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MODULATION OF ACETYLCHOLINESTERASE
ACTIVITY INDUCED BY POLYOXOTUNGSTATES

M. Colovi¢ !, A. Bondzi¢ !, U. Kortz 2, V. Vasi¢ ! and D. Krsti¢ *

! Department of Physical Chemistry, Vinc¢a Institute of Nuclear Sciences,
University of Belgrade, Serbia (coloviem(@vin.bg.ac.rs)
’Department of Life Sciences and Chemistry, Jacobs University,
Bremen, Germany
3 Institute of Medical Chemistry, Faculty of Medicine,
University of Belgrade, Serbia

ABSTRACT

The in vitro influence of five polyoxotungstates containing various central
atoms on acetylcholinesterase (AChE) activity was investigated.
Ks[PV3W904oJ X 3H30, KsH:I_TiW11COO4oJ X 13H30,
(NHa4)14| NaPsW300110] x  31H20, K7|SiViWsOs] x 10H2O, and
K7|TizPW10040| induced the enzyme inhibition in a concentration-
dependent manner. Inhibitory power of the investigated compounds was
evaluated using ICso values. K7|SiViWsO4| x 10H.O affected AChE
activity with lowest potency (ICso = 4.80 x 10™* mol/L). KeH>| TiW11C0Ox0|
x 13H20 and K7|T12PW10040| exhibited high affinity toward the enzyme,
inducing half-maximum inhibition at micromolar concentrations (1.14 x 10
¢ and 1.04 x 10 mol/L, respectively), while the same effect was achieved in
the presence of about fifty times higher concentration of Kg|PV3iWgOso| *
3H,O. Finally, (NH4)14|NaPsW300110] * 31H>O was found as the most
potent inhibitor of AChE activity (ICso = 6.36 x 107 mol/L), and
consequently the most promising candidate for the treatment of neurological
diseases associated with acetylcholine leakage.

INTRODUCTION

Polyoxometalates (POMs) are negatively charged inorganic complexes
containing transition metal ions surrounded by oxygen atoms |[1]. These
anionic clusters are relatively stable, some of them are even highly stable in
aqueous solutions at physiological pH values |2]. POMs have been shown to
exhibit biological activities in vitro as well as in vivo, including anticancer
|3], antibacterial 4], antiviral 5], and antidiabetic |6] activities. Their
biological mechanisms of action at the molecular level are not well
understood. It has been speculated that POMs are likely to act
extracellularly, inhibiting several different enzyme families such as

451



PHYSICAL CHEMISTRY 2016 F-09-P

phosphatases, kinases, sulfotransferases, sialyltransferases, and ecto-
nucleotidases, which are mostly located on the plasma membrane and
display extracellular binding sites |7]. In a recent study, Igbal et al. |8]
demonstrated the inhibition of acetylcholinesterase (AChE) and
butyrylcholinesterase activities induced by micromolar concentrations of a
group of polyoxotungstates. AChE (EC.3.1.1.7) belongs to a group of
membrane bound serine hydrolases, and is involved in the termination of
impulse transmission by rapid hydrolysis of the neurotransmitter
acetylcholine in numerous cholinergic pathways in the central and
peripheral nervous systems |9]. Reversible inhibitors mostly have
therapeutic applications, while toxic effects are associated with irreversible
AChE activity modulators. The reversible inhibition of brain AChE is the
major therapeutic target in the treatment of Alzheimer’s disease associated
with loss of cholinergic neurons in the brain and the decreased level of
acetylcholine | 10].

Considering the fact that AChE inhibition presents one of the strategies in
the therapy of neurological diseases, and the literature data about high
inhibitory potential of POMs, the aim of this study is to investigate the in
vitro influence of tive newly synthesized heteropolyoxotungstates on AChE
activity, as potential anti-Alzheimer drugs.

EXPERIMENTAL

Polyoxotungstates were synthesized and characterized by prof. Ulrich Kortz
at Jacobs University, Bremen. Commercially available AChE purified from
electric eel (Sigma, Germany) was exposed to the various concentrations of
the investigated compounds during 20 minutes at 37°C. Afterwards, AChE
activity was determined by slightly moditfied Ellman’s method [11].

RESULTS AND DISCUSSION

The effect of five newly synthesized polyoxotungstates: Ke¢|PV3WgsOso)
x3H20, KeH2|TiW11C0040] * 13H>0, (NHa4)14|NaPsW300110] *x 31H:0,
K7|_SiV3W904oJ x 10H>0 and K7|_Ti2PW10040J x 10H-O on AChE activity
was investigated by in vitro exposure of the enzyme to the
polyoxotungstates in concentration range 1 x 107% - 2 x 10~ mol/L. The
dependence of the enzyme activity, expressed as a percentage ot control
value (the enzyme activity obtained without inhibitor), on the
polyooxotungstate concentration fitted a sigmoidal function for all
mvestigated compounds (Fig. 1a). ICso values, the parameters of the
mhibitory potential defined as the concentration which induces 50%
inhibition of the enzyme activity, were determined by sigmoidal fitting the
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experimental results as well as by Hill analysis (Fig. 1b) and are
summarized in Table 1. The obtained results show that all five investigated
polyoxotungstates inhibit AChE activity in concentration dependent manner,
but with various potencies. (NHas)14| NaPsW300110] x 31H>O 1is the most
potent AChE inhibitor (ICso = 4.79 x 10”7 mol/L), about a thousand times
stronger than the inhibitory power of K7 SiVaWoOs0| x 10H>O (ICso = 4.80
% 10 mol/L). The sensitivity of AChE toward KeH>| TiW1;C0O4] x 13H,0
and K7 TizPW10040| x 10H2O was similar with ICso values of 1.14 x 10
and 1.04 x 10° mol/L, respectively, but their inhibitory potentials were
about two times weaker compared to (NH4)14| NaPsW30O110] x 31H>O. The
obtained diversity in the inhibitory power of the investigated compounds
could result from their differences in size, shape and charge.
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Figure 1. The concentration dependent (a) and Hill analysis (b) inhibition of
AChE from electric eel induced by Ke|PV3;WsOs40] x3H>0 (square),
KeH>| TiW11C0040] x 13H>0 (circle), (NH4)14| NaPsW300110] x 31H2O
(asterisk), K7|S1V3WsOs0| x 10HO (solid triangle), and K7| T12PW10040]
10H>0 (open triangle).

Table 1. ICso values of AChE inhibition by five newly synthesized
polyoxotungstates obtained by fitting the experimental points by sigmoidal
function and Hill analysis.

Hill analysis Sigmoidal function

POM ICso, mol/LL ICs0 , mol/LL
Ks[PV3WsO40| x 3H,O 6.56 x 107 6.36 x 107
KeH>| TiW11CoO40] x 13H.O 1.23 x 106 1.14 x 10
(NH4)14[N8P5W300110J x31H,0  6.00 x 1077 4.79 x 107
K7[S1V3WsOy| x 10H,O 5.82 x10* 4.80 x 10
K7[Ti:PW1004oJ X IOHZO 1.15 x 10_6 1.04 x 106
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CONCLUSION

In the present study, the potencies of five newly synthesized
polyoxotungstates to decrease AChE activity were investigated for the
purpose of their potential application in the therapy of neurological diseases
associated with acetylcholine deficiency. The obtained results showed that
three of five investigated compounds - (NHai)14|NaPsW30O110] *x 31H-O,
Kstl_TiW11COO40J X 13H20, and K7[Ti3PW1004oJ X 10H30 1‘e1na1‘kab1y
affected the enzyme activity at micromolar concentrations. Consequently,
these polyoxotungstates could be considered promising therapeutics in the
treatment ot Alzheimer’s disease, and require further preclinical studies.
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