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Abstract Methimazole (MeimzH) is an anti-thyroid

drug and the first choice for patients with Grave’s

disease. Two new copper(II) complexes of this drug:

[Cu(MeimzH)2(NO3)2].0.5H2O and [Cu(MeimzH)2

(H2O)2](NO3)2�H2O were synthesized and character-

ized by elemental analysis, dissolution behavior,

thermogravimetric analysis and UV-vis, diffuse reflec-

tance, FTIR and EPR spectroscopies. As it is known

that copper(II) cation can act as an inhibitor of alkaline

phosphatase (ALP), the inhibitory effect of methima-

zole and its copper(II) complexes on ALP activity has

also been investigated.
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Introduction

Methimazole (MeimzH) is an antithyroid drug com-

monly used to treat Graves’ disease which cause

thyrotoxicosis characterized by goiter, hyperthyroid-

ism, eye disease, etc. (Tene et al. 2001). This drug

reduces the excessive thyroid activity acting as an

inhibitor of the enzyme thyroid peroxidase by

blocking the synthesis of thyroid hormone. The

therapeutic efficacy of single daily doses of methim-

azole has been proved to be better than propylthio-

uracil in the induction of euthyroidism (Chih-Tsueng

et al. 2004). Several investigations related to different

aspects of methimazole have been published. Medic-

inal research includes: (a) effects on stress prevention

and chemical induced gastropathy in rats (Al Mou-

taery 2003), (b) the inhibition of melanin synthesis in

cultured B16 melanocytes (Kasraee et al. 2004), (c)

the correction of insulin resistance in methimazole-

treated patients (Tene et al. 2001), (d) the upregula-

tion of the T-cell-derived cytokines (Kocjan et al.

2004), (e) the effect of antioxidant supplementation

on superoxide dismutase (SOD) activity (Bacic-Vrca

et al. 2005), among others. It is well known that metal

ions play a vital role in a vast of widely different

biological processes and most of the biologically

active compounds act via chelation. Inorganic and

bioinorganic compounds, as well as their applications

in medicine, have attracted the attention of scientists

in order to advance in the investigations on cancer

chemotherapy and chemoprevention, antiarthritis
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compounds and antimicrobials agents (Williams 1972;

Cameron 2001; Bakhtiar and Ochiai 1999; Taylor and

Williams 1995). By using methimazole as a chelating

ligand, several metal-coordination complexes have

been synthesized (Raper 1996, 1997; Raper and

Brooks 1997) including mercury compounds as

potential protective agents in organomercurial intox-

ication in the detoxification area (Buncel et al. 1982).

Although some copper(I) and copper(I)-copper(II)

complexes of methimazole have been studied (Raper

1996, 1997), to our knowledge only one unstable

copper (II) complex has been reported in the literature

and no enzymatic activity has been reported.

Focus in the last point, our work is intended to

study aspects related to unknown potential activities

of methimazole and its copper complexes.

The biological action of the alkaline phosphatase

is well documented. The ALP in serum is associated

with metabolic bone (Hypophosphatasia) and liver

diseases and also is used as a marker of osteoblastic

differentiation (Li et al. 2008; Whyte (2007). Partic-

ular attention was given to the inhibition of the

enzymatic activity, and several investigations with

vanadium compounds have been performed both in

vitro and in vivo. It was considered that the ability of

these compounds to inhibit ALP activity was a

possible mechanism of action in their mimetic insulin

effect and other physiological behavior (Cortizo et al.

1994; Etcheverry et al. 2001; Li et al. 2008; Ferrer

et al. 2006; Etcheverry and Cortizo 1998). Related to

inhibition of tyrosine phosphatases some complexes

of other transition metals were tested as insulin

mimetic compounds (Redher 2003; Thompson et al.

1999). Associated to the methimazole, insulin sensi-

tivity increased significantly after methimazole treat-

ment for the correction of the hyperthyroidism in

Graves’ disease (Tene et al. 2001), as well as by the

use of antioxidants (Diplock 1991).

In this exploration we found a report in which

alkaline phosphatase activity was inhibited by copper

in phytoplankton cultures, cell-free enzyme prepara-

tions, and natural populations of phytoplankton. In

this, copper toxicity correlated to the net phosphorus

nutrition of phytoplankton as it was proven by

blocking sources and phosphate cycles mediated by

alkaline phosphatase (Rueter 1983). Strong inhibition

of the activity of a variety of hydrolases has been

reported in metal polluted soils over the past years.

The effects of copper on the activity and kinetics of

free and immobilized acid phosphatase were

described (Huang and Shindo 2000). In this study,

it has been reported that the better susceptibility of

the enzyme to Cu(II) at higher pH is attributed to the

deprotonation of the amino acids of enzyme protein

that facilitate its interactions with the metal ion. In

addition, a higher residual activity of the enzyme for

copper citrate than for copper chloride systems was

accredited to the lower affinity of acid phosphatase to

Cu in the former molecule. In the aim to study the

potential use of enzyme activities as biochemical

indicators of soil pollution and soil quality, the effects

of Cd on the ED50 (ecological dose) of acid and

alkaline phosphatase activities of contrasting soils

with or without Cu and/or Zn have been studied.

These studies suggest that the presence of copper

increased the toxic effect of Cd in soil by reducing

phosphatase activities (Renella et al. 2003). On the

contrary, in a previous work (Martin and Evans 1991)

the effect of the Inositol hexaphosphate-Cu(II) com-

plex in solution on the Intestinal Alkaline Phospha-

tase activity was reported in order to investigate the

introduction of Cu(II) in the active site of Zn-

containing enzyme. They established that in absence

of Cu(II) the inhibition was 40%, the activity

decrease to only about 5% when Cu(II) and ligand

are present at a ratio of 6.2:1 and that Cu(II) alone

had no effect on the enzyme activity. These findings

point our attention to examine the effects of meth-

imazole and two new copper(II) complexes of this

drug on alkaline phosphatase activity, and to rein-

vestigate the effect of Cu(II).

The synthesis, chemical characterization and dis-

solution behavior of two new copper(II) complexes of

methimazole are described. Besides, the effect on

ALP activity of the parental drug and its two

copper(II) complexes are also reported.

Materials and methods

Reagents and instrumentation

All chemicals were of analytical grade. Copper(II)

nitrate trihydrate was obtained from Merck, Methim-

azole, para-nitrophenyl phosphate (p-NPP), bovine

intestinal ALP, anhydrous lactose and all the other

analytical grade chemicals used were purchased from

Sigma.
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FTIR spectra of powdered samples were measured

with a Bruker IFS 66 FTIR-spectrophotometer from

4000 to 400 cm-1 in the form of pressed KBr pellets.

Electronic absorption spectra were recorded on a

Hewlett-Packard 8453 diode-array spectrophotome-

ter, using 1 cm quartz cells. Diffuse reflectance

spectra were registered with a Shimadzu UV-300

instrument, using MgO as an internal standard.

Elemental analyses for carbon, hydrogen and sulfur

were performed using a Carlo Erba EA 1108

analyzer. Thermogravimetric (TG) and differential

thermal analysis (DTA) were performed on a Shima-

dzu system (models TG-50 and DTA-50, respec-

tively), working in an oxygen flow (50 ml/min) at a

heating rate of 10�C/min. Sample quantities ranged

between 10 and 20 mg. Al2O3 was used as a DTA

standard. For dissolution capacity test: Hanson

Research SR6 (Apparatus 2-Paddle Apparatus) equip-

ment and Spectrophotometer Metrolab 1700. A

Bruker ESP300 spectrometer operating at X and

Q- bands and equipped with standard Oxford low

temperature devices was used to record the spectra of

the compounds at different temperatures. The mag-

netic field was measured with a Bruker BNM 200

gaussmeter, and the frequency inside the cavity was

determined by using a Hewlett-Packard 5352B

microwave frequency counter. A computer simula-

tion of the EPR spectra was performed using the

programs SimFonia (WINEPR SimFonia 1996). Base

line corrections, normalization, curve-fitting and

calculations were carried out by means of Grams/32

(Galactic Industries Corporation, USA) software.

Preparative

[Cu(MeimzH)2(NO3)2].0.5H2O

Copper nitrate trihydrate (1 mmol, 0.170 g) dissolved

in ethanol (10 ml) was added to an ethanolic solution

(10 ml) of methimazole (MeimzH) (2 mmol,

0.228 g) under continuous stirring. Then, the pH of

the solution was adjusted to 9 by adding small

aliquots of sodium methoxide solution. The resulting

mixture was stirred at room temperature for 20 min

and the resulting violet colloidal product was sepa-

rated by centrifugation. After that, it was washed

several times with ethanol and dried in vacuo. Anal.

Calc. for C8H13N6S2O6.5Cu: C, 22.61%; H, 2.82%;

N, 19.78%; S, 15.08%. Found: 23.00%; H, 2.70%; N,

20.21%; S, 15.6%. Yield: 75%. The thermogravi-

metric analysis (TGA) carried out under an O2

atmosphere-50 ml/min, heating rate of 10�C/min, in

the 25–1000�C range, showed two clearly defined

steps: (1) 25–50�C (Dxexp = 2.03% y Dxcalcd =

2.12%, DTA = 41�C, endo), loss of hydratation

H2O, (2) combustion of the compound to CuO

(residual mass Dx = 19.18% of the compound,

supported by FTIR spectroscopy).

[Cu(MeimzH)2(H2O)2](NO3)2�H2O

This compound was prepared by a similar procedure

to that described above, except that water was used as

a solvent and the pH was adjusted to 8 with NaOH

1 M. The blue powder immediately formed, was

filtered off, and the product was washed several times

with distilled water. Anal. Calc. for C8H18N6S2O9Cu:

C, 20.45%; H, 3.4%; N, 17.89%; S, 13.63%. Found:

23.00%; H, 2.70%; N,17.5%; S, 13.8. %. Yield: 82%.

TGA (O2 atmosphere-50 ml/min, heating rate of

10�C/min, 25–1000�C range) showed the following

processes: (1) 25–100�C, loss of one H2O molecule

(Dxt = 3.83%, Dxexp = 3.85%, DTA = 63�C, endo),

(2) a second step between 100–200�C, indicating the

lost of the two other water molecules (Dxt = 11.5%,

Dxexp = 10.80%, DTA = 173.5�C, endo), (3) complete

thermal decomposition of the sample and formation

of CuO (anhydrous sample, Dx = 17.07%, FTIR

spectroscopy).

Dissolution profiles of the complexes

The dissolution profiles were performed according to

the United States Pharmacopeia (USP 30) (U.S.

Pharmacopeia 2007). Capsules No 3 were prepared

with homogenous mixture (20 mg of the complex and

130 mg of anhydrous lactose) in accord to methi-

mazol formulation (Abdou 1989). Dissolution testing

of capsules was performed in distilled water (pH 5–6),

HCl 0.1 M, sodium lauryl sulfate 0.01 M and buffer

KH2PO4 (pH = 6.8, 0.2 M). The dissolution medium

was 500 ml at 37�C, stirred at 50 rpm and 100 rpm.

For dissolution profiles, 10.0 ml aliquots were

withdrawn at 5; 10; 20; 30 and 40 min. The

solutions were immediately filtered off through

0.45 lm nylon filter. One milliliter of the filtered

aliquots was pipetted into 10 ml volumetric flask

for [Cu(MeimzH)2(NO3)2].0.5H2O and into 25 ml
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volumetric flask for [Cu(MeimzH)2(H2O)2](NO3)2�
H2O with fresh dissolution fluids in each case. Drug

release (DR%) was assayed by electronic spectros-

copy, UV absorbance was measured at 215 nm.

Cumulative percentages of the dissolved drug from

the tablets were calculated and plotted versus time.

Stability studies

In order to determine the stability of the compounds

during the preparation of the solutions for the

enzymatic measurements, the variation of the UV-

vis spectra with time was performed. Because of the

low solubility of the complexes in water, the disso-

lution has been carried out in hot DMSO (dimethyl-

sulfoxide). The copper(II) d-d electronic absorption

bands in the visible spectral range were monitored.

Alkaline phosphatase specific activity

The effect of methimazole, copper(II) cation and

copper(II) complexes of methimazole on ALP activity

was determined by UV-vis spectroscopy. The reaction

was started by the addition of the substrate para-

nitrophenyl phosphate (p-NPP) and the product

p-nitrophenol was monitored by the absorbance changes

at 405 nm. Briefly, the experimental conditions for ALP

specific activity measurement were as follows: 1 lg/ml

of bovine intestinal ALP and 5 mM of p-NPP were

dissolved in the incubation buffer (55 mM glycine ?

0.55 mM MgCl2, pH = 10.5) and held for 10 min. The

effects of the compounds were determined by addition

of different concentrations (1–100 lM) of each one to

the pre-incubated mixture. The solutions of the com-

plexes were prepared in DMSO before adding the buffer

to obtain the desired final concentrations. The effect of

each concentration was tested at least in triplicate in

three different experiments.

Results and discussion

FTIR spectroscopy

The ligand, a heterocyclic thione, methimazole,

presents thione-thiol tautomerism in the molecule.

The thione tautomer is the dominant species in the

solid state. In solution, several factors including pH,

the nature of the metal and the solvent affect the

equilibrium and the thiol form became the predom-

inant species (Raper et al. 1991). The prevalence of

the thione form is confirmed by the absence of the

m(SH) band at ca. 2500 cm-1 and the presence of the

m(NH) band at 3108 cm-1 (Table 1) (Raper 1997). In

coordination compounds involving thioamide group,

four bands are characteristic in the infrared spectra.

These bands appear in the following regions

1570–1395 cm-1, 1420–1260, 1140–940 and 800–

700 cm-1 corresponding to the called ‘‘thioamide I,

II, III, IV bands’’ (Jolley et al. 2000). Bands I and II

have a little C=S contribution and originate mainly in

C=N and NH deformation modes. On the contrary,

bands III and IV have a significant C=S content.

These bands are used to predict the mode of

coordination of heterocyclic thione complexes. The

lack of interaction via the nitrogen is supported for

the insignificant changes in the position of the m(NH)

band in the complexes (Table 1). Also, no positive

shifts are observed for the thioamide I band which is

characteristics for M–N coordination. The most

important changes are observed in the thioamide IV

band which has the largest proportion of m (CS). The

effect that produces the thione donation consists in

the displacement of this band to lower wavenumbers

(Bell et al. 2004, Raper et al. 1998).

Bands corresponding to the vibrational modes of

nitrate ion were also detected. One intense band

located at 1380 cm-1 assigned to a combination

mode band (m1 ? m4) is observed for the blue

complex together with the band related to an in

plane bending vibration (m4) which appears at

684 cm-1. This suggests the presence of ionic nitrate

group for this complex (Battaglia et al. 1976). In the

spectra of the violet complex the splitting of m4 Into

two bands (695 and 682 cm-1) is consistent with the

presence of a monodentate nitrate group (Pettinari

et al. 1999). The difference on these two values,

D = 13 cm-1, confirms the interaction of a single

oxygen atom of nitrate anion with copper(II) (Na-

kamoto 1986). The others nitrate bands are hidden

under ligand absorption bands.

Diffuse reflectance and UV-vis spectra

The diffuse reflectance spectrum of [Cu(Mei-

mzH)2(NO3)2].0.5H2O showed two bands at 760

and 560 nm while the spectrum of [Cu(Mei-

mzH)2(H2O)2](NO3)2�H2O showed a broad band with
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a maximum at 750 nm. In both, the bands observed at

low energy were assigned to the d-d transitions of the

copper(II) ion in square coplanar environment (450–

830 nm region, rather asymmetric due to d9 config-

uration Jahn–Teller effect) (Lever 1984).

In solution the UV-visible spectrum of the

[Cu(MeimzH)2(H2O)2](NO3)2�H2O complex in etha-

nol displayed a broad band with maximum at 640 nm

(e = 1002.6 M-1 cm-1) The observed band probably

are related to significant solvent effects and the

appearance of intense electronic spectral bands also

may be attributed to the contribution of charge

transfer S ? Cu(II) transitions (Ainscough et al.

1989).

Stability studies

The complexes were dissolved in hot DMSO in order

to evaluate the stability in similar conditions to those

of the in vitro studies. The conversion of violet and

the blue compound in a single predominant solution

species was determined by measuring the variation

of the UV-vis spectra with time (15 seg, 5, 10, 15,

25, 50 min). Fig. 1a shows the time-dependent

changes in the visible range of the spectra. The

electronic spectra show a prominent broad band in

the range 500–810 nm. Under these conditions the

chemical species that the blue complex gives under

dissolution ([Cu(MeimzH)2(H2O)2](NO3)2�H2O) was

stable in time (Fig. 1a B). The violet complex

([Cu(MeimzH)2(NO3)2].0.5H2O) (Fig. 1a A) showed

at a broad d-d band with a maximum at 689 nm but

after 5 min the initial spectrum changed with

formation of a new spectrum comparable to those

the blue complex. These results demonstrated that

during the manipulation time of the samples for the

bioactivity assays both complexes convert to major

solution specie with similar coordination mode.

Probably, the nitrate ligands interchange with solvent

molecules. The retention of the S atom of the

MeimzH ligand in the coordination sphere of the

metal center is supported taking into consideration

the position of the band and the absorptivity values

corresponding to a charge transfer process (Ains-

cough et al. 1987).

In order to identify the nature of the bioactive

species, the UV-vis spectra for the violet (Fig 1b) and

the blue (Fig. 1c) complexes in DMSO were fitted.

We have selected the spectra obtained after 5 min of

the dissolution because it is the time elapsed during

the dissolution of the complexes previous to the

measurements of the enzymatic assays. The best fit

showed in both spectra the presence of one band at

676 nm (e = 521 M-1 cm-1, calculated after stabil-

ization) (predominant band), other in a 575–600

range and others in minor percentage probably due to

a tiny proportion of the unconverted violet com-

pound. The position and the molar extinction coef-

ficient for the main band lend strong support to

attribute the origin of this band to S ? Cu(II) charge

transfer transition. Similar charge-transfer bands have

been assigned in proteins. Blue copper centers are

characterized by an intense Cys ? Cu(II) LMCT

(Cys = cysteine) (ligand-to-metal charge transfer)

transition near 600 nm resulting in their blue color.

Nevertheless, there is considerable difference in

energy between the charge-transfer bands of the

copper-metimazol complex and those of the

Table 1 Assignments of some characteristic FTIR bands (cm-1) of methimazole, [Cu(MeimzH)2(NO3)2].0.5H2O and

[Cu(MeimzH)2(H2O)2](NO3)2�H2O

MeimzH [Cu(MeimzH)2(NO3)2].

0.5H2O (violet)

[Cu(MeimzH)2(H2O)2]

(NO3)2�H2O (blue)

Assignments

3108 s 3111 s 3120 s m (NH)

1462 s 1460 s 1459 s I Thioamide bands

1271 s 1284 s 1279 s II

1084 m 1086 m 1086 m III

766 m 731 m 739 m IV

1380 s (m1 ? m4) Ionic NO3
- group

684 m m4

695,682 w m4 Unidentate ONO2
-

s strong, m medium, w weak
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tetrahedral protein complex (Belle et al. 2005;

Mcmillin and Morris 1981).

Electron spin resonance spectra

The X and Q-band EPR powder spectra of the

complexes were measured at room temperature and

at 140 K. The polycrystalline sample of [Cu(Mei-

mzH)2(NO3)2].0.5H2O (violet) showed a better reso-

lution in Q-band (Fig. 2a) while X-band could be

observed for [Cu(MeimzH)2(H2O)2](NO3)2�H2O (blue)

(Fig. 2b). Simulation showed that the violet complex

presented g-values of g1 = 2.065, g2 = 2.10 and

g3 = 2.158 (g0 = 2.11) while the blue complex pre-

sented g-values of g1 = 2.031, g2 = 2.091 and

g3 = 2.163 (g0 = 2.095) which are consistent with

rhombic symmetry (Hathaway and Billing 1970). The

obtained parameters are in concordance with square-

coplanar stereochemistries in a similar S2O2 donor

environment. (Guillon et al. 1998). In order to distin-

guish the geometry, the R parameter (R = (g2 - g1)/

(g3 - g2)) was calculated taking into account that

g3 [ g2 [ g1. The calculated R value (R \ 1) of 0.6

and 0.83, respectively, indicate that the unpaired

electron is located mostly on dx2 - y2 orbital of the

copper(II) atom (Naso et al. 2009; Chandra and Gupta

2005). The observed broadening of the resonance line

suggests an enhanced magnetic dipole interaction

between the paramagnetic centers (Jolley et al. 2000;

Bell et al. 2004).

Dissolution assay

The purpose of the present study was to characterize

the dissolution performance of the copper-methima-

zole complexes in different dissolution media.

Figure 3A shows the dissolution profile for [Cu

(MeimzH)2(NO3)2].0.5H2O complex using 50 rpm.

As can be seen from the figure, better sample disso-

lution was obtained in water solution in comparison

with KH2PO4 and the sodium lauryl sulfate (LSNa)

dissolution medium, but the thermodynamic balance is

not reached in this case. In contrast, by using HCl

solution the percentage of the dissolution increased

until a constant value reaching the thermodynamic

balance between 30 and 40 min. On the other hand, at

100 rpm the curve shows a better dissolution in

KH2PO4 medium, but the equilibrium was obtained

in HCl and sodium lauryl sulfate solutions throughout

the time course of 30–40 min.
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Fig. 1 a A UV-vis absorbance spectrum of the [Cu(Mei-

mzH)2(NO3)2].0.5H2O (violet) complex at 15 seg (solid line),

5 min (long dash line), 15 min (medium dash), 25 min (short
dash), 50 min (dotted line) in DMSO solvent (4.79 mM). B UV-

vis absorbance spectrum of the [Cu(MeimzH)2(H2O)2](NO3)2�
H2O (blue) complex at 5 min in DMSO solvent (4.26 mM).

b Original UV-vis absorbance spectrum [Cu(MeimzH)2-

(NO3)2].0.5H2O (violet) complex (solid line) at 5 min in DMSO

solvent and UV-vis absorbance spectrum after curve-fitting

(dash and dotted lines). c Original UV-vis absorbance spectrum

[Cu(MeimzH)2(H2O)2](NO3)2�H2O (blue) complex at 5 min in

DMSO (solid line) and UV-vis absorbance spectrum after curve-

fitting (dash lines)
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At 50 rpm and using KH2PO4 and HCl as dissolu-

tion medium, the [Cu(MeimzH)2(H2O)2](NO3)2�H2O

complex (Fig. 3B) arrived at the thermodynamic

balance between 30 and 40 min in spite of the better

solubility was obtained in aqueous medium. The drug

solubility was improved at 100 rpm in HCl and LSNa

solutions reaching the balance after 30–40 min except

in the case of KH2PO4 medium.

It was found that a priori predictions could not be

made; the dissolution rate changed as a function of

the agitation speed and it was also pH-dependent. In a

future other pre-formulation studies have to be
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Fig. 2 a EPR powder spectra at 290 K (Q band) of the

complex [Cu(MeimzH)2(NO3)2].0.5 H2O (violet) (solid line)

and simulated spectrum (WINEPR SimFonia (dash line)). b

EPR powder spectra at 290 K of the complex [Cu(Mei-

mzH)2(H2O)2](NO3)2�H2O (blue) and simulated spectrum

(WINEPR SimFonia)
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performed in order to enhance the aqueous solubility

and dissolution rate including drug-excipient interac-

tions among others.

Alkaline phosphatase assays

Alkaline phosphatase (E.C.3.1.3.1) is a metalloen-

zyme that catalyzes the hydrolysis of phosphate

monoesters. The most widely characterized is an

80,000 molecular weight enzyme from E.coli, for

which a low-resolution X-ray crystal structure is

available (Bertini and Luchinat 1983). It is a dimer

containing three non-equivalent metal-binding sites

in each subunit. Two of them are occupied by zinc

ions, one with a catalytic role and the other one with a

structural function. The third metal is a Mg(II) cation,

also playing a structural role. Alkaline phosphatase is

also associated with the surface of algae, specifically

the plasmalemma (Rueter 1983).

In Fig. 4 it can be observed the effects of

copper(II) cation, the two compounds after 5 min of

dissolution in hot DMSO and methimazole on the

ALP activity. As it can be seen, the complex

(ED50 = 42 lM) is a stronger inhibitory agent than

copper(II) cation in the whole concentration range.

Besides, methimazole behaves as a moderate inhib-

itor (ED50 = 70 lM) but the complexation with

copper improved its activity. Interestingly, our results

shows that the copper(II) cation did not display

significant inhibitory effect on the ALP activity (an

effect of only 10% was observed) in contrast with

previous controversial results obtained either in

phytoplankton cultures (Rueter 1983) or with the

commercial enzyme (Martin et al.). In the former

study copper inhibited the enzymatic activity and in

the latter investigation the metal ion has no effect on

the intestinal alkaline phosphatase. In opposition to

our results, the complexation of copper(II) by Inositol

hexaphosphate do not improve the inhibitory effect of

the ligand on the enzymatic activity (Martin and

Evans 1991).

In comparison with usual ALP inhibitors it is

possible to observe that vanadate (ED50 = 13lM)

and vanadyl (ED50 = 8.7lM) (Cortizo et al. 1994)

specie show a stronger inhibitory effect than copper

ion (this work) under similar conditions. Taking into

account that the same experimental conditions to

estimate ALP inhibition were used in both cases,

direct comparisons with reported vanadyl complexes

were performed. The methimazole copper complex

(ED50 = 42lM) is a better inhibitor than VO-sac-

charide (Etcheverry et al. 2001), VO-Hesperdin

(Etcheverry et al. 2008) VO-Quercetin (Ferrer et al.

2006) complexes and close to the well known

hypoglycemic agent, bis(maltolato)oxovanadium (IV)

BMOV (ED50 = 32.1 lM) measured at pH = 7 (Li

et al. 2008).

The inhibitory effect on the activity of the

enzymes that catalyze phosphoryl group transference

can be attributed to a better bioavailability rather than

to the increased potency at the phosphatase enzyme

active sites caused by metal complexes and ligands

(Peters et al. 2003). In this work it was demonstrated

that the cation (in a less extent), the ligand and the

complex exerted a toxic effect by blocking functional

groups of enzyme. For the complex, this fact may be

due to the coordination of the copper(II) cation to the

sulfur moiety of the methimazole, leaving the inter-

acting part of the ligand unmodified. The complex-

ation improved the inhibition power of methimazole.

In this context, the possibility that in solution the

complex adopted a more appropriate symmetry in the

interaction with the enzyme (Ferrer et al. 2005) is

suggested. It can then be concluded that in addition to

the antithyroid action of methimazole, this compound

and its copper-complexes may provide a promising
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Fig. 4 Effect of copper(II) ion (Filled square), methimazol

(Filled circle) and the species obtained after dissolution in hot

DMSO (5 min), (Filled inverted triangle) on ALP activity

from bovine intestinal mucose. Initial rate was determined by

incubation of the enzyme at 37�C for 10 min in the absence or

presence of variable concentrations of the inhibitors. Basal

activity was 5.2 ± 0.2 nmol pNP min-1 lg-1 protein
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source for research and development of potential

drugs for phosphatase inhibition.
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Tene C, Zárate A, Basurto L, Islas S, Revilla C, Ochoa R,

Galván RP (2001) Correction of insulin resistence in

methimazole-treated patients with Grave’s disease. Rev

Invest Clin 53:531–535

Thompson KH, McNeill JH, Orvig C (1999) Vanadium

Compounds as Insulin Mimics. Chem Rev 99:2561–2571

U.S. Pharmacopeia National Formulary; USP30/NF, 2007, US

pharmacopeial convention, Rockville, MD

Whyte MP (2007) Hypophosphatasia chapter 207, Part 22: con-

nective tissue. In: Valle D, Beaudet A, Vogelstein B, Kinzler

K, Antonarakis S, Ballabio A, Scriver C, Sly WS, Childs

(eds). BOMMBID—The online metabolic and molecular

bases of inherited disease. Mc Graw Hill, pp 1–41

Williams DR (1972) Metals, ligands, and cancer. Chem Rev

72:203–213

WINEPR SimFonia (1996) v1.25, Bruker Analytische Mess-

tecnik GmbH

264 Biometals (2010) 23:255–264

123


	Copper(II) complexes of methimazole, an anti Grave’s disease drug. Synthesis, characterization and its potential biological behavior as alkaline phosphatase inhibitor
	Abstract
	Introduction
	Materials and methods
	Reagents and instrumentation
	Preparative
	[Cu(MeimzH)2(NO3)2].0.5H2O
	[Cu(MeimzH)2(H2O)2](NO3)2middotH2O

	Dissolution profiles of the complexes
	Stability studies
	Alkaline phosphatase specific activity

	Results and discussion
	FTIR spectroscopy
	Diffuse reflectance and UV-vis spectra
	Stability studies
	Electron spin resonance spectra
	Dissolution assay
	Alkaline phosphatase assays

	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


