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2″,4″-O-Diacetylquercitrin, a Novel Advanced Glycation End-Product 
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A new flavonoid, 2,″4″-O-diacetylquercitrin (1), along with six known flavonoids (2–7) were isolated from 
the aerial parts of Melastoma sanguineum. The structure of the new flavonoid was established by extensive 
spectroscopic studies and chemical evidence. The inhibitory effects of isolated compounds (1–7) on advanced 
glycation end-products (AGEs) formation and rat lens aldose reductase (RLAR) in vitro were examined. Of 
the tested compounds, compound 1 was the strongest inhibitor of AGEs, with an IC50 of 11.46±0.44 µm. In 
the RLAR assay, all tested compounds exhibited greater inhibitory effects on RLAR than that of a positive 
control, 3,3-tetramethyleneglutaric acid (IC50=28.8±1.5 µm); compound 1 exhibited the strongest RLAR-
inhibitory activity, with an IC50 of 0.077±0.003 µm.
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Hyperglycemia, the primary clinical manifestation of 
diabetes, is important in the pathogenesis of diabetic com-
plications.1,2) Various hyperglycemia-induced metabolic and 
hemodynamic derangements, including increased advanced 
glycation end-product (AGE) formation, increases in the 
polyol pathway, activation of protein kinase C isomers, and 
increases in the hexosamine pathway, contribute to the char-
acteristic histopathological changes observed in diabetic 
complications.3,4) Evidence suggests that the accumulation of 
AGE, heterogeneous molecules that are derived from non-
enzymatic glycation between amino acid residues and oxida-
tive derivatives of glucose or pentose, is irreversible, causing 
structural and functional changes in proteins such as collagen, 
elastin, and albumin, leading to the development of numerous 
complications associated with diabetes, such as neuropathy, 
nephropathy, angiopathy, and retinopathy.5) Aldose reductase 
(AR; alditol/nicotinamide adenine dinucleotide phosphate+ 
(NADP+) oxidoreductase, E.C. 1.1.1.21) is the key enzyme in 
the polyol pathway that catalyzes the reduced nicotinamide 
adenine dinucleotide (NADH)-dependent reduction of glucose 
to sorbitol. During hyperglycemic events, elevated glucose 
levels enhance AR activity by increasing the glucose flux 
through the polyol pathway, inducing functional and morpho-
logical changes associated with diabetic complications, such 
as cataracts, neuropathy, and nephropathy.6,7) Therefore, devel-
oping pharmacological inhibitors that inhibit AGE formation 
or AR might provide a therapeutic approach for delaying and 
preventing diabetic complications.8,9)

Owing to their structural and chemical diversity, natural 
compounds provide numerous therapeutic agents that prevent 
can diseases and treat various ailments. Attention has focused 
on finding specific pharmacologically significant compounds 
from natural products. Melastoma sanguineum SimS is a genus 
of shrubs and small trees within the family Melastomataceae 
that is native to tropical and sub-tropical regions of Southeast 
Asia. However, no studies have examined the chemical con-

stituents and biological activity of this plant.
In searching for novel treatments for diabetic complica-

tions from natural resources, we found that the 80% EtOH 
extract of the aerial parts of M. sanguineum inhibited both 
AGE formation (IC50 = 3.19 µg/mL) and rat lens AR (RLAR, 
IC50=3.27 µg/mL) considerably. Further phytochemical study 
of this plant resulted in the isolation of a new flavonoid, 
2″,4″-O-diacetylquercitrin (1), along with six known flavonoids 
(2–7). This report describes the isolation and structural eluci-
dation of these flavonoids, as well as the characterization of 
their inhibitory effects on AGE formation and RLAR.

Results and Discussion
The 80% EtOH extract of the aerial parts of M. sanguineum 

was suspended in H2O and partitioned successively with 
n-hexane, EtOAc, and n-BuOH. The EtOAc- and n-BuOH 
soluble fractions, both of which significantly inhibited AGE 
formation and RLAR, were subjected to a series of chromato-
graphic techniques guided by inhibitory activity of AGE for-
mation and RLAR, leading to the isolation of a new flavonoid 
(1) along with six known flavonoids (2–7) (Fig. 1).

Compound 1 was obtained as a yellow amorphous powder 
with a negative specific rotation, [α]D

25 −171.0° (c=0.1, MeOH). 
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Fig. 1. Chemical Structures of Compounds 1–7 Isolated from the Aerial 
Parts of M. sanguineum
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High resolution (HR)-electrospray ionization (ESI)-MS analy-
sis of 1 yielded a molecular ion peak at m/z 531.1143 [M−H]−, 
in accordance with the molecular formula C25H24O13. A posi-
tive Mg/HCl test and the UV absorption maxima observed at 
255 (band II) and 353 (band I) nm suggested the presence of 
a 3-O-substituted flavonol structure in 1.10) The IR spectrum 
exhibited absorption bands for a hydroxy group (3350 cm−1), 
α,β-unsaturated carbonyl group (1660 cm–1), and aromatic ring 
system (1610, 1502, 1450 cm−1). Acid hydrolysis of 1 yielded an 
aglycone and a monosaccharide unit. The 1H-NMR spectrum 
of 1 showed signals for a quercetin unit,11) a rhamnopyrano-
syl unit,12) and two acetyl groups (δH 2.07, 1.99, each 3H, s). 
The aglycone unit was characterized by two meta-coupled 
doublets at δH 6.37 (1H, d, J=2.0 Hz, H-8) and 6.20 (1H, d, 
J=2.0 Hz, H-6) and ABX aromatic system protons at δH 7.36 
(1H, d, J=2.0 Hz, H-2′), 7.34 (1H, dd, J=8.0, 2.0 Hz, H-6′), 
and 6.92 (1H, d, J=8.0 Hz, H-5′). The signals at δH 5.40 (1H, 
d, J=1.5 Hz) and 0.94 (3H, d, J=6.0 Hz) were assigned to the 
anomeric proton and methyl group at C-6″, respectively, of a 
rhamnopyranosyl unit. The carbon signals at δC 103.3, 75.5, 
73.6, 70.6, 69.8, and 17.8 of 1 further supported the pres-
ence of a rhamnopyranosyl unit, identified as l-rhamnose by 
comparison of its specific optical rotation, [α]D

25 −7.2° (c=0.1, 
H2O), with that of authentic l-rhamnose, [α]D

25 −8.8° (c=0.1, 
H2O). Moreover, the small coupling constant (J=1.5 Hz) of 
the anomeric proton indicated that the rhamnopyranosyl unit 
was linked in the α-configuration.12) The 13C-NMR spectrum, 
combined with the distortionless enhancement by polarization 
transfer (DEPT) data, showed that 1 contained 25 carbons, 
of which 15 carbon signals were assigned to a quercetin 
unit, six carbon signals to a rhamnopyranosyl unit, and four 
carbon signals (δC 172.9, 172.1, 21.2, 21.0) were assigned to 
two acetyl groups. These spectroscopic data were similar 
to those of quercitrin (6), except for the resonances of two 
acetyl groups, suggesting that 1 is a diacetylated form of 6. 
When the 13C-NMR spectrum of 1 was compared with that 
of 6, downfield shifts by about 1.6 and 2.3 ppm, respectively, 
were observed for C-2 and C-4 of the rhamnopyranosyl unit, 
suggesting that two acetyl groups are linked to these carbons, 
which was confirmed by the observed heteronuclear multiple 
bond connectivity (HMBC) cross-peaks of δH 4.22 (H-2″) and 
δC 172.1, and δH 5.02 (H-4″) and δC 172.9 (Fig. 2). Based on 
the above data, the structure of 1 was established as 2,″4″-O-
diacetylquercitrin.

In addition, the six known compounds were identified as 
quercetin (2),11) astragalin (3),13) afzelin (4),14) isoquercitrin 
(5),15) quercitrin (6),14) and rutin (7)16) by comparing their 
physicochemical and spectral data to those in the literature. To 
our knowledge, this is the first report of the chemical constitu-
ents of M. sanguineum.

The inhibitory effects of the isolated compounds (1–7) on 
AGE formation and RLAR in vitro were examined using a 
described procedure,17) and the results are presented in Table 
1. All of the tested compounds except compound 7 exhibited 
considerable inhibition of AGE formation, with IC50 values 
ranging from 11.46–89.91 µm, compared to that of aminogua-
nidine (AG, IC50=965.9± 26.9 µm), the first AGE inhibitor for 
the treatment of diabetic nephropathy.18) Of the tested com-
pounds, compound 1, with two acetyl groups in the rham-
nopyranosyl unit, was the strongest inhibitor of AGEs, with 
an IC50 of 11.46± 0.44 µm; its activity was approximately two 

times stronger than that of quercitrin (6, IC50=25.11± 0.45 µm), 
which contains no acetyl moiety in the rhamnopyranosyl unit. 
In the RLAR assay, all tested compounds exhibited greater 
inhibitory effects on RLAR than that of a positive control, 
3,3-tetramethyleneglutaric acid (TMG, IC50=28.8± 1.5 µm); 
compound 1 exhibited the strongest RLAR-inhibitory activity, 
with an IC50 of 0.077± 0.003 µm. This result is consistent with 
previous reports that compounds 2, 3, 5, and 6 were shown 
to exhibited potent AGE formation and AR inhibitory activ-
ity.17,19,20)

Development and investigation of AGE and AR inhibitors, 
especially natural anti-AGE and AR agents with few side 
effects, might provide a potential therapeutic approach for 
delaying and preventing diabetes-related complications. Stud-
ies have been undertaken to discover natural compounds that 
inhibit AGE formation or AR and have found flavonoids to 
be potent AGE formation and AR inhibitors.21–23) Our results 
indicate that the flavonoid components isolated in this study 
contributed to the inhibitory effect of the aerial parts of M. 
sanguineum on AGE formation and RLAR. Furthermore, a 
new flavonol glycoside, 2″,4″-O-diacetylquercitrin (1), showed 
strong inhibitory activity against AGE formation and RLAR 
and represents a promising agent to prevent or treat diabetic 
complications and other related diseases.

Experimental
General Experimental Procedures  Optical rotations 

were measured on a JASCO P-2000 digital polarimeter. IR 

Fig. 2. Key 1H–1H COSY and HMBC Correlations of Compound 1

Table 1. Inhibitory Effects of Compounds 1–7 from M. sanguineum 
against AGEs Formation and RLAR

Compounds
Inhibitory effect (IC50, µm)a)

AGEs formationb) RLAR

1 11.46±0.44 0.077±0.003
2 28.41±0.21 7.21±0.16
3 89.91±0.41 5.09±0.19
4 58.90±0.58 0.81±0.03
5 14.66±0.27 4.33±0.22
6 25.11±0.45 0.16±0.01
7 NDc) 5.39±0.86

AGd) 965.9±26.9 —
TMGd) — 28.8±1.50

a) Results are expressed as means±S.D. (n=3) and IC50 indicates the concentra-
tion (µm) at which the inhibition percentage of the AGEs formation or RLAR was 
50%, and the values were determined by regression analysis. b) After incubating for 
14 d, the fluorescent reaction products were assayed on a spectrofluorometric detector. 
c) Not determined due to the low solubility of 7 in the reaction mixture. d) Amino-
guanidine (AG) and 3,3-tetramethyleneglutaric acid (TMG) were used as positive 
controls.
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spectra were recorded on a JASCO 100 IR spectrometer. All 
1D (1H and 13C) and 2D (correlation spectroscopy (COSY), 
heteronuclear multiple quantum coherence (HMQC), and 
HMBC) NMR spectra were obtained using a Bruker Avance 
500 NMR spectrometer with tetramethylsilane (TMS) as an 
internal standard. HR-ESI-MS were recorded on a Shimadzu 
LCMS-IT-TOF spectrometer. Column chromatography was 
performed using silica gel (70–230 mesh and 230–400 mesh, 
Merck), YMC-gel ODS-A (12 nm, S-75 µm, YMC), and Se-
phadex LH-20 (Amersham Pharmacia Biotech). Thin-layer 
chromatography (TLC) was performed on pre-coated silica 
gel 60 F254 (0.25 mm, Merck) and RP-18 F254s plates (0.25 mm, 
Merck). Spots were detected by UV light (254 nm) and spray-
ing with 10% H2SO4 followed by heating.

Plant Material  Aerial parts of M. sanguineum were col-
lected in Ha Nam province, Vietnam, in June 2007 and iden-
tified by Prof. J.-H. Kim of Gachon University, Republic of 
Korea. A voucher specimen (No. VN-072) was deposited in 
the Herbarium of the Diabetic Complications Research Team, 
Korea Institute of Oriental Medicine, Republic of Korea.

Extraction and Isolation  The air-dried aerial parts of M. 
sanguineum (3.8 kg) were extracted with 80% EtOH (3×20 L) 
at room temperature for seven days, filtered, and concentrated 
to yield an 80% EtOH extract (360 g). This extract (100 g) 
was suspended in H2O (4 L) and partitioned successively with 
n-hexane (3×4 L), EtOAc (3×4 L), and n-BuOH (3×4 L) to 
yield n-hexane-, EtOAc-, and n-BuOH-soluble fractions of 
9.4, 12.0, and 36.2 g, respectively. The EtOAc-soluble fraction, 
which significantly inhibited AGE formation (IC50=7.43 µg/
mL) and RLAR (IC50=2.39 µg/mL), was subjected to silica gel 
column chromatography (70–230 µm, 50×7.0 cm), and eluted 
with a gradient solvent system consisting of CHCl3–MeOH 
(100 : 1→ 0 : 1) to generate ten fractions (E1–E10). Fraction 
E9 (3.0 g) was applied to a silica gel column (70–230 µm, 
60×5.0 cm), and eluted with a CHCl3–MeOH gradient solvent 
system (50 : 1→ 10 : 1), yielding five subfractions (E9.1–E9.5). 
Of these, Fraction E9.2 (1.0 g) was chromatographed further 
on a Sephadex LH-20 column (60×4.0 cm), and eluted using a 
MeOH–H2O gradient solvent system (30 : 70→ 80 : 20) to yield 
compounds 1 (20 mg), 2 (12 mg), and 3 (45 mg). Fraction E9.5 
(0.3 g) was purified further over a Sephadex LH-20 column 
(60×2.5 cm), and eluted with MeOH–H2O (40 : 60) to yield 
compound 4 (50 mg). The n-BuOH-soluble fraction, which also 
significantly inhibited AGE formation (IC50=2.34 µg/mL) and 
RLAR (IC50=1.33 µg/mL), was applied to a silica gel column 
(70–230 µm, 50×9.0 cm), and eluted with a CHCl3–MeOH gra-
dient solvent system (10 : 1→ 0 : 1) to generate 10 fractions (B1–
B10). Of these, Fraction B2 (6.0 g) was chromatographed fur-
ther in a Sephadex LH-20 column (60×5 cm) and eluted using 
a MeOH–H2O gradient solvent system (50 : 50→ 100 : 0) to 
generate seven subfractions (B2.1–B2.7). Then, Fractions B2.3 
and B2.6 (150, 100 mg, respectively) were chromatographed 
separately in a Sephadex LH-20 column (60×2.5 cm). Eluting 
B2.3 with a MeOH–H2O gradient solvent system (30 : 70→ 
50 : 50) yielded compounds 5 (8 mg) and 6 (13 mg) and eluting 
B2.6 with MeOH–H2O (30 : 70) yielded compound 7 (66 mg).

2″,4″-O-Diacetylquercitrin (1): Yellow amorphous pow-
der. [α]D

25 −171.0° (c=0.1, MeOH). UV (MeOH) λmax nm 
(log ε): 255 (4.10), 353 (4.35). IR (KBr) νmax cm−1: 3350, 1730, 
1720, 1660, 1610, 1502, 1450, 1380, 1140. HR-ESI-MS m/z: 
531.1143 [M−H]− (Calcd for C25H23O13

−: 531.1144). 1H-NMR 

(500 MHz, MeOD): δH 7.36 (1H, d, J=2.0 Hz, H-2′), 7.34 
(1H, dd, J=8.0, 2.0 Hz, H-6′), 6.92 (1H, d, J=8.0 Hz, H-5′), 
6.37 (1H, d, J=2.0 Hz, H-8), 6.20 (1H, d, J=2.0 Hz, H-6), 
5.40 (1H, d, J=1.5 Hz, H-1″), 5.02 (1H, t, J=9.6 Hz, H-4″), 
4.38 (1H, dd, J=9.6, 6.0 Hz, H-5″), 4.22 (1H, dd, J=3.3, 
1.5 Hz, H-2″), 3.90 (1H, dd, J=9.6, 3.3 Hz, H-3″), 2.07 and 
1.99 (each 3H, s, CH3CO×2), 0.94 (3H, d, J=6.0 Hz, H-6″). 
13C-NMR (125 MHz, MeOD): δC 179.6 (C-4), 172.9 and 172.1 
(CH3CO×2), 166.0 (C-7), 163.3 (C-5), 159.4 (C-2), 158.7 (C-9), 
150.0 (C-4′), 146.6 (C-3′), 136.3 (C-3), 123.1 (C-6′), 122.9 
(C-1′), 116.9 (C-2′), 116.6 (C-5′), 106.0 (C-10), 103.3 (C-1″), 
99.9 (C-6), 94.8 (C-8), 75.5 (C-4″), 73.6 (C-2″), 70.6 (C-3″), 
69.8 (C-5″), 21.2 and 21.0 (CH3CO×2), 17.8 (C-6″).

Acid Hydrolysis of 1  Compound 1 (4 mg) in 10% HCl–
dioxane (1 : 1, 5 mL) was heated at 80°C for 3 h in a water 
bath. After cooling, the mixture was extracted with EtOAc 
(3×5 mL). The aqueous layer was neutralized with Na2CO3 
and then concentrated to dryness and subjected to silica gel 
chromatography eluting with CHCl3–MeOH–H2O (7 : 3 : 0.1) to 
give l-rhamnose. l-Rhamnose was identified by comparison 
of specific optical rotation, [α]D

25 −7.2° (c=0.1, H2O), and TLC 
analysis.

AGE Formation Inhibitory Assay  According to a well-
established method, the reaction mixture [bovine serum al-
bumin (10 mg/mL, Sigma, St. Louis, MO, U.S.A.; 700 µL) in 
50 mm phosphate buffer (pH 7.4) with 0.02% sodium azide) 
was added to 0.2 m fructose and glucose (100 µL). In screw 
cap tubes (1.5 mL), the reaction mixture was then mixed 
with 200 µL of serial diluted compounds or aminoguanidine 
(Sigma). After incubating at 37°C for 7 d, the fluorescent reac-
tion products (200 µL) were transferred to 96-well plates and 
assayed on a spectrofluorometric detector (Bio-Tek, Synergy 
HT, U.S.A.; excitation wavelength, 350 nm; emission wave-
length, 450 nm). AGEs assay was performed in triplicate. The 
concentration of each test sample giving 50% inhibition of the 
activities (IC50) was estimated from the least-squares regres-
sion line of the logarithmic concentration plotted against the 
remaining activity.

RLAR Inhibitory Assay  All animal procedures were 
approved by the local ethics committee for animal experi-
ments (Approval date and number; February 17, 2011 and 
11-018, respectively). Rat lenses were removed from the eyes 
of 8 weeks old Sprague-Dawley rats (Dae-Han Bio Link Co., 
Umsung, Korea) weighing 100–150 g and homogenized in 12 
volumes of a 135 mm Na, K-phosphate buffer (pH 7.0) contain-
ing 0.5 mm phenylmethylsulfonyl fluoride and 10 mm 2-mer-
captoethanol. The homogenate was centrifuged at 100000×g 
for 30 min, and the supernatant fluid was used as the RLAR. 
The incubation mixture contained 135 mm Na,K-phosphate 
buffer (pH 7.0), 100 mm Lithium sulfate, 0.03 mm NADPH, 
1 mm dl-glyceraldehyde as a substrate, and 50 µL of enzyme 
fraction, with or without 25 µL of sample solution, in a total 
volume of 1.0 mL. The reaction was initiated by the addition 
of NADPH at 37°C and stopped by the addition of 0.3 mL of 
0.5 m HCl. Then, 1 mL of 6 m NaOH containing 10 mm imidaz-
ole was added, and the solution was heated at 60°C for 10 min 
to convert NADP to a fluorescent product. Fluorescence was 
measured using a spectrofluorometric detector (Shimadzu RF-
5301PC, Japan, Ex: 360, Em: 460 nm). The concentration of 
each test sample giving 50% inhibition of the activities (IC50) 
was estimated from the least-squares regression line of the 
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logarithmic concentration plotted against the remaining activ-
ity. 3,3-Tetramethyleneglutaric acid (Aldrich) was used as a 
positive control.

Acknowledgements This research was supported by a 
Grant [K11040, K12040] from the Korea Institute of Oriental 
Medicine (KIOM). The NMR and MS experiments were per-
formed by the Korea Basic Science Institute (KBSI).

References
 1) Laakso M., Diabetes, 48, 937–942 (1999).
 2) Wei M., Gaskill S. P., Hanffner S. M., Stern M. P., Diabetes Care, 

21, 1167–1172 (1998).
 3) Nishikawa T., Edelstein D., Du X. L., Yamagishi S., Matsumura 

T., Kaneda Y., Yorek M. A., Beebe D., Oates P. J., Hammes H. P., 
Giardino I., Brownlee M., Nature (London), 404, 787–790 (2000). 

 4) Brownlee M., Nature (London), 414, 813–820 (2001).
 5) Takenaka K., Yamagishi S., Matsui T., Nakamura K., Imaizumi T., 

Curr. Neurovasc. Res., 3, 73–77 (2006).
 6) Kinoshita J. H., Exp. Eye Res., 50, 567–573 (1990).
 7) Morrison A. D., Clements R. S. Jr., Winegrad A. I., J. Clin. Invest., 

51, 3114–3123 (1972).
 8) Reddy V. P., Beyaz A., Drug Discov. Today, 11, 646–654 (2006).
 9) Yabe-Nishimura C., Pharmacol. Rev., 50, 21–33 (1998).

10) Bilia A. R., Palme E., Marsili A., Pistelli I., Morelli I., Phytochem-
istry, 32, 1078–1079 (1993).

11) Ternai B., Markham K. R., Tetrahedron, 32, 565–569 (1976).
12) Agrawal P. K., Phytochemistry, 31, 3307–3330 (1992).
13) Do J. C., Jung K. Y., Son K. H., Kor. J. Pharmacogn., 23, 269–276 

(1992).
14) Fukunaga T., Nishiya K., Kajikawa I., Watanabe Y., Suzuki N., 

Takeya K., Itokawa H., Chem. Pharm. Bull., 36, 1180–1184 (1988).
15) Funayama S., Hikino H., Chem. Pharm. Bull., 27, 2865–2868 

(1979).
16) Markham K. R., Ternai B., Stanley R., Geiger H., Mabry T. J., Tet-

rahedron, 34, 1389–1397 (1978).
17) Jang D. S., Yoo N. H., Kim N. H., Lee Y. M., Kim C. S., Kim J., 

Kim J. H., Kim J. S., Biol. Pharm. Bull., 33, 329–333 (2010).
18) Brownlee M., Vlassara H., Kooney A., Ulrich P., Cerami A., Sci-

ence, 232, 1629–1632 (1986).
19) Lee J., Jeong Y. H., Jang D. S., Seo E., J. Appl. Biol. Chem., 50, 

13–16 (2007).
20) Yoo N. H., Jang D. S., Yoo J. L., Lee Y. M., Kim Y. S., Cho J. H., 

Kim J. S., J. Nat. Prod., 71, 713–715 (2008).
21) Matsuda H., Wang T., Managi H., Yoshikawa M., Bioorg. Med. 

Chem., 11, 5317–5323 (2003).
22) Matsuda H., Morikawa T., Toguchida I., Yoshikawa M., Chem. 

Pharm. Bull., 50, 788–795 (2002).
23) Deepralard K., Kawanishi K., Moriyasu M., Pengsuparp T., Suttisri 

R., Thai J. Pharm. Sci., 33, 84–90 (2009).

http://dx.doi.org/10.2337/diabetes.48.5.937
http://dx.doi.org/10.2337/diacare.21.7.1167
http://dx.doi.org/10.2337/diacare.21.7.1167
http://dx.doi.org/10.1038/35008121
http://dx.doi.org/10.1038/35008121
http://dx.doi.org/10.1038/35008121
http://dx.doi.org/10.1038/414813a
http://dx.doi.org/10.2174/156720206775541804
http://dx.doi.org/10.2174/156720206775541804
http://dx.doi.org/10.1016/0014-4835(90)90096-D
http://dx.doi.org/10.1172/JCI107138
http://dx.doi.org/10.1172/JCI107138
http://dx.doi.org/10.1016/j.drudis.2006.05.016
http://dx.doi.org/10.1016/0031-9422(93)85262-P
http://dx.doi.org/10.1016/0031-9422(93)85262-P
http://dx.doi.org/10.1016/S0040-4020(01)93772-X
http://dx.doi.org/10.1016/0031-9422(92)83678-R
http://dx.doi.org/10.1248/cpb.36.1180
http://dx.doi.org/10.1248/cpb.36.1180
http://dx.doi.org/10.1248/cpb.27.2865
http://dx.doi.org/10.1248/cpb.27.2865
http://dx.doi.org/10.1016/0040-4020(78)88336-7
http://dx.doi.org/10.1016/0040-4020(78)88336-7
http://dx.doi.org/10.1248/bpb.33.329
http://dx.doi.org/10.1248/bpb.33.329
http://dx.doi.org/10.1126/science.3487117
http://dx.doi.org/10.1126/science.3487117
http://dx.doi.org/10.1021/np070489a
http://dx.doi.org/10.1021/np070489a
http://dx.doi.org/10.1016/j.bmc.2003.09.045
http://dx.doi.org/10.1016/j.bmc.2003.09.045
http://dx.doi.org/10.1248/cpb.50.788
http://dx.doi.org/10.1248/cpb.50.788

