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Abstract Three phytosterols of rare occurrence, schleicheol 2

(1), 7β-hydroxysitosterol (2), and 7α-hydroxysitosterol (3), were

isolated from the n-hexane fraction of rice (Oryza sativa) bran, for

the first time. Some nuclear magnetic resonance (NMR) assignments

in the literatures are inaccurate. This study employed two-

dimensional NMR experiments to identify exact peak assignments.

Keywords Oryza sativa L. · phytosterol · rice bran · schleicheol
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Rice (Oryza sativa) is one of the most important agricultural

products of Korea. Rice milling yields 70% of rice (endosperm) as

the major product, and 8% of rice bran as the by-products. The

main component of rice bran is proteins (38.1%), fats (30.0%) and

γ-oryzanol (0.12%) (Parrado et al., 2006). In comparison with

common vegetable oils, rice bran oil (RBO) has a qualitatively

different composition of several bioactive components such as γ-

oryzanol, tocotrienols, and phytosterols (McCaskill and Zhang,

1999; Kim and Godber, 2000). γ-Oryzanol and phytosterols of

RBO have the capacity to lower blood cholesterol and decrease

cholesterol absorption (Berger et al., 2005; Revilla et al., 2009;

Wilson et al., 2000). However, the active compounds of rice bran

are not investigated sufficiently. Feruloyl esters of triterpene

alcohols and sterols such as cycloartenol ferulate, 24-methylene-

cycloartanol ferulate, and sitosterol ferulate also have been

reported from the rice bran (Tanaka et al., 1971; Akihisa et al.,

2000; Fang et al., 2003). The present study was conducted to

search for phytosterols and yielded three phytsterols, schleicheol

2, 7β-hydroxysitosterol, and 7α-hydroxysitosterol, which were

relatively rarely found in plant system. Moreover, there are many

variances and inaccuracies found in the published NMR data of

the above described phytosterols, or there are a few reports for

NMR data (Roh et al., 2010; Santana et al., 2012). The present

study identified with certainty individual proton and carbon

signals using 2D NMR techniques, which include correlation

spectroscopy (COSY), heteronuclear single quantum correlation

(HSQC), and gradient heteronuclear multiple bond connectivity

(gHMBC).

Materials and Methods

Dried rice bran (200 kg) of O. sativa was extracted at 50oC with

60% aqueous ethanol (EtOH, 2,000 L×2) for 43 h, which resulted

in a concentrated extract (12 kg). The EtOH extract was successively

partitioned with water (27 L), n-hexane (27 L×2), EtOAc (27

L×2) and n-BuOH (25 L×2), yielding concentrated extract in n-

hexane (RBH, 2.2 kg), EtOAc (RBE, 1.5 kg), n-BuOH (RBB, 1.2

kg), and H2O (RBW, 6.74 kg) fractions. The concentrated rice

bran n-hexane fraction (RBH, 365 g) was subjected to a silica gel

(SiO2) column chromatography (c.c.) (Ø 13×15 cm) and eluted

with n-hexane-EtOAc (10:1, 14 L→7:1, 12 L→2:1, 4 L) resulting

in 12 fractions (RBH-1 to RBH-12). Fraction RBH-10 [9.5 g,

Ve/Vt (elution volume/total volume) 0.81–0.87] was subjected to

the silica gel c.c. (Ø 6×17 cm), and eluted with n-hexane-EtOAc

(10:1, 10 L→6:1, 2.5 L→4:1, 3 L→2:1, 2 L→1:1, 3 L) and CHCl3-

MeOH (8:1, 1.8 L→1:1, 1 L) to provide 23 fractions (RBH-10-1

to RBH-10-23). Fraction RBH-10-16 (774 mg, Ve/Vt 0.71–0.74)

was subjected to an ODS c.c. (Ø 4×5 cm), and eluted with
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acetone-H2O (3:1, 910 mL) resulting in 12 fractions (RBH-10-16-

1 to RBH-10-16-12). The fraction RBH-10-16-9 (45 mg, Ve/Vt

0.48–0.77) was subjected to the SiO2 c.c. (Ø 3×12 cm), and eluted

with n-hexane-EtOAc (3:1, 300 mL→2:1, 460 mL) resulting in 7

fractions (RBH-10-16-9-1 to RBH-10-16-9-7), with isolation of

compound 1 [RBH-10-16-9-2, 12.0 mg, Ve/Vt 0.13–0.24, TLC

(SiO2 F254) Rf 0.63 in n-hexane-EtOAc =1:3], compound 2

[RBH-10-16-9-3, 12.0 mg, Ve/Vt 0.24–0.49, TLC (SiO2 F254) Rf

0.45 in n-hexane-EtOAc =1:3], and compound 3 [RBH-10-16-9-

5, 8.6 mg, Ve/Vt 0.53–0.32, TLC (SiO2 F254) Rf 0.35 in n-hexane-

EtOAc =1:3].

Compound 1: white powder, m.p. 92-95oC, [α]D −58.4o (c 0.50,

CHCl3); EI/MS m/z 444 [M]+; IR (CaF2 window, ν) 3452, 1673

cm1; 1H-NMR (400 MHz, CDCl3, δH) 5.71 (1H, d, J =4.8 Hz, H-

6), 3.59 (1H, m, H-3), 3.33 (3H, s, 7-OCH3), 3.26 (1H, m, H-7),

0.96 (3H, s, H-19), 0.90 (3H, d, J =6.4 Hz, H-21), 0.83 (3H, t,

J =7.6 Hz, H-29), 0.80 (3H, d, J =7.6 Hz, H-26), 0.78 (3H, d,

J =6.8 Hz, H-27), 0.64 (3H, s, H-18); 13C-NMR (100 MHz,

CDCl3, δC) 146.13 (C-5), 120.72 (C-6), 73.92 (C-7), 71.38 (C-3),

56.80 (7-OCH3), 55.65(C-17), 48.46 (C-14), 45.84 (C-24), 42.75

(C-9), 42.30 (C-4), 42.08 (C-13), 39.03 (C-12), 37.43 (C-10),

37.18 (C-8), 36.73 (C-1), 36.13 (C-20), 33.94 (C-22), 31.44 (C-2),

29.15 (C-25), 28.24 (C-16), 25.98 (C-23), 24.26 (C-15), 23.07 (C-

28), 20.80 (C-11), 19.82 (C-27), 19.02 (C-21), 18.97 (C-26),

18.24 (C-19), 11.99 (C-29), 11.46 (C-18).

Compound 2: white powder, m.p. 157-158oC, [α]D −13.3o (c

0.50, CHCl3); EI/MS m/z 430 [M]+; IR (CaF2 window, ν) 3343,

1653 cm1; H-NMR (400 MHz, CDCl3, δH) 5.27 (1H, br s, H-6),

3.83 (1H, d, J =8.0 Hz, H-7), 3.52 (1H, m, H-3), 1.03 (3H, s, H-

19), 0.90 (3H, d, J =6.4 Hz, H-21), 0.83 (3H, t, J =7.6 Hz, H-29),

0.81 (3H, d, J =7.6 Hz, H-26), 0.79 (3H, d, J =6.8 Hz, H-27), 0.67

(3H, s, H-18); 13C-NMR (100 MHz, CDCl3, δC) 143.47 (C-5),

125.46 (C-6), 73.35 (C-7), 71.43 (C-3), 55.98 (C-14), 55.41 (C-

17), 48.29 (C-9), 45.88 (C-24), 42.94 (C-12), 41.73 (C-4), 40.93

(C-13), 39.57 (C-8), 36.96 (C-1), 36.44 (C-10), 36.09 (C-20),

34.00 (C-22), 31.58 (C-2), 29.19 (C-23), 28.53 (C-16), 26.38 (C-

15), 26.17 (C-25), 23.08 (C-28), 21.09 (C-11), 19.79 (C-27),

19.14 (C-19), 19.03 (C-21), 18.83 (C-26), 11.97 (C-29), 11.81 (C-

18).

Compound 3: white powder, m.p. 219-220oC, [α]D −72.7o (c

0.50, CHCl3); EI/MS m/z 430 [M]+; IR (CaF2 window, ν) 3261,

1652 cm1; 1H-NMR (400 MHz, CDCl3, δH) 5.59 (1H, d, J =5.2

Hz, H-6), 3.83 (1H, br s, H-7), 3.55 (1H, m, H-3), 0.97 (3H, s, H-

19), 0.90 (3H, d, J =6.4 Hz, H-21), 0.83 (3H, t, J =7.6 Hz, H-29),

0.81 (3H, d, J =7.6 Hz, H-26), 0.79 (3H, d, J =6.8 Hz, H-27), 0.66

(3H, s, H-18); 13C-NMR (100 MHz, CDCl3, δC) 146.24 (C-5),

123.86 (C-6), 71.33 (C-3), 65.36 (C-7), 55.70 (C-17), 49.42 (C-

14), 45.82 (C-24), 42.26 (C-9), 42.13 (C-4), 42.01 (C-13), 39.17

(C-12), 37.51 (C-10), 37.39 (C-1), 37.00 (C-8), 36.10 (C-20),

33.91 (C-22), 31.37 (C-2), 29.12 (C-23), 28.27 (C-16), 25.91 (C-

25), 24.30 (C-15), 23.05 (C-28), 20.69 (C-11), 19.79 (C-27),

19.02 (C-21), 18.79 (C-26), 18.23 (C-19), 11.98 (C-29), 11.62 (C-

18).

Results and Discussion

Compound 1, a white powder, showed the absorbance bands of

the hydroxy (3452 cm−1) and olefin (1673 cm−1) groups, and the

molecular weight was determined as 444 from the molecular ion

peak m/z 444 [M]+ in the EI/MS spectrum. The 1H-NMR (400

MHz, CDCl3) spectrum showed an olefin methine proton signal at

δH 5.71 (1H, d, J =4.8 Hz, H-6). Two oxygenated methine proton

signals and a methoxy signal were also observed at δH 3.59 (1H,

m, H-3), 3.33 (3H, s, 7-OCH3), and 3.26 (1H, m, H-7), respectively.

In upfield region, several methylene and methine proton signals

were observed. Additionally, two singlet methyl proton signals at

δH 0.96 (3H, s, H-19) and 0.64 (3H, s, H-18); three doublet methyl

proton signals at δH 0.90 (3H, d, J =6.4 Hz, H-21), 0.80 (3H, d,

J =7.6 Hz, H-26), and 0.78 (3H, d, J =6.8 Hz, H-27); and a triplet

methyl proton signal at δH 0.83 (3H, t, J =7.6 Hz, H-29) were

observed. The above mentioned proton signals indicated that

compound 1 was a sterol. The 13C-NMR (100 MHz, CDCl3)

spectrum of compound 1 showed 29 carbon signals except for a

methoxy carbon signal, which confirmed that compound 1 had a

stigmane skeleton moiety. Among them, an olefin quaternary

carbon signal at δC 146.13 (C-5); an olefin methine carbon signal

at δC 120.72 (C-6); two oxygenated methine carbon signals at δC

73.92 (C-7) and 1.38 (C-3); and a methoxy carbon signal at δC

56.80 (7-OCH3) were detected. In upfield region, several methylene

and methine carbon signals along with six methyl carbon signals

are observed at δC 19.82 (C-27), 19.02 (C-21), 18.97 (C-26),

18.24 (C-19), 11.99 (C-29), and 11.46 (C-18). The gHMBC

spectrum enabled us to establish the locations to be connected

Fig. 1 Chemical structures of the isolated compounds from the rice (Oryza sativa) bran.
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among the methoxy group, hydroxyl group, double bond, and

methyl group of compound 1. The olefin methine proton signal

(δH 5.71, H-6) was correlated with the oxygenated methine carbon

signal (δC 73.92, C-7), the methylene carbon signal (δC 42.30, C-

4), and the methine carbon signal (δC 37.18, C-8). The methoxy

proton signal (δH 3.33, 7-OCH3) was correlated with the oxygenated

methine carbon signal (δC 73.92, C-7). The methyl proton signals

showed cross peaks with several carbon signals; H-19 (δH 0.96)

with the olefin quaternary carbon signal (δC 146.13, C-5), the

methine carbon signal (δC 42.75, C-9), the quaternary carbon

signal (δC 37.43, C-10), and the methylene carbon signal (δC

36.73, C-1); H-21 (δH 0.90) with the methine carbon signals [(δC

55.65, C-17), (δC 36.13, C-20)] and the methylene carbon signal

(δC 33.94, C-22); H-29 (δH 0.83) with the methine carbon signal

(δC 45.84, C-24) and the methylene carbon signal (δC 23.07, C-

28); H-26 (δH 0.80) and H-27 (δH 0.78) with the methine carbon

signals [(δC 45.84, C-24), (δC 29.15, C-25)] and the methyl carbon

signals of each other [(δC 19.82, C-27), (δC 18.97, C-26)]; and H-

18 (δH 0.64) with the methine carbon signals [(δC 55.65, C-17),

(δC 48.46, C-14)], the quaternary carbon signal (δC 42.08, C-13),

and the methylene carbon signal (δC 39.03, C-12). Thus, from the

above data, compound 1 was identified as 3-hydroxy-7-methoxy-

stigmast-5-ene. The stereo structure of the hydroxyl (3-OH) and

methoxy group (7-OCH3) are confirmed as β and α-configuration,

respectively, by comparing the NMR data and specific optical

rotation ([α]D -58.4o (c 0.50, CHCl3) with those described in the

literature (Pettit et al., 2000; Santana et al., 2012). Finally, on the

basis of comparison of the physicochemical and spectroscopic

data with those of the literatures (Pettit et al., 2000; Niu et al.,

2001; Santana et al., 2012), compound 1 was identified as 3β-

hydroxy-7α-methoxystigmast-5-ene, schleichenol 2. Some carbon

chemical shifts such as C-23 and C-25 in the literature (Santana et

al., 2012) are partly different from those obtained in this study, but

they are certainly determined by 2D-NMR.

Compound 3, a white powder, showed the absorbace bands of

the hydroxy (3,261 cm-1) and olefin (1,652 cm−1) groups, and the

molecular weight was determined as 430 from the molecular ion

peak m/z 430 [M]+ in the EI/MS spectrum. The NMR data of

compound 3 was similar with those of compound 1 except for the

absence of a methoxy group. Based on the 1H- and 13C-NMR data

as well as by comparison of the data with those of the literatures

(Zhang et al., 2005; Cui et al., 2011; Roh et al, 2012; Santana et

al., 2012), compound 3 was determined as 7α-hydroxysitosterol

(3β,7α-dihydroxystigmast-5-ene).

Compound 2, a white powder, showed the absorbance bands of

the hydroxy (3,343 cm−1) and olefin (1,653 cm−1) groups, and the

molecular weight was determined as 430 from the molecular ion

peak m/z 430 [M]+ in the EI/MS spectrum. The NMR data of

compound 2 was very similar to those of compound 3, with the

exception of the stereosturucture of the hydroxyl group at C-7.

The 1H-NMR (400 MHz, CDCl3) spectrum of compound 2

showed the proton signals as δH 5.27 (1H, br s, H-6) and 3.83 (1H,

d, J =8.0 Hz, H-7), instead of the proton signala as δH 5.59 (1H,

d, J =5.2 Hz, H-6) and 3.83 (1H, br s, H-7) in the spectrum of

compound 3. In the 13C-NMR (100 MHz, CDCl3) spectrum of

compound 2, carbon signals were observed as δC 125.46 (C-6),

73.35 (C-7), and 39.57 (C-8), which were shifted towards the

downfield region compared to the carbon signals of compound 3

as δC 123.86 (C-6), 65.36 (C-7), and 37.00 (C-8). Additionally, the

specific rotation of compound 2 was observed as [δ]D −13.3o (c

0.50, CHCl3), instead of [α]D −72.7o (c 0.50, CHCl3) of compound

3. Therefore, the configuration of the hydroxyl group at C-7 was

identified as a β form (Chang et al., 2003; Cui et al., 2011).

Consequently, by comparison of the data with those of the

literatures (Zhang et al., 2005; Lee et al., 2009; Roh et al., 2010;

Cui et al., 2011), compound 2 was identified as 7β-hydroxy-

sitosterol (3β,7β-dihydroxystigmast-5-ene). Some carbon chemical

shifts such as C-12, 13, 8, 23, and 25 in the literature (Roh et al.,

2010) are partly different from those obtained in this study, but

they are certainly determined by 2D-NMR. Compounds 1-3 were

isolated for first time from rice bran.

Even though NMR is the most typically employed instrument

to identify the sterols, there are many variances and inaccuracies

in the published NMR data. Especially, lots of the methine and

methylene proton signals for the sterol moiety overlapped at

upfield. Thus, one-dimensional-NMR techniques do not give enough

information for identification of each. To date, peak assignments

in NMR data for these types of materials have been based on

previously reported data. However, much of the earlier data may

be erroneous due to instrument-resolution limitations. The definite

assignments of the NMR data were established by the intensive

examination of the extensive NMR experiments including COSY,

HSQC, and gHMBC.

As a result, the phytosterols 1-3 were isolated and identified in

this study together with the exact assignment of their NMR data.

The isolated sterols have been reported in the literatures for

antitumor (Pettit et al., 2000; Rho et al., 2010), anti-inflammatory

(Cui et al., 2011), anti-cancer (Roussi et al., 2005), and antifeedant

(Santana et al., 2012) activities. These findings may facilitate the

use of by-product of rice processing in the fields of functional

food and pharmaceutical preparation.
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