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A NOVEL BUCKWHEAT PROTEIN WITH A BENEFICIAL EFFECT IN ATHEROSCLEROSIS
WAS PURIFIED FROM FAGOPYRUM TATARICUM (L.) GAERTN.
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Abstract - Buckwheat seeds contain many kinds of functional compounds that are of benefit to patients with cardiovascular
disease. In this research, a water-soluble buckwheat protein was isolated and purified through a DEAE-Sepharose anion
exchange column and Sephadex G-75 gel chromatography. The isolated buckwheat protein fractions exhibited hypocho-
lesterolemic activity in a HepG2 cell model and demonstrated prominent bile acid salt-binding activity in an in vitro assay.
The antioxidative activity of protein fractions with hypolipidemic effects was detected in a free radical scavenging experi-
ment. The buckwheat protein fraction with the most obvious hypolipidemic activity and free radical scavenging activity
was named as WSBWP. Its molecular weight was estimated by SDS-PAGE electrophoresis to be 38 kDa. It could become a

potential candidate in the treatment of atherosclerosis.
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INTRODUCTION

Buckwheat is a crop that is resistant to adverse grow-
ing conditions and pathogens. It contains many
kinds of functional compounds, such as proteins, fla-
vonoids, dietary fiber, inositol, phytosterols and oth-
er rare components. Buckwheat extractions exhibit
beneficial effects in atherosclerosis, cancer, diabetes,
hypertension, hyperlipidemia, obesity, and other hu-
man disorders (Li and Zhang, 2001).

Atherosclerosis is a cardiovascular disease in-
duced by hyperlipidemia, hypertension, diabetes
mellitus, and cigarette smoking (Maggi et al., 1994).
High levels of serum LDL provide enough substrates
for the lipoperoxidation caused by reactive oxygen
species (ROS) such as Oy, OHe, H,0, etc. Oxidative
modification of LDL (oxLDL) enhances the binding
capacity of macrophages and the damaging of ves-
sel elasticity, adding to the formation of foam cells
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and fatty streaks (Murakami et al., 2002; Lin et al,,
2008).

Increased cholesterol intake can cause an in-
crease in blood cholesterol level, and lead to the
upregulation of LDL and oxLDL (Peng et al., 2009).
Therefore, the disruption of cholesterol is essential
in retarding the progression of atherosclerosis. The
hypocholesterolemic effects of buckwheat protein
have already been described in animal experiments,
and the functional fraction possessing cholesterol-
binding capacity was certified to be an insoluble
buckwheat protein (BWP) (Kayashita et al.; 1995;
Metzger et al., 2007). The hypocholesterolemic
mechanism of BWP was subsequently proved to be
associated with the low digestibility of buckwheat
protein (Kayashita et al., 1997). Buckwheat has a
well-balanced amino acid composition and is rich
in arginine, lysine and glycine (Pomeranz, 1983).
Hence, these amino acids could also play an impor-
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tant role in cholesterol-lowering activity (Katan et
al., 1982).

In this work, we examined the beneficial effect of
BWP in atherosclerosis. We investigated its choles-
terol-lowering capability and antioxidant potential.

MATERIALS AND METHODS
Extraction of buckwheat protein (BWP)

Flour prepared from buckwheat sprouts was sus-
pended in phosphate buffer (pH 6.5, 10mmol/L) and
stirred for 2 h at room temperature. The mixture was
centrifuged (5000 r/min) for 30 min at 4°C. The su-
pernatant was collected and precipitated by saturated
ammonium sulfate (Guo et al., 2007).

Isolation and purification of BWP

Tartary buckwheat protein extract was applied to a
DEAE-Sepharose Fast Flow anion exchange column
(1.6 cmx50 cm) at a flow rate of 1.0 mL/min, and
eluted with NaCl in phosphate buffer (Guo et al.,
2007; Wang et al., 2004 ). The collected fractions were
tested for hypolipidemic activity. The active peaks
were further purified by Sephadex G-75 column (1.6
cmx50 cm), eluted at a flow rate of 0.4 mL/min with
phosphate buffer (pH 6.5, 10 mmol/L).

Effects of BWP on the concentrations of intracellular
cholesterol in HepG2 cells

The hypolipidemic activity of BWP was tested by ex-
amining the concentrations of intracellular choles-
terol in human hepatocellular carcinoma HepG2 cell
line. The hypercholesterolemic HepG2 cell model
was induced by incubation in a cholesterol-rich me-
dium culture containing 1% BSA and 20pg/mL cho-
lesterol. After culture in a cholesterol-rich medium
for 24 h, intracellular cholesterol concentrations
were measured to insure the hypercholesterolemic
cell model was successfully established. HepG2 cells
were treated with different concentrations of BWP
and cultured for another 24 h. The cells were washed
and collected to detect intracellular concentrations

of cholesterol (Zhang et al., 2008).
In vitro bile acid salt binding activity of BWP

Sodium cholate, sodium deoxycholate and sodium
taurocholate were chosen to determine the bile acid
salts binding activity of BWP. BWP samples were
added to 10 mL of bile salt solution, containing 6 mL
of 45% sulfuric acid solution and 1mL of 0.3% fur-
fural solution. After 30 min incubation at 65°C in a
water bath, the reaction mixtures were centrifuged
at 5000 rpm/min for 20 min. The supernatant was
analyzed at 620 nm using an ultraviolet spectropho-
tometer.

Free radical scavenging activity of BWP

The scavenging of DPPH was done according to the
method described by Cotelle et al. (1996). Absorb-
ance at 517 nm of the blank control (A0) and sample
(As) were assayed, and the scavenging rate was cal-
culated from the following formula: scavenging rate
(%)=(A0 — As)/A0x100%.

The scavenging activity of hydroxyl (OHs) was
carried out as described previously (Beauchamp and
Fridovichet, 1971; Ma et al., 2010). The emission
wavelength of the control (A,) and the sample (A;)
was determined at 510 nm, and the clearance rate
was calculated from the following equation:

clearance rate (%)=(A, - A,)/A;x100%.

The scavenging property of the superoxide anion
(O*+) was carried out following the modified pro-
cedure of Liu (2007). The absorbance of the control
(Ap) and the sample (A,) were detected at 420 nm,
and scavenging activity was calculated as follows:

scavenging activity (%)=(Ao - A;)/A¢x100%.

Sodium dodecyl sulfate-polyacrylamide gel
electrophoresis

Sodium dodecyl sulfate-polyacrylamide gel elec-
trophoresis (SDS-PAGE) was carried out using the
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Fig. 1. Isolation and purification of BWP. (a) Buckwheat protein
extraction was purified on a DEAE-Sepharose Fast Flow anion
exchange column (1.6 cmx50 cm), at a flow rate of 1.0 mL/min.
(b)The elution was collected and further purified on a Sephadex
G-75 column (1.6 cmx50 cm), eluted at a flow rate of 0.4 mL/
min with phosphate buffer (pH6.5, 10 mmol/L).
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Fig. 2. Hypocholesterolemic activity of the three peaks filtered
through DEAE-Sepharose anion exchange column. * indicates
P<0.05, ** indicates P<0.01. All data given are the mean of at
least three independent experiments.

discontinuous system (12% separating/4% stacking
gel). Molecular weights of protein subunits were
calculated using the following markers: phosphory-
lase (97.4 kDa), bovine serum albumin (66.2 kDa),
rabbit actin (43.0 kDa), bovine carbonic anhydrase
(31.0 kDa), trypsin inhibitor (20.1 kDa), and hen egg
white lysozyme (14.4 kDa).
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Fig. 3. Hypocholesterolemic activity of four peaks isolated by
Sephadex G-75 gel chromatography. * indicates P<0.05, ** indi-
cates P<0.01. All data given are the mean of at least three inde-
pendent experiments.
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Fig. 4. The bile acid-binding activity of four peaks isolated by
Sephadex G-75 gel chromatography. All data given are the mean
of at least three independent experiments.

Statistical analysis

Statistical analysis of the data was carried out by SPSS
17.0 statistical software. The level of significance was
set at P<0.05.

RESULTS

Tartary buckwheat soluble protein extraction was
passed through a DEAE-Sepharose anion exchange
filtration column. Three separated peaks were ob-
tained (Fig. 1a). The isolated peaks were examined
for hypolipidemic activity. The fraction contained
in the third peak exhibited the highest activity. The
third peak was further separated on a Sephadex G-75
column (Fig. 1b). Four separated peaks were collect-
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Fig. 5. Free radical scavenging activity of four peaks isolated by
Sephadex G-75 gel chromatography. BHT was used as positive
control. All data given are the mean of at least three independent
experiments.
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Fig. 6. SDS-PAGE gel electrophoresis. A - molecular weight
marker; B - WSBWP

ed. Hypolipidemic activity detection revealed that
the fraction contained in peak 2 revealed a stronger
hypolipidemic activity than the other peaks.

The contents in, peaks 2 and 3 exhibited hypoc-
holesterolemic activity; the contents in peak 3 low-
ered the level of intracellular cholesterol (P<0.01)
the most (Fig. 2). Therefore, fraction 3 was collected,
concentrated and further purified on a Sephadex
G-75 column and four peaks were obtained. Of the
four peaks filtered by the G-75 column, peaks 2, 3
and 4 all exhibited cholesterol-lowering properties
(Fig. 3). Peak 2 demonstrated a prominent hypocho-
lesterolemic activity (P<0.01) and was designated as
the water-soluble buckwheat protein (WSBWP).

As shown in Fig. 4, the binding rate of sodium
cholate by BWPs was much higher than the binding
rate of sodium taurocholate and sodium deoxycho-
late. Moreover, peak 2 filtered from the G-75 chro-
matography column demonstrated the most obvious
bile acid-binding activity.

The antioxidative activity of BWPs was meas-
ured by scavenging DPPHe, OHe and O, free radi-
cals. BWPs possessed a free radical scavenging activ-
ity (Fig. 5). Comparing the antioxidative activities of
the four peaks filtered through the G-75 column, the
fraction of peak 2 demonstrated the highest scaveng-
ing rate.

The molecular weight of the WSBWP was estab-
lished by SDS-PAGE electrophoresis to be 38 kDa
(Fig.6).

DISCUSSION

Diets containing buckwheat products lower the
risk of developing high cholesterol and high blood
pressure, and reduce the progress of atherosclerosis
cardiovascular disease. Buckwheat protein has been
proved to be one of the dietary factors of benefit
to cholesterol metabolism (Kayashita et al., 1995).
Moreover, buckwheat protein products regulate plas-
ma cholesterol better than that of soy protein (Tomo-
take et al., 2000).

However, previous hypolipidemic activity studies
on animal models mainly focused on the mixture of
the complex buckwheat protein product (BWP), lip-
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id, dietary fiber, starch, water (Kayashita et al., 1997).
Recently, Zuo et al. (2010) compared the hypolipi-
demic effects of various tartary buckwheat proteins
(including albumin, globulin and glutelin) in hyper-
lipidemic mice. In this research, buckwheat protein
extraction was isolated by a DEAE-Sepharose anion
exchange column and Sephadex G-75 gel filtration,
and the hypolipidemic activity of separated buck-
wheat protein extractions was respectively studied
by in vitro methods.

Data demonstrated that peaks 2, 3 and 4 from
the Sephadex G-75 column possessed hypocho-
lesterolemic activity (P<0.05), and peak 2 (named
WSBWP) showed the most obvious hypocholestero-
lemic activity (P<0.01). Since bile acids play an im-
portant role in enterohepatic circulation cholesterol
metabolism (Chen et al., 2008), the binding activity
with sodium taurocholate, sodium deoxycholate and
sodium cholate of BWP fractions was respectively
detected. Similar to the hypocholesterolemic effects,
peak 2 (WSBWP) revealed the most prominent bind-
ing activity; in particular, the binding rate of sodium
cholate reached 96.4% (Fig. 4).

Hyperlipidemia, hypertension and diabetes mel-
litus are all risk factors inducing the deterioration
of atherosclerosis. Blood cholesterol transported
by LDL can be oxidized by reactive oxygen species
(ROS) such as Oy's, OHe and H,0,. The formation
of oxidative LDL (oxLDL) aggravates the emergence
of fibrous plaque and atheromatous plaque in artery
atherosclerosis. Therefore, the antioxidative activ-
ity of BWP fractions were tested for scavenging free
radicals (DPPHe, OHe and O2-). According to their
hypolipidemic activity, WSBWP exhibited the most
obvious scavenging ability.

CONCLUSION

A new hypolipidemic buckwheat protein designat-
ed WSBWP was isolated from tartary buckwheat.
Its molecular weight was identified by SDS-PAGE
electrophoresis to be 38 kDa. Due to its significant-
ly hypocholesterolemic activity, bile acid-binding
activity and antioxidative activity, this protein has

the potential to be applied in atherosclerosis ther-
apy. However, its clinical effects need to be studied
further.
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