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AbstractÐA kinetic analysis of the inhibition of malt a-amylase by compounds based on ascorbic acid has shown the mode of
inhibition to be competitive for the parent compound, but more complex for its derivatives. We have further simpli®ed the ascorbic
acid ene-diol pharmacophore by demonstrating that dihydroxyfumaric acid is also a good inhibitor of malt a-amylase. # 2000
Elsevier Science Ltd. All rights reserved.

a-Amylases play a key role in the breakdown of starch,
and have attracted considerable attention in recent years,
in the light of the wealth of structural information that
has become available.1 Inhibition of a-amylases has been
reported to induce carbohydrate tolerance, satiety and
weight loss, and to prolong gastric emptying.2 a-Amylase
inhibitors thus have potential as therapeutics for the
treatment of obesity and non-insulin dependent diabetes
mellitus.3 Perhaps the best-characterised small molecule
inhibitor of a-amylase is acarbose, a compound thought
to be a transition state analogue of the natural substrate.4

Acarbose has been prescribed for the treatment of dia-
betes,5 but side e�ects of this compound have piqued
medical interest in the development of alternative inhi-
bitors. We have previously reported6 a novel class of
inhibitors of a-amylase, based on ascorbic acid derivatives,
following an obscure report by Palla and Verrier.7 A
structure±activity relationship study revealed that the
ene-diol moiety was the essential pharmacophore for
inhibition.6 In this paper we further simplify the phar-
macophore and determine the mode of inhibition of the
parent ascorbic acid-based inhibitors.

A kinetic analysis was carried out on selected ascorbic
acid-based inhibitors of malt a-amylase to examine the
mode of inhibition. This evaluation was carried out, as
previously described, using the Megazyme assay.6,8 In
the ®rst instance, IC50 measurements were made for
ascorbic acid 1, a simple derivative 2 and an elongated
and more complex derivative 3. The data for ascorbic
acid are shown in Figure 1. The IC50 for ascorbic acid
was determined to be 2.65�10ÿ5 M. For compound 2,

the IC50=2.8�10ÿ5 M, and for 3, IC50=6.25�10ÿ5 M.
Inhibition is thus largely maintained upon substitution
at the 6-hydroxy position.

A detailed kinetic analysis was undertaken on ascorbic
acid in order to establish the mode of inhibition of this
new and simple class of inhibitor.9 Initial rates were
measured at ®ve di�erent substrate concentrations, and
the data analysed using Enz®tter (Biosoft, Cambridge,
UK). The data ®tted theMichaelis±Menten model at con-
centrations less than 10ÿ4 M (r2=0.92) and the pattern of
inhibition was consistent with competitive inhibition. The
KI was calculated to be 4.34�10ÿ5 M. Results were less
de®nitive for compounds 2 and 3, which ®tted the
Michaelis±Menten model only at very low inhibitor
concentrations (<4�10ÿ5 M).10

In an attempt to simplify the pharmacophore further, we
tested a commercial sample (Aldrich1) of dihydroxy-
fumaric acid in our assay system.At 5mM, this compound
inhibited 92% of the a-amylase activity, a comparable
®gure to the 95% displayed by ascorbic acid.6 This
suggests that an intact ring structure is not a requirement
for inhibition. Work is therefore underway to determine
structure activity relationship studies on simple ene-diols
based on dihydroxyfumaric acid.
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The binding site of a-amylase has been shown by X-ray
crystallographic studies to comprise a cleft that can
accommodate ®ve or more sugar residues.11 We suggest
that ene-diol inhibitors bind in the active site cleft, at any
one of the sugar binding subsites, explaining the competi-
tive inhibition pattern. For more complex derivatives,
the mode of inhibition is more complex, suggesting a
dual functionality in which the inhibitor is bound to the
active site cleft and a neighbouring site. Current work is
exploring substitution of ascorbic acid with an acarbose-
like substrate mimic, in an attempt to produce inhibitors
that are more potent than either class of inhibitor alone.
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Figure 1. A typical IC50 graph of rate (%) versus inhibitor concentra-
tion (M�10ÿ5).

1576 J. A. Gerrard et al. / Bioorg. Med. Chem. Lett. 10 (2000) 1575±1576


