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ABSTRACT: The methanol extract of sesame (Sesamum indicum) seeds was fractionated and purified with the assistance of
conventional column chromatography to afford 29 compounds including seven furofuran lignans. Among these isolates, (þ)-samin
(1) was obtained from the natural source for the first time. In addition, (-)-asarinin (30) and sesamol (31) were generated by
oxidative derivation from (þ)-sesamolin (2) and (þ)-sesamin (3), two abundant lignans found in sesame seeds. To evaluate their in
vitro antioxidant potential, the seven isolated lignans (1-7) and the two derivatives (30 and 31) were examined for the scavenging
activities on DPPH free radicals and superoxide anions. Moreover, the capability of chelating ferrous ions and reducing power of
these sesame lignans were also measured. The results suggest that, besides the well-known sesamolin and sesamin, the minor sesame
lignans (þ)-(7S,80R,8R)-acuminatolide (5), (-)-piperitol (6), and (þ)-pinoresinol (7) are also adequate active ingredients and
may be potential sources for nutritional and pharmacological utilization.
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’ INTRODUCTION

Sesame seeds and sesame oil have long been used as health foods
in Asian countries. In comparison with most other edible oils
extracted from diverse seeds, sesame oil is extremely stable due to
the effective antioxidant activities presumably attributed to its abun-
dance of lipid-soluble furofuran lignans.1 Sesamin and sesamolin, the
two major furofuran lignans, were found to suppress lipid peroxida-
tion in erythrocytes, to inhibit intestinal absorption of cholesterol and
hepatic 3-hydroxy-3-methylglutarylCoAreductase activity, to prevent
chemically induced mammary cancer, to inhibit Δ5-desaturase and
chain elongation of C18 fatty acids, to protect hypoxic neuronal and
PC12 cells by suppressing ROS generation andMAPK activation, to
exhibit antihypertensive effects, and to enhance liver detoxification of
carbon tetrachloride and ethanol.2-10 The pharmacological effects of
sesamin and sesamolin seem to be directly or indirectly correlated to
their antioxidant and free radical scavenging activities that may
suppress oxidative stresses in vivo.11

Besides abundant sesamin and sesamolin, several minor furofuran
lignans were also found in sesame seeds.12 Possessing the same
furofuran skeleton as sesamin and sesamolin, these minor sesame
lignans displayed antioxidant potentials as examined by the free
radical scavenging, reducing power, and lipid peroxidation
assays.13-16 In contrast with furofuran lignans, other compounds in
sesame seeds do not attract much attention, and thus they have not
been well-characterized so far.

In the present study, we first purified and characterized 29
compounds in the methanol extract of sesame seeds. Among these
isolates, fiveminor furofuran lignans alongwith the abundant sesamin
and sesamolin were identified. Moreover, oxidation of sesamin and
sesamolin led to the generationof their derivatives. In vitro antioxidant
activities of the purified lignans and their derivatives were evaluated.

’MATERIALS AND METHODS

General. All the chemicals were purchased from Merck KGaA
(Darmstadt, Germany) unless specifically indicated. Melting points of
purified compounds were determined by a FISHER Scientific melting point
measuring apparatuswithout corrections. TheUV spectrawere obtained on a
GBCCintra 101UV-vis spectrophotometer. The IR spectra were obtained,
as KBr disks, on a VARIAN Scimitar FTS-2000 FT-IR spectrometer. Optical
rotations were measured with the ATAGO AP-300 automatic polarimeter.
Themass and high-resolutionmass spectra were obtained on a Bruker APEX
II mass spectrometer. 1H and 13C NMR, COSY, NOESY, HMQC, and
HMBC spectra were recorded on a Bruker AV-500NMR spectrometer with
tetramethylsilane as the internal standard. Standard pulse sequences and
parameters were used for the NMR experiments, and all chemical shifts were
reported in parts per million (ppm, δ). Column chromatography and thin
layer chromatography (TLC) were performed on silica gels (Kieselgel 60,
70-230 mesh and 230-400 mesh, Merck KGaA) and precoated Kieselgel
60 F 254 plates (Merck KGaA), respectively.
PlantMaterials.The seeds of sesame (Sesamum indicumL. Tainan-1)

were provided and authenticated by Dr. Yiu of the Corn Research Center,
Tainan District Agricultural Research and Extension Station. A voucher
specimen (PCKuo_2006001) was deposited in the herbarium of Depart-
ment of Biotechnology, National Formosa University, Yunlin, Taiwan.
Extraction and Purification. Sesame seeds (1 kg) were powdered

and exhaustively extracted with methanol under reflux (10 L � 5 � 8 h),
and the combined extracts were concentrated under reduced pressure to
give a dark brown syrup (200 g). The crude extract was successively
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partitioned with n-hexane and ethyl acetate to afford n-hexane (50 g), ethyl
acetate (10 g), and water extracts (140 g).

The n-hexane extract was applied to a silica gel column, and then eluted
with n-hexane and a step gradient of ethyl acetate (100:1 to 1:1) to afford 8
fractions. Fraction 2 was subjected to recrystallization with chloroform and
methanol to yield a mixture of β-sitosterol and stigmasterol (3.9 g).17,18

Fraction 3 was further resolved on a silica gel column eluted with n-hexane
and ethyl acetate (20:1) to give a mixture of β-sitostenone and stigmasta-
4,22-dien-3-one (5mg,Rf= 0.30)

17,19 andβ-amyrenone (2mg,Rf= 0.25).
20

Fraction5was applied to a silica gel column, and then elutedwith themixture
of n-hexane and acetone (20:1) to afford (þ)-samin (1) (500 mg,
Rf = 0.35)

21 and (þ)-sesamolin (2) (5.9 g,Rf = 0.30)
22 (Figure 1). Fraction

6 was separated by silica gel column chromatography with the solvent
mixture of n-hexane and ethyl acetate (50:1) and a step gradient with ethyl
acetate to yield a mixture of 6β-hydroxystigmast-4-en-3-one and stigmasta-
4,22-dien-6β-ol-3-one (3 mg, Rf = 0.40),23,24 (þ)-sesamin (3) (15.7 g,
Rf = 0.35),17 and (-)-aptosimon (4) (8 mg, Rf = 0.20),25 respectively.
Fraction 7 was subjected to recrystallization with chloroform and methanol
to afford β-sitosterol-3-O-β-glucopyranoside (720 mg).17

The ethyl acetate extractwas applied to a silica gel column, and then eluted
with n-hexane and a step gradient of acetone (50:1 to 1:1) to afford 5
fractions. Fraction 2 was further separated by repeated column chromatog-
raphy over silica gel eluted with n-hexane and ethyl acetate gradients followed
by purification with preparative TLC on silica gel to yield methylparabene (3
mg, Rf = 0.50),26 methyl vanillate (10 mg, Rf = 0.40),26 and aurantiamide
acetate (5 mg, Rf = 0.30).27 Fraction 3 was subjected to silica gel column
chromatography eluted with a mixture of n-hexane and acetone (30:1) to
result in four subfractions. Subfraction 3-1 was purified by preparative TLC
eluted with n-hexane and acetone (50:1) to yield vanillin (3 mg, Rf = 0.35)

26

and methyl ferulate (5 mg, Rf = 0.25).28 Subfraction 3-2 was recrystallized

with acetone to afford methyl 3-indolecarboxylate (8 mg).29 Subfraction 3-3
was resolved in a silica gel column eluted with n-hexane and ethyl acetate
gradients followed by purification with preparative TLC on silica gel to yield
vanillic acid (25 mg, Rf = 0.40)26 and (þ)-(7S,80R,8R)-acuminatolide (5)
(17mg,Rf = 0.30).

30 Subfraction 3-4 was recrystallized with acetone to result
in methyl 3,4,5-trimethoxybenzoic acid (9 mg).31 Fraction 4 was resolved on
a silica gel column eluted with n-hexane and chloroform (20:1) followed by
the preparative TLC to afford 4-hydroxy-3,5-dimethoxybenzaldehyde (9mg,
Rf = 0.45),17 (-)-piperitol (6) (13 mg, Rf = 0.40),32 and 1H-indole-3-
carbaldehyde (37 mg, Rf = 0.25).33 Fraction 5 was purified with the aid of
silica gel column chromatography elutedwith chloroform and acetone (50:1)
to yield (þ)-pinoresinol (7) (7 mg, Rf = 0.30).34

The water-soluble extract was applied to a reversed-phase DiaionHP-
20 column eluted with water and methanol gradients to afford 6
fractions. Fractions 2 and 3 were subjected to C-18 column chromatog-
raphy eluted with water and methanol gradients and further recrystalli-
zation withmethanol to yield uridine (20mg)35 and adenosine (7mg),35

respectively. Fraction 4 was purified by silica gel column chromatogra-
phy eluted with chloroform and acetone gradients followed by pre-
parative TLC to afford nicotinic acid (8 mg, Rf = 0.20).

26 Fraction 5 was
purified with the aid of silica gel column chromatography eluted with
chloroform and acetone gradient solvent mixture, and then recrystallized
with methanol to yield mudanoside A (2 mg, Rf = 0.30).36

Spectral Data of (þ)-Samin (1). 1: colorless needles; mp 183-
185 �C; [R]D25 þ200 (c 0.1, CHCl3); UV (MeOH) λmax (log ε) 287
(2.69), 238 (2.83), 203 (4.21) nm; IR (KBr) νmax 3400, 2908, 1728,
1594, 1489, 1242, 1034 cm-1; 1H NMR (CDCl3, 500 MHz): δ 6.86
(1H, d, J = 1.3 Hz, H-2), 6.81 (1H, br d, J = 8.0 Hz, H-6), 6.77 (1H, d, J =
8.0 Hz, H-5), 5.95 (2H, s, OCH2O), 5.38 (1H, br s, H-70), 4.37 (2H, m,
H-7 and -9R), 4.17 (1H, dd, J = 9.1, 6.0 Hz, H-90R), 3.91 (1H, dd,
J = 9.1, 0.8 Hz, H-90β), 3.57 (1H, dd, J = 8.2, 8.0 Hz, H-9β), 3.01 (1H,
ddd, J = 8.7, 8.4, 8.1 Hz, H-80), 2.84 (1H, m, H-8); 13C NMR (CDCl3,
125 MHz): δ 148.0 (C-3), 147.3 (C-4), 134.6 (C-1), 119.6 (C-6), 108.1
(C-5), 106.5 (C-2), 102.9 (C-10), 101.0 (OCH2O), 87.0 (C-7), 71.3
(C-9), 69.4 (C-30), 52.8 (C-8), 52.7 (C-20). ESI-MS m/z (%): 273
([M+Na]+, 100); HR-ESI-MS m/z 273.0737 [M+Na]+ (Calcd for
C13H14O5Na, 273.0739).
Oxidation of Sesamolin (2) and Sesamin (3). Sesamin (3)

(1 mmol) was added to a solution of K2Cr2O7 (1.1 mmol), concentrated
H2SO4 (0.1 mL), and acetone (5 mL). The reaction mixture was stirred at
ambient temperature over a period of 24 h until no more starting material
was detected by TLC. After removal of the solvent under reduced pressure,
the crude reaction mixture was afforded as pale yellow oils. The crude
product was purified by silica gel column chromatography (230-
400 mesh) using the mixing solvent pairs of n-hexane/EtOAc (70:30) to
afford (-)-aptosimon (4) (0.7 mmol, 70%). Under the same reaction
condition by replacing K2Cr2O7 with KMnO4, sesamin was oxidized to
afford (-)-asarinin (8) (0.65mmol, 65%). Similarly, sesamolinwas oxidized
by either K2Cr2O7 or KMnO4 to afford sesamol (9) (0.4 mmol, 40%).
Assay of ScavengingActivity against Diphenyl Picrylhydrazyl

(DPPH) Radical. The DPPH free radical scavenging assay was executed
according to the reportedmethod.37 Amethanol solution of 1,1-diphenyl-2-
picrylhydrazyl radical (200 μM) was incubated with an equal volume of
each test sample for 30 min, and then recorded for the absorbance at
517 nm. The DPPH radical scavenging activities of the sample solutions
were expressed as inhibition percentage and calculated by using the
following equation: inhibition percentage (%) = [1 - (absorbance of
samples at 517 nm)/(absorbance of control at 517 nm)] � 100%.
Superoxide Anion Inhibition Assay. The superoxide anion

scavenging activities of sesame lignans were assayed by measuring the
inhibition of nitro-blue tetrazolium (NBT) reduction by NADH in the
presence of phenazine methosulfate (PMS).38 The incubation mixture
contained 73 μM NADH, 15 μM PMS, 50 μM NBT in 20 mM
K-phosphate buffer, pH 7.4 and the test compounds of various

Figure 1. The chemical structures of compounds 2-7, 30, and 31.
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concentrations. Absorbance variations were determined at 560 nm,
measuring the initial rate of superoxide-induced NBT reduction.
Chelation of Ferrous Ions. The capability of chelating ferrous ions

was determined for sesame lignans by the reported method with some
modifications.39 Tested samples prepared in 100 μL of 1mM solution were
added with 50 μL of 2 mM ferrous chloride. The reaction was initiated by
addition of 100 μL of 5 mM ferrozine, and the mixture was shaken
vigorously. After sitting at room temperature for 10 min, the absorbance
of the reaction mixture was measured at 562 nm. The relative capability of
chelating ferrous ions was derived from the formula [1 - (sample
absorbance at 562 nm)/(control absorbance at 562 nm)] � 100 (%).
Reducing Power Assay. The reducing power of sesame lignans was

examined according to a reported method with some modifications.40

Tested samples prepared in 100 μL of 0.2M phosphate buffer, pH 6.6 were
added with 100 μL of 1% potassium ferricyanide. The mixture was
incubated at 50 �C for 20min, combinedwith 100μLof 10% trichloroacetic
acid, and then centrifuged at 650g for 10 min. The supernatant was mixed
with 200 μL of distilled water and 40 μL of 0.1% ferric chloride. The
absorbance of the resulting solution was determined at 700 nm; higher
absorbance value indicated greater reducing power.
Statistical Analysis. Data were analyzed with Duncan’s multiple

range tests in a standard statistical package (SAS/STAT) (Version 9.1, SAS
institute Inc., NC, USA). Statistical significance was assessed for each plot.

’RESULTS AND DISCUSSION

Purification and Identification of Methanol-Soluble Com-
pounds in Sesame Seeds. The methanol extract of powdered
sesame seeds was suspended in water and partitioned with n-
hexane and ethyl acetate, successively to afford n-hexane, ethyl
acetate, and water-soluble fractions (Figure 2). Further purifica-
tion of each fraction by a combination of conventional chroma-
tographic techniques yielded twenty-nine compounds (Table 1).
Among these isolates, the structure of compound 1 was deter-

mined to be (þ)-samin by the NMR and mass spectral elucida-
tions. Compounds 2-29 were known constituents as identified
by comparison of their spectral and physical data with those
reported in the literature. Compounds 2-7 were also classified
as furofuran lignans according to their chemical structures.
Structural Determination of (þ)-Samin (1). Compound 1

waspurified as optically active colorless needleswithmp183-185 �C
and [R]D25þ200 (c 0.1, CHCl3). The UV spectrum of compound 1
in methanol exhibited characteristic absorption maxima of a lignan
skeleton at 287, 238, and 203 nm.21 The IR absorption bands at 3400
and 1489 cm-1 displayed the presence of hydroxyl group and
carbon-carbondouble bond, respectively. In the 1HNMRspectrum,
a set of three mutually coupled ABX-type proton signals at δ 6.86
(1H, d, J = 1.3 Hz), 6.81 (1H, br d, J = 8.0 Hz), and 6.77 (1H, d, J =
8.0 Hz) was indicative of a trisubstituted benzene ring. One typical
dioxygenated methylene group was located at δ 5.95 (2H, s). In
addition, one broad singlet atδ 5.28 (1H) and onemultiplet atδ 4.37
(1H) were characteristic of the H-70 and H-7 of sesamolinol-type
lignans.12 Six proton signals resonating at δ 4.37 (1H, m), 3.98 (1H,
dd, J = 9.0, 8.1 Hz), 3.91 (1H, dd, J = 9.0, 8.7 Hz), 3.57 (1H, dd,
J = 8.2, 8.0 Hz), 3.01 (1H, ddd, J = 8.7, 8.4, 8.1 Hz, H-80), and 2.84
(1H, m, H-8) accounted for two aliphatic methines and two
oxygenated methylenes. These spectral data were the same as for
the previously reported compound, (þ)-samin.21 The full assign-
ments of 1H and 13C NMR signals were determined from the
NOESY and HMBC spectra (Figure 3). From the above spectral
data, the chemical structure of compound 1 was concluded to be
(þ)-samin. Although chemical synthesis of (þ)-samin had already
been reported previously,21 this compound was isolated from the
natural source for the first time.
Oxidative Derivation of Sesamolin (2) and Sesamin (3).

Among the twenty-nine isolated compounds from sesame seeds,
two furofuran lignans, sesamolin (2) and sesamin (3), were found

Figure 2. Scheme for purification of methanol-soluble compounds from sesame seeds.
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relatively abundant (Table 1). Moreover, these two furofuran
lignans have been demonstrated to possess several biological
activities, such as neuroprotective effect, antihypertensive effect,
suppression of lipid peroxidation, and liver detoxification of carbon
tetrachloride and ethanol.2-10 To generate more derivatives, these
two sesame lignans were subjected to further oxidation with two
different oxidizing agents. The outcomes showed that sesamin (3)
was oxidized by K2Cr2O7 under acidic conditions to afford (-)-
aptosimon (4), which resulted from the oxidation of the methylene
group in the furofuran ring. However, (-)-asarinin (30) was
yielded due to the epimerization of the furofuran ring when the
oxidizing agent was replaced with KMnO4. In contrast, sesamolin

(2) was oxidized to break the C-O linkage of the furan ring to
afford sesamol (31) without any other products under the same
reaction conditions with either K2Cr2O7 or KMnO4 as the
oxidizing agent.
Free Radical Scavenging Activities of the Purified and

Synthetic Lignans. Radical scavenging activities of compounds
1-7 as well as those of the synthetic derivatives 30 and 31 were
evaluated in two assay systems by measuring their scavenging

Table 1. Relative Contents of Compounds Found in Methanol Extract of Sesame Seeds

compd rel contents (mg/1 kg sesame) refs

1 (þ)-samin 500 21

2 (þ)-sesamolin 5900 22

3 (þ)-sesamin 15700 17

4 (-)-aptosimon 8 25

5 (þ)-(7S,80R,8R)-acuminatolide 17 30

6 (-)-piperitol 13 32

7 (þ)-pinoresinol 7 34

8 β-sitosterol 3900 (8 and 9) 17

9 stigmasterol 18

10 β-sitostenone 5 (10 and 11) 17

11 stigmasta-4,22-dien-6β-ol-3-one 19

12 β-amyrenone 2 20

13 6β-hydroxystigmast-4-en-3-one 5 (13 and 14) 23

14 stigmasta-4,22-dien-6β-ol-3-one 24

15 β-sitosterol-3-O-β-glucopyranoside 720 17

16 methylparabene 3 26

17 methyl vanillate 10 26

18 aurantiamide acetate 5 27

19 vanillin 3 26

20 methyl ferulate 5 28

21 3-indolecarboxylate 8 29

22 vanillic acid 25 26

23 methyl 3,4,5-trimethoxybenzoic acid 9 31

24 4-hydroxy-3,5-dimethoxybenzaldehyde 9 17

25 1H-indole-3-carbaldehyde 37 33

26 uridine 20 35

27 adenosine 7 35

28 nicotinic acid 8 26

29 mudanoside A 2 36

Figure 3. The chemical structure and significant HMBC and NOESY
correlations of 1.

Table 2. DPPH Free Radical Scavenging Activity of Com-
pounds 1-7, 30, and 31

compd (500 μM) IC50 (μM) inhibn percentage (%)

1 -a 40.7( 3.0

2 - 29.0( 3.7

3 - 27.2( 3.1

4 - 39.5( 0.3

5 224.1( 0.6 77.4 ( 0.5

6 49.5 ( 1.2 84.9( 0.7

7 34.5( 1.1 88.6( 0.6

30 - 43.3( 2.2

31 37.3( 2.9 88.3( 1.4

vitamin C 38.6( 1.8 89.7 ( 0.1
aNot determined.
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activities toDPPH free radicals and superoxide anions, respectively. In
the former assay, compounds 5, 6, 7, and 31 exhibited significant
DPPH free radical scavenging activity with inhibition percentage
higher than 50% (Table 2). Among these four compounds, (þ)-
pinoresinol (7) and sesamol (31) displayed relatively strong anti-
oxidant activities with their IC50 values (34.5 ( 1.1 and 37.3 (
2.9 μM, respectively) slightly lower or equivalent to that of the
reference compound vitamin C (38.6( 1.8 μM). In the latter assay,
BHT (butylated hydroxytoluene), an antioxidant food additive was
used a reference compound for the evaluation of inhibitory activity on
superoxide anions. The results showed that sesamolin (2) displayed
scavenging activity comparable to that of BHT while the other eight
compounds exhibited better scavenging activity, particularly when the
concentrations of the tested compounds increased in the range from
32.25 to 500 μM(Table 3). It is suggested that besides the abundant
sesamolin (2) and sesamin (3), their oxidative derivatives and other
minor sesame lignans may also be of nutritional and pharmacological
importance.
Chelating Ferrous Ions and Reducing Power of Sesame

Lignans. The capability of chelating ferrous ions of the purified
lignans 1-7 and the synthetic derivatives 30 and 31 were
measured. None of the examined compounds exhibited signifi-
cant chelation of ferrous ions at the tested concentration of
400 μM (data not shown). Moreover, the reducing power of
these sesame lignans was measured. Only sesamol (31) displayed
weak reducing power at 113 μM in comparison with the positive
control, vitamin C (Table 4). Taken together, the mechanisms
possibly involved in the protections of sesame lignans against
diseases are related to their scavenging activities on free radicals
caused by oxidative stresses.

’AUTHOR INFORMATION

Corresponding Author
*Tel: 886-4-22840328. Fax: 886-4-22853527. E-mail: tctzen@-
dragon.nchu.edu.tw.

Author Contributions
‡These two authors had the same contributions.

Funding Sources
The work was supported by grants from the National Science
Council, Taiwan, ROC (NSC 97-2313-B-150-002-MY3 to P.-C.
K. and NSC 96-2628-B-005-003-MY3 to J.T.C.T.).

’ACKNOWLEDGMENT

The authors are grateful to the National Center for High-
performanceComputing, Taiwan, for computer time and facilities.

’REFERENCES

(1) Namiki,M. Nutraceutical functions of sesame: a review.Crit. Rev.
Food Sci. Nutr. 2007, 47, 651–673.

(2) Osawa, T.; Namiki, M.; Kawakishi, S. Role of dietary antioxidants
in protection against oxidative damage. Basic Life Sci. 1990, 52, 139–153.

(3) Hirose, N.; Inoue, T.; Nishihara, K.; Sugano, M.; Akimoto, K.;
Shimizu, S.; Yamada, H. Inhibition of cholesterol absorption and
synthesis in rats by sesamin. J. Lipid Res. 1991, 32, 629–638.

(4) Hirose, N.; Doi, F.; Ueki, T.; Akazawa, K.; Chijiiwa, K.; Sugano,
M.; Akimoto, K.; Shimizu, S.; Yamada, H. Suppressive effect of sesamin
against 7,12-dimethylbenz[a]-anthracene induced rat mammary carci-
nogenesis. Anticancer Res. 1992, 12, 1259–1265.

(5) Fujiyama-Fujiwara, Y.; Umeda-Sawada, R.; Kuzuyama, M.; Igar-
ashi, O. Effects of sesamin on the fatty acid composition of the liver of
rats fed N-6 and N-3 fatty acid-rich diet. J. Nutr. Sci. Vitaminol. (Tokyo)
1995, 41, 217–225.

(6) Hou, R. C. W.; Huang, H. M.; Tzen, J. T. C.; Jeng, K. C. G.
Protective effects of sesamin and sesamolin on hypoxic neuronal and
PC12 cells. J. Neurosci. Res. 2003, 74, 123–133.

(7) Cheng, F. C.; Jinn, T. R.; Hou, R. C. W.; Tzen, J. T. C.
Neuroprotective effects of sesamin and sesamolin on gerbil brain in
cerebral ischemia. Int. J. Biomed. Sci. 2006, 2, 284–288.

(8) Nakano, D.; Kwak, C. J.; Fujii, K.; Ikemura, K.; Satake, A.;
Ohkita, M.; Takaoka, M.; Ono, Y.; Nakai, M.; Tomimori, N.; Kiso, Y.;
Matsumura, Y. Sesamin metabolites induce an endothelial nitric oxide-
dependent vasorelaxation through their antioxidative property-indepen-
dent mechanisms: possible involvement of the metabolites in the
antihypertensive effect of sesamin. J. Pharmacol. Exp. Ther. 2006,
318, 328–335.

Table 3. Superoxide Anion Scavenging Activity of Compounds 1-7, 30, and 31

inhibn percentage (%)

compd 32.25 μM 62.5 μM 125 μM 250 μM 500 μM

1 14.24( 0.58 21.66 ( 1.86 23.00( 4.57 36.57( 0.88 44.18( 1.64

2 11.26( 7.19 16.46( 2.89 21.37( 3.72 28.59( 6.07 22.23( 3.35

3 12.13( 2.68 14.34( 0.33 17.90( 0.73 26.18( 0.93 34.65 ( 0.60

4 11.07( 1.50 17.52( 2.67 19.15 ( 3.50 36.57( 2.52 40.81( 0.58

5 27.82( 1.89 28.78( 3.94 31.67( 3.19 41.39( 0.58 43.50( 0.44

6 16.07( 1.67 27.62( 0.60 28.78( 0.60 36.00( 1.30 43.98( 1.53

7 21.75( 1.76 22.04( 1.50 28.01( 8.58 37.73 ( 0.44 40.13( 0.83

30 20.40( 4.83 23.68 ( 2.17 33.49( 2.19 34.46( 0.76 39.75( 0.17

31 22.23( 5.25 25.89( 4.84 31.95( 0.17 35.03( 0.76 40.62( 1.20

BHT 22.23( 3.77 23.68( 4.13 22.14 ( 4.80 28.59( 6.09 29.26( 0.87

Table 4. Reducing Power of Compounds 1-7, 30, and 31

compd (113 μM) inhibn percentage (%)

1 5.0( 1.7

2 20.6( 1.0

3 9.1( 2.2

4 4.7( 0.7

5 2.4( 1.5

6 6.3( 2.0

7 12.4( 3.2

30 9.6( 3.9

31 34.8( 1.6

vitamin C 52.6( 1.6



3219 dx.doi.org/10.1021/jf104311g |J. Agric. Food Chem. 2011, 59, 3214–3219

Journal of Agricultural and Food Chemistry ARTICLE

(9) Akimoto, K.; Kitagawa, Y.; Akamatsu, T.; Hirose, N.; Sugano,
M.; Shimizu, S.; Yamada, H. 1993. Protective effects of sesamin against
liver damage caused by alcohol or carbon tetrachloride in rodents. Ann.
Nutr. Metab. 1993, 37, 218-224.
(10) Chen, W. L.; Lu, H. C.; Huang, H. Y.; Hwang, G. Y.; Tzen,

J. T. C. Sesame lignans significantly alleviate liver damage of rats caused
by carbon tetrachloride in combination with kava. J. Food Drug Anal.
2010, 18, 225–231.
(11) Moazzami, A.; Kamal-Eldin, A. Sesame seed is a rich source of

dietary lignans. J. Am. Oil Chem. Soc. 2006, 83, 719–723.
(12) Grougnet, R.; Magiatis, P.; Mitaku, S.; Terzis, A.; Tillequin, F.;

Skaltsounis, A. New lignans from the perisperm of Sesamum indicum.
J. Agric. Food Chem. 2006, 54, 7570–7574.
(13) Kaur, I. P.; Saini, A. Sesamol exhibits antimutagenic activity

against oxygen species mediated mutagenicity. Mutat. Res. 2000,
470, 71–76.
(14) Kapadia, G. J.; Azuine, M. A.; Tokuda, H.; Takasaki, M.;

Mukainaka, T.; Konoshima, T.; Nishino, H. Chemopreventive effect
of resveratrol, sesamol, sesame oil and sunflower oil in the Epstein-Barr
virus early antigen activation assay and the mouse skin two-stage
carcinogenesis. Pharmacol. Res. 2002, 45, 499–505.

(15) Suja, K. P.; Jayalekshmy, A.; Arumughan, C. Free radical
scavenging behavior of antioxidant compounds of sesame (Sesamum
indicum L.) in DPPH(*) system. J. Agric. Food Chem. 2004, 52
912–915.

(16) Chang, L. W.; Yen, W. J.; Huang, S. C.; Duh, P. D. Antioxidant
activity of sesame coat. Food Chem. 2002, 78, 347–354.

(17) Lee, C. K.; Chang, M. H. The chemical constituents from the
heartwood of Eucalyptus citriodora. J. Chin. Chem. Soc. 2000, 47, 555–560.
(18) Huang, X.; Yang, R. Z. A new hydroquinone diglucoside from

Lysimachia fordiana. Chem. Nat. Compd. 2004, 40, 457–459.
(19) Cui, J. G.; Fan, L.; Huang, L. L.; Liu, H. L.; Zhou, A. M.

Synthesis and evaluation of some steroidal oximes as cytotoxic agents:
structure/activity studies (I). Steroids 2009, 74, 62–72.
(20) Kikuchi, T.; Yokoi, T.; Niwa, M.; Shingu, T. Application of

homonuclear internuclear double resonance technique in triterpene
field. I. Nuclear Overhauser effects between methyl groups. Chem.
Pharm. Bull. 1977, 25, 2078–2081.
(21) Maiti, G.; Adhikari, S.; Roy, S. C. Stereoselective total synthesis

of (()-samin and the dimethoxy analogue, the general furofuran lignan
precursors. Tetrahedron 1995, 51, 8389–8396.

(22) Takano, S.; Ohkawa, T.; Tamori, S.; Satoh, S.; Ogasawara, K.
Enantio-controlled route to the furofuran lignans: the total synthesis of
(-)-sesamin, and (-)-acuminatolide. J. Chem. Soc., Chem. Commun.
1998, 3, 189–191.
(23) Sun, X. B.; Zhao, P. H.; Xu, Y. J.; Sun, L. M.; Cao, M. A.; Yuan,

C. S. Chemical constituents from the roots of Polygonum bistorta. Chem.
Nat. Compd. 2007, 43, 563–566.

(24) Katsui, N.; Matsue, H.; Hirata, T.; Masamune, T. Phytosterrols
and triterpenes in the roots of the “Kidney bean” (Phaseolus vulgaris L.).
Bull. Chem. Soc. Jpn. 1972, 45, 223–226.

(25) Lin, R. W.; Tsai, I. L.; Duh, C. Y.; Lee, K. H.; Chen, I. S. New
lignans and cytotoxic constituents from Wikstroemia lanceolata. Planta
Med. 2004, 70, 234–238.

(26) Chen, C. Y.; Chang, F. R.; Teng, C. M.; Wu, Y. C. Cheritamine,
a new N-fatty acyl tryptamine and other constituents from the sterms of
Annona cherimola. J. Chin. Chem. Soc. 1999, 46, 77–86.
(27) Noguchi, M.; Mochida, K.; Shingu, T.; Kozuka, M.; Fujitani, K.::

Uber die bestandteile der chinesischen droge “Ti-ku-’pi.” I. Isolierung
und constitution von lyciumamid, einem neuen dipeptid. Chem. Pharm.
Bull. 1984, 32, 3584–3587.

(28) Galland, S.; Mora, N.; Abert-Vian, M.; Rakotomanomana, N.;
Dangles, O. Chemical synthesis of hydroxycinnamic acid glucosides and
evaluation of their ability to stabilize natural color via anthocyanin
copigmentation. J. Agric. Food Chem. 2007, 55, 7573–7579.

(29) Yamazaki, K.; Nakamura, Y.; Kondo, Y. Solid phase synthesis of
indole carboxylates using palladium-catalyzed reactions. J. Org. Chem.
2003, 68, 6011–6019.

(30) Saladino, R.; Fiani, C.; Crestini, C.; Argyropoulos, D. S.; Marini,
S.; Coletta, M. An efficient and stereoselective dearylation of asarinin
and sesamin tetrahydrofurofuran lignans to acuminatolide by methyl-
trioxorhenium/H2O2 and UHP systems. J. Nat. Prod. 2007, 70, 39–42.

(31) Karzhaubekova, Z. Z.; Burasheva, G. S. Phytochemical study of
Kalidium capsicum. Chem. Nat. Compd. 2002, 38, 100–101.

(32) Abe, F.; Yahare, S.; Kubo, K.; Nowaka, G.; Okabe, H.; Nishioka,
I. Studies on Xanthoxylum spp. II. Constituents of the bark of Xanthox-
ylum piperitum DC. Chem. Pharm. Bull. 1974, 22, 2650–2655.

(33) Yang, Q; Ye, G. A new C-glucoside from Commelina communis.
Chem. Nat. Compd. 2009, 45, 59–60.

(34) Christodoulopoulou, L.; Tziveleka, M.; Tziveleka, L. A.; Vagias,
C.; Petrakis, P. V.; Roussis, V. Piperidinyl amides with insecticidal
activity from the maritime plantOtanthus maritimus. J. Agric. Food Chem.
2005, 53, 1435–1439.

(35) Sang, S.; Kikuzaki, H.; Lapsley, K.; Rosen, R. T.; Nakatani, N.;
Ho, C. T. Sphingolipid and other constituents from almond nuts
(Prunus amygdalus Batsch). J. Agric. Food Chem. 2002, 50, 4709–4712.

(36) Ding, H. Y.; Wu, Y. C.; Lin, H. C.; Chan, Y. Y.; Wu, P. L.; Wu,
T. S. Glycosides from Paeonia suffruticosa. Chem. Pharm. Bull. 1999,
47, 652–655.

(37) Shimada, K.; Fujikawa, K.; Yahara, K.; Nakamura, T. Antiox-
idative properties of xanthan on the autoxidation of soybean oil in
cyclodextrin emulsion. J. Agric. Food Chem. 1992, 40, 945–948.

(38) Fontana, M.; Mosca, L.; Rosei, M. A. Interaction of enkephalins
with oxyradicals. Biochem. Pharmacol. 2001, 61, 1253–1257.

(39) Yen, G. C.; Duh, P. D.; Chuang, D. Y. Antioxidant activity of
anthraquinones and anthrone. Food Chem. 2000, 70, 437–441.

(40) Liu, J. R.; Chen,M. J.; Lin, C.W. Antimutagenic and antioxidant
properties of milk-kefir and soymilk-kefir. J. Agric. Food Chem. 2005,
53, 2467–2474.


