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35It has been reported that various metal coordination compounds have improved some biological proper-
36ties. A high activity of acid phosphatase (AcP) is associated to several diseases (osteoporosis, Alzheimer’s,
37prostate cancer, among others) and makes it a target for the development of new potential inhibitors.
38Anti-thyroid agents have disadvantageous side effects and the scarcity of medicines in this area moti-
39vated many researchers to synthesize new ones. Several copper(II) complexes have shown antifungal
40activities. In this work we presented for a first time the inhibition of AcP and the anti-thyroid activity
41produced by methimazole–Cu(II) complexes. Cu–Met ([Cu(MeimzH)2(H2O)2](NO3)2�H2O) produces a
42weak inhibition action while Cu–Met–phen ([Cu(MeimzH)2(phen)(H2O)2]Cl2) shows a strong inhibition
43effect (IC50 = 300 lM) being more effective than the reported behavior of vanadium complexes.
44Cu–Met–phen also presented a fairly good anti-thyroid activity with a formation constant value,
45Kc = 1.02 � 1010 M�1 being 106 times more active than methimazole (Kc = 4.16 � 104 M�1) in opposition
46to Cu–Met which presented activity (Kc = 9.54 � 103 M�1) but in a lesser extent than that of the free
47ligand. None of the complexes show antifungal activity except Cu–phen (MIC = 11.71 lg mL�1 on Candida
48albicans) which was tested for comparison. Besides, albumin interaction experiments denoted high affin-
49ity toward the complexes and the calculated binding constants indicate reversible binding to the protein.
50� 2015 Elsevier Ireland Ltd. All rights reserved.
51

52

53

54 1. Introduction

55 In recent years, the study of enzyme inhibition mediated by
56 coordination metal compounds has significantly increased as a
57 consequence of the development of the applications of these com-
58 pounds in medicine. A variety of metal complexes have been stud-
59 ied for this purpose including, complexes of Au(I), Pt(II), V(IV)O
60 [1,2] and Cu(II) [3]. Recently, it has been demonstrated that cop-
61 per(II) complexes acted as inhibitors of the protein tyrosine phos-
62 phatase (PTP) [4] and the alkaline phosphatase (ALP) enzyme [5,6].
63 On the other hand, purples acid phosphatases (PAP) are metal-
64 loenzymes found in animals, plants and fungi. These phosphatases
65 have a binuclear structure with two different metal centers for the

66catalytic reaction of the hydrolysis of phosphate esters and anhy-
67drides under acidic conditions (one is Fe(III) and the second one
68could be Fe(II) (in mammals) [7], or Zn(II) or Mn(II) (in plants)
69[8]). Basically, the structure and the mechanism of action are sim-
70ilar to that of alkaline phosphatase (ALP) and the difference would
71be the presence of a serine (Ser) amino acid residue [9] whereas in
72PAP a histidine (His) residue is present. Different biological roles
73have been proposed for PAP (iron transport during gestation, bone
74resorption in osteoclasts, catalysis of Fenton’s reaction, etc) [10]
75and its elevated levels in serum are correlated with the progression
76of osteoporosis (bone metastases), Guacher and Alzheimer’s
77diseases, hyperparathyroidism and prostate cancer, among others
78[11–13]. The activity of phosphatase acid could be inhibited by cer-
79tain metal ions such as Hg(II), Cr(VI), Bi(III) [14], Cd (II) [15], some
80oxo-anions as HAsO4

�2, WO4
�2 and MoO4

�2 [16], some organic com-
81pounds [17] but there is not sufficient evidence in the literature
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82 concerning to the inhibitory tests performed with coordination
83 compounds and we only found some studies for vanadium com-
84 pounds [18]. Taking into account that high levels of this enzyme
85 are associated with numerous diseases it turns out to be a good
86 target for the development of new potential inhibitors.
87 In addition to the possibility of enzymatic inhibition, it is well
88 known that methimazole (Fig. 1) is an anti-thyroid agent which
89 most important effect is the inhibition of the thyroid hormone syn-
90 thesis by interfering with thyroid peroxidase-mediated iodination
91 of tyrosine residues in thyroglobulin (an important step in the
92 synthesis of thyroxine and triiodothyronine). Disadvantageous side
93 effects related with the drugs have been detected during the past
94 years [19] inspiring researchers to synthesize new anti-thyroid
95 agents with lesser side effects. However, no studies were found
96 concerning the anti-thyroid effects of metal complexes. In conse-
97 quence we decide to simulate in vitro the action of the present cop-
98 per(II)-methimazole complexes as anti-thyroid drugs [20,21].
99 In recent years coordination complexes have been studied

100 because of their potential biological applications. It has been
101 revealed in many cases, an improvement of the activity. For this
102 reason, we presented in this work, for a first time, the inhibition
103 acid phosphatase studies and anti-tyroid activity of methimazole
104 copper complexes. We also determined its antifungal and the albu-
105 min transport abilities. As it is known, serum albumin is the major
106 transporter protein for unesterified fatty acids and also is capable
107 to bind an extraordinarily diverse range of metabolites, drugs, dyes
108 and organic compounds. Because the metabolism, distribution and
109 efficacy of many drugs in the body are associated with their
110 affinities towards serum albumin, the analysis of compounds with
111 respect to albumin binding ability becomes a relevant item to
112 analyze.

113 2. Materials and methods

114 2.1. Reagents and instrumentation

115 All chemicals were of analytical grade. Bovine Serum Albumin
116 BSA (A-6003, essentially fatty acid-free) and acid phosphatase
117 AcP (from potato, 0.8 U/mg, Deisenhofen, product number
118 P-3752) were obtained from Sigma Chemical Company (St. Louis,
119 MO) and used as supplied. Copper(II) nitrate trihydrate and
120 Copper(II) chloride dihydrate were obtained from Merck. Methim-
121 azole, 1,10-phenanthroline monohydrate, para-nitrophenyl phos-
122 phate (p-NPP) and all the other analytical grade chemicals used
123 were purchased from Sigma. Methimazol (MeimzH)–copper(II)
124 complexes ([Cu(MeimzH)2(H2O)2](NO3)2�H2O (Cu–Met) and
125 [Cu(MeimzH)2(phen)(H2O)2]Cl2 (Cu–Met–phen) and [Cu(phen)2Cl]
126 Cl�H2O (Cu–phen) were prepared and purified according to pub-
127 lished procedures [5,6].

128 2.2. Acid phosphatase inhibition test

129 Acid phosphatase inhibition test was performed according to
130 Blum and Schwedt procedures [14]. Acetate buffer was prepared
131 by dissolving a volume of 5.72 mL of concentrated acetic acid in

132distilled water (final volume of 250 mL) adjusting the pH to 5.60
133with 0.5 M NaOH. The stock solution of the enzyme was made by
134mixing 12.5 mg of the 0.25 U/mL acid phosphatase powder in
1352.0 ml acetate buffer. For use, 100 lL of the stock solution was
136diluted with 1.9 mL acetate buffer. For the substrate solution
1370.170 g of p-NPP were dissolved in 2.5 mL distilled water.

1382.2.1. Test procedure Q3

139The compounds solutions were prepared by diluting the stock
140solutions prepared in DMSO with acetate buffer. A volume of
1410.50 mL of complex solution was mixed with 0.10 mL of the
142enzyme solution and 1.00 mL of buffer. The mixture was kept at
14325 �C for 20 min (incubation time). After starting the reaction by
144adding 0.10 mL of the substrate solution, the tube was kept at
14525 �C for 20 min. The reaction was stopped with the addition of
1460.50 mL of a 0.5 M sodium hydroxide solution. The final concentra-
147tion of DMSO resulted in 1.14%. The enzymatic activity was finally
148calculated by measuring the absorbance of 4-nitrophenolate at
149405 nm against a blank prepared without the enzyme. Three inde-
150pendent replicates of each point were measured. The 100% of the
151enzyme activity is assigned to a basal measurement containing
152all the reaction media including the same volume of DMSO in all
153the experiments. It is worthy to mention that the presence of
1541.14% DMSO did not affect the enzyme activity.

1552.3. Anti-thyroid activity

156Iodine was obtained from Merck. It was bisublimed and was
157kept in dark in a desiccator containing P2O5. Solvents used were
158bidistilled water and ethanol. Solutions of iodine and methimazole,
159o-phenanthroline, Cu–Met and Cu–Met–phen were prepared just
160before the beginning of experimentation. Stock solutions: iodine
161was always dissolved in ethanol while the compounds were dis-
162solved in water. Iodine concentration was kept constant
163(4 � 10�4 M), though the concentration of the compounds was var-
164ied between 7 � 10�4 and 0.5 � 10�4 M. The reaction was carried
165out directly in the spectrophotometric cell by mixing 1.5 mL of
166each of compound (donor) and iodine (acceptor). Spectra were
167recorded immediately on double beam UV–visible spectrophotom-
168eter. The temperature of the solutions was kept at 250 ± 1 �C during
169the measurements. Three independent replicates of each solution
170were measured. Formation constant (Kc) and the molar extinction
171coefficient were determined using Lang’s method [22]. This
172method has been used to determine the formation constants of
1731:1 stoichiometric complexes at the wavelength under analysis
174using Eq. (1):
175

½A0�½D0�=dc ¼ ð½A0� þ ½D0� � dc=ecÞ=ec þ 1=Kcec ð1Þ 177177

178in which, dc is the absorbance, ec is the molar extinction coefficient
179and Kc is the formation constant of the complex. The Parameters
180were adjusted with a program designed by our research group.
181Eq. (1) can be re-written in the form:
182

Y ¼ ð1=ecÞX þ 1=Kcec ð2Þ 184184

185where Y = [A0][D0]/dc and X = [A0] + [D0] � dc/ec.
186From Eq. (2) a straight line with slope 1/ec and Y-intercept
1871/(Kcec) was obtained. Iteration and linear regression method were
188used to solve this equation.

1892.4. Antifungal activity and post-antifungal effect (PAFE)

190Antifungal activity was evaluated by the determination of the
191lowest concentration of the antimicrobial agent that inhibits the
192growth of fungus (minimum inhibitory concentration (MIC)) on
193three strains: Candida parapsilosis ATCC 22019, Candida tropicalis
194and Candida albicans of clinical isolates. The procedure was
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Fig. 1. Chemical structure of methimazole.
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