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Natural inhibitors of fatty acid synthase (FAS) are emerging as potential therapeutic agents to treat cancer
and obesity. The bioassay-guided chemical investigation of the hulls of Garcinia mangostana led to the
isolation of 13 phenolic compounds (1–13) mainly including xanthone and benzophenone, in which com-
pounds 7, 8, 9, 10, and 11 were isolated from this plant for the first time and compound 9 was a new nat-
ural product. These isolates possess strong inhibitory activity of FAS with the IC50 values ranging from
1.24 to 91.07 lM. The study indicates that two types of natural products, xanthones and benzophenones,
could be considered as promising FAS inhibitors.

� 2010 Elsevier Ltd. All rights reserved.
The animal fatty acid synthase (EC 2.3.1.85, ab. FAS) is a key
metabolic enzyme catalyzing the de novo synthesis of long chain
saturated fatty acids from acetyl-CoA and malonyl-CoA in the pres-
ence of the reducing substrate NADPH.1 It comprises two identical
subunits, each containing seven discrete functional domains: mal-
onyl/acetyltransferase (MAT), b-ketoacyl synthase (KS), b-ketoacyl
reductase (KR), dehydrase (DH), enoyl reductase (ER), thioesterase
(TE), and the acyl carrier protein (ACP).2 A number of studies have
recently reported that FAS may be a potential target for anti-obes-
ity and anti-cancer drugs.3–6 Central inhibition of FAS suppresses
food intake and leads to dramatic weight-loss in mice, suggesting
that FAS not only functions in providing metabolic substrates,
but also plays a role in satiety signaling.4 It has also been reported
that inhibition of FAS, by either knockdown of FAS gene with siRNA
or inactivation of FAS leads to caspase-8-mediated tumor cell
apoptosis.7 At the same time, many FAS inhibitors such as Cerule-
nin, C75, Orlistat, and EGCG, have joint effects of weight-loss and
anti-tumor.8,4,9–15 These prove that FAS may be a clinical and
experimental target for scientific research and drug discovery.
Therefore, it is important to find novel compounds especially from
ll rights reserved.
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natural sources that reduce FAS activity or expressing levels, which
may be useful for the treatment of obesity and cancer. In our pre-
liminary work, we screened dozens of fruits extracts against FAS.

During our early screening of activity, the ethanol extract of the
hulls of Garcinia mangostana L., family Guttiferae was shown strong
capability of inactivating FAS with the IC50 value at 1.74 lg/ml.
G. mangostana is widely cultivated in the Southeast Asia, which has
been used for heeling skin infections and wounds and for the relief
of diarrhea for a long time.16,17 The fruit hull of G. mangostana has
been used for hundreds of years around the world, mostly in South-
east Asia, as a medicine for the treatment of abdominal pain, dysen-
tery, wound infections, eczema, suppuration, and chronic ulcer.16–24

The constituents of G. mangostana have been reported mainly as
flavonoids and xanthones.25–27 Despite a number of studies on the
chemical constituents and biological activities of the family Guttife-
rae, none of them investigates its FAS inhibitory activity. In order to
screen FAS inhibitors, we isolated 13 known compounds from hulls
of G. mangostana by column chromatographic (see Supplementary
data), and assayed their FAS inhibitory activities. The structures of
the isolated compounds 1–13 were identified as a-mangostin (1),
b-mangostin (2), c-mangostin (3), 9-hydroxycalabaxanthone (4),
garcinone E (5), 1,5-dihydroxy-3-methoxy-2-(3-methylbuten-1-
yl)-9H-xanthen-9-one (6), 1,3,7-trihydroxyxanthone (7), 2,4,6,7-
tetrahydroxyxanthone (8), 3,4,5,30-tetrahydroxybenzophenone (9),
2,4,6,30,50-pentahydroxybenzophenone (10), neosmitilbin (11), epi-
catechin (12), egonol (13), respectively, by analysis of MS and NMR
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Table 1
The inhibitory activity of the compounds 1–13 isolated
from G. mangostana against FAS

Compounds FAS inhibitory activity IC50
a (lM)

1 5.54 ± 0.26
2 24.83 ± 1.35
3 1.24 ± 0.05
4 40.64 ± 1.69
5 3.30 ± 0.19
6 Ndb

7 40.98 ± 0.64
8 17.85 ± 0.49
9 14.76 ± 0.10

10 8.59 ± 0.28
11 49.16 ± 0.11
12 >1000c

13 91.07 ± 2.23
EGCGd 51.97 ± 1.65

a IC50 values were determined by regression ana-
lyzes and expressed as means ± SD for three distinct
experiments.

b The IC50 value was not detected because of poor
sample solubility.

c The number in parentheses represents a percent-
age of inhibition at a level of 1000 lM.

d Positive controls.
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data, and comparison with those in the literature (Fig. 1).28–41 In this
Letter, we report their FAS inhibitory activity.

The preparation, storage, and usage of FAS from chicken liver,
which shares 63% identity with the amino acid sequence of human
FAS, were performed as described as previous.42 Briefly, the puri-
fied FAS were homogenized by polyacrylamide gel electrophoresis
in the presence and absence of sodium dodecyl sulfate, respec-
tively. The overall FAS activity was determined by decreasing of
NADPH absorbance at 340 nm using a spectrophotometer at the
constant temperature of 37 �C.43

All the isolates were assayed for their inhibitory activity against
FAS, and the results are presented in Table 1. The known FAS inhib-
itor EGCG (IC50 = 51.97 lM) was used as positive controls in this as-
say. All of the isolates inhibited FAS in dose-dependent manners and
most of these compounds were more potent than EGCG. Of the com-
pounds tested, compounds 1, 3, 5, and 10 exhibited the strongest
inhibitory activity with lower IC50 values of 5.54, 1.24, 3.30, and
8.59 lM, respectively. In general, of these compounds 1–13 isolated
from G. mangostana, those containing the conjugated system of phe-
nyl and carbonyl (compounds 1–5 and 7–11) showed the effective
inhibitions of FAS. From the compounds of the same skeleton, c-
mangostin (3) was more active than a-mangostin (1) and b-mango-
stin (2), as well as compound 8 and compound 10 were better than
O

O OH

R1
HO

R2

R1 R2

1 OH OCH3

2 OCH3 OCH3

3 OH OH

1'

4'

5'

1''

4''5''

9a
1

2

4
4a10a

10

98a8

5
O

HO

HO

O

OH

OH

5

O

O OH

HO

H3CO

O

4

1

3
4567

10 11 12 13

14

1'

4'5'

4a5a6a

10a 11a 12a

OHO

OH

OH

OH

OH

12

1

2

45

9

10

1'

3'

O

O

HO

7

3
7

1

O

O

O

OCH3

HO

13

1

2

34

7

1'

3'

4'

1''3''

5

O

O

HO

HO

8

6

7 1

3

OH

OH

O

OOH

HO

OH

OH

11

1

3
45

7

9

10

1'

3'

5'

O
O

OH

HO

OH

1''

2''

6''

HO

HO
OH OH

O

9

1
3

5

1'

3' HO
OH

O

10

1

4 6

1'

3'

5'

OH

OH

OH

O

O

OCH3

OH

OH

6

77

OH

OH

Figure 1. Structures of compounds 1–13 isolated from G. mangostana.
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compounds 7 and 9, respectively, indicating that the phenolic hydro-
xyl groups are required for the activity. The more phenolic hydroxyl
groups in the compound, the higher activity. However, the acute
function loss of compounds 4 and 7 compared to c-mangostin (3)
and compound (8) suggested that the number of the phenolic hydro-
xyl groups on the xanthone skeleton is the key factor of the inhibition
of FAS. Another trend was shown in Table 1. The more methoxy-
substituted on the benzene ring, the less active it appeared to be.
Compounds 4 and 2 displayed much lower activity than compounds
3 and 1 both with less substituted methoxy. Isopentenyl group may
not affect the activity because compound 3 showed slightly higher
activity than compound 5 with one more isopentenyl group than for-
mer. Moreover, the higher activities of 3, 5, and 8 than 9 and 10 with
the same number or one more of phenolic hydroxyl groups sug-
gested the xanthones are superior to the benzophenones in inhibit-
ing of FAS. Compounds 1, 2, and 4 were also isolated from the stem
bark of G. mangostana and exhibited cytotoxic activity against HT-
29 human colon cancer cell line,44 which further confirmed that
FAS was a potential target for anti-cancer drugs.

In conclusion, the phenolic constituents containing the conju-
gated system of phenyl and carbonyl, especially xanthones and
benzophenones could be considered as a promising class of FAS
inhibitors. Although xanthones have a wide known range of biolog-
ical activities including anti-oxidant, anti-tumor, anti-bacterial,
anti-malaria, anti-cyclooxygenase (COX), inducing apoptosis of
cells, and against HIV-1.45–54 The biological activities of antitumor
and antibacterial also were found in benzophenones.55–57 To our
best knowledge, it is the first time to show the FAS inhibitory activ-
ity of the xanthones and benzophenones, which may give a clue to
the underneath pharmacological mechanisms. Furthermore, as FAS
plays an important role in obesity and cancer initiation and pro-
gression, the discovery of natural inhibitors has great potential in
drug development for obesity and cancer treatment.

Acknowledgments

This work was supported by the Natural Science foundation of
Yunnan (2008CD159), the National Natural Science foundation of
China (No. 30572252, 30670455), the President Funding of GUCAS
O95101PY00, as well as K.C.Wong Education Foundation, Hong
Kong. The authors are thankful to the members of the analytical
group of the State Key Laboratory of Phytochemistry and Plant Re-
sources in West China, Kunming Institute of Botany, for the spec-
tral measurements. The authors also are grateful to Dr. Zi Hua
Justin Jiang (Department of Chemistry, Lakehead University), Ya
Ling Huang (Ph.D. candidate, Graduate school of biomedical sci-
ence, University of Texas Health Science Center), and Feng Er Zhou
(Ph.D. candidate, Department of Chemistry, University of South
Florida) to refine this manuscript carefully.

Supplementary data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.bmcl.2010.08.061.

References and notes

1. Wakil, S. J. Biochemistry 1989, 28, 4523.
2. Wakil, S. J.; Stoops, J. K.; Joshi, V. C. Annu. Rev. Biochem. 1983, 52, 537.
3. Menendez, J. A.; Lupu, R.; Colomer, R. Mol. Genet. Metab. 2005, 84, 293.
4. Loftus, T. M.; Jaworsky, D. E.; Frehywot, G. L.; Townsend, C. A.; Ronnett, G. V.;

Lane, M. D.; Kuhajda, F. P. Science 2000, 288, 2379.
5. Li, X. H.; Hou, Y. T. Acta Biochim. Biophys. Sin. 2003, 35, 1.
6. Kuhajda, F. P. Cancer Res. 2006, 66, 5977.
7. Knowles, L. M.; Yang, C.; Osterman, A.; Smith, J. W. J. Biol. Chem. 2008, 283,

31378.
8. Pizer, E. S.; Jackisch, C.; Wood, F. D.; Pasternack, G. R.; Davidson, N. E.; Kuhajda,

F. P. Cancer Res. 1996, 56, 2745.
9. Kuhajda, F. P.; Pizer, E. S.; Li, J. N.; Mani, N. S.; Frehywot, G. L.; Townsend, C. A.
Proc. Natl. Acad. Sci. U.S.A. 2000, 97, 3450.

10. Drent, M. L.; Larsson, I.; William-Olsson, T.; Quaade, F.; Czubayko, F.; Von
Bergmann, K.; Strobel, W.; Sjostrom, L.; Van der Veen, E. A. Int. J. Obes. Relat.
Metab. Disord. 1995, 19, 221.

11. Drent, M. L.; Van der Veen, E. A. Obes. Res. 1995, 3, 623S.
12. Kridel, S. J.; Axelrod, F.; Rozenkrantz, N.; Smith, J. W. Cancer Res. 2004, 64, 2070.
13. Kao, Y. H.; Hiipakka, R. A.; Liao, S. Endocrinology 2000, 141, 980.
14. Wang, X.; Tian, W. Biochem. Biophys. Res. Commun. 2001, 288, 1200.
15. Yang, G. Y.; Liao, J.; Kim, K.; Yurkow, E. J.; Yang, C. S. Carcinogenesis 1998, 19, 611.
16. Gopalakrishnan, G.; Banumathi, B.; Suresh, G. J. Nat. Prod. 1997, 60, 519.
17. Suksamrarn, S.; Suwannapoch, N.; Ratananukul, P.; Aroonlerk, N.; Suksamrarn,

A. J. Nat. Prod. 2002, 65, 761.
18. Cui, J. H.; Hu, W.; Cai, Z. J.; Liu, Y. X.; Li, S. Y.; Tao, W. C.; Xiang, H. Pharmacol.

Biochem. Behav. 2010, 95, 166.
19. Ngawhirunpat, T.; Opanasopi, P.; Sukma, M.; Sittisombut, C.; Kat, A.; Adachi, I.

Pharm. Biol. 2010, 48, 55.
20. Obolskiy, D.; Pischel, I.; Siriwatanametanon, N.; Heinrich, M. Phytother. Res.

2009, 23, 1047.
21. Kondo, M.; Zhang, L. L.; Ji, H. P.; Kou, Y.; Ou, B. J. Agric. Food Chem. 2009, 57, 8788.
22. Ji, X.; Avula, B.; Khan, I. A. J. Pharm. Biomed. Anal. 2007, 43, 1270.
23. Yu, L.; Zhao, M.; Yang, B.; Zhao, Q.; Jiang, Y. Food Chem. 2007, 104, 176.
24. Sakagami, Y.; Iinuma, M.; Piyasena, K. G.; Dharmaratne, H. R. Phytomedicine

2005, 12, 203.
25. Huang, Y. L.;Chen, C. C.; Chen,Y. J.;Huang, R. L.; Shieh, B. J. J. Nat. Prod. 2001, 64, 903.
26. Jung, H. A.; Su, B. N.; Keller, W. J.; Mehta, R. G.; Kinghorn, A. D. J. Agric. Food

Chem. 2006, 54, 2077.
27. Balunas, M. J.; Su, B.; Brueggemeier, R. W.; Kinghorn, A. D. J. Nat. Prod. 2008, 71,

1161.
28. Yates, P.; Stout, G. B. J. Am. Chem. Soc. 1958, 80, 1691.
29. Chen, S. X.; Wan, M.; Loh, B. N. Planta Med. 1996, 62, 38l.
30. Yates, P.; Bhat, H. B. Can. J. Chem. 1968, 46, 3770.
31. Govindachari, T. R.; Kalyanaraman, P. S.; Muthukumaraswamy, N.; Pai, B. R.

Indian J. Chem. 1971, 9, 505.
32. Sen, A. K.; Sarkar, K. K.; Maztunder, P. C.; Banerji, N.; Uvsvuori, R.; Hase, T. A.

Phytochemistry 1980, 19, 2223.
33. Sakai, S. I.; Katsura, M.; Takayama, H.; Aimi, N.; Chokethaworn, N.; Suttajit, M.

Chem. Pharm. Bull. 1993, 41, 958.
34. Sen, A. K.; Sarkar, K. K.; Maztunder, P. C. Phytochemistry 1981, 62, 183.
35. Chang, H. T.; Niu, F.; Wen, J.; Jiang, Y.; Tu, P. F. China J. Chin. Mater. Med. 2007,

32, 2259.
36. Miura, I.; Hostettmann, K.; Nakanishi, K. Nouv. J. Chim. 1978, 2, 653.
37. Yeo, T. H. Patent, PR China, CN 101315521 A, 2008.
38. Rao, A. V. R.; Sarma, M. R.; Venkataraman, K.; Yemul, S. S. Phytochemistry 1974,

13, 1241.
39. Chen, T.; Li, J. X.; Cai, Y.; Xu, Q. Chin. Chem. Lett. 2002, 13, 537.
40. Cui, Y. J.; Liu, P.; Chen, R. Y. China J. Chin. Mater. Med. 2005, 30, 121.
41. Takanashi, M.; Takizawa, Y. Phytochemistry 1988, 27, 1224.
42. Tian, W. X.; Hsu, R. Y.; Wang, Y. S. J. Biol. Chem. 1985, 260, 11375.
43. FAS activity was measured at the constant temperature of 37 �C by the changes of

NADPH absorption at 340 nm with a UV–vis spectrophotometer (Amersham
Pharmacia Ultrospec 4300, England, UK). The reaction mixture contained 100 mM,
pH 7.0, KH2PO4–K2HPO4 buffer; 1 mM EDTA; 1 mM dithiothreitol; 3 lM acetyl-
CoA; 10 lM malonyl-CoA; 35 lM NADPH; and 10 lg FAS in a total volume of 2 ml.
The preparative concentrations of FAS and its substrate were determined by the
spectrophotometry with the following extinction coefficients: FAS,
4.83� 105 M�1 cm�1 at 279 nm; acetyl-CoA, 1.54� 104 M�1 cm�1 at 259 nm,
pH 7.0; malonyl-CoA, 1.46� 104 M�1 cm�1 at 260 nm, pH 6.0; acetoacetyl-CoA,
1.59� 104 M�1 cm�1 at 259 nm, pH 7.0; NADPH, 6.02� 103 M�1 cm�1 at 340 nm,
and 1.59� 104 M�1 cm�1 at 259 nm, pH 9.0.

44. Han, A. R.; Kim, J. A.; Lantvit, D. D.; Kardono, L. B. S.; Riswan, S.; Chai, H.; Blanco,
E. J. C.; Farnsworth, N. R.; Swanson, S. M.; Kinghorn, A. D. J. Nat. Prod. 2009, 72,
2028.

45. Nakatani, K.; Nakahata, N.; Arakawa, T.; Yasuda, H.; Ohizumi, Y. Biochem.
Pharmacol. 2002, 63, 73.

46. Sato, A.; Fujiwara, H.; Oku, H.; Ishiguro, K.; Ohizumi, Y. J. Pharmacol. Sci. 2004,
95, 33.

47. Fumkawa, K.; Shibusawa, K.; Chairungsrilerd, N.; Ohta, T.; Nozoe, S.; Ohizumi,
Y. Jpn. J. Pharmacol. 1996, 71, 337.

48. Chen, S. X.; Wan, M.; Loh, B. N. Planta Med. 1996, 62, 381.
49. Vlietinck, A. J.; Bruyne, T. D.; Apers, S.; Pieters, L. A. Planta Med. 1998, 64, 97.
50. Williams, P.; Ongsakul, M.; Proudfoot, J.; Croft, K.; Beilin, L. Free Radic. Res.

1995, 23, 175.
51. Moongkarndi, P.; Kosem, N.; Kaslungka, S.; Luanratana, O.; Pongpan, N.;

Neungton, N. J. Ethnopharmacol. 2004, 90, 161.
52. Moongkarndi, P.; Kosem, N.; Luanratana, O.; Jongsomboonkusol, S.; Pongpan,

N. Fitoterapia 2004, 75, 375.
53. Suksamrarn, S.; Suwannapoch, N.; Phakhodee, W.; Thanuhiranlert, J.;

Ratananukul, P.; Chimnoi, N.; Suksamrarn, A. Chem. Pharm. Bull. 2003, 51, 857.
54. Likhitwitayawuid, K.; Phadungcharoen, T.; Krungkrai, J. Planta Med. 1998, 64, 70.
55. Matsumoto, K.; Akao, Y.; Kobayashi, E.; Ito, T.; Ohguchi, K.; Tanaka, T.; Iinuma,

M.; Nozawa, Y. Biol. Pharm. Bull. 2003, 26, 561.
56. Hussain, R. A.; Owegby, A. G.; Parimoo, P.; Waterman, P. G. J. Med. Chem. 1982,

44, 78.
57. Iinuma, M.; Tosa, H.; Tanaka, T.; Kanamaru, S.; Asai, F.; Kobayashi, Y.; Miyauchi,

K.; Shimano, R. Chem. Pharm. Bull. 1996, 19, 311.

http://dx.doi.org/10.1016/j.bmcl.2010.08.061

	Fatty acid synthase inhibitors of phenolic constituents isolated from Garcinia mangostana
	Acknowledgments
	Supplementary data
	References and notes


