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Inhibition of a-Glucosidase Activity by Quercetin
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Quercetin is a flavonoid molecule that is known to be in various sources of natural products such as vegetables
and fruits. It has been proven that quercetin plays a crucial role in the prevention of colon cancer as well as
homeostasis as radical scavenger in human body. It is also well-known that glycosidases, including a-~glhicosi-
dase, are involved in a variety of degenerative metabolic disorders. In the course of screening useful a-glu-
cosidase inhibitors, we screened out quercetin as a o~-glucosidase inhibitor from chemical libraries. Quercetin
was shown to be a reversible, slow-binding, and r.oncompetitive inhibitor of yeast a-glucosidase with a K;
value of 6.3 x 1078 M when it was included with an enzyme mixture. Together, these results show that querce-
tin has potential in treating disorders including diabetes, although the further mechanistic study is needed.
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Glycosidases are not only essential to carbohydrate
digestion, but also they are vital in the processing of
glycoproteins and glycolipids. Glycosidases are involved in
a variety of metabolic disorders and other diseases such as
cancer [2], diabetes [4], and viral attachments [8]. Due to
their importance, glycosidase inhibitors are vital because of
their mechanisms of action and because they can act as
prospective therapeutic agents for some degenerative
diseases [3]. Glucosidases are located in the brush-border
surface membrane of intestinal cells, and are the key
enzymes of carbohydrate digestion [1]. Some researchers
have reported that the oral administration of specific o-
glucosidase inhibitors could effectively improve hyperglycemia
as well as diabetic complications [7, 12]. In addition, it has
been proven that o-glucosidase inhibitors, such as
castanospermine, nojirimycin, and N-butyldeoxynojirimycin,
have potential in blocking human immunodeficiency virus
(H1V) and HIV-mediated syncytium formations in vitro
[5,6,17]. Recently, we found that quercetin slightly
inhibited the action of DNA topoisomerase 11 (data not
shown). It is interesting to note that, in the course of
searching for a-glucosidase inhibitors, quercetin was
screened as having potential (Fig. 1). In this study, we
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selected out quercetin as o-glucosidase inhibitor. We
examined its inhibitory mode with regard to a-glucosidase
inhibitor, and suggested that it could be a curative
candidate for such metabolic diseases.

p-Nitropheny! (PNP) glycosides and quercetin used in
this study were purchased from Sigma Chemical Co. (St.
Louis, MO). a-Glucosidase (from baker’s yeast, Sigma
Chemical Co.), B-glucosidase (from almond, Sigma Chemical
Co.), a~mannosidase (Jack Beans, Sigma Chemical Co.),
and b-mannosidase (from snail acetone powder, Sigma
Chemical Co.) were commercially available.

To examine whether quercetin inhibits various glycosidases,
the assay for glycosidases was carried out as described
previously [10, 16]. Briefly, a-glucosidase and other
glycosidases were assayed using a 50 mM phosphate buffer
at a pH level of 6.7 and a 50 mM sodium citrate buffer at
a pH level of 4.5, respectively, and 1 mM of p-nitrophenyl
glycoside was used as a substrate. The unit of each enzyme
is specified in the experiments. Quercetin was added to the
enzyme solution in a buffer and incubated at 30°C for 1 h.
The substrate was added to initiate the enzyme reaction.
When pretreatment was not specified, mixtures of substrate
and quercetin were prepared and added to the enzyme
solution. The enzyme reaction was carried out at 30°C for
30 min and then three volumes of 1 M of sodium bicarbonate
were added to terminate the reaction. Enzymatic activity
was quantified by measuring’ absorbency at 405 nm. One



unit of a-glucosidase activity is defined as the enzyme
amount that can liberate 1.0 mmole of p-nitrophenol per
min. A half milliliter of a-glucosidase (100 U/ml) and
quercetin (10 mM), which was treated for the appropriate
amount of time at 30°C, was dialyzed against a phosphate
buffer (5 mM, pH 6.7) at 4°C for 24 h, by exchanging the
buffer every 12 h. Another 0.5 ml set was kept at 4°C for
24 h without dialysis. The contents of the dialysis tubes
were calculated for residual enzyme activity, as described
in the above-mentioned enzyme assays. The enzyme
reaction was performed according to the above-mentioned
conditions with inhibitors of various concentration levels.
The inhibition types were determined by a Michaelis-
Menten equation [14].

The harmful effects of oxidative processes in living
organisms, in addition to chemical and biochemical media,
can be reduced by antioxidants. The efficacy of an anti-
oxidant depends on its reduction potential and its kinetics
in eliminating diverse-free radicals. Reactive oxygen
species decisively contribute to many diseases. Flavonoids
are benzo-g-pyrone derivatives of a plant origin found in
various fruits and vegetables as well as in tea and red wine.
Quercetin is the most ubiquitous flavonoid molecule in
nature. Quercetin can effectively protect cells and tissue
against the deleterious effects of reactive oxygen species.
This antioxidant activity results from the scavenging of free
radicals and other oxidizing intermediates; from the
chelation of iron or copper ions and from the inhibition of
oxidases [8]. For free radical-scavenging properties, the
scavenging of lipid- and protein-derived radicals is
presumably of special importance. A number of actions
show a potential anti-cancer agent, including cell-cycle
regulation, interaction with Type II estrogen binding sites,
and tyrosine kinase inhibition [11]. Quercetin appears to be
associated with little toxicity when administered orally or
intravenously. In vitro and some preliminary animal and
human data indicate that quercetin inhibits tumor growth
[13].

In the course of searching for a-glucosidase inhibitors
from natural products, quercetin was found as an agent for
o-glucosidase inhibitors (Fig. 1). In this study, it can be
demonstrated that quercetin is a potent and selective o-
glucosidase inhibitor. This suggests that it could be useful
in treating metabolic disorders including metastasis, and
AIDS.

We examined whether quercetin inhibits o-glucosidase.
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Fig. 1. The structure of quercetin.

As shown in Fig. 2, a-glucosidase was the most sensitive
to quercetin, and the concentration that was required for
50% inhibition (ICso) was 5.1x10® M. At higher concen-
tration levels, quercetin inhibited the activity of a-
mannosidase, [B-mannosidase, and (-glucosidase with
sensitivity decreasing in that order. The ICs, values were
4.1x1077 M, 4.2x10° M and 1.0x107> M, respectively. The
activity of o-glucosidase was reduced by quercetin in a
dose-responsive manner (Fig. 2).

Next, we examined the effects of quercetin on the
inhibition of a-glucosidase (Fig. 3). We assumed that
quercetin acted as an analog of glucose or bound to the
glucose-binding site of a-glucosidase. The c-glucosidase
inhibitory activity of quercetin increased due to pre-
incubation of the inhibitor with the enzyme (Fig. 3B).
When the substrate and quercetin were added simultaneously,
the ICsy was ca. 4.0x107® M. This value decreased about
74-fold (ca. 5.0x107® M) when a-glucosidase was treated
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Fig. 2. Inhibition by quercetin against various glucosidases.
Enzyme solutions were treated with various concentration lev-
els of quercetin. The amount of enzymes was as follows: 1 U/ml
a-glucosidase (white circles), 0.5 U/ml b-glucosidase (white
reverse-triangles), 0.5 U/ml a-mannosidase (white squares), 0.1 U/
ml B-mannosidase (black triangles). The enzyme and quercetin
mixtures were kept at room temperature for 1 h.
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with quercetin at 30°C for 1 h before the initiation of the
enzyme reaction. We concluded that quercetin may bind to
a-glucosidase and that a-glucosidase inhibitory activity of
quercetin increased when the inhibitors were pre-incubated
with the enzyme (Fig. 3). Because the time required
reaching the binding equilibrium varies with the enzyme
concentration level (Fig. 2 and 3), the inhibition mode
seems to have slow-binding capability.

To examine whether the inhibition of a-glucosidase of
quercetin is reversible, the inhibitor (10 mM) was added to
o-glucosidase (100 U/ml) before dialysis. A half-milliliter
of a-glucosidase (100 U/ml) and quercetin (10 mM), treated
for 2 h at 30°C, was dialyzed against a phosphate buffer (5
mM, pH 6.7) at 4°C for 24 h. Another 0.5 m] set was kept
at 4°C for 24 h without dialysis. The contents in the dialysis
tubes were examined for residual enzyme activity. When
quercetin alone was dialyzed with the buffer completely
without enzyme, no inhibitory activity was detected even at
a dilution of 10°-fold (data not shown). The enzyme
activity in the dialysis membrane was similar regardless of
dialysis (Fig. 4, compare white squares with white circles),
while the activity of a-glucosidase, pre-incubated with
quercetin, was not calculated before dialysis (Fig. 4, black
reverse-triangles), but the level of activity did recover after
dialysis (Fig. 4, white triangles). These results show that
inhibition of quercetin against a-glucosidase is reversible.

A comparison of the plots indicates that the enzyme,
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Fig. 3. The effects of enzyme amount and pretreatment time on
the inhibition of a-glucesidase. The ICsy value for the inhibition
of a-glucosidase varies depending on the amount of a-glucosi-
dase (A) and on the time of pretreatment (B) with quercetin. In
panel A, different amounts of a-glucosidase were treated with
quercetin for 1 h. In panel B, a-glucosidase (1 U/ml) was pre-
treated with quercetin for 0-120 min in a phosphate buffer (50
mM, pH 6.7) at 30°C. After pretreatment of o-glucosidase with
quercetin, PNP-o-glucopyranoside was added to the mixture to ini-
tiate the reaction. The ICsy values were determined by quantifying
the amount of PNP liberated.

which was treated with the inhibitor followed by dialysis
(Fig. 4, plot of white triangles), required a concentration of
about 20-fold higher than the control (dialyzed enzyme
without inhibitor, Fig. 4, plot of white circles) in order to
attain the same level of enzyme activity. In the very least,
the dialysis experiment showed that the inhibition of -
glucosidase of quercetin might be reversible.

Double-reciprocal plots of a-glucosidase kinetics with
quercetin are shown in Fig. 5. Noncompetitive inhibition
was partially observed when quercetin and substrate were
added simultaneously, showing the K; value as 4.4x107 M
(Fig. 5A). Enzyme activity was also inhibited noncompetitively
when the enzyme was pretreated with quercetin for 1 h. At
this point, the K; value was 6.3x107® M (Fig. 5B). This K;
value was calculated using the values of Vpax obtained
with 0 and 0.8 mM of quercetin. In the present study, the
data suggest that quercetin has potential to be a successful
o-glucosidase inhibitor. Moreover, recently, it is reported
that the various flavonoids including anthocyanidin,
isoflavone, and flanonol groups have potential to inhibit a-
glucosidase as well as a-amylase [15]. This is meaningful
because it could be examined clinically as an anti-cancer or
anti-HIV agent without having any serious toxicity in
humans as well as lab animals.
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Fig. 4. Recovery of quercetin inhibitory action against o-glu-
cosidase after dialysis. The inhibitor (10 mM) was added to a-
glucosidase (100 U/ml) before dialysis. A half milliliter of a-glu-
cosidase (100 U/ml) and quercetin (10 mM), treated for 2 h at
30°C, was dialyzed against a phosphate buffer (§ mM, pH 6.7) at
4°C for 24 h. Another 0.5 ml set was kept at 4°C for 24 h without
dialysis. a-Glucosidase alone (white squares, white circles) and o-
glucosidase/quercetin  (black reverse-triangles, white triangles)
were dialyzed against 5 mM of phosphate buffer (pH 7.0) at 4°C
(white circles, white triangles) or were kept at 4°C (white squares,
black reverse-triangles) for 24 h.
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Fig. 5. Double reciprocal plots of the inhibition of yeast a-glu-
cosidase by quercetin. In (A), 50 ml of a-glucosidase (10 U/ml)
were treated with a mixture of a designed concentration of PNP--
glucopyranoside and quercetin (50 ml). In (B), the same amount of
enzymes, substrates, and inhibitors were used, but the enzymes
were treated first with quercetin for 1 h at 30°C and then, 50 ml of
the substrate were added to initiate the enzyme reaction.

In sum, the results suggest that quercetin could be used
as a mechanism to study the glycosylation of some
metabolic diseases. The inhibition studies provide useful

=

QUERCETIN AS A 0.-GLUCOSIDASE INHIBITOR 371

information for the design of new potent inhibitors for
glycosidases. To date, the yeast of a-glucosidase is known
to be very different from mammalian digestive enzymes,
suggesting that ongoing experiments should examine on
the inhibitory activity of quercetin against mammalian
intestinal o-glucosidases. Further studies on the elucidation
of molecular mechanisms in terms of trimming and the
inhibition of more potent quercetin derivatives against o.-
glucosidase could prove to be useful. It is believed that
quercetin can be used as an anti-cancer or anti-diabetic
agent without any harmful side effects.
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