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Vietnam is currently the second-largest exporter of rice in the world.
Rice bran is a by-product of the milling process. It makes up 14% of
the paddy rice seed weight. In the past, rice bran was only used as
feed for livestock. This gives very low economic value. Recently, a
little amount of rice bran is used in cosmetics and food by using
whole bran or bran oil. For improving the value and application of
rice bran, we study the composition of rice bran of Thai Binh rice
variety. Rice bran oil was extracted by using ethyl acetate extract.
From that, a y-oryzanol compound, 24-methylenecycloartanyl ferulate
(CGb55), was successfully isolated. Its structure was elucidated
by mass spectrometry (MS) and nuclear magnetic resonance (NMR).
Compound CG55 showed strong inhibition of enzyme a-glucosidase
with 1Csp at 5.03 pg/mL, weak antioxidant, and nontoxicity.

CHIET TACH VA XAC PINH HOAT TINH SINH HQC CUA y-ORYZANOL
TU CAM GAO (ORYZA SATIVA)

Nguyé&n Thanh Chung?, Lwu Pic Huy?, Hé Vin Khanh?, Hoang Quéc Viét?, Nguyén Phwong Thio?,

P6 Bich Hoa? Dwong Ngoc TU?* 7
Vién Cong nghé Sinh hoc va Cong nghé Thuc pham - Truong Dai hoc Mo Ha Ni
2\/ign Hba hoc - Vién Han 1am Khoa hoc va Cong nghé Viét Nam

THONG TIN BAI BAO TOM TAT

Viét Nam hién nay 1a nuéc xuat khau gao Ion thir hai trén thé gii.
Cam gao la san phim phu cia qué trinh xay xat gao. N6 chiém
khoang 14% trong luong hat thoc. Trude day, cam gao chi dugc dung
lam thirc an cho gia stic. Piéu ndy mang lai gia tri kinh té rat thap.
Gan day, mot lugng nho cdm gao dwoc sir dung trong my pham va
thuc pham bang cach sir dung nguyén cam hozc giau cam. Dé nang
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TU KHOA

cao gia tri va ung dung ctia cdm gao, ching tdi tién hanh nghién ctu
thanh phan cdm gao cua giéng lia Thai Binh. Dau c&m gao duogc
chiét suat bang cach st dung ethyl acetate. Tir d6, mot hop chat y-
oryzanol la 24-methylenecycloartanyl ferulate (CG55) da duoc tinh
sach thanh cong. Cau trdic cua n6é di dugce xac dinh bang phuong
phép khdi phd (MS) va cong huong tir hat nhan (NMR). Hop chat
CG55 thé hién kha niang wc ché manh enzyme a-glucosidase véi 1Cso
14 5,03 ug/mL, hoat tinh chéng oxy héa yéu va khong doc.
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1. Introduction

Vietnam is a long-standing wet rice agricultural country, so rice has a great value in the
country's economy. Rice is the main food for more than half the world’s population and as one of
the earth’s three major grain crops. It contains more than 100 bioactive compounds including
phytic acid, isovitexin, phytosterols, y-oryzanol, octacosanol, y-aminobutyric acid (GABA),
squalene, tocopherol, and tocotrienol derivatives [1], [2]. During the production and processing
of rice, a large by-product is rice bran. Most of the rice bran is used only as animal feed, but its
potential has not been fully exploited. In rice bran, there are many valuable nutrients such as
proteins, lipids, vegetable oils, glucosides, and vitamins. Among of those, y-oryzanol
shows good antioxidant activity, is good for health widely used in cosmetics, and has high
economic value [3]-[5]. Currently, y-oryzanol has been applied a lot in the production of
pharmaceuticals and cosmetics, but all are from imported sources. The y-oryzanol is a mixture of
phytosterols esterified with phenol, ferulic acid obtained from rice bran or rice bran oil [6], [7]. -
Oryzanol was first isolated from rice bran oil by Kaneko and Tsuchiya in 1954 and has been used
in Japan to treat anxiety, menopausal symptoms, stomach ulcers, and hyperlipidemia [8], [9]. The
major components of y-oryzanol include cycloartenyl ferulate (Oryzanol A), 24
methylenecycloartanyl ferulate (Oryzanol C), campesteryl ferulate, 4’-stigmastenyl ferulate,
stigmasteryl ferulate, A’-campestenyl ferulate, A’-sitostenyl ferulate, sitosteryl ferulate,
compestanyl ferulate, and sitostanyl ferulate [10].

In this study, we decided to isolate y-oryzanol from BC15 Thai Binh rice bran. Some
bioactive properties of y-oryzanol were also tested. The aim of this study is to improve the value
and application of rice bran in Vietnam.

2. Materials and methods

2.1. Materials

Rice bran was collected from BC15 Thai Binh rice variety. After milling to a fine-soft
standard, rice bran was sieved through a 180 um (80 mesh) filter, and dried at 60°C for about 45
minutes.

2.2. Isolation methods

The rice bran (1,5 kg) was extracted three times with n-hexane, ethyl acetate, and ethanol,
respectively. Then, the total extracts of each solvent were filtered and dried by a vacuum
evaporator to obtain n-hexane extracted crude (35.95¢), ethyl acetate extracted crude (131g), and
ethanol extracted crude (27.80g). Ethyl acetate extracted crude (45g) was separated on a silica gel
column, using a gradient n-hexane/ethyl acetate solvent system to obtain 100 fractions (F1-F100).
The F55 fraction was crystallized and purified by recrystallization in n-hexane to obtain
compound 1 (CG55; 120 mg) as a white, slightly yellow crystal.

2.3. Column chromatography, LC-MS, and NMR

Column chromatography (CC) was applied to purified y-oryzanol using silica gel as an
absorbent (Merck, Germany) with a particle size of 40-63 um.

Compounds obtained from rice bran were measured on a high-resolution mass spectrometry
system LC-MS QTOF, X500R at the Institute of Chemistry.

Purified compound (CG55) was dried and dissolved in CDCls, then, measured 'H NMR
spectra on a Bruker AV 600 spectrometer with TMS (tetramethylsilane) as the internal standard
at the Institute of Chemistry.

2.4. a-glucosidase inhibitory activity assay

The a-glucosidaseinhibitory activity was performed on a 96-well elisa plate. Each well
contains: 20 puL a-glucosidase (0.5 U/mL), 130 uL phosphate buffer 100 mM (pH 6.8) and 50 pL
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sample diluted in different concentrations in 10 mM phosphate buffer (pH 6.8) to achieve the
concentrations of 500, 100, 20.4 pg/mL, respectively. Mix well and incubate at 37°C for 15 mins.
Then, 50 uL of p-nitrophenyl-a-D-glucopyranoside (pNPG) (5 mM) was added to each well and
further incubated at 37°C for 60 mins. The reaction was stopped by adding 80 pL of 0.2 M
Na.COs and measuring the OD at 405 nm using an ELISA Plate Reader meter (Biotek). The I1Cso
value (50% inhibitory concentration) will be determined using TableCurve2Dv4 computer
software.

2.5. Antioxidant activity assay

The reaction consisted of 10 pL of reagent prepared in deionized water and 190 pL. of 1 mM
DPPH solution in Methanol (MeOH) on a 96-well plate. The antioxidant activity of CG55 was
determined at concentrations of 2.8, 32, 128, 512 ug/mL. The antioxidant activity of quercetin
was determined at concentrations of 0.5, 2, 8, 32 pg/mL. The reaction mix was incubated for 30
mins at 37°C. The free radical scavenging capacity of DPPH was determined by measuring at
517 nm. The experiment was repeated 3 times.

The % free radical trap of DPPH of the sample was calculated according to the following
formula:

SC% = (OD of control — OD of sample)/ OD of control (%)

ECso is calculated according to the SC value correlating with different concentrations of the

reagent.

2.6. Cytotoxic activity assay

Carcinoma cell line KB was grown in DMEM (Dulbeccos Modified Eagle Medium)
supplemented with 7-10% FBS (Fetal Bovine Serum), 1% antibiotics at standard conditions (5%
C02, 95% relative humidity, 37°C). Cells grown in log phase will be used for toxicity testing.

Add to each well 10 pl of substrate and 190 pl of cell solution at 3 x 10* cells/ml. The
substrate concentrations in the wells were 128, 32, 8, 2, and 0.5 pg/ml. The reference substrate
used was Ellipticine with concentrations of 12.8, 3.2, 0.8, and 0.2 pug/ml. The plate was incubated
at standard conditions. After 72 hours, each well was added 10 pl of MTT (5 mg/ml) and
incubated for 4 hours. After removing the medium, formaran crystals were dissolved with 100 pl
of 100% DMSO. The experimental results were determined by the OD at 540 nm on a Biotek
spectrophotometer. The experiment was repeated 3 times.

3. Results and discussion
3.1. Structure of CG55

After extracting the oil from the rice bran by using ethyl acetate. The oil crude was separated
on a silicagel column. CG55 was achieved in fraction 55 of purification process. CG55 was
analyzed by LC-MS and 'H NMR. The results showed in Figures 1 and 2. CG55 molecular
formula Ca1Hs904” was established by the LC-MS spectrometry at m/z 615.4415 [M - H*] (calcd.,
615.4413). Figure 2 and Table 1 shows *H NMR spectral data of CG55. *H NMR of CG55 data
show that CG55 contains 60 protons at ow 7.60 (1 H, H-3°, dd, 15.9, 1.6 Hz), 64 7.07 (1 H, H-9’,
ddd, 8.1, 6.1, 1.9 Hz), 8x 7.04 (1 H, H-5’, dd, 5.2, 1.9 Hz), &x 6.91 (1 H, H-8", dd, 8.2, 1.8 Hz),
o1 6.29 (1 H, H-2°, dd, 15.9, 13.8 Hz), 6+ 5.86 (1 H, H-OH, s), 6n 4.71 (1 H, H-3, d, 11.4 Hz), dn
3.93 (3 H, H-10°, d, 8.4 Hz), dn 2.24 (1 H, H-25", pd, 6.8, 1.1 Hz), &n 2.13 (1 H, H-23, ddd,
15.5, 11.3, 4.7 Hz), 6n 2.01 (1 H, H-11, ddd, 13.8, 6.7, 3.1 Hz), dx 1.93 (1 H, H-16, m), 64 1.89
(1 H, H-23, m), 8 1.84 (1H, H-2, m), 84 1.69 (2 H, H-1, H-2, H- m), 8x 1.64 (1 H, H-12, m), &
1.63 (1 H, H-17, m), én 1.60 (1 H, H-6, m), dn 1.58 (1 H, H-22, m), & 1.53 (1 H, H-8, m), on
1.45 (1H, H-5, m), 84 1.41 (1 H, H-20, dt, 6.2, 3.2 Hz), 84 1.34 (1 H, H-7, m), &4 1.30 (3 H, H-1,
H-15, H-16, m), 84 1.16 (1 H, H-11, H-11, m), 84 1.13 (1 H, H-22, m), 84 1.10 (1 H, H-7, m), 4
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1.04 (3 H, H-26, d, 5.3 Hz), on 1.03 (1 H, H-27, d, 3.3 Hz), &4 0.98 (6 H, H-18, H-30, s), 64 0.92
(3 H, H-31, s), 84 0.91 (3 H, H-29), s), 8+ 0.90 (3 H, H-21, s), 61 0.82 (1 H, H-6, d, 7.2 Hz), dn
0.61 (1 H, H-19, d, 4.1 Hz), 54 0.37 (1 H, H-19, d, 4.1 Hz). When comparing these data with *H
NMR data of 24-methylenecycloartanyl ferulate by Ito et al. [11], it is showed that CG55 is the
24-methylenecycloartanyl ferulate (Figure 3).

78.9674
550

500
450
400
350

300

Intensity, cps

250

200 144 9746

150

96.9780| 179 0667 2812574 6154415

’ ‘ (1930617 H\Ng 2427 ‘

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950
Mass/Charge, Da

Figure 1. Mass spectra of CG55
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Figure 2. 'H NMR spectra of CG55
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Figure 3. Structure of 24 methylencycloartanyl ferulate (CG55)

Table 1. Comparison of 'H NMR data of CG55 and 24-Methylenecycloartanyl ferulate

24-Methylenecycloartanyl ferulate

CG55 (*H NMR (600 MHz, CDCly)

Carbon positionC  8H (ppm)  Type, Hz, No. of H 6H (ppm)  Type, Hz, No. of H
1 1.68 m, 1H 1.69 m, 1H
1.29 m, 1H 1.30 m, 1H
2 1.84 m, 1H 1.84 m, 1H
1.68 m, 1H 1.69 m, 1H
3 4.72 dd (10.8, 4.8), 1H 4.71 d(11.4),1H
5 1.45 dd (16.2,4.2), 1H 1.45 m, 1H
6 1.60 m, 1H 1.60 m, 1H
0.82 dg (12.6, 2.4), 1H 0.82 d(7.2),1H
7 1.34 m, 1H 1.34 m, 1H
1.10 m, 1H 1.10 m, 1H
8 1.53 dd (12.8,4.8), 1H 1.53 m, 1H
11 2.01 dt (15.0, 8.4), 1H 2.01 ddd (13.8, 6.7, 3.1), 1H
1.15 m, 1H 1.16 m, 1H
12 1.63 t(7.8), 2H 1.64 m, 1H
15 1.30 m, 2H 1.30 m, 1H
16 1.93 m, 1H 1.93 m, 1H
1.30 m, 1H 1.30 m, 1H
17 1.62 m, 1H 1.63 m, 1H
18 0.98 s, 3H 0.98 s, 3H
19 0.60 d(3.9), 1H 0.61 d(4.1),1H
0.37 d(3.9), 1H 0.37 d(4.1),1H
20 1.40 m, 1H 1.41 dt(6.2,3.2), 1H
21 0.90 d (6.0), 3H 0.90 s, 3H
22 1.58 m, 1H 1.58 m, 1H
1.14 m, 1H 1.13 m, 1H
23 2.13 ddd (14.4,11.7, 4.5), 1H 2.13 ddd (15.5, 11.3,4.7), 1H
1.89 m, 1H 1.89 m, 1H
25 2.24 sep (7.2), 1H 2.24 pd (6.8, 1.1), 1H
26 1.04 d(7.2),3H 1.04 d (5.3), 3H
27 1.03 d(7.2),3H 1.03 d(3.3), 1H
28 4.72 brs, 1H 4.71 d(11.4),1H
4.67 1H 4.67 q(1.4),1H
29 0.90 s, 3H 0.91 s, 3H
30 0.98 s, 3H 0.98 s, 3H
31 0.92 s, 3H 0.92 s, 3H
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24-Methylenecycloartanyl ferulate CG55 (*H NMR (600 MHz, CDCl3)
Carbon position C  8H (ppm)  Type, Hz, No. of H 6H (ppm)  Type, Hz, No. of H
2’ 6.30 d (15.9), 1H 6.29 dd (15.9, 13.8), 1H
3 7.60 d (15.9), 1H 7.60 dd (15.9, 1.6), 1H
5’ 7.05 d(1.8), 1H 7.04 dd (5.2, 1.9), 1H
8’ 6.92 d(8.4), 1H 6.91 dd (8.2, 1.8), 1H
9 7.08 dd (8.4, 1.8), 1H 7.07 ddd (8.1, 6.1, 1.9), 1H
10° 3.94 s, 3H 3.93 d (8.4), 3H
OH 5.84 s, 1H 5.86 s, 1H

3.2. a-glucosidase inhibitory activity of CG55
Table 2. a-glucosidase inhibitory activity of CG55 and Acarbose

Concentration pg/mL % Inhibitor % Inhibitor
CG55 Acarbose
500 95.75 76.97
100 92.69 48.15
20 91.42 18.90
4 30.67 9.66
ICso 5.03+ 0.39 133.32+ 5.45

After that, o-glucosidase inhibition activity of CG55 was performed. The ICso of a-
glucosidase inhibition of CG55 in Table 2, it was showed that CG55 showed a very good a-
glucosidase inhibitory activity with 1Cso of 5.03 pg/mL. It is 26,5-fold higher than that of the
Acarbose with ICso of 133.32. ug/mL. It is shown that the a-glucosidase inhibition activity of
CG55 is strong.

3.3. Antioxidant activity of CG55
Table 3. Antioxidant activity of CG55

No. Sample Concentration (ug/ml) % free radical scavenging ECso (ug/ml)
512 100
128 47
1 CG55 32 6 149.74+5.06
8 0
2 0
32 100
Control ~ Quercetin 2 4%’5 9.97+0.25
0,5 0

Also, CG55 was tested of antioxidant activity. From the 1,1-diphenyl-2-picrylhydrazyl
(DPPH) free radical inhibitory activity of CG55 compared with Quercetin in Table 3, it indicated
that the ECs value of CG55 is 15 times higher than that of Quercetin. So, CG55 has weak
antioxidant activity than Quercetin.

3.4. Cytotoxic activity of CG55
Table 4. Cytotoxic activity of CG55 and Ellipticine

No. Sample Concentration (ug/ml) % Inhibition
128 51
32 33
1 CG55 8 26
2 19
ICso 122.67+2.58
2 Ellipticine I1Cso 0.22+0.01
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From the activity of CG55 and Ellipticine in Table 4, it is showed that the inhibition of CG55
with KB was decreased from 51 to 19% when the CG55 concentration from 128 to 2 pg/mL. And
CG55 has a 557,59-folded greater inhibitory activity than Ellipticine (Table 4). This means that
CG55 is not cytotoxic.

4. Conclusion

Compound CG55 was isolated from rice ban and elucidated the structure as 24-
Methylenecycloartanyl ferulate.

The biological activity test of CG55 indicated that it showed high a-glucosidase inhibitory
activity, weak antioxidant and non-cytotoxic.
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