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Abstract

Seventeen wild vegetables consumed commonly in Korea were tested for inhibitory activities against alpha-
glucosidase (EC 3.2.1.20). Among the methanol extracts, Hosta longipes showed the highest inhibitory activity against
alpha-glhicosidase, followed by Bupleurum longeradiatum and Angelica decursiva. The hexane-soluble fractions of
Hosta longipes, Ainsliaea acerifolia, Pedicularis resupinata, Rupleurum longeradiatum, and Angelica decursiva all
at the concentration of 5 mgfml, inhibited enzyme activity by greater than 50%, and the ethylacetate-soluble frac-
tions of Hosta longipes, and Codonopsis lanceolata, and Bupleurum longeradiatum had relatively strong inhibitory activ-
ity against the enzyme. These results suggest that some edible plants merit further evaluation for clinical usefulness

as anti-diabetic drugs.
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INTRODUCTION

Diabetes mellitus affects some 250 million people world-
wide and is the leading cause of blindness, kidney failure,
and amputation among adults (1). Achieving blood glucose
levels as close to normal as possible has been considered
as one of the major goals of therapy for those with digbetes
mellitus, as high blood glucose level is implicated in the
development of macro- and microvascular complications asso-
ciated with diabetes (2). However, in clinical practice, normal-
izing blocd glucose levels is a formidable challenge. Even
more difficult is the control of postprandial hyperglycemia
(PPHG). Both dietary and pharmacological tools are now
available for the management of PPHG. The pharmacological
agents with the greatest effect on PPHG include insulin lispro,
amylin analogues, and alpha-glucosidase inhibitors (3).

The enzyme alpha-glucosidase catalyzes the final step
in the digestive process of carbohydrates, and hence alpha-
glucosidase inhibitors could retard the digestion of dietary
carbohydraies to suppress PPHG (4). Alpha-glucosidase inhib-
itors such as acarbose, miglitol, and voglibose are known
to reduce PPHG primarily by interfering with the carbohydrate-
digesting enzymes and delaying glucose absorption (3). In
addition, numerous alpha-glucosidase inhibitors have been
screened from natural resources and some of them are of
clinical importance (4-8).

Although several drags targeted for carbohydrate-hydro-
lyzing enzymes are in clinical use, it is necessary to have a
large inhibitor pool as diabetic patients can develop resistance
to curent regimens. Alpha-glucosidase appeared to be inhib-
ited by some flavonoids and polyphenol as well as sugar de-

TCorresponding author. E-mail: vision@knu.ac kr
Phone: 82-53-950-5752, Fax: 82-33-950-6750

rivatives (8,9). As edible wild plants are good sources of these
compounds, we investigated the alpha-glucosidase inhibitory
activities of extracts prepared from some wild vegetables com-
monly consumed in Korea.

MATERIALS AND METHODS

Reagents
Para-nitrophenyl-alpha- D-glucopyranoside and yeast alpha-
glucosidase were purchased from Sigma (St. Louis, MO, TISA).

Preparation of sample extracts and solvent fractionation
Seventeen wild vegetables used in this study are shown in
Table |. Freeze-dried wild vegetables were powdered and

Table 1. Wild vegetables used in this study

General name Scientific name

Surichwi Synurus deltoides
Gunggungui Angelica polymorpha
Dureup Arafie elata
Deoduck Codonopsis lanceolata
Danpungchwi Ainsliaea acerifolia
Chamchwi Aster scaber

Tungyoung-Unggungqui Cirsium chanroemcum
Matari Patrinia scablosaefola

Haneulmatari Lilium singtauense
Vivichu Hosta longipes
Majusongipul Pedicularis resupinata
Johuipul Clematis hevacleifola
(asiho Bupleurum longeradiatium
Badinamul Angelica decursiva
Gyeusari Visscum album var, Coloratum
Tilgyeongui Plantago aswatica
Yeoro Veratrum maackii var. Japonicum
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exiracted with ten volumes of methano! (MeOH) for 12 h
al room temperature. MeOH extract was subsequently sub-
jected to sequential [ractionation with hexane, ethylacelate,
and waier. Solvent from each fraction was removed by rotary
evaporation at 40°C while water-soluble fraction was sub-
jected to additional freeze drying, The sample was dissolved
in dimethylsulfoxide (DMSO) for hexane- and eihylacetate-
soluble fractions or distilled water for water-soluble fractions
for experiimental use.

Enzyme inhibitory assay

The alpha-glucosidase inhibitory assay was done by the
chromogenic method described by Watanabe et al. (4) using
a readily available yeast enzyme, Brefly, veast alpha-ghaco-
sidase (0.7 U, Sigma) was dissolved in 100 mM phosphate
buffer (pH 7.0) containing 2 g/I. bovine serum albumin and
0.2 g/l. NaN; and used as an enzyme solution, 5 mM para-
nitrophenyl-alpha-D-glucopyranoside in the same buffer (pH
740} was used as a subsirate solution. 50111 of enzyme solution
and 101 of test extracts dissolved in dimethylsulfoxide or
distilled waler at a concentration of 5 mg/ml were mixed in
a well of a microtiter plate and measured for titer (Abs 405
nm) at zero time with microplate reader (model 350, BioRad,
Hercules, California, USA). After incubation for 5 min, the
substrate solution (50 ul) was added and incubated for another
5 min at room temperatare. The increase in absorbance from
zero time was measured. Inhibitory activity was expressed
as 100 minus relative absorbance difterence (%) of test com-
pounds to absorbance change of the control where test solu-
tion was replaced by carrier solvent.

RESULTS AND DISCUSSION

In this study seventeen wild vegetables were evaluated for
the inhibitory activity against yeast alpha-glucosidase. The
methanol (MeOH) extracts of wild vegetables showed inhi-
bitory activity against the enzyme ranging from 0 to 62%
at a concentration of 5mg/ml (Fig. 1}. Among [7 samples
the enzyme inhibitory activity of the MeOH extract of Hosta
longipes was the greatest, followed by Buplewrum longer-
adiatum, and Angelica decursiva. The hexane fractions of
Hosta longipes, Pedicularis resupimata, Bupleurum longera-
digtum, and Angelica decursiva showed similar inhibitory
activilies on alpha-ghicosidase, inhibiting the enzyme activ-
ity by 50 to 70% (Fig. 2). Syrurus deltoides and Angelica
polymorpha enhanced the enzyme activity maybe through ihe
inducrion of structural change, Among ethylacetate-soluble
fractions, that of Hosta longipes inhibited the enzyme the most
petently and those of Synurts deltoides, Codonopsis lanceolata,
Bupleurum longeradiatum, and Plantage asiatica also showed
relatively sirong inhibitory activities on alpha-ghicosidase (Fig.
3). Alpha-glucosidase was inhibited less by water-soluble
fractions, compared 1o other solvent fractions (Fig. 4). The
water-soluhle fraction of Cirsium chanroenicim was the most
potent in the inhibition of the enzyme, followed by Ainsliaea
acerifolia.
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Fig. 1. Alpha-glucosidase inhibitory activities of MeOH extracts of
wild vegetables, A, Swnurus delroides, B, Angelica pelymorpha;, C,
Aralia elata; D, Codonopsis lanceolata; B, Ainsligea acerifolia; F,
Aster scaber; G, Cirswmm chanroenicum, H, Patrinia scabiosaefolia,
I, Lilium tsingtauense; 1, Hosta fongipes; K, Pedicularis resupinaia,
L, Clematis heracleifofia: M, Bupleurum longeradianm, N, Angelica
decursiva, O, Visscunt album var. Coloratum;, P, Pluntago asiatica;
Q, Verairum maackii var. Japonicim. Resulis are the mean of dupli-
cate measurements.
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Fig. 2. Alpha-glucosidase inhibitory activities of hexane-soluble
fractions of wild vegetable exiracts. Abbreviations are as described
in Fig. 1.
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Fig. 3. Alpha-glucosidase inhibitory activities of cthylacetate-soluble
fractions of wild vegetable extracts. Abbreviations awe as described
in Fig, 1.

The inhibition of alpha-glucosidase activity in the digestive
traci appears to be one effective way to control PPHG, which
has been inplicated both in the development of type IT dia-
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Fig. 4. Alpha-glucosidase inhibitory activities of water-soluble frac-
tions of wild vepetable extracts. Abbreviations are as described in
Fig. 1.

betes, pancreatic beta-cell dysfunction, and cardiovascular dis-
£ase.

Meanwhile alpha-glucosidase inhibitors are currently the
most cormmonly used oral agenis for improving PPHG due
to their lack of a hypoglycemic threat, and more importantly
the prospect of blood glucose control without hyperinsulinemia
and body weight gain (3). Inhibition of glucosidase and amry-
lases should result in delayed carbohydrate digestion and glu-
cose absorption with attenuation of postprandial hypergly-
cemic excursions. It has been teported that alpha-glucosidase
inhibitors usually do not alter the total amount of carbohy-
drate absorbed and therefore do not cause any net nutritional
caloric loss although they slow down carbohydrate digestion.
As mentioned, three glucosidase inhibitors including acarbose,
migliiol, and voglibose, are at present available for the treat-
ment of patients with type II diabetes mellitus. In addition
to these drugs, flavonoids, N-para-coumaroyl iyramine and
kotalanol isolated from plants have been reporied to strongly
inhibit alpha-glucosidase although their clinical significance
is not clear (6,7). Nishioka et 2l. (8) also scresned 27 Chinese
medicinal herbs for (he inhibitory activities of rat intestinal
sucrase, and isolated an active component from Scurellaria
baicalensis.

While many studies in screening alpha-glucosidase inlib-
itors were performed with yeast enzyme, there is a contro-
versy regarding the use of veast alpha-glucosidase in screen-
ing potential agents of clinical importance, since yeast alpha-
glucosidase inhibitors may not work on mammalian enzymes

as much as they do for the yeast enzyme (10).

In vivo efficacy and the clinical usefulness of the wild
vegetables showing strong inhibitory activity in this study re-
main to be evaluated. Also it mighi be worthwhile to evaluate
the inhihitory activities of plant extracts against other carbo-
hydrate-degrading enzymes such as amylase, sucrase and iso-
maltase. The identification of active componeni(s) from the
ethylacetate-soluble {raction of Hosta longipes is in progress.
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