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Investigation of Antioxidative Compounds from Oil Plant Seed
Summary: Antioxidative compounds in rape, safflower, and cotton seed oil cakes were investigated in order to
find more potent and safer antioxidants for use in food additives or functional food. Six compounds were isolated
from rape seed oil cake, nine from safflower, and five from cotton, by assaying DPPH radical scavenging activity
and the inhibitory activity on lipid peroxidation. Inhibitory activity on AGEs production and supercoiled DNA
strand scission preventing activity were also evaluated as other antioxidative activities in major compounds from
safflower seed oil cake. The safflower seed oil cake has the potential to become a good source of antioxidative
compounds because it contained a significant amount of antioxidative compounds and their glucosides.
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Much attention has been given in Japan recently to
use of antioxidants for prevention of diseases caused by oxidative damage in our body and/or by lipid peroxidation in food. BHA (2- or 3-t-butyl-4hydroxyanisole), BHT (buthylhydroxy toluene) , tocopherol and ascorbic acid are used as food additives; tocopherol and ascorbic acid are used by our
body for defense against oxidative damage.1,2 However, synthetic antioxidants are often associated

with problems of carcinogenicity, and it remains desirable to identify more potent and safer antioxidants for food additives or to use functional food
from natural sources.
Most higher plant species require sunlight for their
photosynthesis, but at the same time UV in sunlight
and oxygen in air combine to cause oxidative damage to the plants. Plants have been determined to pos-
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sess a variety of antioxidative compounds in order
to protect themselves from such oxidative damage.
In fact, many antioxidative compounds have been
isolated from plants, such as flavonoids, anthocyanidins, and other phenolic and olefinic compounds.
In the course of our investigation of antioxidative
compounds, we focused on oil plant seeds, because
they should contain antioxidants to protect their
fatty acids in the seed from sunlight and other oxidative damage. However, separation of the oil
(triglycerides) in the seed from desired compounds
is a complicated process, so we chose the oil cake as
the source of the compounds. As the oil cake is the
waste of the oil industry, its utilization in the investigation should also help in part to solve ecological
problems. Described herein is isolation of antioxidative compounds from several oil cakes by assaying
DPPH (diphenylpicrylhydrazyl) radical scavenging
activity and inhibition of lipid peroxidation.

Figure 1. Structures of the compounds from rape seed oil cake
(1~6).

Compound 1 was a simple but unknown optically
active phenolic compound. The position of methoxy
groups was determined by NOE. The absolute configuration of 1 was confirmed as S by comparison of
the optical rotations of natural 1 with those of
synthesized 1. The configurations of both isomers of
synthesized 1 were determined by preparation of
methoxytrifluoromethylphenyl acetate (MTPA ester) of the intermediate to apply modified Mosher’s
method4, as shown in Scheme 1. Compounds 2-4
and 6 possessed the cyano group in the molecule.

Antioxidative Compounds from Oil Cake
From Rape Seed Oil Cake3
Rape seed oil is one of the widely used vegetable oils
in the world, especially in eastern Asia. As the production and consumption are very high, research is
underway on a recycling system for used rape seed
oil as fuel for diesel engines. However, rape seed oil
cake has generally been used only for fertilizer, and
most of the cake is discarded as waste. Thus we focused on the rape seed oil cake as a source of antioxidative compounds.
Rape seed oil cake (500 g) was extracted with MeOH, the extract was partitioned between hexane and
MeOH, and the MeOH soluble material was further
partitioned between AcOEt and water. As the AcOEt soluble fraction showed antioxidative activity,
the AcOEt soluble material was separated on repeated silica-gel column chromatography and/or reversed-phase HPLC to give compounds 1 (6.2 mg), 2
(3.4 mg), 3 (1.9 mg), 4 (9.9 mg), 5 (32.0 mg), and 6 (2.1
mg) (Fig. 1).
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Scheme1.a) t-butyldimethylsilyl chloride, imidazole in DMF, b)
NaBH4 in EtOH, c) N-boc glutamic acid d-benzyl ester,
dicyclohexyl carbodiimide (DCC), dimethylaminopyridine (DMAP) in CH2Cl2, d) SiO2 c.c. separation, e) 1%
aq. Na2CO3 in MeOH, f) MeI, NaH in THF, g) TBAF in
THF, h) R- or S-methoxytrifluoromethylphenylacetic
acid, DCC, DMAP in CH2Cl2.

The antioxidative activities of 1-6 were evaluated by
DPPH (diphenylpicrylhydrazyl) radical scavenging
assay and ferric thiocyanate method. DPPH radical
scavenging assay is a popular and simple method
for finding antioxidants by measuring absorbance at
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520 nm (purple) due to DPPH radical. When the radical is scavenged by antioxidants to produce neutral hydrazine, the absorbance at 520 nm is reduced
(Fig. 2). In our case, the tested compounds were added to DPPH solution in EtOH (1.5 x 10-4 M) and the
absorbance at 520 nm was measured after 30 min.
The inhibition rate was calculated by the comparison of absorbance of the control.5

Figure 2. The structure of DPPH radical and the scavenged radical.

Ferric thiocyanate method is one of the systems for
determining the antioxidative activity of the compounds by measuring the degree of lipid peroxidation.
Fatty acid peroxides change Fe2+ to Fe3+, and the generated Fe3+ forms red colored ferric thiocyanate,
which is absorbed at 500 nm. In our experiment, linoleic acid was used as the substrate, and incubated
with samples. A small portion was taken from the
mixture every 24 h and added to the measuring solution containing Fe2+ and thiocyanate ion. The absorbance at 500 nm of this measuring solution was
measured to determine the degree of lipid peroxidation in the mixture (Fig. 3).6

In the DPPH radical scavenging activity assay, compounds 2 and 3 indicated strong activity comparable to a-tocopherol, a most popular lipophilic natural
antioxidant, and BHA (2- or 3-t-butyl-4-hydroxyanisole), a synthesized antioxidant (Table 1). The other
compounds were inactive in this assay, while all
compounds were potent in the ferric thiocyanate
method (Fig. 4). Compounds 3, 4, and 5 showed
moderate activity, and 1, 2, and 6 inhibited lipid peroxidation comparable to BHA and a-tocopherol.
The phenolic OH group is said to be one of the essential partial structures for antioxidative activity,
but compounds 2 and 3 are nitrile without phenolic
function. This result implied that the cyano group
also gives antioxidative activity to the compounds.
Table 1. DPPH radical scavenging activity of compounds 1-6 from rape seed oil cake.

Compounds
1
2
3
4
5
6
BHA
α-tocopherol

Scavenge (%)
0.5 mM
0.1 mM
28.3
5.3
0.0
0.0
3.2
0.5
0.2
0.2
40.1
4.4
75.8
9.1
48.1
6.7
77.4
8.0

Figure 4. Inhibitory activity on lipid peroxidation of compounds

Figure 3. Illustration of the procedure of ferric thiocyanate
method.

1~6 from rape seed oil cake determined by ferric thiocyanate method.
1;
2;
3;
4;
5;
6;
;
BHA,
, α-tocopherol; , control.
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From Safflower Seed Oil Cake7-9
Safflower is one of the important medicinal plants in
Kampo (a traditional medicine originating in China
later developed in Japan). The petals have been used
in women’s medicine, and are an important origin of
natural red dye. The paste of the petals is sometimes
used as natural rouge in Japan. Recently, the seeds
are emerging as a major source of vegetable oil, and
one of the most popular oils with good quality in Japan. For the next investigation, we focused on this
oil cake.
Safflower oil cake (300 g) was extracted with MeOH,
the extract was partitioned between hexane and 80%
aq.MeOH, and the 80% aq.MeOH soluble material
was further partitioned between AcOEt and water.
The antioxidative AcOEt soluble material (7.9 g) was
separated on repeated silica-gel column chromatography and reversed-phase HPLC to give 5 active
compounds: 7 (322 mg), 8 (371 mg), 9 (4 mg), 10 (18.1
mg), and 11 (12.4 mg), together with inactive compound 12 (971 mg) (Fig. 5). As the inactive fraction
afforded similar spots to those of 7-11 on silica-gel
TLC, the fraction was separated on HP 20 and silicagel column chromatography followed by HPLC to
give compounds 13 (184 mg) and 14 (396 mg), together with another phenolic compound, 15 (52 mg).

Figure 5. The structures of compounds from safflower seed oil
cake (7~15).

The structures of these compounds were determined by measurement of NMR and MS spectra, and
these compounds were found to be serotonin derivatives, N-feruloylserotonin(7), N-(p-coumaroyl)se206

rotonin(8), their dimers(9-11), their 7-O-b-D-glucosides(13,14), 2-hydroxyarctiin glycoside(12) and matairesinol glycoside(15). The dimers(9-11) had the atrope isomeric axis, but their optical rotations were 0.
This result implied that they were racemic compounds and might be artifacts or that they might have
been produced by oxidative coupling in nature.
Table 2. DPPH radical scavenging activity of compounds 7-15 from safflower oil cake and the
derivatives 16-18.

Compounds
7
8
9
10
11
12
13
14
15
16
17
18
BHA
α-tocopherol

Scavenge (%)
0.5 mM
0.1 mM
75
60
77
53
79
51
79
52
64
22
5.3
2.9
28
9.0
0.0
1.0
12
2.8
64
16
77
53
22
9.2
51
18
78
33

Compounds 7-11 showed strong antioxidative activity in both ferric thiocyanate method and DPPH radical scavenging assay, while glucosides(12-15) were inactive (Table 2, Fig. 6). In order to clarify structure-activity relationship of these serotonin derivatives, we prepared the compound without olefin(16)
by reduction of 8, and the compound without OH at
coumaroyl moiety(17) by methylation of 14 followed
by cleavage of glucose moiety (Scheme 2). Both 16
and 17 were less active than 8, but still showed activity. These results indicated that OH at 7-position of
serotonin moiety was essential for the antioxidative
activity, and the olefin conjugating to aromatic ring
and phenolic OH at coumaroyl moiety supported
the activity (Table 2, Fig. 7). From the same point of
view, 12 was hydrolyzed to obtain the aglycone, 2hydroxyarctiin(18), and both activities were evalu-
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ated. 2-Hydroxyarctiin (18) showed moderate activity, and the phenolic group should also be essential for this class of compound.

und(12), which was regarded as pro-compound of
moderately active 2-hydroxyarctiin(18), was also
contained at a level of approximately 0.3% in the oil
cake (almost 1 g from 300 g of the oil cake). From
these results, safflower seed oil cake should be a good antioxidant source, if the safety of 7, 8 and 2hydroxyarctiin(18) is established.
From Cotton Seed Oil Cake 10

Scheme 2. Preparation of the compound without olefin (16) by
reduction of 8, and the compound without OH at
coumaroyl moiety (17) by methylation of 14 followed
by cleavage of glucose moiety.

Cotton is the one of the important plants in the
world because the fiber around the seed is utilized
for clothes world-wide. The oil from seeds is also
used as a digestive oil in many countries. Thus, we
focused on the world-wide cultivated cotton seed.
The MeOH extract (500 g) was partitioned between
the solvents in the same manner as with the former
oil cakes. As AcOEt layer (2.1 g) gave the spots of
phenolic and antioxidative compounds on the TLC,
we isolated these compounds using silica-gel column chromatography and reversed-phase HPLC to

Figure 6. Inhibitory activity on lipid peroxidation of compounds

7~15 from safflower seed oil cake determined by ferric
thiocyanate method.
7;
8;
9;
10;
11;
12;
13;
14;
15; control;
, α-tocopherol;
, BHA.

give 5 phenolic compounds: protocatechuic acid (19,
7.0 mg), (-)-catechin (20, 6.3 mg), isoquercitrin (21,
5.7 mg), and two new sesquiterpene glycosides (22,
5.0 mg; 23, 0.6 mg) (Fig. 8). The positions of glucose

Figure 8. The structures of the compounds from cotton seed oil
Figure 7. Inhibitory activity on lipid peroxidation of compounds

16~18 derived from 8, 12 and 14 determined by ferric
thiocyanate method
8;
12;
14;
16;
17;
18;
control;
α-tocopherol;
BHA.

It is noteworthy that compounds 7 and 8 were very
potent and their yield from oil cake was very high,
more than 0.1%. In addition, glucosides 13 and 14
were yielded at more than 0.1% from the oil cake,
and they are considered as the pro-7 and 8. Compo-

cake19-23.

in 22 and 23 were determined by HMBC correlations
from anomeric protons to C-2 and C-1, respectively.
The relative configurations of 22 and 23 were determined by NOE between methyl groups at C-1 and at
isopropyl group together with 2-H and 4-H (Fig. 9).
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Other Antioxidative Activities of the Compounds

Figure 9. Relative configurations of 22 and 23 determined by
NOE

The coupling constants of H-2/H-3ax (12.8 Hz) and
H-3ax/H-4 (12.2 Hz) also supported the configuration. We attempted to confirm the absolute configurations of 22 and 23 by measurement of CD spectra of
their 1- or 2-O-benzoate, but the preparation was
unsuccessful. Compounds 19-21 were potent in
DPPH radical scavenging activity and showed moderate activity in inhibition of lipid peroxidation.
Compounds 22 and 23 were inactive in both assays
(Table 3, Fig. 10). Based on this investigation, cotton
seed oil cake may not be suitable for the source of
antioxidative compounds.
Table 3. DPPH radical scavenging activity of compounds 19-23 from cotton oil cake.

Compounds
19
20
21
22
23
BHA
α-tocopherol

Scavenge (%)
0.5 mM
0.1 mM
72.0
19.6
66.7
24.9
65.6
40.8
1.2
1.7
2.9
2.3
51
18
78
33

Figure 10.Inhibitory activity on lipid peroxidation of compounds

19~23 from cotton seed oil cake determined by ferric
thiocyanate method.
19;
20;
21;
22;
23;
control;
α-tocopherol;
, BHA.
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As explained above, we assayed the antioxidative
activities by DPPH radical scavenging assay and ferric thiocyanate method. These methods are popular,
but they reflect small aspects of antioxidative activity. Thus, we also tested the following two activities on the serotonin derivatives(7,8), which were isolated from safflower oil cake in large amounts together with their glucosides, in order to confirm the other aspects of these antioxidative compounds. If
they have certain activities, these compounds
and/or the oil cake might become useful antioxidative material. At the same time, we tested 2-hydroxyarctiin glucoside(12), obtained from the seed in a
higher amount than 7 and 8, and its genin, 2-hydroxyarctiin(18).
Inhibitory Activity of Advanced Glycation end Products (AGEs) Production
Inhibitory activity of advanced glycation end products (AGEs) production is one of the activities related to antioxidants. AGEs are mainly produced in
vivo by the reaction of sugar (aldehyde) with protein (amino group) followed by Amadori rearrangement and successive oxidation (Fig. 11). Ketones or
aldehydes produced by oxidation of sugars can also
become the source of AGEs. Since AGEs are modified proteins losing their original functions, they are
believed to cause many syndromes accompanying
diabetes. The high glucose level in blood increases
the chance of sugar reaction with protein which proceeds to the accumulation of AGEs. It is said that 6
million people in Japan are diabetics. Antioxidants
should inhibit the production of AGEs and could
prevent worsening of the syndromes. As some major AGEs such as crossline and pentosidine have fluorescence, the fluorescence induced by the incubation of sugar and protein with and without test compounds was measured in in vitro screening to evaluate the inhibitory activity.11 In our case, the solution
of ribose and bovine serum albumin (BSA) was incubated with isolated compounds at 60°C for 24 h,
and the fluorescence of the resulting solutions was
measured at ex 370 and em 440 nm. Aminoguanidine and quercetin were also tested as the positive
controls. In this assay, serotonin derivatives(7,8) were potent comparable to quercetin, and inhibited
AGE production concentration-dependent. Both lig-
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nan glycoside(12) and its genin(18) were inactive.
Many researches are using aminoguanidine as positive control because it is said to be active against
AGE production, but this compound showed no activity in this system (Table 4).
Table 4. Inhibitory activity on AGE production of 7,
8, 12, and 18

Compounds
7
8
12
18
aminoguanidine
q

Inhibition (%)
0,2 mg/mL 0.5 mg/mL
17.3
51.2
21.0
53.7
–2.3
11.5
–5.3
7.2
5.4
9.3
57.1
84.2

Figure 12. Illustration of supercoiled DNA damaged by oxidation.

the alteration of DNA from Form I to III via II in the
presence of H2O2 as source of active oxygen and
FeSO4 as radical initiator.12 As antioxidants themselves sometimes turn to radical species when they trap
radicals, DNA scission activity of the compounds was
also evaluated in this system by incubating supercoiled plasmid DNA without H2O2. For example, quercetin, one of the most potent antioxidants, showed
DNA scission activity as shown in Fig. 13.
A
2.0 kb

Figure 11. The proposed mechanism of the inhibition of AGE production by antioxidants.

C

E
2.0 kb

Active oxygen species damage DNA, and this is believed to be one of the possible initial steps of cancer.
In order to evaluate the DNA protection activity, supercoiled DNA strand scission preventing activity
was measured. Plasmid DNA has certain conformation as supercoiled type (Form I), but small damage
changes the conformation to nicked open circular
type (Form II). The DNA with severe damage then
becomes linear (Form III) (Fig. 12). In this assay, activity of the compounds was evaluated by detecting

without
H 2 O2 addition
H2 O 2
0 0.2 0 0.05 0.1 0.2 (mM)
FormII
FormIII
2.0 kb
FormI

2.0 kb

Supercoiled DNA Strand Scission
Preventing Activity

without
H 2 O2 addition
H2 O 2
0 0.2 0 0.05 0.1 0.2 (mM)
FormII
FormIII
FormI 2.0 kb

B

D

without
H2 O 2 addition
H2 O2
0 0.2 0 0.05 0.1 0.2 (mM)
FormII
FormIII
FormI
without
H2 O 2 addition
H2 O2
0 0.2 0 0.05 0.1 0.2 (mM)
FormII
FormIII
FormI

without
H 2 O2 addition
H2 O 2
0 0.2 0 0.05 0.1 0.2 (mM)
FormII
FormIII
FormI

Figure 13. Agarose gel electrophoresis of supercoiled DNA treated with and without H2O2 in the presence of 7 (A), 8 (B),
12 (C), 18 (D), and quercetin (E). A mixture of supercoiled pGEM 7zf(+) DNA, each compound at the indicated final concentration, and 30 mM FeSO4 in 1 mM
citrate buffer (pH 7.4) was incubated with or without 9
M H2O2 at 37°C for 1 h. The electrophoretic positions of
the supercoiled (Form I), nicked open circular (Form II)
and linear DNA (Form III) are indicated.

In contrast to inhibitory activity of AGE production,
18 strongly inhibited DNA scission. It inhibited the
production of Forms II and III, and protected Form I
from active oxygen (Fig. 13). The serotonin derivatives(7,8) also protected supercoiled DNA, but the activity was not as strong as with(18). As none of the
tested compounds showed DNA scission activity,
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nogenicity of butylated hydroxyanisole (BHA), Foods

these major compounds from safflower oil cake were clarified to be safe to DNA.

Food Ingredients J. Jpn., 167, 98-104, 1996.
3

SUMMARY
As mentioned above, we were able to determine
many antioxidative compounds from oil cakes, the
waste produced of the food industry. Safflower oil
cake in particular was found to contain large amounts of antioxidative compounds and their glucosides, which were realized as pro-active compounds.
Unfortunately, compounds 7-11, 13, and 14 contained serotonin moiety in their structures. Serotonin
is one of the important signal molecules in the central nervous system, and molecules having moiety
may cause various biological activities. Thus, the toxicity and other activities of these compounds must
be checked if the safflower oil cake is to be utilized
as food additives or functional foods.
Based on these works, antioxidative activities of the
compounds were not always parallel between the
assay systems. These results indicate that the mechanism of antioxidative activity of the compounds differs among them, and that the word “antioxidative”
has many meanings. We must assay several kinds of
antioxidative activity to determine the features and
utility of the compounds.
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