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Abstract Fagopyrum tataricum is used for the treatment of
type 2 diabetes mellitus in Taiwan. The aim of this study was
to evaluate the inhibitory effects of 75 % ethanol extract of
buckwheat (EEB) and rutin on carbohydrate-metabolized
enzymes, including o-amylase and «-glucosidase, which
are related to hyperglycemia. The rutin dosage (40 pug/mL)
was equivalent to that of EEB (200 pg/mL). In addition, the
antioxidant and antiglycation activities of EEB and rutin
were investigated. Results showed that both EEB and rutin
exerted free radical (DPPH and ABTS) scavenging activity.
They also attenuated protein glycation to lower the genera-
tion of advanced glycation end-products (AGEs) through the
suppression of fructosamine and «-dicarbonyl compounds.
Moreover, EEB and rutin also inhibited x-amylase and -
glucosidase activity. Taken together, these findings suggest
that EEB and rutin may reduce oxidative stress, AGEs for-
mation, and carbohydrate-metabolized enzymes hence EEB
may use as protection agent in diabetic patients.

Keywords Fagopyrum tataricum (buckwheat) - Rutin -
«-Amylase - x-Glucosidase - Advanced glycation
endproducts (AGEs)

Introduction
Glycation is a nonenzymatic reaction that occurs mainly be-

tween amino and carbonyl groups of proteins and reducing
sugars, respectively. Advanced glycation end-products (AGEs)
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are defined as the products of the irreversible formation of a
series of complex end-products resulting from glycation of
proteins. AGEs are regarded as the outcome of post-
translational modifications of proteins (Brownlee et al. 1988).
In general, these nonenzymatic glycation reactions proceed
relatively slowly, taking a few hours to a few days, which
called Amadori products. The Amadori products further inter-
act with the e-amino group of lysine residues of proteins to
form irreversible products. At the same time, amines and o-
dicarbonyl compounds are formed by rearrangement and de-
hydration of sugars to form fluorescent pentosidine of AGEs
(Wu et al. 2011a).

Flavonoids consist of 3 benzene rings with 1 or more
hydroxyl groups. The antiglycation effects of naturally occur-
ring flavonoids are attributed in part to their antioxidant prop-
erties. The inhibitory effects of the flavonoids on AGEs for-
mation approximately follow the order flavone > flavonols >
flavanols > flavanone with a few exceptions (Wu and Yen
2005). Considerable effort has been made to identify clinically
useful inhibitors of protein AGEs to delay or prevent glycation
to alleviate insulin resistance (Davalos et al. 2009). These
include silymarin (Wu et al. 2011b), alagebrium (Dhar et al.
2010), quercetin (Wu and Yen 2005), and rutin (Pashikanti
et al. 2010).

Hydrolysis of dietary carbohydrates is the major source of
glucose in the blood. This hydrolysis is carried out by a group
of hydrolytic enzymes, namely o-amylase and x-glucosidase.
Inhibition of these enzymes is increasingly believed to be the
best strategy for management of type 2 diabetes, it is achieved
through retarding the digestion of dietary carbohydrates and
thus reducing the increase in postprandial blood glucose level
(Krentz and Bailey 2005; Cheng and Fantus 2005). Plants and
microorganisms are rich sources of x-glucosidase inhibitors
(Lo and Wasser 2011; Takahashi and Miyazawa 2012).
Hence, the search for novel anti-diabetic drug with lesser
undesirable effects from natural resources remains an active
subject of research.
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Fagopyrum tataricum (buckwheat) is an herbaceous plant
that belongs to the Polygonaceae family. It has now been
introduced in many countries, because the seeds of this herb
are a healthy and nutritionally important food item. Rutin has
been found to be the major ingredient of buckwheat (Shen
et al. 2012). Tartary buckwheat (F. tataricum) contains more
rutin and quercetin than common buckwheat (F. esculentum)
dose; rutin is known to have antioxidative activity (Liu et al.
2008). Recently, we have reported the anti-diabetic activity of
75 % ethanol extract from buckwheat (EEB) in high-fructose
diet-induced C57BL/6 mice (Lee et al. 2012). Albeit EEB has
been found to improve diabetes but suppressions of protein
glycation and carbohydrate absorption are unclear; therefore,
we investigated the antioxidant, anti-glycation, inhibitions of
amylase and glucosidase by EEB in this study.

Materials and methods

Chemicals Potassium diphosphate and dipotassium hydro-
gen phosphate were purchased from Hayashi Pure Chemical
Industries Ltd. (Osaka, Japan). Quercetin, 2,2'-azino-bis (3-
ethylbenzthiasoline-6-sulphonic acid) (ABTS"), rutin, fetal
serum albumin (BSA), fructose, 3,5-dinitrosalicylic acid
(DNS), 1,1-diphenyl-2-picryl hydrazyl (DPPH), p-nitro-
blue tetrazolium chloride (NBT), aminoguanidine, butylated
hydroxyl anisole (BHA), and Folin—Ciocalteu’s reagent, p-
nitrophenyl-a-D-glucopyranoside (PNPG) were purchased
from Sigma Corporation (St. Louis, MO, USA). Potassium
dihydrogen phosphate (KH,PO,) and dipotassium hydrogen
phosphate (K,HPO,4) were purchased from Merck Corporation
(Darmstadt, Germany).

Sample preparation The procedure reported by Lee et al.
(2012). The seeds of F. tataricum (buckwheat) were provid-
ed by Taiwan Golden Buckwheat Limited company and then
were freeze-dried and ground. Approximately 1 kg of the
buckwheat powder was extracted by 10 L of 75 % ethanol for
2 days, then centrifuged and filitered. After extraction, the
ethanol extract were vacuum-concentrated and freeze-dried.
The extract powder was stored at —20 °C until used. The
75 % ethanol extract of buckwheat was shown as EEB in this
study.

Total flavonoid content The total flavonoid content was
determined using the method described by Abu Bakar et al.
(2009). Briefly, 0.5 mL of the extract was mixed with
2.25 mL of distilled water in a test tube followed by addition
of 0.15 mL of 5 % NaNO, solution. After 6 min, 0.3 mL of a
10 % AICI;. 6H,O solution was added and allowed to stand
for another 5 min before 1.0 mL of 1 M NaOH was added.
The absorbance of the reaction mixture at 510 nm was
determined.

High performance liquid chromatography (HPLC) assay HPLC
was performed with a Hitachi liquid chromatograph (Hitachi,
Ltd., Tokyo, Japan) consisting of a model L-6200 pump and a
model L-4200 UV—vis detector set at 320 nm. The analyses
were carried out on a LiChrospher RP-18 column (250 mm -
4.6 mm id., 5 pm, E. Merck Co., Darmstadt, Germany).
Extract were filtered through a 0.45 pm filter before use.
The mobile phase A was 2 % acetic acid, and the mobile
phase B was 0.5 % acetic acid/water (1 : 1; v/v). Rutin,
quercetin, and quercetin-3-glucoside were determined by ul-
traviolet detector (Hitachi L-7455 diode array detector). Rutin,
quercetin, and quercetin-3-glucoside were identified by com-
parison of their retention time (Rt) values and UV spectra with
those of known standards and determined by peak areas from
the chromatograms (Lee et al. 2012).

DPPH free-radical-scavenging activity The DPPH activity
was measured by the method of Shimada et al. (1992). Briefly,
a sample and a methanolic solution of DPPH were mixed and
kept in the dark for 60 min. The absorbance of the reaction
mixture at 517 nm was determined. BHA and trolox (50 pg/mL)
were used as the positive control.

Total antioxidant activity The antioxidant capacity was de-
termined by the method of Miller and Rice-Evans (1997) and
Arnao et al. (2001). Peroxidase, H,O,, ABTS, and distilled
water were mixed and stored in the dark for 1 h at 25 °C. A
sample was subsequently added and the absorbance at 734 nm
was determined. BHA and trolox (50 pg/mL) were used as the
positive control.

Antiglycation activity The antiglycation activity was deter-
mined by the method of Wang et al. (2011). Briefly, BSA
(60 mg/mL, 100 pL), fructose (1.5 M, 100 pL) and sample
(50200 pug/mL final concentration, 100 pL) were prepared in
0.2 M potassium phosphate buffer (pH 7.4, containing 0.06 %
sodium azide), and then were added to a 1.5-mL microfuge
tube. A series of tubes containing these solutions were incubat-
ed at 50 °C and their fluorescence intensities were determined
by withdrawing 100 puL of each reaction and addition to a 96-
well plate. A spectrofluorometer (FLx 800, BioTek, Winooski,
VT) was set to an excitation and emission wavelengths of
360 nm and 460 nm, respectively. For the determination of
BSA-fructose glycation with a known glycation inhibitor,
100 uL of 10 mM aminoguanidine solution (in final concen-
tration) was introduced in place of deionized water in each of
the reactions containing BSA and fructose described above.

Formation of fructosamine (an Amadori product) The re-
actants described above, namely, BSA/fructose/water and
BSA/fructose/AG or sample, were incubated at 50 °C for
fructosamine determination using a published procedure
(Wells-Knecht et al. 1995). Briefly, after incubation, 20 pL
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of the each reaction mixture was mixed with 160 pL of
deionized water and 0.8 mL 300 uM NBT (in 100 mM,
pH 10.35, sodium carbonate buffer) and then incubated at
ambient temperature (25 °C) for 15 min. The absorbance of
the reaction mixtures at 530 nm was determined using a
spectrophotometer (U-2001, Hitachi Co. Ltd., Tokyo, Japan).

Formation of a-dicarbonyl compounds The determination of
o-dicarbonyl compounds was performed using the Girard-T
assay (Wang et al. 2011). Briefly, 20 uL of the incubated
solution was mixed with 80 uL of deionized water, 50 uL of
Girard-T reagent (500 mM in deionized water), and 850 pL of
500 mM sodium (pH 2.9) in a test tube and incubated at
ambient temperature (25 °C) for 1 h. The absorbance of the
solution at 290 nm was then determined.

a-Amylase inhibition assay This assay was conducted according
to Apostolidis and Lee (2010) with slight modification. Briefly,
200 pL of sample was mixed with 200 uL of x-amylase
(13 U/mL, in 0.02 M phosphate buffer, pH 6.9, with 0.006 M
NaCl) in 1.5 mL eppendorf tube. After incubating at 37 °C for
30 min, 200 puL of 0.25 % (w/v) starch (in 0.02 M phosphate
buffer, pH 6.9) was added and the mixture was further incubated
at 37 °C for 30 min, followed by adding 400 uL of DNS color
reagent. The reaction was terminated by heating in boiling water
bath for 5 min. After cooling to room temperature, the absor-
bance was measured at 540 nm using a spectrophotometer
(U-2001, Hitachi Co. Ltd., Tokyo, Japan).

a-Glucosidase inhibition assay This assay was conducted
according to Apostolidis and Lee (2010) with slight modifi-
cation. In brief, 50 uL of sample was mixed with 100 uL of
«-glucosidase (2 U/mL, in 0.1 M phosphate buffer, pH 6.9)
in 1.5 mL eppendorf tube, followed by incubating at 37 °C
for 10 min. After adding 50 uL of 5 mM PNPG (in 0.1 M
phosphate buffer, pH 6.9), the mixture was further incubated
at 37 °C for 10 min. The reaction was terminated by heating
at 100 °C and then diluted with 1 mL deionized water. The
absorbance was measured at 405 nm by a spectrophotometer
(U-2001, Hitachi Co. Ltd., Tokyo, Japan).

Statistical analysis Experimental results were analyzed in
triplicates and expressed as means + standard deviation
(SD). The results were subjected to one-way analysis of
variance (ANOVA) and Duncan’s multiple range tests, and
the significance of differences between sample means was
calculated. P<0.05 was considered significant.

Results and discussion

Antioxidative activities of EEB and rutin Recently, we found
that rutin is the major compound in 75 % ethanol extract from
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buckwheat (EEB) (Shen et al. 2012; Lee et al. 2012). As
shown in Table 1, EEB contained 208.2 mg/g of rutin and
36.0 mg/g of quercetin as determined by an HPLC assay.
Using DPPH as a substrate, the radical-scavenging activities
of EEB (50, 75, 100, and 200 pg/mL) and rutin (40 pg/mL)
were shown to increase with increasing concentration (Fig. 1).
However, the DPPH-scavenging activity of trolox and BHA
standard both exhibited high scavenging ability for DPPH
radicals. The effects of EEB and rutin on ABTS" investigated
using the TEAC assays are shown in Fig. 2. The total antiox-
idant activity of all samples increased with increasing concen-
trations. The ABTS " radical-scavenging activity of trolox and
BHA were also had great scavenging ability.

Antiglycation activities of EEB and rutin In this study, we
demonstrated that EEB inhibits the generation of AGEs
(Fig. 3). Moreover, this activity was mediated by suppressing
«-dicarbonyl compounds (Fig. 4) and lowering the levels of
fructosamine formation (Fig. 5). Furthermore, rutin was used
to evaluate antiglycative capacity at doses equivalent to
EEB. The results indicated that compared with rutin exerted
stronger antiglycative activities for attenuating the genera-
tion of AGEs, fructosamine, and x-dicarbonyl compounds,
suggesting that rutin may be the active compound in EEB.
Aminoguanidine also showed antiglycation activity similar
to EEB and rutin.

Anti-a-amylase and a-glucosidase effects of EEB and rutin The
discovery of specific, high-affinity inhibitors of x-amylase
for the development of therapeutics has remained elusive
(Krentz and Bailey 2005; Cheng and Fantus 2005). We
found that EEB and rutin markedly attenuated «-amylase
activity in vitro (Fig. 6). x-Glucosidase inhibitors are be-
lieved to act as anti-diabetic agents by impeding sugar deg-
radation and attenuating postprandial hyperglycemia. Thus,
inhibition of the activity of x-glucosidase and hydrolysis of
carbohydrates would be beneficial for controlling blood
glucose levels in diabetes patients. Small molecules that
can interact with o-glucosidase have the potential to de-
crease postprandial hyperglycemia by inhibiting the activity
of the «-glucosidase, and could be used to delay the absorp-
tion of carbohydrate (Lo and Wasser 2011; Takahashi and
Miyazawa 2012). We found that EEB and rutin treatment
resulted in a clear suppression of «-glucosidase activity

(Fig. 7).

Table 1 The contents of flavo-

noids, rutin and quercetin in EEB ~ EEB Concentration

(mg/g extract)

Flavonoids 301.0+8.6
Rutin 208.2+3.6
Each value is expressed as mean Quercetin 36.0+3.0

+SD (n=3)
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Fig.1 The DPPH scavenging activity of EEB. Data were shown as mean
+ SD (n=3). Trolox and BHA (50 pg/mL) were as positive control
groups. Significantly difference was shown as various letters (p<0.05)

Diabetes is a life-long disease characterized by high levels of
blood sugar. The resulting nonenzymatic glycation of proteins
that promotes the irreversible formation of AGE:s is a significant
factor associated with hyperglycemia (Negre-Salvayre et al.
2009). For example, the importance of the glycation reaction
was investigated following the discovery of HbAlc in diabetes
patients (Koenig et al. 1976). Recent evidence suggests that
AGEs have a propensity to generate reactive oxygen species
(Bonnefont-Rousselot 2002). Furthermore, glucose and other
aldehydes, free or protein-bound, can undergo autooxidation
reactions and generate radicals and other reactive intermediates,
such as H,O, and other peroxides, which contribute to the
formation of AGEs. This process is often termed glycoxidation
(Wolff and Dean 1987). Cardiovascular disease is the major
cause of premature death in individuals with diabetes and is
mainly marked by increased arterial atherosclerosis. Approaches
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Fig.2 The ABTS scavenging activity of EEB. Data were shown as mean
+ SD (n=3). Trolox and BHA (50 pg/mL) were as positive control
groups. Significantly difference was shown as various letters (p<0.05)
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Fig. 3 The inhibition of EEB on AGEs formaion. Data were shown as
mean + SD (n=3). Aminoguanidine (10 mM final concentration) was as
positive control group. Significantly difference was shown as various
letters (p<0.05)

to reduce AGE-induced damage in cardiovascular tissue have
been considered (Susic et al. 2004a, b).

Glycation occurs in vivo by the covalent binding of alde-
hyde or ketone groups of reducing sugars to the free amino
groups of proteins, forming AGE structures that can be iden-
tified by their yellow-brown color and/or fluorescence. Free
amino groups react with x-dicarbonyls by oxidation, dehy-
dration, and cycling reactions to produce fluorescent AGEs.
Moreover, the generation of fructosamine (an Amadori prod-
uct) and «-dicarbonyl compounds can be determined at 530
and 290 nm, respectively (Wang et al.2011).

In a background study, a series of classical polyphenol
antioxidants, including 10 flavonoids (Wu et al. 2009a, b), 12
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Fig. 4 Inhibition of EEB on alpha-dicarbonyl compounds. Data were
shown as mean + SD (n=3). Aminoguanidine (10 mM final concentra-
tion) was as positive control group. Significantly difference was shown
as various letters (p<0.05)
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Fig. 5 Inhibition of EEB on fructosamine. Data were shown as mean +
SD (n=3). Aminoguanidine (10 mM final concentration) was as posi-
tive control group. Significantly difference was shown as various letters
(»<0.05)

phenolic acids (Wu et al. 2010a, b), curcumin, and silymarin
(Wu et al. 2011b), were screened in vitro to evaluate their
effects on protein glycation, crosslinking, and the formation
of AGEs. Notably, 2 of these polyphenolic compounds showed
consistent inhibition of AGEs formation in experimental ani-
mals (Wu et al. 2011b). Rutin and its metabolite have been
reported to inhibit AGEs (Pashikanti et al. 2010). In this study,
we found that EEB and rutin markedly attenuated the genera-
tion of AGEs in vitro. Recent pharmacokinetic studies of rutin
and its aglycone derivative quercetin in human volunteers
reported blood concentrations of up to 3.5 wmol/L for querce-
tin and monophenolic rutin metabolites when doses of 50 mg
of either rutin or its metabolite quercetin were given in the diet
(Erlund et al. 2000). Most orally consumed rutin is probably
broken down into low molecular weight phenolic acids by the
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Fig. 6 Inhibition of EEB on alpha-amylase activity. Data were shown
as mean + SD (n=3). Significantly difference was shown as various
letters (p<0.05)
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Fig. 7 Inhibition of EEB on alpha-glucosidase activity. Data were
shown as mean + SD (n»=3). Significantly difference was shown as
various letters (p<0.05)

colonic microflora. Furthermore, flavonoid intake has been
estimated to be as high as 1 g/day (Kuhnau 1976), and plasma
levels of such flavonoids and their metabolites are markedly
increased after consumption (Conquer et al. 1998). Thus, the
dietary intake of flavonoids may offer effective protection
against glyoxal- and methylglyoxal-induced protein damage.
Our study demonstrates that equimolar concentrations of rutin
metabolites are effective inhibitors of reactive dicarbonyl
species-induced protein damage and AGE formation.

Abundant evidence exists suggesting that the excessive
production of reactive oxygen species and reactive nitrogen
species may lead to oxidative stress and loss of cell function
resulting in an increased risk of various diseases and diabetes
(Halliwell and Gutteridge 1998). Oxidative stress is defined
as an imbalance between the status of the antioxidant defense
system and the production of oxygen-derived species. We
found that EEB and rutin effectively scavenged free radicals,
including DPPH and ABTS.

Although several digestive enzymes are responsible for
breaking down starch, x-amylase and o«-glucosidase are the
enzymes that are commonly used in the established enzymatic
models for screening potential agents for the management of
hyperglycemia. In the intestinal tract, starch is broken down
into oligosaccharides and disaccharides, followed by hydroly-
sis by a-glucosidase to glucose before being absorbed into the
blood circulatory system (Sun et al. 2008). Therefore, the use
of a «-glucosidase inhibitor has been proposed as a good
strategy for preventing hyperglycemia. The reason for this is
that such a compound can prolong the processes of carbohy-
drate digestion in the intestinal tract and lengthen the duration
of glucose absorption, consequently leading to a lower post-
prandial blood glucose level (Gao et al. 2008). Studies have
shown that certain phenolic phytochemicals from plant sources
are effective o-glucosidase inhibitors (Kwon et al. 2006).
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Phytochemicals such as stigmasterol, (3-sitosterol, lupeol, as
well as ursolic and oleanolic acids were reported to possess
hypoglycemic activity via o-glucosidase inhibition (Ortiz-
Andrade et al. 2007; Yoshikawa et al. 1996; Ivorra et al.
1988; Matsuda et al. 1998; Perez and Vargas 2002). The main
adverse effects of currently available anti-hyperglycemic drugs
(e.g., acarbose) are due to their excessive inhibition of -
amylase activity, which leads to abnormal bacterial fermenta-
tion of undigested carbohydrates in the colon (Dehghan-
Kooshkghazi and Mathers 2004). Similar findings have been
reported for plant extract such as cranberry, mulberry, rhodiola,
oregano, and rosemary (Kim et al. 2011). In the current study,
we found that EEB and rutin both inhibited x-glucosidase and
«-amylase activity in a dose-dependent manner.

In conclusion, we confirmed EEB acted as a glycation
inhibitor, and thus, as an anti-amylase and anti-glucosidase
agent, is clearly important and may be useful for the treat-
ment of diabetes.

Disclosure No competing financial interests exist.
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