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12 ABSTRACT
13 Two new triterpenoids, garcinielliptones Q (1) and S (3), and a new phloroglucinol, 
14 garcinielliptone R (2), were isolated from the seed of Garcinia subelliptica. Their structures 
15 were established by analysis of their spectroscopic data. Phloroglucinol, garcinielliptone FC (4) 
16 from this plant exhibited a significant increase of antiproliferative effect while 4 combined with 
17 cisplatin significantly caused decrease of cell inhibition induced by cisplatin in NTUB1. 
18 Exposure of NTUB1 cells to 4 cotreated with cisplatin for significantly decreased the amount 
19 of reactive oxygen species (ROS) than that of the total amount generated by 4 and cisplatin. 
20 These results suggested that 4 could protect the cisplatin toxicity through reduction of ROS in 
21 NTUB1. Phloroglucinols, garcinielliptones, A (5) and F (7), and garsubelline A (6), from this 
22 plant, revealed ABTS radical cation scavenging activity and 5 displayed an inhibitory effect on 
23 xanthine oxidase. These finding showed that 5-7 may be used as antioxidant.
24 Keyword: Triterpenoid; phloroglucinol; cytotoxity; antioxidant; Garcinia subelliptica..
25 1. Introduction 

26    Traditionally used herbs have more attention in the food industry due to their antioxidant 
27 and antitumor properties. Now in most countries there are some limitations on using synthetic 
28 antioxidants in the food products because of their side effects, therefore natural sources have 
29 became more important to find proper and safe food antioxidants.

30 Garcinia subelliptica Merr. (Guttiferae) is a tree that serves as a dye source in tropical and 
31 subtropical area. The seeds of this plant did not report that it may serve as folk medicine.
32 Previously the isolation and characterization of various phloroglucinols and terpenoids from the 
33 seeds of this plant have been reported (Weng, Lin, Tsao, ( Wang, 2003a; Weng, Lin, Tsao, ( 
34 Wang, 2003b; Weng, Tsao, Wang, Wu, ( Lin, 2004). Several phloroglucinols and terpenoids 
35 isolated from the seed of this plant exhibited significant anti-inflammatory activity. These active 
36 phloroglucinols or terpenoids may be of value in the therapeutic treatment or prevention of 
37 central as well as peripheral inflammatory diseases associated with the increase of chemical 
38 mediators in inflammatory cells.

39    Recently, two phloroglucinols, garcinielliptones C and P from the seeds of this plant were 
40 identified as xanthine oxidase (XO) inhibitors (Lin et al., 2009; Lin et al. 2011). The XO 
41 inhibitor, (-amyrin from the fruit of this plant indicated that cell cycle arrest and apoptosis 
42 induced by (-amyrin or (-amyrin combined with cisplatin-treated NTUB1 for 24 h was 
43 mediated through an increased amount of ROS in cells exposed to (-amyrin or (-amyrin 
44 cotreated with cisplatin (Lin et al. 2011). In addition, the isolation and characterization of nine 
45 cytotoxic prenylphloroglucinols from the fruit of this plant also have been reported (Zhang et 
46 al., 2010). These results revealed that the active constituents from the seeds or fruits of this 
47 plant can be further evaluated and developed into therapeutic agent or various appropriate crude 
48 fraction may be used as crude drug for ROS-mediated diseases.

49    Therefore the continual investigation on natural triterpenoids or phloroglucinols with
50 cytotoxic and antioxidative activities from the seed of Garcinia subelliptica led to the isolation 
51 of two new triterpenoids, garcinielliptones Q (1) and S (3), and a new phloroglucinol, 
52 garcinielliptone R (2). In the present paper, the structure elucidation of these three new 
53 compounds, the cytotoxic activity of 3 and 4, previously reported compound with prooxidant 
54 activity (Wu, Lu, Wei, Yang, Won, & Lin, 2008), and the antioxidant activity of 1 and 3, and 
55 previously reported compounds, 5-7 (Weng et al., 2003a; Weng et al., 2003b), isolated from this 
56 plant, are reported. Insufficient amount of compound 2 were obtained for biological testing.
57 2. Material and methods 
58 2.1. Instruments and apparatus 
59    Melting point (uncorrected) was determined with a Yanaco Micro-Melting Point apparatus 
60 (Yanaco Seisakusho Co. Ltd, Kyoto, Japan). Optical rotations were recorded on a DIP-370 
61 polarimeter (JASCO, Oklahoma, USA) using acetone as solvent. UV spectra were obtained in 
62 MeOH on a JASCO UV-Vis spectrophotometer (JASCO, Oklahoma, USA). IR spectra were 
63 measured on a Hitachi 260-30 spectrophotometer using KBr pellets or film on NaCl. 1H (400 
64 MHz) and 13C NMR (100 MHz) spectra and 1H-1H COSY, NOESY, HMQC, and HMBC 
65 experiments were recorded on a Bruker AMX-400 NMR spectrometer (Bruker Biospin, 
66 Rheinstetten, Germany). MS were obtained on a JMS-HX100 mass spectrometer (JEOL Ltd., 

67 Tokyo, Japan). 
68 2.2. Reagents

69    Silica gel (Merck), particle size 15-40 μM, was used for column chromatography. Silica gel 
70 60 F254 precoated aluminum sheets (0.2 mm, Merck) were employed for TLC. All solvents 
71 were HPLC grade. Xanthine (XA), xanthine oxidase (XO), allopurinol, tocopherol (TOC), 
72 1,1-diphenyl-2-picrylhydrazyl (DPPH), and 2,2'-azinobis(3-ethylbenzthiazoline-6-sulfonic 
73 acid) (ABTS) were purchased from Sigma-Aldrich (St. Louis, MO, USA). Cisplatin was 
74 obtained from Pharmacia & Upjohn, Milan, Italy. All culture reagents were obtained from 
75 Gibco BRL (San Francisco, USA)..
76 2.3. Plant material 
77    The seeds of G. subelliptica were collected at Kaohsiung, Taiwan, in July 2001. A voucher 
78 specimen (2001-3) has been deposited at the Department of Medicinal Chemistry, School of 
79 Pharmacy, Kaohsiung Medical University. 
80 2.4. Extraction and isolation 
81    The seed (7.5 kg), obtained from the fresh fruit (22.8 kg) of G. subelliptica, were extracted 
82 with chloroform (10 L) at room temperature. The CHCl3 extract was dried under reduced 
83 pressure to afford a brown residue (130 g). This residue was fractionated by chromatography 
84 over silica gel and eluted with a gradient of n-hexane-EtOAc-MeOH (4:4:1) to 
85 n-hexane-EtOAc-MeOH (1:2:1) to yield two fractions. Fraction 1 was subjected to repeated 
86 chromatography on silica gel and eluted with n-hexane- acetone (3:1) to yield three fractions. 
87 Fraction 2 was repeated chromatography on silica gel and eluted with CHCl3- EtOAc (9:1) yield 
88 1 (10 mg) and CHCl3-EtOAc (6:1) yield 2 (5 mg) and 3 (10 mg).  

89 2.5. Spectral measurements

90    Garcinielliptone Q (1): colorless oil; [(]25D 44 (c 0.1, MeOH); IR (max (KBr): 3424 cm-1;

91 1H and 13C NMR data, see Table 1; EIMS (70 eV) m/z 444 [M]+ (1), 426 [M - H2O]+ (100), 411 
92 [426 - Me]+ (10), 357 [411- (-CH=C(CH3)2) + H]+ (39), 300 [426 - side chan + H]+ (33), 207 
93 (64), 109 (100); HREIMS m/z 444.3962 [M]+, C30H52O2; calc. 444.3967.
94    Garcinielliptone R (2): colorless oil; [(]25D -38 (c 0.13, CHCl3); UV (MeOH) λmax (log ε)

95 215 (4.80) nm; IR (max (film on NaCl): 3461, 1771, 1724 cm-1; 1H and 13C NMR data, see 
96 Table 1; EIMS (70 eV) m/z 482 [M - 2H2O]+ (10), 464 [m/z 482 - H2O]+ (21), 346 [m/z 482 – 
97 isogeranyl]+ (93); HREIMS m/z 482.2930 [M - 2H2O]+, C30H42O5; calc.482.2940).
98    Garcinielliptone S (3): colorless powder; [(]25D 5 (c 0.64, CHCl3); IR (max (KBr): 3424, 1694 
99 cm-1; 1H and 13C NMR data, see Table 1; EIMS (70 eV) m/z 426 [M]+ (81), 408 [M - H2O]+ 
100 (25), 357 [M - (-CH2CH(CH3)2)]+ (47), 339 [357 - H2O]+ (27), 218 (28), 203 [218 - CH3]+ (59), 
101 189 (100); HREIMS m/z 426.3872 [M]+, C30H50O; calc. 426.3862. 
102 2.6. Cell culture and MTT assay for cell viability 
103    NTUB1 human bladder carcinoma cells were maintained in RPMI 1640 medium
104 supplemented with 10% fetal bovine serum (FBS), 100 unit/mL penicillin-G, 100 μg/mL 
105 streptomycin, and 2 mM L-glutamine. The cells were cultured at 37 ℃ in a humidified 
106 atmosphere containing 5% CO2. For evaluating the cytotoxic effect of 3 and 4, cisplatin, and 
107 4/cisplatin combination, a modified 3-[4,5-dimethylthiazol-2-yl]-2,5-diphenyltetrazolium 
108 bromide (MTT, Sigma Chemical Co.) assay was performed 


(Hour et al., 2000) ADDIN EN.CITE . Briefly, the 
109 cells were plated at a density of 1800 cells/well in 96-well plates and incubated at 37 (C 
110 overnight before drug exposure. Cells were then cultured in the presence of graded 
111 concentrations of 3 and 4 with or without 10 M cisplatin (Pharmacia & Upjohn, Milan, Italy) 
112 at 37(C for 24 or 72 hours. At the end of the culture period, 50 (L of MTT (2 mg/mL in PB) 
113 was added to each well and allowed to react for 3 hours. Following centrifugation of plates at 
114 1000 X g for 10 minutes, media were removed and 150 (L DMSO were added to each well. 
115 The proportions of surviving cells were determined by absorbance spectrometry at 540 nm 
116 using MRX (DYNEXCO) microplate reader. The cell viability was expressed as a percentage 
117 to the viable cells of control culture condition. The IC50 values of each group were calculated 
118 by the median-effect analysis and presented as mean ( standard deviation (SD). 
119 2.7. Quantitative Analysis of Intracellular ROS 

120     Production of ROS was analyzed by flow cytometry as described previously (Pu, Hour,

121 Chen, Huang, Guan, & Lu, 2002). Briefly, cells were plated and treated as indicated conditions. 
122 10 (M dichlorofluorescein diacetate (H2DCFDA; Molecular Probes, Eugene, OR) was added 
123 to the treated cells 30 min prior harvest. The cells were collected by trypsinization and washed 
124 with PBS. The green fluorescence of intracellular DCF (2′,7′-dichlorofluorescein) was then 
125 analyzed immediately by FACScan flow cytometer with a 525 nm band pass filter (Becton 
126 Dickinson). 
127 2.8. Flow Cytometry Analysis 
128    DNA content was determined following propidium iodide (PI) staining of cells as 
129 previously described (Huang, Montagna, Sharan, Ni, Ried, & Sterneck, 2004). Briefly, 8 ×105 
130 cells were plated and treated with 20 (M cisplatin and various concentrations of 4 for 24 h. 
131 These cells were harvested by trypsinization, washed with 1×PBS, and fixed in ice-cold MeOH 
132 at – 20 (C. After overnight incubation, the cells were washed with PBS and incubated with 50 
133 (g/mL propidium iodide (Sigma, Co) and 50 (g/mL RNase A (Sigma, Co) in PBS at room 
134 temperature for 30 min. The fractions of cells in each phase of cell cycle were analyzed using 
135 FACScan flow cytometer and Cell Quest software (Becton Dickinson). 
136 2.9. Assay of Xanthine Oxidase

137     The xanthine oxidase activity with xanthine as the substrate was measured at 25 °C, 
138 according to the protocol of Kong and others (Kong, Zhang, Pan, Tan, & Cheng, 2000) with 
139 modification. The assay mixture consisting of 50 μL of test solution, 60 μL of 70 mM 
140 phosphate buffer (pH 7.5) and 30 μL of enzyme solution [0.1 units/mL in 70 mM phosphate 
141 buffer (pH 7.5)] was prepared immediately before use. After preincubation at 25 °C for 15 min, 
142 the reaction was initiated by addition of 60 μL of substrate solution (150 μM xanthine in the 
143 same buffer). The reaction was monitored for 5 min at 295 nm. The xanthine oxidase activity 
144 was expressed as micromoles of uric acid per minute. 
145 2.10. Free Radical Scavenging Activity
146     Radical scavenging activity of 3, 5 - 7 and tocopherol (TOC) was determined using 

147 1,1-diphenyl-2-picrylhydrazyl (DPPH) as a reagent (Kabouche, Kabouche, 

148 Öztürk, Kolak, & Topcu, 2007) with modification by using 96-well plates. A 0.1 
149 mM solution of DPPH radical in MeOH was prepared and then 150 μL of this 
150 solution was mixed with 50 μL of sample solution. The mixture were incubated 
151 for 30 min in a dark room at room temperature. Scavenging capacity was read 
152 spectrophotometrically by monitoring the decrease in absorbance at 490 nm 
153 using a QuantTM (BioTek, USA). TOC was used as standard. The percent DPPH 
154 scavenging effect was calculated using the following equation: DPPH scavenging 
155 effect (%) = [1-(S - SB)/(C - CB)] ( 100 % where S, SB, C and CB are the 
156 absorbencies of the sample, the blank sample, the control and the blank control, 
157 respectively (Kabouche et al., 2007).

158 2.11. Determination of ABTS radical cation scavenging capacity
159     The radical scavenging activity of the isolated compounds was carried out using 
160 an improved ABTS decolorisation assay with some modification (Han, Weng, &
161 Bi, 2008). ABTS radical cation (ABTS∙+) was produced by reacting 7 mM stock 
162 solution of ABTS with 2.45 mM potassium persulfate (final concentration) and 
163 allowing the mixture to stand in the dark at room temperature for 12-16 h before 
164 use. The ABTS‧+ solution was diluted with ethanol, to an absorbance of 0.7 ±
165 0.02 at 630 nm. An ethanolic solution (30 (L) of the samples at various 
166 concentrations was mixed with 170 (L diluted ABTS∙+ solution. After reaction at 
167 room temperature for 20 min, the absorbance at 630 nm was measured. Lower 
168 absorbance of the reaction mixture indicates higher ABTS∙+ scavenging activity. 
169 The capability to scavenge the ABTS∙+ was calculated using the formula given 
170 below: ABTS∙+ scavenging activity (%) = [1-(S - SB)/(C - CB)] ( 100 %
171 where S, SB, C and CB are the absorbencies of the sample, the blank sample, the 
172 control, and the blank control, respectively. 
173 2.12. Statistical Analysis 
174      Data were expressed as the means ± SD. Statistical analysis were performed using the 
175 student’s t-test method for two group comparison. p < 0.05 was considered to be statistically 
176 significant. Analysis of linear regression (at least three data within 20-80% inhibition) was used 
177 to calculated IC50 values.
178 3. Results and discussion
179 3.1. Chemistry 
180     The molecular formula of 1, [(]25D 44 (c 0.1, MeOH), was determined to be C30H52O2 by 
181 HREIMS ([M]+, 444.3962, ( - 0.5 mmu) which was consistent with its 1H and 13C NMR data 
182 (Table 1). The IR absorption 1 implied the presence of hydroxyl (3424 cm-1) moiety. Its proton 
183 signals (Table 1) of side chain, Me-30, and Me-18 are identified with those of corresponding 
184 proton signals of antiguol A (Gewell, Hattori, Kikuchi, & Namba, 1990). The carbonyl signals 
185 (Table 1) of 1 also revealed similar to those of corresponding carbon signals of antiguol A 
186 except for carbon signals of C-1 to C-5, C-12, C-15, and C-17.  Based on the above result, 
187 compound 1 was an lanostane triterpenoid. The 1H-1H COSY and HMQC experiments 
188 established the connectivities of nine 1H-1H and 1H-13C spin systems corresponding to the 
189 partial structures represented with bold lines in the Fig. 1. The HMBC correlations of 
190 Me-19/C-1 and C-10, Me-28/C-3, C-4, C-5, and C-29, Me-29/C-3, C-4, C-5, and C-28, 
191 H-6/C-10, and H-9/C-19 established the partial moiety of A ring was located on bond between 
192 C-5 and C-10 and hydroxy group located at C-3. In addition, the other HMBC correlations 
193 shown on Fig. 1 further supported the structure of garcinielliptone Q shown as 1. 

194 The relative configurations at C-3, C-5, C-8, C-9, C-10, C-13, C-14, C-17, and C-20, were 
195 deduced from the NOESY experiment. The NOESY correlations of H(-1/H-3, H-3/Me-29, 
196 Me-29/H-5, Me-30/ H(-7, H-8/Me-30, Me-21/H(-12, and H-17/H(-15 suggested that H-3, 
197 Me-29, H-5, H-8, Me-30, Me-21 and H-17 are (-oriented. In turn, the NOESY correlations of 
198 Me-19/H(-12, H(-12/Me-18, and Me-19/H-9 suggested that Me-28, Me-19, Me-18, and H-9 are 
199 (-oriented. In addition, the carbon signals of C-21, C-20, C-22, and C-17 of 1 are similar to 
200 those of corresponding carbon signals 3(-20S-dihrdroxycholestane and C-20 hydroxylated 
201 10-cucurbita-5,24-dien-3-ol (Bunyathaworn, Boonananwong, Kongkathip, & Kongkathip , 
202 2010). It suggested that OH-21 of 1 is (-oriented. Therefore garcinielliptone Q was identified 
203 as 3(,20(-dihydroxy-5(-lanosta-24-ene (1). The EIMS did not present a significant molecular 
204 ion but revealed significant peaks at m/z 426 [M - H2O]+, 411 [426 - Me]+, 357 ([411- 
205 (-CH=C(CH3)2) + H]+ ), 300 [426 - side chain + H]+ which supported the characterization of 
206 garcinielliptone Q as 1.  

207   Compound 2 showed the molecular formula C30H46O7, which was determined by HRESIMS 
208 (m/z 482.2930 (M - 2H2O)+, ( -1.0 mmu(. The IR absorption spectrum of 2 implied the 
209 presence of hydroxyl (3461 cm-1) and carbonyl (1727 and 1724 cm-1) moieties. The 1H and 13C 
210 NMR spectra (Table 1) exhibited signals for two secondary methyls, six tertiary methyls, an 
211 isopropenyl group, four methylene groups, three methine groups, an olefinic group, and ten 
212 quaternary carbons, including three carbonyl carbons, two oxygenated carbons, and an enolic 
213 carbon. The three 1H - 1H and 1H - 13C spin systems represented as bold lines obtained from the 
214 analysis of 1H-1H COSY and HMQC spectra and the HMBC and NOESY correlations of 2 
215 were used to establish the partial structures a (C-21-C-30), b (C-16-C-20), and c (C-12-C-15) 
216 (Fig. 1). The HMBC correlations of H-21/C-23 and C-26, C-23/H2-24 and Me-25, 
217 Me-29/C-27 and C-28, Me-30/C-27 and C-28, and H(-26/C-28 established the partial structure 
218 a as isogeranyl moiety. The HMBC correlations H-18/C-16 and H(-17/C-18 established the 
219 partial structure b as 1-oxo-3-methylbutyl moiety. The HMBC correlations C-13/Me-14 and 
220 Me-15, and Me-15/C-12 established the partial c as 1-oxo-2-hydroxy-2-methylpropyl moiety. 
221 The HMBC correlations of H(-7/C-6, H(-7/C-8 and C-1, and H-8/C-12 confirmed the linkage 
222 between C-1/C-6, C-6/C-7, C-7/C-8, and the partial structure c of C-12 was linked to C-8 and a 
223 hydroxy group located at C-6. The HMBC correlations of Me-10/C-9 and C-11, Me-11/C-9 and 
224 C-10, and H-2/C-6, C-8, and C-9 suggested that linkage between C-1/C-6, C-1/C-2, C-2/C-9, 
225 C-8/C-9, and Me-10 and Me-11 located at C-9. The HMBC correlations of H-2/C-3 and 
226 H(-17/C-3 established that the partial structure b located at C-3. The HMBC correlations of 
227 H(-21/C-3 and the fact that C-3 to C-6 presented as quaternary carbons (two oxygenated 
228 carbon, an enolic carbon, and an olefinic carbon), confirmed that partial structure a linked at 
229 C-4 and linkages between C-5/C-6, C-4/C-5, and C-3/C-4. Thus, garcinielliptone R (2) was 
230 characterized as having a new bicyclo [3.3.1] non-2-ene skeleton. The EIMS of 2 did not show 
231 a molecular ion peak while it indicated significant peaks at 482 [M - 2H2O]+ and 346 [m/z 
232 482 – isogeranyl group]+ (base peak), which also supported the characterization of 2. In 
233 addition, the NOESY exhibited cross-peaks between Me-11/H(-17 and Me-20/Me-29 further 
234 supporting the characterization of 2.
235    The relative configuration of 2 was established as shown in Fig. 1. The NOESY cross-peaks 
236 between H(-7/H-8, H(-17/Me-11, Me-11/H-2 and Me-19, Me-14/Me-10, and H(-21/H-22 
237 suggested that H-8, H-2, Me-11, and the 1-oxo-3-methylbutyl group linked to C-3, and 
238 2-hydroxy-2-methyl-propionyl group linked to C-8, H-22, and OH-3 are - and -oriented, 
239 respectively. The relative configurations at C-1 and C-2, and C-1 and C-6 were established 
240 from the fact that the bridge between these carbons can only exist in the cis form (Winkelmann, 
241 Heilmann, Zerbe, Rali, & S
ticher, 2000). Thus, the chemical bonds between C-1/C-2 and 
242 C-1/C-6, and hydroxy group located on C-6, must be (- and (-oriented, respectively, and the 
243 structure of garcinielliptone R (2) could be characterized as 
244 1(,2,4(-trihydroxy-7(-(2-hydroxy-2-methyl-propionyl)-3-(2-isopropenyl-5-methyl-hex-4-enyl
245 )-6,6-dimethyl-4(-(3-methyl-butyryl)-bicyclo[3.3.1]non-2-en-9-one. 
246    Compound 3, [(]25D 5 (c 0.64, MeOH), was determined to have the molecular formula 
247 C30H50O based on its HREIMS ((M(+, 426.3872, ( 1.0 mmu) and the analysis of 1H and 13C 
248 NMR data. The IR absorption of 3 indicated the presence of hydroxyl (3424) cm-1 and a 
249 olefinic (1694 cm-1) moieties. The 1H NMR spectrum of 3 (Table 1) revealed proton signals for 
250 eight tertiary methyls, ten methylenes, five methines. The 13C NMR spectrum (Table 1) 
251 indicated carbon signals of eight methyls, ten methylenes, five methines, and seven quaternary 
252 carbons including two olefinic carbons. Analysis of the 1H-1H COSY and HMQC experiments 
253 for 3 established the connectivities of nine H-1H and 1H-13C spin systems represented as bold

254 lines (Fig. 1). In the 13C NMR spectrum of 3, the chemical shift of C-1 to C-4, C-6 to C-7, C-9 
255 to C-10, C-11 to C-12, C-15 to C-16, C-22 to C-27, C-28, C-29 and C-19, are closely similar to 
256 those of corresponding data of 1. It suggested that 3 possesses lanostane-type triterpenoid. The 
257 1H - 1H COSY and HMBC correlations (Fig. 1) of 3 were supported the mentioned suggestion. 
258 The HMBC correlations of Me-28 and Me-29/C-5, H-5/C-10 and C-4, and Me-19/C-5 and C-1 
259 established the connectivities between C-4/C-5 and C-5/C-10. The HMBC correlations of 
260 H-6/C-8 and H-9/C-10 suggested the linkage between C-7/C-8 and C-9/C-10. The HMBC 
261 correlations of Me-30/C-14, C-15, and C-13, H-8/Me-30, and H-12 and Me-18/C-17 
262 established the linkage between C-8, Me-30, C-15, and C-13, and C-12, C-17, and C-18  
263 linked together at C-14 and C-13, respectively. The HMBC correlations of H-22/C-17 and C-20, 
264 Me-21/C-20, H-16/C-13, and Me-18/C-17 identified the linkage between C-22/C-20,

265 Me-21/C-20, C-20/C-17, C-16/C-17, and C-14/C-15. The above result, the presence of an 
266 olefinic absorption band in its IR spectrum, and further compared the 1H and 13C NMR spectra 
267 with those data reported in literature (Katona et al., 2007), suggested the characterization of 
268 garcinielliptone S as 3. 
269    The relative configurations at C-3, C-4, C-8, C-9, C-10, C-18, C-19, and C-30 were 
270 established as shown in Fig. 1. The cross-peaks between H(-1/H-3 and Me-19, 
271 H-3/Me-29 and H-5, H(-11/Me-18, and H-8/ H(-6, suggested that H-3, Me-29, H-5, Me-18, 
272 Me-19, and H-8 are (-oriented. The cross-peaks between H(-16/Me-30 and H(-11/H-9 
273 suggested that Me-30 and H-9 are (-oriented. Thus garcinielliptone S could be characterized as 
274 3(-hydroxy-lanosta-17(20),24-diene (3). The relative configurations were further compared 
275 with those of reported data in literature (Katona et al., 2007). The presence of significant peaks 
276 at m/z 408 [M - H2O]+, 357 [M- (-CH2CH(CH3)2)]+ , and 339 [357 - H2O]+ in the EIMS also 
277 supported the structure of 3.
278 3.2. Biology  

279    A recent study demonstrated that phloroglucinol and triterpenoids have a significant

280 anti-inflammatory, cytotoxic, and antioxidant effect (Lin et al., 2009; Lin et al., 2010; Chen et
281 al., 2010; Lin et al., 2011; Lin, Yang, & Lin, 2011).Recently we also reported that several 
282 18-glycyrrhetinic acid derivatives were potential to be served as anti-inflammatory agents 
283 (Maitraie et al., 2009). For continual evaluating triterpenoids used as anti-inflammatory agent. 
284 The in vitro anti-inflammatory activity of 1 was studied by measuring the inhibitory effects on 
285 chemical mediator released from mast cells, neutrophils, and macrophages. Compound 1 
286 revealed weak inhibitory on release -glucuronidase and histamine from mast cells stimulated 
287 with compound 48/80 with 25.6 ± 6.2 and 14.0 ± 1.7% inhibition at 30 M, respectively while 
288 it enhanced the effecton release of -glucuronidase and lysozyme from neutrophils stimulated 
289 with formyl-Met-Leu-Phe (fMLP) (1 M)/cytochalasin B (CB) (5 g/mL) with -15.5 ± 3.7 and 
290 - 32.9 ± 5.8% inhibition at 30M, respectively. Compound 1 also did not show inhibitory 
291 effect on the nitrite accumulation in RAW 264.7 cells stimulated with lipopolysaccharide (LPS) 
292 while it evoked the superoxide anion generation in rat neutrophils stimulated with fMLP 
293 (0.3M)/CB (5g/mL) and phorbol myristate acetate (PMA) (3 nM) with – 17.5 ± 6.1 and – 
294 84.8 ± 5.8% inhibition at 30 M, respectively. These data suggested that 1 may induce 
295 inflammatory activity.
296    For continual evaluation of cytotoxic constituents isolated from this plant, the authors 
297 selected 3 and 4 to examine the cytotoxicity against human NTUB1 cells. Cisplatin was used as 
298 positive control in the cytotoxic assay. Compounds 3, 4, and cisplatin exhibited significant 
299 cytotoxic activities against NTUB1 cells with an IC50 values of 45.1 ± 7.8 , 13.5 ± 2.3, and 3.3 
300 ± 0.1 M, respectively. 

301    ROS induce programmed cell death, induce or suppress the expression of many genes and
302 activate cell signaling cascades (Hancock, Desikan, & Neill, 2001). NTUB1 cells treated with 
303 10 M cisplatin and 40 M 4 for 24 h, respectively, caused a significant increase in the 
304 intracellular level of ROS as determined with the fluorescent dye, H2DCFDA, which 
305 preferentially detected intracellular ROS (Fig. 2A – D).

306     For evaluation of mechanism of indued cancer cell death in vitro, the effect of positive 
307 control cisplatin and various concentrations of 4 on cell cycle progression was determined by 
308 using fluorescence-activate cell sorting (FACS) analysis in propidium iodide-stained NTUB1 
309 cells. As shown in Fig. 3, exposure of cells to 40M 4 for 24 h induced G1 phase arrest while 
310 treatment with 15M 4 for 24 h induced S phase, accompanied by an increase in the level of 
311 apoptotic cell death. Treatment of cells with 40M 4 for 24 h caused G1 phase arrest and 
312 significantly increased the amount of ROS in cells. It suggested that the cell arrest and 
313 apoptosis induced by 4 correlated with ROS. 
314    Cisplatin is a chemotherapeutical agent widely used in the treatment of various solid tumor.
315 Its clinical utility is limited because of acute and chronic renal toxicity (Kuhlmann et al.,1998).  
316 Recently we reported that phloroglucinols protected cisplatin-induced cell death by reducing 
317 reactive oxygen species (ROS) in normal human urothelial and bladder cancer cells (Lin et al., 
318 2009). For continual investigation of phloroglucinols protecting cispatin-induced cell death, 
319 NTUB1 cells (human bladder cancer cells) were treated with various concentrations of 4 in the 
320 present and absence of 10 M cisplatin , and we determined the antiproliferative effect of 4 and 
321 4 combined with 10 M cisplatin by MTT assay. Compound 4 did significantly cause increased 
322 NTUB1 cell death in a concentration-dependent manner after of exposure of various 

323 concentrations of 4 to NTUB1 for 24 or 72 h (Fig. 4A and B). Further evaluation 
324 showed that antiproliferative effect of 4/cisplatin combination significantly decreased the 
325 cytotoxicity induced by cisplatin against NTUB1 cells except for exposing 30 M 4/10 M 
326 cisplatin combination to NTUB1 cells for 72 h (Fig. 4B). It suggested that 4 significantly 
327 protected NTUB1 cell death induced by cisplatin.
328    Many studies have suggested that cisplatin stimulates cells to produce ROS (Kim et al., 
329 2008). As shown in Fig. 2, the amount of ROS produced by 15 and 40 M 4 combined with 
330 10M cispatin, respectively, were less than the total amont of ROS generated by 10 M 
331 cisplatin and 15M 4 or 10 M cisplatin and 40M 4 as determined by the fluorescent dye, 
332 H2DCFDA. The results together with data presented in Fig. 4 suggested that 4 partially 
333 mediates its protective cell death through the diminishing of ROS in NTUB1 cells in the 
334 presence of cisplatin. Further investigation should address the detailed mechanistic action of 
335 inducing cell arrest and apoptosis and reduction of cisplatin toxicity in NTUB1 cells.
336    The biggest problem in evaluating the antioxidant effect is the lack of a validated assay that 

337 can reliably measure the antioxidant capacity of foods and biological samples. Thus we 
338 selected several methods, namely, inhibition of XO activity, 1,1-diphenyl-2-picrylhydrazyl 
339 (DPPH) radical scavenging activity, and 2,2'-azinobis(3-ethylbenzthiazoline-6-sulphonic acid) 
340 (ABTS) radical cation scavenging activity for evaluating the antioxidant effect of the isolated 
341 constituents.
342    XO is the enzyme responsible for the formation of uric acid from the purines hypoxanthine  
343 and xanthine, and is responsible for medical condition known as gout. XO also serves as an 
344 important biological source of oxygen-derived free radicals that contribute to oxidative damage 

345 to living tissue (Sweeney, Wyllie, Shalliker, & Markham, 2001).  The antioxidant activities of 
346 3 and 5-7, and allopuninol (positive control), a drug clinically prescribed for gout treatment, on 
347 XO activity were studied in vitro. As shown in Fig. 5 A, compound 5 and allopurinol inhibited 
348 XO activity in a concentration-dependent manner with an IC50 values of 53.8 ± 11.5 and 2.0 ± 
349 0.7 (M, respectively, while 3, 6, and 7 did not reveal inhibitory effect on XO activity. It 
350 suggested that 5 may serve as therapeutic agent for gout and protect cells by decreasing the 
351 formation of superoxide anion radicals. 
352    DPPH assay was an easy and accurate method with regard to measure the antioxidant 

353 capacity of fruit and vegetable juices or extracts (Huang, Ou, & Prior, 2005). The effect of 
354 antioxidant on DPPH is thought to be due to their hydrogen-donating activity (Methew & 
355 Abraham, 2006). Compounds 3, 5, 6, and 7 indicated weak DPPH∙-scavenging activity with 8.9 
356 ± 0.9 %, 7.8 ± 3.3 %, 25.3 ± 8.4 %, and 20.8 ± 3.0 % inhibition at 300 (M. The positive 
357 control, tocopherol (TOC), displayed DPPH∙-scavenging activity with 75.1 ± 1.0 % inhibition 
358 at 300 (M. 
359    The ABTS∙+- scavenging assay is an excellent method for determining the antioxidant 
360 activity of hydrogen donating antioxidants and of chain weak antioxidants (Huang et al.,2005). 
361 As shown in Fig. 5 B, compounds 5-7 and positive control TOC exhibited ABTS∙+- scavenging 
362 activity in a concentration-dependent manner with an IC50 values of 139.0 ± 8.3, 268.5 ± 36.0, 
363 153.5 ± 10.9 and 63.0 ± 9.3 (M, respectively while compound 3 did not show 
364 ABTS∙+- scavenging activity.
365 4. Conclusion
366    Two new triterpenoids, garcinielliptones Q (1) and S (3) and a new phloroglucinol,
367 garcinielliptone R (2) were isolated from the seed of Garcinia subelliptica. Compounds 1 and 3 
368 exhibited inflammatory effect and cytotoxic activity against NTUB1 cells, respectively. 
369 Compound 4 showed potent cytotoxic activity against NTUB1 cells with an IC50 value of 13.53 
370 ± 2.30 It causes cell cycle arrest and apoptosis, and partially mediates its protective effect 
371 on cell death through the diminishing ROS in NTUB1 cells in presence of cisplatin. Compound 
372 5 displayed inhibitory effect on XO activity, weak DPPH˙- scavenging activity, and significant 
373 inhibition of ABTS˙+ - scavenging activity while 6 and 7 revealed weak DPPH˙- and ABTS˙+ - 
374 scavenging activities. Compounds 5-7 may be used as antioxidant agents for treatment of ROS 
375 induced diseases. The potential cytoprotective activity of 4 against cisplatin toxicity merits 
376 further studies.   
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462    Figure captions 
463 Fig. 1. The structure of 1-7 and 1H - 1H COSY (bold lines) and key HMBC (arrows) 
464      correlations of 1-3.
465 Fig. 2. The effect of 4 on the production of ROS in NTUB1 cells. (A) Control; 

466      (B) 10 μM cisplatin; (C) 15 μM 4; (D) 40 μM 4, and 10 μM cisplatin cotreated with (E) 
467      10 μM 4, (F) 15 μM 4, (G) 30 μM 4, and (H) 40 μM 4 for 24 h, respectively and the 
468      amount of ROS was assayed by H2DCFDA staining. Each sampling measured the mean 
469      fluorescence intensity (MFI) of 3 × 105 cells cotreated by autofluorescence. The control 
470      cells were treated with medium. The similar results were shown by three repeated 
471      experiments.
472 Fig. 3. Flow cytometry analysis of cisplatin and 4-treated NTUB1 cells. NTUB1 cells (3 × 105 
473      cells/ 6 cm dish) was treated with no compound (control), 20 μM cisplatin, and various 
474      concentrations of 4 for 24 h. At the time indicated, cells were stained with propidium 
475      iodide (PI), and DNA contents were analyzed by flow cytometry, apoptosis was 
476      measured by the accumulation of sub-G1 DNA contents in cells. The control cells were 
477      treated with medium. Results were representative of three independent experiments. The 
478      bars showed the distribution 
479      of 4-treated NTUB1 cells in the phases of the cell cycle. Values shown were 
480      means ± SD (n = 3) of the percentage of cells in individual phases of the cell cycle from 
481      three independent experiments. P < 0.05 (a), P < 0.01 (b), and p < 0.001 (c) compared to 
482      the control value, respectively. 

483 Fig. 4. Antiproliferative effects of 10 M cisplatin, various concentrations of 4, and various 
484     concentrations of 4 in combination of 10 M cisplatin on NTUB1 cells, respectively. Cells 
485     were incubated with 10 M cisplatin, various concentrations of 4, and various 
486     concentrations of 4 in combination of 10 M cisplatin and cell growth were determined 
487     after 24 (A) or 72 (B) h treatment. The data shown represent mean ± SE (n = 5) for one 
488     experiment performed in triplicate. P < 0.05 (a), P < 0.01 (b), and P < 0.001 (c) compared 
489     to the control value, respectively. 
490 Fig. 5. (A) Dose-dependent inhibition of XO by 5 and allopurinol. Data are presented as means 
491      ± SD, n = 3-6. P < 0.05 (a) compared to the control value, respectively. (B) ABTS radical 
492      scavenging activity of different concentrations of 5-7 and TOC. Values are means ± SD 
493     (n = 3). P < 0.05 (a), P < 0.01 (b), and P < 0.001 (c) compared to the control value, 
494     respectively. 
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Table 1. 1H and 13C NMR spectroscopic data (( in ppm, J in Hz) of 1, 3 (in CDCl3) and 2 (in CD3OD
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	128.2
	
	38.9

	5
	( 1.70 m
	49.8
	
	165.3
	( 0.75 m
	55.8

	6
	1.55 (2H, m)
	18.3
	
	92.0
	( 1.31 m

( 1.39 m
	18.2

	7
	( 1.26 m

( 1.62 m
	27.4
	( 1.61 (1H, m)

 ( 1.93 (1H, m)
	33.4
	( 1.60 m

( 1.77 m
	26.3

	8
	( 1.60 m


	42.3
	( 2.43 (1H, t, 3.7)
	55.9
	( 2.48 m


	31.6

	9
	( 1.30 m
	50.6
	
	56.2
	( 1.39 m
	51.7

	10
	
	37.1
	1.43 (3H, s)
	30.5
	
	37.4

	11


	( 1.25 m

( 1.53 m
	21.5


	1.47 (3H, s)
	22.1
	( 1.19 m

( 1.50 m
	22.0

	12
	( 1.05 m

( 1.45 m
	31.2
	
	212.3
	2.16 (2H, m)
	29.1

	13
	
	40.4
	
	83.4
	
	56.4

	14
	
	50.0
	1.21 (3H, s)
	21.0
	
	41.3

	15
	( 1.30 m

( 1.49 m
	35.2
	1.10 (3H, s)
	17.1
	1.39 (2H, m)
	35.7

	16
	( 1.47 m

( 1.75 m
	24.8
	
	206.7
	( 1.39 m

( 1.42 m
	35.3

	17
	( 0.73 (dd, 9.6, 1.6)
	55.8
	( 1.43 (1H, m)

( 2.58 (1H, dd, 13.4, 4.0)
	40.7
	
	134.5

	18
	0.96 s
	15.5
	2.77 (m)
	42.1
	0.95 s
	20.1

	19
	0.77 s
	15.3
	1.00 (3H, d, 6.8)
	19.4
	0.79 s
	15.6

	20
	
	75.4
	1.05 (3H, d, 6.8)
	19.6
	
	139.1

	21
	1.14 s
	25.4
	( 1.61 (1H, m)

 ( 1.86 (1H, m)
	35.3
	1.08 s
	23.1

	22
	1.47 (2H, m)
	40.5
	( 2.69 (1H, m)
	36.5
	( 1.19 m

( 1.88 m
	30.7

	23
	2.05 (2H, m)
	22.5
	
	149.1
	( 2.35 m

( 2.38 m
	23.0

	24
	5.12 (t, 6.8)
	124.7
	4.72 (1H, s)

4.73 (1H, s)
	110.0.
	5.07 m
	125.0

	25
	
	131.6
	1.71 (3H, s)


	19.8
	
	131.0

	26
	1.62 s
	17.7
	( 1.17 (1H, m)

 ( 2.07 (1H, m)
	27.4
	1.58 s
	17.6

	27
	1.69 s
	25.7
	5.06 (1H, bs)
	122.2
	1.76 s
	25.7

	28
	0.84 s
	16.2
	
	133.2
	0.81 s
	16.4

	29
	0.97 s
	28.0
	1.71 (3H, s)
	25.7
	0.98 s
	28.1

	30
	0.87 s
	16.4
	1.58 (3H, s)
	18.0
	0.84 s
	16.7
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Fig .  5 .   
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