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Abstract
Cyanidin-3-galactoside, a natural anthocyanin, was investigated for its a-glucosidase inhibitory activity. The IC50 value of
cyanidin-3-galactoside was 0.50^0.05 mM against intestinal sucrase. A low dose of cyanidin-3-galactoside showed a
synergistic inhibition on intestinal a-glucosidase (maltase and sucrase) when combined with acarbose. A kinetic analysis
showed that cyanidin-3-galactoside gave a mixed type inhibition against intestinal sucrase. The results indicated that cyanidin-
3-galactoside was an a-glucosidase inhibitor and could be used in combination with acarbose for treatment of diabetes.
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Introduction

Within the last decade, many studies have focused on

the potential biological activities or health effects of

anthocyanins in animals and humans. Anthocyanins

are the largest group of water-soluble pigments in the

plant kingdom. They are widely distributed in the

human diet through crops, beans, fruits, vegetables,

and red wine [1]. Consumption of anthocyanins is

associated with a reduced risk of several degenerative

diseases such as atheroscelerosis [2], cardiovascular

disease [3], cancer [4], and diabetes [5]. Inhibition

of a-glucosidase is one of the therapeutic approaches

for carbohydrate absorption, by delaying digestion

of disaccharides to absorbable monosaccharides.

This leads to a reduction in glucose absorption and,

subsequently, the rise of postprandial hyperglycemia is

attenuated [6]. The agents that reduce postprandial

hyperglycemia have a key role in the treatment of

Type 2 diabetes and pre-diabetic states. Furthermore,

such agents have a potential to reduce the progression

of diabetes as well as micro- and macro-vascular

complications [7]. Recent studies revealed that

a-glucosidase inhibitor improved postprandial hyper-

glycemia and subsequently reduced the risk of

development of type 2 diabetes in patients with

impaired glucose tolerance [8].

Cyanidin-3-galactoside (Figure 1) a natural antho-

cyanin, is widely found in various fruits such as red

apple peels, blueberries, cranberries [9]. Yan et al.

reported that cyanidin-3-galactoside, isolated from

cranberry fruit, showed antioxidant activity as well as

vitamin E by evaluating compounds for 1,1-diphenyl-

2-picrylhydrazyl radical-scavenging activity and ability

to inhibit low-density lipoprotein oxidation in vitro

[10]. Recent studies demonstrated that cyanidin-3-

galactoside stimulated glucose-induced insulin

secretion from rodent pancreatic b-cells [11].

In addition, the natural anthocyanins from a number

of plants and fruits are well known as the effective

inhibitors of intestinal a-glucosidase activity. To the

best our knowledge, intestinal a-glucosidase inhibition

of cyanidin-3-galactoside has never been reported

and the type of its inhibition is not yet understood.
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The aim of the study was to evaluate a-glucosidase

inhibitory activity of cyanidin-3-galactoside and its

kinetic inhibitions. Moreover, the study was also

investigated the synergistic inhibition of cyanidin-3-

galactoside and acarbose on a-glucosidase.

Materials and methods

Reagents

Rat intestinal acetone powder, glucose oxidase kits

were purchased from Sigma Chemical Co.Ltd.

(St. Louis, MO). Acarbose was obtained from Bayer,

Germany. Cyanidin-3-galactoside chloride was pur-

chased from Chromadex, USA. All others chemicals

used were of analytical grade.

a-Glucosidase assay

The assessment of the a-glucosidase inhibitory activity

was slightly modified according to reported methods

[12]. Briefly, 100 mg of rat intestinal acetone powder

(Sigma Chemical, St Louis, MO) was homogenized in

3 mL of 0.9% NaCl solution. After centrifugation

(12,000 g £ 30 min), 10 mL of the supernatant

(maltase ¼ 0.68 units/mg protein, sucrase ¼ 0.10

units/mg protein) was incubated with 70mL of

substrate solution (37 mM maltose, 54 mM sucrose),

and 20mL of cyanidin-3-galactoside at various con-

centrations in 0.1 M phosphate buffer pH 6.9 at 378C

for 30 min (maltase assay) and 60 min (sucrase assay).

The mixtures were suspended in boiling water for

10 min to stop the reaction. The concentrations of

glucose released from the reaction mixtures were

determined by the glucose oxidase method.

Measurements of the kinetics constant

In order to investigate the type of inhibition, the

enzyme kinetic analysis was performed according

to the above reaction. Maintaining the quantity of

sucrase constant at 0.10 units/mg protein, and

cyanidin-3-galactoside (from 0.1 to 1.0 mM) were

measured in various concentrations (20, 37, 56, 74,

84 mM) of sucrose. The type of inhibitions was

calculated on the basis of Lineweaver–Burk by

reciprocally plotted data (substrate concentration on

horizontal axis and velocity on vertical axis). For

calculation of Ki and Ki
0, slope and interception from a

Lineweaver–Burk plot were replotted vs. [I] which

gave the secondary plots and Ki and Ki
0 constants

which are the dissociation constants of the inhibitor

containing complexes EI and ESI, respectively [13].

Combined effect of cyanidin-3-galactoside and acarbose

The various concentrations of acarbose (0.05 -50mM)

were combined with or without the cyanidin-3-galacto-

side (1mM). The reaction was performed according to

the above assay. Results were expressed as a percentage

inhibition of the corresponding control values.

Data analysis

Data was expressed as mean ^S.E.M. (n ¼ 3).

The IC50 values were determined from plots of log

concentration of inhibitor concentration versus per-

centage inhibition curves. The type of inhibition and

Ki and Ki
0 constants were calculated on the basis of

Lineweaver–Burk and replot of its slopes as the non-

linear regression using the Sigma Plot 8.0 software

(IL, USA). Statistical analysis was performed by

Student’s t-test (P , 0.01).

Results and discussion

This is the first study to investigate the inhibitory effect

of cyanidin-3-galactoside and its type of inhibition ona-

glucosidase. We also examined the synergistic inhibition

of cyanidin-3-galactoside and acarbose. Firstly, cyani-

din-3-galactoside (1 mM) was screened for a-glucosi-

dase inhibition by using maltose and sucrose as a

substrate. The results showed that cyanidin-3-galacto-

side significantly inhibited maltase and sucrase by 35%

and 64%, respectively, suggesting that cyanidin-3-

galactoside had more potent a-glucosidase inhibitory

activity against intestinal sucrase than that of maltase.

We then performed dose-response experiments for

further investigating the inhibitory effect of cyanidin-3-

galactoside on intestinal sucrase inhibition. Cyanidin-3-

galactoside markedly inhibited intestinal sucrase in

concentration-dependent manner (data not shown).

The IC50 value of cyanidin-3-galactoside was

0.50 ^ 0.05 mM. However, it was less potent activity

than that of acarbose (IC50 ¼ 0.02 ^0.02 mM). Kay

et al. proposed the pathway for the formation of

anthocyanin metabolites in human urine and serum

post-consumption that intestinal b-galactosidase or

HO

OH

O+

OHHO

OO

OH

HO OH

HO

Figure 1. The chemical structure of cyanidin-3-galactoside.
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lactase-phlorizin hydrolase (LPH) hydrolyzes cyanidin-

3-galactoside to cyanidin which could be then passively

transported [14]. In contrast, it is clearly that cyanidin-

3-galactoside could inhibit a-glucosidase (sucrase).

However, the molecular interaction of cyanidin-3-

galactoside on specific binding site on intestinal sucrase

is also unknown. It can be assumed that cyanidin-3-

galactoside contains hydroxyl groups in its molecular

structure which can form hydrogen bonds with the polar

groups (amide, guanidine, peptide, amino and carboxyl

groups) in active site of protein by covalent and/or non-

covalent interaction. The occurrence of these inter-

actions would change the enzyme molecular configur-

ation, hydrophilic and hydrophobic properties, resulting

in an impact on the enzyme activities. The intestinal

sucrase inhibitory effects of cyanidin-3-galactoside

derivatives using X-ray crystallography to evaluate the

binding activity are needed to further investigation.

Additionally, the study revealed that metal ions inhibited

a-glucosidase by the decline in the percent of thea-helix

structure within the second structure of protein

molecule. This phenomenon directly affects to increase

the hydrophilic and decrease the hydrophobic proper-

ties of a-glucosidase, lead to failure of the formation of

active center, resulting that enzyme was inhibited [15].

Based on the data mentioned above, it is possible that

the inhibitory effect of cyanidin-3-galactoside on a-

glucosidase (sucrase) might demonstrate the same

phenomenon on the a-helix region within the second

structure of the protein. Further study is needed to

characterize the effect of cyanidin-3-galactoside on

hydrophilic and hydrophobic properties of intestinal

sucrase.

As the findings mentioned above, cyanidin-3-galacto-

side was moderate effective to be a-glucosidase

inhibitor, it was of interest to establish whether this

compound and acarbose might interact synergistically

or the additively on a-glucosidase. The assay was then

performed in the solutions containing acarbose alone or

in mixture with a low dose of cyanidin-3-galactoside

(1mM) which had no inhibitory activity. The effect of

cyanidin-3-galactoside together with acarbose on

intestinal sucrase inhibition is shown in Figure 2. The

addition of cyanidin-3-galactoside to the assay system

with low dose of acarbose (3.12 and 6.25mM), the

percentage inhibition was significantly increased when

compared with acarbose alone. The percentage inhi-

bition of mixtures was greater than that summing effect

of acarbose alone by 12% and 20%, respectively. These

findings indicated that the combination of cyanidin-3-

galactoside and acarbose produced the synergistic

inhibition. As shown in Figure 3, the addition of

cyanidin-3-galactoside to the assay system with low dose

of acarbose (0.19 and 0.05mM) markedly increased the

percentage maltase inhibition by 8% and 5%, respect-

ively, when compared with acarbose alone. However,

the assay system with high dose of acarbose, cyanidin-3-

galactoside did not differ significant in increasing the

percentage maltase and sucrase inhibition. As results

above, the combining two inhibitors in low dose could

produce moreeffective inhibitionofmaltoseandsucrose

absorption, leading to reduction of postprandial

hyperglycemia and hyperinsulinemia in type 2 diabetes.

In order to investigate this effect, In vivo experiments

should be further studied for the combination between

cyanidin-3-galactoside and acarbose on lowering blood

glucose in type 2 diabetes. In addition, the most

common adverse effect of acarbose is a gastrointestinal

disturbance, which is induced by producing gas with

fermentation of the unabsorbed carbohydrates bowel

[16–18]. Acarbose has rarely been associated with

systemic adverse effect, but in some case acute severe

hepatotoxicity has been reported [19–21]. These

adverse effects tend to increase with higher doses. Our

findings suggested that cyanidin-3-galactoside improves

the effect with decreasing dosage of acarbose, resulting

to diminish the adverse effect.

Figure 2. The percentage enzyme inhibition of acarbose and its

combination with cyanidin-3-galactoside(Cya3Gal) on intestinal

a-glucosidase (sucrase). Results were expressed as mean ^S.E.M.,

n ¼ 3. * P , 0.01 compared to acarbose alone.

Figure 3. The percentage enzyme inhibition of acarbose and its

combination with cyanidin-3-galactoside(Cya3Gal) on intestinal

a-glucosidase (maltase). Results were expressed as mean ^S.E.M.,

n ¼ 3. * P , 0.01 compared to acarbose alone.
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To determine the mechanism of inhibition, cyani-

din-3-galactoside was used as an inhibitor in a study to

elucidate the types and constants of inhibition.

Possible interference by cyanidin-3-galactoside at

each substrate-binding site was examined by holding

the concentration of cyanidin-3-galactoside at a

constant value, and measuring the effect of increasing

one substrate concentration on the initial reaction rate.

The kinetic parameters were calculated by using

Lineweaver–Burk plot and the corresponding sec-

ondary plots. Lineweaver–Burk plots for intestinal

sucrase inhibited by cyanidin-3-galactoside and

replots of slope (s) and vertical axis intercept

(i) versus the various concentrations of inhibitor

were shown in Figure 4. Lineweaver–Burk plot of

cyanidin-3-galactoside generated straight lines

(Figure 4A), which had different intersections for

three concentrations of substrate. The lines for

cyanidin-3-galactoside had a point of intersection in

the second quadrant, indicating that the inhibition was

of the mixed competitive and noncompetitive type.

When plotting the slope or y-intercept obtained in

Lineweaver–Burk processing of data versus the

inhibitor concentration, a straight line was produced

and the values for Ki and Ki
0 dissociation constants

could be obtained. From the secondary plot, increas-

ing the inhibitor concentrations resulted in the

increasing of slope and the vertical axis intercept. As

shown in Figure 4B, The dissociation constant for

cyanidin-3-galactoside binding with free enzyme (E),

Ki of 0.40 mM, was obtained from the secondary plot

of the slopes of these lines versus cyanidin-3-galacto-

side concentrations, while the dissociation constant

for cyanidin-3-galactoside binding with enzyme-

substrate complex (ES), Ki
0 of 3.23 mM (Figure 4C).

The possible binding mode of this compound was

assumed that one inhibitor can bind either to active

site of free enzyme or to the enzyme–substrate

complex. When Ki and Ki
0 dissociation constants

were compared, it was found that the Ki value of

cyanidin-3-galactoside was 8.0 times less than Ki
0

value, suggesting that binding of cyanidin-3-galacto-

side to the ES form was stronger than the binding of

cyanidin-3-galactoside to the enzyme alone, indicating

that inhibition was competitive predominant over

noncompetitive.

In conclusion, cyanidin-3-galactoside demonstrated

a-glucosidase (sucrase) inhibitory activity. With the

combination to acarbose, cyanidin-3-galactoside pro-

duced the synergistic effect, indicating that such a

combination may apply for clinical therapy and lead to

dramatic dose reduction of the acarbose used.
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