20,3B,6B-trihydroxyolean-12-en-28-oic acid 28-O-[d-L-
rhamnopyranosyl-(1—-4)-B-b-glucopyranosyl-(1—6)-B-p-gluco-
pyranosyl] ester (6),” and four flavonoids, kaempferol (7),'°
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quercetin (8),'° astragalin (9),'® and isoquercetin (10)'® (see Fig. 1)
isolated from the leaves of C. asiatica,'® were tested their inhibitory
effects on NO and TNF-a production in LPS-stimulated RAW 264.7
cells.

By using combined chromatographic separations, one new
ursane-type triterpenoid glycoside together with nine known com-
pounds were isolated from the methanol extract of C. asiatica
leaves.2® Compound 1 was obtained as a white amorphous powder.
Its basic ion peak at m/z 975.5 [M+H]" was observed on positive-
ion electrospray ionization mass spectrometry (ESI-MS), and
high-resolution electronspray ionization mass spectroscopy
(HR-ESI-MS) analysis revealed the molecular formula to be
C4gH78040, With a cluster ion peak at m/z 975.5160 [M+H]" (calcd
for C4gH79040: 975.5165). The 'H NMR spectrum of 1 (in metha-
nol-d4) showed the following signals: four tertiary methyl groups
at oy 0.67, 0.81, 1.03, and 1.10 (each 3H, s); two secondary methyl
groups at 6y 0.90 (d, 6.0 Hz) and 1.24 (d, 6.6 Hz); and three ano-
meric protons were at dy 4.35, 4.82, and 5.26, suggesting the pres-
ence of three sugar units (see Table 1). The *C NMR and
distortionless enhancement by polarization transfer (DEPT) spectra
revealed 48 carbon signals, of which, 30 were assigned to a
triterpenoid sapogenol moiety and 18 belonged to three monosac-
charide moieties. The aglycone of 1 was recognized to be an
ursane-type triterpenoid on 'H and '3C NMR analysis (see Table 1),
with the typical olefinic carbons at §¢c 126.9 and 139.4, four quater-
nary methyl carbons at §¢c 13.9, 17.8, 18.1, and 24.0, one secondary
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methyl carbon at ¢ 17.4, two oxymethine carbons at éc 69.6 and
77.9, two oxymethylene carbons at §¢ 65.8 and 66.3, and one car-
boxyl signal at ¢ 177.9. The 'H and *C NMR data of 1 were similar
to those of asiaticoside (2),'° except for a difference of methyl
group at C-20. In the heteronuclear multiple bond correlation
(HMBC) spectrum (see Fig. 2), the methyl group H-24 (éy 0.67) cor-
related with carbons C-3 (6¢ 77.9), C-4 (5c 44.1), and C-23 (6¢ 66.3).
The large coupling constant J»3 = 10.8 Hz of the two protons at C-2
and C-3 and the chemical shifts of C-2 (6¢c 69.6) and C-3 (5¢ 77.9) in
the aglycone confirmed the equatorial position of the 2- and 3-hy-
droxyl groups in comparison with the corresponding data for
2B,30,23-trihydroxyurs-12-en-28-oic acid?! [coupling constant be-
tween H-2 and H-3, J>3 = 3.0 Hz, and J¢ values for C-2 (66.6) and
C-3 (78.6)] and methyl 2a,30,24-trihydroxyurs-12-en-28-oate??
[coupling constant between H-2 and H-3, J,3 = 3.0 Hz, and J¢ values
for C-2 (66.2) and C-3 (73.3)]. This was further confirmed by corre-
lation between proton signal at Jy 3.67 (H-2) and proton signal at
Sy 1.03 (H-25). Moreover, the chemical shifts of C-3 (5¢c 77.9) and
C-23 (6c 66.3) were quite difference from those reported for
20.,3B,24-trihydroxyurs-12-en-28-oic acid 28-0-[a-L.-rThamnopyr-
anosyl-(1-4)-B-p-glucopyranosyl-(1—6)-pB-p-glucopyranosyl] es-
ter (scheffursoside F)?® [sc values for C-3 (85.7) and C-24 (65.7)].
These results suggested that there was a hydroxyl group at C-23,
which was confirmed by a cross peak between H-24 (éy 0.67)
and H-25 (dy 1.03) in the rotating overhouser effect spectroscopy
(ROESY) spectrum. Furthermore, in the HMBC spectrum, the
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Figure 1. Structure of compounds (1-10) isolated from leaves of C. asiatica.
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Table 1
The NMR spectral data of compound 1
Position 1
5P Sy (mult., Hz)
Aglycone
1 48.1 1.25 (m)
1.94 (m)
2 69.6 3.67 (dt, 3.6, 10.8)
3 77.9 3.49 (d, 10.8)
4 441 -
5 48.3 0.87"
6 19.1 1.42 (m)
7 33.6 1.27 (m)
1.60"
8 41.0 —
9 48.9 1.61°
10 39.0
11 24.5 1.95 (m)
12 126.9 5.22 (t, 3.0)
13 139.4 —
14 43.4
15 293 1.08",1.89°
16 25.2 1.73 (m)
17 49.4 —
18 54.1 2.21(d, 11.5)
19 343 1.61 (m)
20 47.7 1.01 (m)
21 254 1.50°
22 37.6 1.58"
1.72°
23 66.3 3.23(d, 12.6)
3.47 (d, 12.6)
24 139 0.67 (s)
25 17.8 1.03 (s)
26 18.1 0.81 (s)
27 24.0 1.10 (s)
28 1779 —
29 17.4 0.90 (d, 6.0)
30 65.8 3.52°
3.62 (dd, 3.0, 10.8)
C-28 0-glc
1 95.8 5.26 (d, 7.8)
2 73.8 3.38 (m)
3 78.3 3.32 (m)
4 71.0 3.37 (m)
5 78.2 3.38 (m)
6 69.7 3.76 (dd, 4.2, 12.0)
4.05 (d, 12.0)
glc'(1'-6)glc
1 104.5 435 (d, 7.8)
2 75.3 3.21(t, 7.8)
3 76.8 3.27
& 79.6 3.51 (t, 7.8)
5 76.7 3.42 (m)
6’ 61.9 3.62 (dd, 4.2, 11.4)
3.79 (d, 11.4)
rha(1” -4’ )glc’
1” 102.8 4.82 (d, 1.8)
2" 724 3.81 (m)
3” 72.2 3.60 (dd, 2.7, 9.0)
4 73.7 3.30 (m)
5" 70.7 3.93 (dd, 6.6, 9.6)
6" 17.9 1.24 (d, 6.6)
2 Measured in CD30D.
> 150 MHz.
¢ 600 MHz.

“ Overlapped signals, assignments were done by HMQC, HMBC, COSY and ROESY
experiments; glc, B-p-glucopyranosyl; rha, L-rhamnopyranosyl.

methyl group H-29 (éy 0.90) correlated with carbons C-18 (dc
54.1), C-19 (¢ 34.3), and C-20 (¢ 47.7), and the hydroxymethyl
group H-30 (dy 3.52 and 3.62) correlated with carbons C-19 (J¢
34.3), C-20 (6¢ 47.7), and C-21 (6¢ 25.4). In the ROESY spectrum,
the cross peak between H-18 (éy 2.21) and H-29 (5y 0.90) and

Me 0
HO

HO rha on

Figure 2. Selected HMBC spectrum of compound 1.

the absence of a correlation between H-30 (dy 3.52 and 3.62) and
H-18 (dy 2.21) indicated that the methyl and hydroxyl methyl
groups at C-19 and C-20 had the B and o configurations, respec-
tively. Acid hydrolysis of 1 provided the monosaccharide compo-
nents of L-rhamnose and p-glucose (identified as TMS derivatives
by gas chromatography (GC) method).2* Moreover, HMBC correla-
tions between the inner glc H-1 (dy 5.26) and C-28 of the aglycone
(8¢ 177.9), between the outer glc H-1’ (dy 4.35) and the inner glc
C-6 (6c 69.7), and between the rha H-1" (éy 4.82) and the glc
C-4' (6c 79.6) were observed. These evidences suggested the
sequence of the sugar linkages of 1. The carbon signals of the
sugar moieties were superimposable on those of characteristic
triterpenoid glycosides isolated from Centella species.>® Conse-
quently, the structure of 1 was determined to be 2a,38,23,30-tetra-
hydroxyurs-12-en-28-oic acid 28-0-[a-L.-tThamnopyranosyl-(1—4)-
B-p-glucopyranosyl-(1—6)-B-p-glucopyranosyl] ester, named asia-
ticoside G.2°

To evaluate the inhibitory effects of the isolates on the pro-
duction of NO in the LPS-stimulated RAW 264.7 cells, cells were
seeded in 96-well plates at a density of 1 x 10° cells/mL. After
3 h, the cells were treated with various concentrations of the
compounds (1, 10, and 100 uM) and stimulated for 24 h with
or without 1 pg/mL of LPS (Sigma Chemical Co., St. Louis, MO,
USA). The nitrite concentration was measured in the supernatant
of RAW 264.7 cells by the Griess reation.2® In absence of both
test the compounds and LPS, NO was produced at a very low
concentration (0.87 +0.11 uM). LPS markedly induced the NO
production by concentration of 6.09 + 0.50 uM. In contrast, the
dexamethasone (10 pM), positive control, resulted in a level of
1.54+0.07 uM and compounds 1, 2, 4, and 7-10 (1, 10, and
100 uM) significantly decreased the NO production to levels be-
tween 1.38 £ 0.26 to 5.16 £ 0.52 uM (see Fig. 3). One oleane-type
triterpenoid glycoside (6) and two ursane-type triterpenoid gly-
cosides (3, 5) showed no activity at the concentration of
100 uM (ICso >100 puM). Since isolates from C. asiatica signifi-
cantly inhibited production of NO, we investigated the effects
of these compounds on the secretion of TNF-o in LPS-stimulated
RAW 264.7 cells.?” LPS markedly induced the TNF-o. production,
to a concentration of 80.07 +1.00 ng/mL. In contrast, the dexa-
methasone (10 uM), positive control, resulted in a level of
27.01 £0.73 ng/mL and compounds 1, 2, 4, 5, and 7-10 (1, 10,
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Figure 3. Effect of isolated compounds on NO production in RAW 264.7 cells. The
cells were seeded in 96 well plates at a density of 1 x 10° cells/well. After 3 h, the
cells were treated with various concentrations of compounds (1, 10, and 100 pM),
and then LPS (1 pg/mL) was added and the cells were incubated for 24 h.
Dexamethasone was used as a positive control. The values represent the
means + S.EM. from three independent experiments. *p <0.05, **p <0.001 versus
LPS-treated group.
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Figure 4. Effect of isolated compounds on TNF-a production in RAW 264.7 cells.
The cells were seeded in 96 well plates at a density of 1 x 10* cells/well. After 1h,
the cells were treated with various concentrations of compounds (1, 10, and
100 uM), and then LPS (1 pg/mL) was added and the cells were incubated for 18 h.
Dexamethasone was used as a positive control. The values represent the
means + S.EM. from three independent experiments. *p <0.05, **p <0.001 versus
LPS-treated group.

and 100 uM) significantly decreased TNF-o secretion to levels
from 78.77 £ 1.14 to 24.78 + 1.28 ng/mL (see Fig. 4).

In the structure-activity relationship of ursane triterpenoids
(1-5), the presence of the hydroxyl group at C-30 affected NO pro-
duction and increase TNF-a activity. In contrast, the presence of
sugar moieties at C-28 decreased activity; as previous reported,
the aglycones were more active than their glycosides.!""'* Specifi-
cally, the absence a hydroxyl group at C-2 (compound 3) caused
inactivity. When compared activity of flavonoids (7-10), the pres-
ence of the hydroxyl group at C-3’ or glucose moiety at C-3 affected
on NO and TNF-a production decrease activity. We also examined
the cytotoxic effects of isolated compounds at concentration of

Table 2
ICsp values of the compounds for NO and TNF-a production in LPS-stimulated RAW
264.7 cells

Compounds 1Cs0 (UM)

NO TNF-a
1 84+1.1 353+2.1
2 67.9+184 85.7+13
3 >100 >100
4 86+1.8 74.8 £2.7
5 70.2£10.3 86.4+4.9
6 >100 >100
7 60.2 £36.3 80.3+£8.5
8 63.0 £27.9 66.6 £3.0
9 64.0+19.4 67.1+£8.9
10 61.2+17.2 763 £2.6
Dexsamethasone” 0.8 +0.07 0.01 +0.0001

" Dexsamethasone was used as positive control. Data presented is the mean + S.D.
of samples run in triplicate.

100 uM in the presence or absence of LPS using MTT assays. It
was found that neither compound affected the viability of RAW
264.7 cells after 24 h (data not shown), indicating that their inhib-
itory effects were not due to any cytotoxic effects. Our results
showed that ursane-type triterpenoids (1-4) from C. asiatica, ex-
cept compound 3 with absence hydroxyl group at C-2, suppressed
the production of NO and secretion of TNF-o, in LPS-stimulated
RAW 267.4 cells. Thus, the isolated ursane-type triterpenoid glyco-
sides might be important anti-inflammatory constituents of this
plant. Among the tested compounds, asiaticoside G (1), with a hy-
droxyl group at C-30, had the most potent the anti-inflammatory
effect, with ICsg of 8.4 and 35.3 uM for the production of NO and
secretion of TNF-a, respectively (see Table 2). The in vivo anti-
inflammatory effects of asiaticoside G (1) need to be further
studied.
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Each compound (2.0 mg) was dissolved in 1.0 N HCl (dioxane/H,0, 1:1, v/v,
1.0 mL) and then heated to 80 °C in a water bath for 3 h. The acidic solution
was neutralized with silver carbonate and the solvent thoroughly driven out
under N, gas overnight. After extraction with CHCls, the aqueous layer was
concentrated to dryness using N, gas. The residue was dissolved in 0.1 mL of
dry pyridine, and then L-cysteine methyl ester hydrochloride in pyridine
(0.06 M, 0.1 mL) was added to the solution. The reaction mixture was heated at
60°C for 2h, and 0.1 mL of trimethylsilylimidazole solution was added,
followed by heating at 60 °C for 1.5 h. The dried product was partitioned with
n-hexane and H,0 (0.1 mL, each), and the organic layer was analyzed by gas
liquid chromatography (GC): Column: column SPB-1 (0.25 mm x 30 m);
detector FID, column temp 210°C, injector temp 270 °C, detector temp
300°C, carrier gas He (2.0 mL/min). The retention times of persilylated
glucose and rhamnose were founded to be 14.11 and 4.50 min, respectively,
when compared with the standard solutions prepared by the same reaction
from the standard monosaccharides. (The retention times of persilylated p-
glucose, i-glucose, and i-rhamnose were 14.11, 14.26, and 4.50 min,
respectively).

White amorphous powder; [2]2° —18° (c 0.1, MeOH); UV Amax (log &, MeOH)
211 (1.75) nm; IR (KBr) np.x 3407, 2954, 1728, 1231, and 1064 cm™'; 'H and
3C NMR are given in Table 1; ESI-MS m/z 975 [M+H]", 997 [M+Na]";
HR-ESI-MS m/z 975.5160 [M+H]" (calcd for C48H79020: 975.5165).

The nitrite, which accumulated in the culture medium, was measured as an
indicator of NO production by means of the Griess reaction. Briefly, 100 mL of
cell culture medium (without phenol red) was mixed with an equal volume of
Griess reagent (equal volumes of 1% (w/v) sulfanilamide in 5% (v/v) phosphoric
acid and 0.1% (w/v) naphthylethylenediamine-HCl), incubated at room
temperature for 10 min, and then the absorbance was measured at 550 nm
using a microplate reader. Fresh culture medium was used as the blank in all
experiments. The amount of nitrite in the samples was obtained by means of
the NaNO, serial dilution standard curve and the nitrite production was
measured.

TNF-a production in the supernatant of RAW 264.7 cells was quantified using
an OptEIA™ assay kits according to the manufacturer’s instructions.
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