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The inhibitory effect of 2′′-O-glycosylisovitexin (2′′-O-GIV), 2,5-dimethyl-4-hydroxy-3(2H)-furanone
(DMHF), L-ascorbic acid (vitamin C), and 4,4′-(isopropylidenedithio)bis(2,6-di-tert-butylphenol)
(probucol) on malonaldehyde (MA) and acetaldehyde formation from horse blood plasma oxidized
with Fenton’s reagent was determined by gas chromatography. 2′′-O-GIV, DMHF, and L-ascorbic
acid inhibited MA formation at a level of 100 nmol by 60, 22, and 22%, respectively; probucol did
not show any inhibitory activity on MA formation. Improved inhibitory activity toward MA formation
was observed when 2′′-O-GIV or DMHF was mixed with L-ascorbic acid in equal amounts.
Approximately 80-90% of acetaldehyde formation was inhibited by 300 nmol of 2′′-O-GIV and
probucol, whereas DMHF required 1000 nmol to exhibit the same level of inhibition.
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Food components that possess such biological char-
acteristics as anticarcinogenicity, antimutagenicity, an-
tioxidative activity, and antiaging activity have recently
received much attention as a third functional component
of foods, after nutrients and flavor compounds. Among
these functions, antioxidants found in natural foodstuffs
have been investigated most intensively as constituents
preventing diseases associated with oxidative damage.

Active oxygen species such as hydroxy radicals may
lead to many biological complications, including car-
cinogenesis, mutagenesis, aging, and atherosclerosis
(Halliwell and Gutteridge, 1989). For example, the
accumulation of cholesterol esters is reportedly caused
by the oxidation of blood plasma lipids (Retsky et al.,
1993). Therefore, the oxidation of blood plasma lipids
is strongly associated with atherosclerosis and endo-
thelial dysfunction (Schmidt et al., 1994; Tesfamariam,
1994).

The mechanisms causing these diseases by lipid
peroxidation are not yet well understood. One hypoth-
esis is that reactive carbonyl compounds, such as
malonaldehyde (MA) and acetaldehyde, formed from
lipid peroxidation produce abnormal adducts with bio-
logical substances, including DNA and RNA (Feinman,
1988; Esterbauer et al., 1991). In fact, a strong rela-
tionship between atherosclerosis and MA and acetal-
dehydes formed from lipid peroxidation has been re-
ported (Glavind et al., 1952).

Humans are constantly exposed to reactive oxygen
species produced either by natural phenomena such as
ultraviolet light or by anthropogenic activities (for
example, automobile exhaust). Therefore, supplement-
ing antioxidants to scavenge undesirable reactive oxy-
gen species is very important to prevent in vivo oxida-
tive damage. Natural plant foodstuffs are one of the
most important suppliers of antioxidants (Namiki,
1990).

In the present study, the inhibitory effect of natural
plant antioxidants 2′′-O-glycosylisovitexin (2′′-O-GIV),
2,5-dimethyl-4-hydroxy-3(2H)-furanone (DMHF), and
L-ascorbic acid (vitamin C) on acetaldehyde and MA
formation from horse blood plasma lipids oxidized with
Fenton’s reagent was determined by gas chromatogra-
phy (GC). A commercial antiatherosclerosis drug, probu-
col [4,4′-(isopropylidenedithio)bis(2,6-di-tert-butylphe-
nol)] was also tested according to the same method.

EXPERIMENTAL PROCEDURES

Materials. Butylated hydroxytoluene (BHT), sodium dode-
cyl sulfate (SDS), L-ascorbic acid (vitamin C), probucol, and
bovine serum albumin were purchased from Sigma Chemical
Co. (St. Louis, MO). Benzalkonium chloride (BC) was bought
from ICN Biomedicals, Inc. (Aurora, OH). DMHF, 2-meth-
ylpyrazine, malonaldehyde bis(diethyl acetal), N-methylhy-
drazine, and ferrous chloride were obtained from Aldrich
Chemical Co. (Milwaukee, WI). Protein dye (Coomassie Blue)
was purchased from Bio-Rad Laboratories (Richmond, CA). 2′′-
O-GIV was isolated from young green barley leaves (Hordium
vulgare L. var. nudum Hook) harvested 2 weeks after germi-
nation according to a method previously reported (Osawa et
al., 1992). The structures of 2′′-O-GIV, DMHF, vitamin C, and
probucol are shown in Figure 1.

Standard stock solutions (1 mL each) for GC analysis were
prepared by dissolving 2-methylpyrazine and 2,4,5-trimeth-
ylthiazole in dichloromethane (10 mg/mL) and stored at 5 °C
until used. Authentic N-methylpyrazole (NMP) was synthe-
sized according to the method reported by Umano et al. (1988),
and authentic 2-methylthiazolidine was synthesized according
to the method reported by Yasuhara and Shibamoto (1991).
Sodium malonaldehyde was synthesized according to a method
previously described by Lacombe et al. (1990).

Blood plasma was prepared from horse blood (20-year-old
male quarter horse) by centrifugation at 5000 rpm for 30 min
at 4 °C. The blood plasma was frozen on dry ice immediately
after preparation and stored at -80 °C until use.

Protein Analysis in Blood Plasma. The Coomassie Blue
dye-binding assay (Bio-Rad Laboratories) was used to deter-
mine plasma protein concentrations (Bradford, 1976). A 10
µL aliquot of appropriately diluted plasma protein was added
to the dye reagent, and then absorbance at 594 nm was
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measured versus a reagent blank, using an HP 8452A diode
array UV spectophotometer. A standard curve using bovine
serum albumin was used to calculate plasma protein concen-
tration.

Oxidation of Blood Plasma with Fenton’s Reagent in
the Presence or Absence of Testing Chemicals. Blood
plasma was oxidized according to the method reported previ-
ously (Ichinose et al., 1989). An aqueous solution (5 mL)
containing 50 µL of blood plasma (860 µg of protein), 0.25 mmol
phosphate buffer (pH 7.4), 3 µmol of ferrous chloride, 0.5 mmol
of hydrogen peroxide, 0.75 mmol of potassium chloride, and
0.2% of surfactant BC or SDS was incubated with various
amounts of 2′′-O-GIV, DMHF, vitamin C, probucol, 2′′-O-GIV
+ vitamin C, and DMHF + vitamin C for 16 h at 37 °C in a
20-mL test tube. The oxidation of samples was stopped by
adding 50 µL of 4% BHT ethanol solution. The sample tubes
were covered with aluminum foil during incubation to avoid
any influence of light.

Analysis of MA as 1-Methylpyrazole. MA formed in the
samples was analyzed according to a GC method reported
previously (Ichinose et al., 1989; Wong et al., 1994). The MA
was reacted with N-methylhydrazine (NMH), and the resulting
derivative, 1-methylpyrazole, was analyzed with 2-meth-
ylpyrazine as an internal standard by a GC equipped with a
fused silica capillary column and a nitrogen-phosphorus
detector (NPD). The experiment was replicated three times.

Analysis of Acetaldehyde as 2-Methylthiazolidine.
Acetaldehyde formed in the samples was analyzed according
to a GC method reported previously (Miyake and Shibamoto,
1993, 1995) with slight modification. Acetaldehyde was
reacted with cysteamine at room temperature for 24 h. The
reaction mixture was extracted with 10 mL of dichloromethane
using a liquid-liquid continuous extractor. After the extract
was dried over anhydrous sodium sulfate, the resulting deriva-
tive, 2-methylthiazolidine, was analyzed with 2,3,5-trimeth-
ylthiazole as an internal standard by a GC equipped with a
fused silica capillary column and an NPD. The experiment
was replicated three times.

Recovery Test on MA and Acetaldehyde from Blood
Plasma. MA (200 nmol as sodium salt) was spiked into 50
µL of horse blood plasma, and acetaldehyde (300 nmol) was
spiked into 30 µL of horse blood plasma. Samples were
prepared and analyzed for MA and acetaldehyde by GC as
described above. The experiment was replicated three times.

Instrumental Analysis. A Hewlett-Packard (HP) model
5890A gas chromatograph equipped with a 30 m × 0.25 mm
i.d. (df ) 1 µm) DB-1 bonded-phased fused silica capillary
column (J&W Scientific, Folsom, CA) was used for quantitative
analysis of 2-methylthiazolidine, and an HP model 5890A gas
chromatograph equipped with a 30 m × 0.25 mm i.d. (df ) 1
µm) DB-Wax column was used for quantitative analysis of
NMP. The NPD and injector temperatures were 250 °C. The
linear velocity of the helium carrier gas was 30 cm/s with a
split ratio of 20:1. The oven temperature was programmed
from 60 to 180 °C at 4 °C/min with a final holding time of 10
min. Peak areas were integrated with a Spectra Physics SP
4290 integrator.

An HP model 5890 series II GC interfaced to an HP model
5971 mass spectrometer was used to confirm the MA deriva-
tive, NMP, and acetaldehyde derivative, 2-methylthiazolidine,
in the sample. The GC conditions were the same as for the
GC described above. The mass spectra were obtained by
electron impact ionization at 70 eV and an ion source tem-
perature of 250 °C.

RESULTS AND DISCUSSION

In the present study, recovery efficiencies of MA and
acetaldehyde from horse blood plasma were 82.1 ( 1.3
and 87.5 ( 1.2%, respectively. The values are mean (
standard deviation (n ) 3). Protein concentration in the
blood plasma was 17.2 µg/µL. When 50 µL of blood
plasma (860 µg of protein) was oxidized, 957 ( 199 nmol
of MA was formed. The value is mean ( standard
deviation (n ) 3). The control sample (860 µg of blood
plasma) contained 60-80 nmol of MA, indicating that
a certain amount of MA was present in the blood plasma
prior to oxidation. When 30 µL of blood plasma (516
µg of protein) was oxidized, 135.0 ( 7.21 nmol of
acetaldehyde was formed. The value is mean ( stan-
dard deviation (n ) 3).

Figure 2 shows the inhibitory activity of 2′′-O-GIV,
DMHF, probucol, and L-ascorbic acid toward MA forma-
tion in horse blood plasma upon oxidation. Results of
the mixtures of 2′′-O-GIV or DMHF and L-ascorbic acid
in equal amounts are also shown in Figure 2. The
addition of 100 nmol of 2′′-O-GIV inhibited MA forma-
tion by 60%. On the other hand, DMHF and vitamin C
inhibited MA formation by only 20% at the same level
(100 nmol). When doses were increased, the activity of
DMHF steadily increased, but vitamin C activity did
not change significantly. DMHF at 4000 nmol exhibited
activity comparable to that of 100 nmol of 2′′-O-GIV.
Activity of 2′′-O-GIV in doses higher than 100 nmol was
not examined because of its solubility in the testing
system.

When 2′′-O-GIV and DMHF were mixed with vitamin
C, an increase in their antioxidative activities was
observed. A mixture of 2′′-O-GIV (50 nmol) and vitamin

Figure 1. Structures of chemicals used in the present study.

Figure 2. Inhibitory activity of 2′′-O-GIV, DMHF, probucol,
and L-ascorbic acid toward MA formation from blood plasma
upon oxidation.
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C (50 nmol) inhibited MA formation by 75%. The
activity was ∼5% higher than that of 2′′-O-GIV alone.
A mixture of DMHF (25 nmol) and vitamin C (25 nmol)
inhibited MA formation by 63%; however, the mixture
did not increase activity significantly when the total
dose was increased up to 4000 nmol. These results
indicate that the inhibitory activities of 2′′-O-GIV and
DMHF are enhanced by the addition of vitamin C.
Detailed mechanisms of these phenomena are not yet
well understood. It has been known that L-ascorbic acid
and R-tocopherol act synergistically to inhibit lipid
peroxidation (Sharma and Buettner, 1993). It has been
proposed that the mechanism by which this occurs is
that L-ascorbic acid reacts with an R-tocopherol radical
to regenerate R-tocopherol, and then the resulting
L-ascorbic acid radical is reduced back to L-ascorbic acid
by NADH (Packer et al., 1979). This set of reactions
may explain the results observed in the present study.

The results obtained from probucol were unexpected.
Addition of probucol increased MA formation. The
values shown in Figure 2 are 1/10 of actual values. When
860 µg of blood plasma was oxidized in the presence of
100 and 4000 nmol of probucol, 2296.8 ( 326 and 3875.5
( 194 nmol of MA were formed, respectively, suggesting
that probucol may have pro-oxidative activity. How-
ever, this hypothesis can be ruled out because probucol
significantly inhibited acetaldehyde formation as re-
ported in the following paragraph. Therefore, MA may
be produced from probucol during the incubation of
blood plasma. In fact, an aqueous solution of probucol
(3 µmol) produced 2.6 µmol of MA upon oxidation with
Fenton’s reagent (Miyake and Shibamoto, 1998).

Figure 3 shows the respective inhibitory activity of
2′′-O-GIV, probucol, and DMHF toward acetaldehyde
formation from blood plasma upon oxidation. Because
the structure of probucol is similar to that of BHT
(Figure 1), it would be expected that probucol would
have antioxidative activity and consequently inhibit the
formation of lipid peroxidation products, including ac-
etaldehyde and MA. As shown in Figure 3, 2′′-O-GIV
and probucol exhibited quite similar activities. The
formation of acetaldehyde was inhibited nearly 90% in
the presence of 300 nmol of either 2′′-O-GIV or probucol.
The inhibitory activity of DMHF toward acetaldehyde
formation was much less than that of either 2′′-O-GIV
or probucol, at lower levels. However, when the level
increased up to 2000 nmol, DMHF inhibited acetalde-
hyde formation by 88%, which is comparable to the
activity obtained by either 2′′-O-GIV or probucol at the
300 nmol level.

The highly effective antioxidative activity of 2′′-O-GIV
has been shown in various lipid peroxidation systems:
ethyl linoleate or squalene/Fenton’s reagent (Osawa et
al., 1992; Kitta et al., 1992); ethyl arachidonate/Fenton’s
reagent or UV light (Nishiyama et al., 1993); phospho-
lipids or fish liver oil/Fenton’s reagent (Nishiyama et
al., 1994); and ω-3 fatty acids/Fenton’s reagent (Ogata
et al., 1996). In the present study, 2′′-O-GIV was also
effective toward the inhibition of blood plasma oxidation.
2′′-O-GIV has not been reported in foods. It is present
in a commercial health food product prepared from
young green barley leaves. Therefore, it is possible to
expect in vivo concentrations obtained through food
intake, but discussion of a commercial product is not
scientifically relevant.

DMHF was first found in nonenzymatic browning
reaction products in the early 1960s (Hodge et al., 1963).
Later it was reported as a characteristic flavor chemical
formed in carbohydrate caramelization and dehydration
reactions (Hodge, 1967). DMHF has been found as a
flavor component in various fruits, such as pineapples
(Rodin et al., 1965), strawberries (Ohloff, 1969), and
grapes (Rapp et al., 1980). More recently, it has been
isolated from Swiss cheese (Preininger and Grosch,
1994); cultures of bacteria, Lactobacillus helveticus
(Preininger and Grosch, 1995); and Maillard reaction
products (Blank and Fay, 1996). Therefore, it is pre-
sumed that DMHF is ingested through the foods de-
scribed above. The antioxidative activity of DMHF has
never been reported prior to this study. Discovery of
antioxidative activity in a flavor chemical, DMHF, is
interesting because recently the antioxidative activity
of flavor chemicals such as coffee flavor components has
begun to receive much attention as a source of biologi-
cally active substances (Singhara et al., 1998).

L-Ascorbic acid (vitamin C) is a well-known naturally
occurring antioxidant, and its numerous chemical and
biological activities have been reported elsewhere. For
example, it reportedly protected against free radical
damage and cured scurvy (Krinsky, 1979). This com-
pound was used to compare its activity with that of
other tested compounds in the present study.

Probucol was also tested in the blood plasma system
because it is a commercial drug that is used widely for
clinical treatment of hypercholesterolemia; it is an
effective antioxidant transported in lipoproteins (U.S.
Department of Health and Human Services, 1988),
including LDL, and blocks the oxidative modification
of LDL in vitro (Parthasarathy et al., 1986). Even
though amounts of MA formed in samples with probucol
are considerably different from those formed in samples
with 2′′-O-GIV, the results obtained from the acetalde-
hyde analysis (Figure 3) are almost identical. There-
fore, it is hypothesized that the naturally occurring
antioxidant, 2′′-O-GIV, may inhibit diseases such as
atherosclerosis associated with oxidative damage as
effectively as probucol. Moreover, this antioxidant
might be more effective if it is used with vitamin C.
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