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ARTICLE INFO ABSTRACT

Article history:

Two new copper(Il) complexes with the deprotonated ligand 3-hydroxypicolinic acid (3-HPA) and hete-
rocyclic bases (1,10-phenanthroline - phen or 2,2’-bipyridine — bpy) were synthesized. [Cu(3-HPA)(phen)
ClO4] T and [Cu(3-HPA)(bpy)ClO4] II were characterized by elemental analyses, conductivity measure-
ments, FT-IR, UV-Vis, EPR and High-resolution Electrospray lonization Mass Spectrometry (HRESIMS).
The results indicate that the geometry around the copper ion is distorted square-pyramidal, and that
the copper ion is coordinated to 3-HPA via oxygen and nitrogen atoms, and to heterocyclic bases via their
two nitrogen atoms. A perchlorate ion weakly bonded occupies the apical position, completing the metal
coordination sphere. In this work, the compound [Cu(3-HPA),] Il was also synthesized using a new
method, different from that described in the literature. The cytotoxic activity of these compounds against
tumor and normal cell lines was investigated. Complex I exhibited a strong antitumor activity, being the
most active in the series of studied complexes. The compounds were also evaluated for activity against
Mycobacterium tuberculosis, and the complex I displays good antimycobacterial activity, while com-
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pounds II and III were only moderately active.

© 2016 Elsevier B.V. All rights reserved.

1. Introduction

Metal complexes are useful as drugs in the treatment of a series
of diseases, mainly in cancer chemotherapy. Since the discovery of
the antitumoral activity of cisplatin, cis-[PtCl,(NH3);], in 1965, a
great number of coordination compounds have been synthesized
and tested in order to develop clinically more effective and safe
drugs [1]. Although all approved drugs are based in platinum, hav-
ing a cis-[PtXy(amine),] chemotype (where X=Ileaving group,
amine = neutral or carrier group) [2], some ruthenium compounds,
as KP1019 and NAMI-A, have also entered clinical tests [3]. Other
examples of metal complexes as candidates to therapeutic agents
include gold [4] and cobalt [5], showing different mechanisms of
action. Copper is very promising in the development of new
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pharmacological agents, because is an essential trace element
important for the function of several enzymes involved in energy
metabolism, respiration and DNA synthesis in the cell, having its
homeostasis strictly regulated [6,7]. Therefore, copper complexes
have been investigated for many therapeutic purposes, such as
antitumoral, antimalarial, antifungal, and antibacterial agents, in
the treatment of Alzheimer’s disease, diabetes, rheumatoid arthri-
tis, skin wounds, cardiovascular diseases, and leishmaniasis and
more recently as potential drugs to combat Parkinson’s disease
[8]. Two copper complexes developed by Ruiz and co-workers, are
already approved for clinical trials as antitumor drugs [9], and
many copper complexes with N-donor heterocyclic ligands, such
as 1,10-phenantroline and 2,2’-bipyridine were described to cleave
DNA and inhibit tumoral cell growth [10-13]. We have previously
reported the DNA cleavage ability of copper(ll)-phenanthroline
complexes with tetracycline and doxycycline [14]. These com-
pounds inhibit the growth of a chronic myelogenous leukemia cell
line and cleave DNA in mild conditions, in the absence of additional
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agents [14]. In other studies, our research group also showed that
copper complexes containing pB-diketones or hydrazides and 2,2’-
bipyridine or 1,10-phenanthroline are promising antitumoral
agents [15-17]. Indeed, the synthesis of new copper(Il) complexes
with potential pharmacological activity is highly desired.

Here, our strategy to obtain new active compounds was to use
the 3-hydroxypicolinic acid (3-HPA) as ligand to synthesize com-
plexes of the type [Cu(3-HPA)(N-N)CIO4], in which N-N=1,10-
phenantroline or 2,2’-bipyridine. The compound [Cu(3-HPA);]
was also synthesized using a different method from that described
in the literature. The complexes were characterized by elemental
analyses, conductivity measurements, FT-IR, UV-Vis, EPR and
High-resolution Electrospray lonization Mass Spectrometry (HRE-
SIMS). Regarding the 3-hydroxypicolinic acid, Barbosa et al. [18]
reported a ruthenium(Il) complex with 3-HPA that showed a good
activity against Mycobacterium tuberculosis H37Rv ATCC 27294.
These findings encourage us to prepare a new series of copper
complexes and to evaluate its potentiality as antitumoral and
antimycobacterial agents.

2. Experimental
2.1. Starting materials

The reagents (ligands and metallic salts) are commercially
available (Aldrich).

2.2. Preparation of the complexes

The complexes with heterocyclic bases were synthesized fol-
lowing the same general procedure. For example, [Cu(3-HPA)
(phen)ClO4] was prepared by the reaction of Cu(ClO4),-6H,0
(60.4 mg, 0.25 mmol) with 0.25 mmol of 3-hydroxypicolinic acid
(3-HPA) in methanol (5 mL). The mixture was stirred for 20 min
followed by the slow addition of 1,10-phenanthroline (0.25 mmol)
previously dissolved in methanol. After 48 h, the solid formed was
separated by filtration, washed with water and dried under
reduced pressure.

2.2.1. [Cu(3-HPA)(phen)ClO4] I

M.M.: 481.30 g mol~". Yield: 62%. Color: Blue. Anal. Calc. for
(CuCygH13N305C1): C, 44.92; H, 2.51; N, 8.73. Found: C, 44.98; H,
2.37; N, 8.69%. HRESIMS (methanol), m/z: 381.0184 [M—ClO,4]".
IR (KBr) v (cm™!): 3447, 3105, 3068, 2374, 2338, 1653, 1646,
1637, 1629, 1608, 1560, 1522, 1508, 1457, 1429, 1397, 1388,
1340, 1320, 1275, 1239, 1219, 1150, 1110, 1087, 900, 872, 847,
832, 820, 809, 777, 767, 736, 720, 692, 623, 588, 453. UV-Vis
(methanol), Amax (nmM)=342 (4.8 x10°mol~'Lcm™!), 294
(1.9x10°mol 'Lem™"), 272 (460 x 10°mol 'Lcm™"), 265
(5.00 x 10°mol~'Lcm™'), 227 (7.80 x 103 mol~'Lcm™!), 670
(3.00 x 10" mol ' Lcm™1'), 700 (solid). EPR parameters, in solid:
g1 2.051, g 2.164; in frozen acetonitrile solution: g, 2.079, g,
2.271,A; 167G, or 177-10~* cm ™!, g;;/A;;, 128 cm. Molar conductiv-
ity, AM (ethanol)=39.12 pScm™.

2.2.2. [Cu(3-HPA)(bpy)ClO,] H

M.M.: 457.2814 g mol~". Yield: 50%. Color: Blue. Anal. Calc. for
(CuCy6H12N30,C1): C, 42.02; H, 2.65; N, 9.19. Found: C, 41.77; H,
2.37; N, 9.01%. HRESIMS (ethanol), m/z: 357.0176 [M—ClO4]*. IR
(KBr) v (cm~'): 3450, 2375, 2344, 1653, 1647, 1637, 1629, 1624,
1616, 1608, 1473, 1465, 1458, 1448, 1319, 1276, 1240, 1217, 1152,
1122, 1089, 899, 832, 819, 809, 769, 729, 691, 621, 590, 452.
UV-Vis (ethanol), Amax (Nm) =309 (1.30 x 10* mol~! Lcm™1), 297
(150 x 10*mol 'Lcm™'), 224 (2.63 x 10*mol 'Lcm™!), 661
(310 x 10" mol 'Lecm™'), 633  (solid). @AM (ethanol)
=35.93 uScm~.

2.2.3. [Cu(3-HPA),] I

This complex was synthesized by Girginova et al. using a differ-
ent method [19]. In this work, [Cu(3-HPA),] was prepared by the
reaction of Cu(ClO4),-6H,0 (60.4 g, 0.25 mmol) with 0.50 mmol
of 3-hydroxypicolinic acid (3-HPA) in methanol (5 mL). The mix-
ture was stirred for 48 h and the crystalline solid formed was sep-
arated by filtration, washed with water and dried under reduced
pressure.

M.M.: 339.7477 g mol ™. Yield: 51%. Color: Dark blue. Anal. Calc.
for (CuC;,HgN,06): C, 42.42; H, 2.37; N, 8.25. Found: C, 42.84; H,
2.51; N, 8.13%. IR (KBr) v (cm™!): 3453, 3100, 3069, 2376, 2344,
1653, 1647, 1608, 1576, 1570, 1559, 1508, 1456, 1394, 1388,
1321, 1309, 1275, 1240, 1217, 1153, 1128, 1058, 903, 833, 819,
810, 765, 691, 588, 452. UV-Vis (ethanol), im.x (nm)=302
(1.21 x 10*mol~'Lcm™!), 653 (3.5x 10'mol~'Lcm™!), 598
(solid). AM (ethanol)=0.69 uS cm™".

2.3. Physical measurements

Conductivity studies were carried out with a Digimed DM 31
conductivity meter using a cell of constant 0.95 cm™!, and spectro-
scopic grade ethanol (AM = 0.93 pS cm™!) as solvent.

Elemental analyses were performed using a Perkin-Elmer 2400
CHN Elemental Analyser.

IR spectra were registered in KBr pellets on a Shimadzu
FTIR-Irprestige-21 spectrometer.

Diffuse reflectance spectra and UV-Vis were obtained on a
Shimadzu UV-2501 PC spectrophotometer.

High-resolution Electrospray lonization Mass Spectrometry
(HRESIMS) were measured on an ultrOTOF (Bruker Daltonics)
spectrometer, operating in the positive mode. Methanol-water
(1:1, v/v) was used as solvent system and the samples were infused
into the ESI source at a flow rate of 5 pL/min. The calculated values
for the charged complex ions were made using ChemDraw Ultra
14.0.

For the EPR spectra registration, a Bruker instrument
(Karlsruhe, Germany), model EMX, operating at X-band (9.50 GHz
frequency, 20 mW power, 100 kHz modulation frequency) was
used. Measurements were performed at 77 K, with samples in solid
state or in frozen acetonitrile solution, using Wilmad quartz tubes.
DPPH (a,o/-diphenyl-B-picrylhydrazyl) was used for frequency
calibration (g = 2.0036).

2.4. Cells and culture

2.4.1. K562 cells

The K562 cell line was purchased from the Rio de Janeiro Cell
Bank (number CRO83 of the RJCB collection). This cell line was
established from pleural effusion of a 53 year-old female with
chronic myelogenous leukemia in terminal blast crisis. Cells were
cultured in RPMI 1640 (Sigma Chemical Co.) medium supple-
mented with 10% fetal calf serum (CULTILAB, Sdo Paulo, Brazil) at
37 °C in a humidified 5% CO, atmosphere. Cultures grow exponen-
tially from 10° cells mL™! to about 8 x 10° cells mL~! in three days.
Cell viability was checked by Trypan Blue exclusion. The cell num-
ber was determined by coulter counter analysis.

For cytotoxicity assessment, 1 x 10° cells mL~! was cultured for
72 h in the absence and presence of a range of concentrations of
tested compounds. The sensitivity to compound was evaluated
by the concentration that inhibits cell growth by 50% (ICsg). Stock
solutions were prepared in DMSO and diluted accordingly to
obtain the concentrations used in the cytotoxic assays. The final
concentration of DMSO in the experiments was below 0.5% and
we have checked that the solvent has no effect on cell growth at
this concentration.
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2.4.2. MRC-5 and A549 cells

MRC-5 (normal fibroblast pulmonary cells) and A549 (human
lung adenocarcinoma epithelial) cells line were obtained from
the American Type Culture Collection (Manassas, VA, USA), and
incubated in DMEM medium with supplemented with 10% FBS
and 1% penicillin (100 U/ml)-streptomycin (100 pg/ml). Cells were
maintained in a humidified environment at 37 °C with 5% CO, and
sub-cultured twice per week.

A resazurin reduction assay was used to investigate cytotoxicity
of several drugs toward MRC-5 and A549 cells. The assay is based
on reduction of the indicator dye, resazurin, to the highly fluores-
cent resorufin by viable cells. Nonviable cells rapidly lose the meta-
bolic capacity to reduce resazurin and thus do not produce a
fluorescent signal.

Briefly, the cells were detached by treatment with 0.25% tryp-
sin/EDTA (VitroCell, Brazil) and 2.5 x 10* cells were placed in each
well of a 96-well cell culture plate (Costar, USA) in a total volume
of 100 pl. Cells were allowed to adhere overnight and then were
treated with different concentrations of drugs. After 24 h or 72 h
incubation in the presence of the compounds, the medium was
removed and 50 pl resazurin (Sigma-Aldrich, Germany) 0.01%w/
v in DMEM, was added to each well and the plates were incubated
at 37 °C for 3 h.

The fluorescence was measured on Biotek Synergy H1 plate
reader (Biotek, Winooski, VT) using an excitation wavelength of
530 nm and an emission wavelength of 590 nm. Untreated cells
constituted the negative control (viable cells), and cells treated
with doxorubicin at 100 nmol (Sigma-Aldrich, St. Louis, MO,
USA) constituted the positive control (death control, DC). All the
tests were performed in three independents assays. A test was
done on plates without cells to verify that the reaction cannot
occur between the compounds and the reagent to avoid false-pos-
itive results (data not shown).

The ICsq values represent the samples concentrations required
to inhibit 50% of cell proliferation and were calculated from a cal-
ibration curve by regression curves using Microsoft Excel.

2.5. Anti-Mycobacterium tuberculosis activity assay

The anti-MTB activity of the compounds was determined by the
REMA (Resazurin Microtiter Assay) method [20]. Stock solutions of
the tested compounds were prepared in DMSO and diluted in Mid-
dlebrook 7H9 broth (Difco) supplemented with oleic acid, albumin,
dextrose and catalase (OADC), performed by Precision XS (Biotek®)
to obtain the final drug concentration range of 0.09-25 pg/mL. Iso-
niazid was dissolved in distilled water and rifampicin in DMSO,
and both were used as standard drugs. A suspension of MTB
Hs7Rv ATCC 27 294 was cultured in Middlebrook 7H9 broth supple-
mented with OADC and 0.05% Tween 80. The cultures were frozen
at —80 °C in aliquots. After two days the CFU per mL (colony forma-
tion unit per mL) of an aliquot was determined. The concentrations
were adjusted by 5 x 10° CFU per mL and 100 pL of the inoculum
were added to each well of a 96-well microplate (Kasvi®) together
with 100 pL of the compounds. Samples were set up in triplicate.
The plates were incubated for 7 days at 37 °C. Resazurin (solubi-
lized in water) was added (30 pL of 0.01%). The fluorescence of
the wells was read after 24 h with a Cytation 3 (Biotek®). The
MIC was defined as the lowest concentration resulting in 90% inhi-
bition of growth of MTB.

3. Results and discussion

Copper(Il) complexes with the deprotonated ligand 3-hydrox-
ypicolinic acid (3-HPA) were synthesized and characterized by
elemental analyses, conductivity measurements, FT-IR, UV-Vis,

High-resolution Electrospray Ionization Mass Spectrometry
(HRESIMS) and EPR. All the copper complexes are colourful, non
hygroscopic, stable to air and light and soluble in organic solvents
such as DMSO, ethanol and acetonitrile. The chemical structures of
the complexes with 3-HPA are presented in Fig. 1.

The results of the elemental analyses are in good agreement
with the proposed structures. The molar conductivity values of
solutions (103 M; ethanol) for all complexes with heterocyclic
bases fall in the range observed for 1:1 electrolytes [21]. The labi-
lization of the axial ligands in solution (perchlorate anion) results
in the generation of compounds of type [Cu(3-HPA)(N-N)]*. On
the other hand, as expected, the molar conductivity value for III
indicates that this compound is nonelectrolyte. The crystal struc-
ture of the complex Il has been described in the literature [19]
and it will not be discussed further here. Nevertheless, for this
complex, the metal ion is coordinated to two N,0-chelating anionic
ligands and exhibits a distorted square planar coordination geom-
etry [19].

The high-resolution mass spectra of the synthesized complexes
were performed and the obtained data are according to the pro-
posed structures. In this work, the m/z values listed in the text
(see Section 2) refer to the peak containing the most abundant iso-
tope (53Cu). For example, mass spectrum of the complex II (Fig. S1)
exhibited the charged ion at mjz 357.0176 [M—ClO4]" (calcd.
357.0175). The experimental isotopic patterns for [Cu(3-HPA)
(bpy)]" and [Cu(3-HPA)(phen)]* ions match the theoretical isotopic
patterns considering the proposed compositions.

The UV-Vis spectra of the complexes were recorded in ethanol
(10~ M) in the range of 200-900 nm. A bathochromic shift in rela-
tion to free ligands confirms the presence of the complexes in solu-
tion. The absorption spectra of the complex II and of the
corresponding ligands are shown in Fig. 2. The splitting observed
in the spectrum of the complex is also consistent with the coordi-
nation of the ligand to metal. Complexes I and II exhibit only one
broad and asymmetric d-d band centered at ~660 nm. For exam-
ple, the complex II exhibits a d-d band (Fig. S2) centered at
661 nm (¢=31mol ! Lcm™!). These observations are consistent
with a distortion from the square-pyramidal geometry, due to
the Jahn-Teller effect [15]. In the solid state (diffuse reflectance),
the complexes I and II exhibit the d-d band centered at 633 and
700 nm, respectively, indicating that the geometry of the com-
plexes in solution differs from that in solid state [17].

The IR spectra of the new complexes are in accordance with the
presence of 3-HPA coordinated to the copper(Il) ions via the car-
boxylate group and nitrogen. The carboxylate group may coordi-
nate to a metal atom in one of the unidentate, bidentate or
bridging modes. For all complexes, bands corresponding to the
vas(COO™) and vs(COO™) vibrational modes appeared close to
1654 (1703 cm™! in the uncoordinated ligand) and 1320 cm™'
(1295 cm™! in the uncoordinated ligand), respectively. The value
of A(vas — vs) =331 cm™! indicates the presence of monodentate
carboxylate group. Peaks of medium intensity around 1580 cm ™!
are assigned to v(C=N) of the coordinated ligand, in good agree-
ment with the N,0-chelation [19,22]. The same coordination mode
was observed in previous works for some complexes containing 3-
HPA as ligands [18,19,22-24]. The stretching vibrations of the
uncoordinated hydroxyl group of ligand appear in the range
3448-3455 cm~!. The weak bands at 3100 and 3000 cm~! are
attributed to the stretching vibrations of aromatic C-H bonds.
Infrared spectroscopy is very useful to determine the mode of
coordination of the ClO4 ligand. The behavior of the weakly
coordinating perchlorate ion can be distinguished by the Cl-O
stretching frequencies [14]. The infrared spectra of I and Il indicate
the presence of one unidentate perchlorate ion. Bands in the
region 578-559 and 443-437 cm~! were assigned to vCu-N and
vCu-0.
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Fig. 1. Proposals structures for the complexes I-III.
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Fig. 2. Electronic spectra of [Cu(3-HPA)(bpy)ClO4], 3-HPA, and bpy, in ethanol
(1.0 x 1074 M).
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Fig. 3. EPR spectra of the complex I (solution and in solid-state).

EPR spectra for complex I (Fig. 3) in solid state and in frozen
acetonitrile solution corroborate the change of geometry observed
in electronic spectra. In the solid, a perchlorate anion is bound at
the apical position, providing a penta-coordinate environment
around the metal ion, while in solution a tetragonal geometry with
little tetrahedral distortion is observed, as indicated by the
spectroscopic parameters ratio obtained, g,/A; (128 cm) [17,25]
(see Table 1).

OCIOg
= | =
X NWWW””'M .‘\..\\\\“““\\\\N AN OH
Cu:
/ \ /C\
Z N o o
N | 11
=
.\\\\\\\\\\\\\\\\N X OH
Table 1
EPR spectroscopic parameters.
Compound g 8 A// A// g,//A//
(G (10%cm™) (cm)
[Cu(3-HPA)(Phen)ClO4] I
In frozen acetonitrile 2.079 2271 167 177 128
solution
In solid state 2.050 2.162

3.1. Stability of complexes

Stability is a very important factor for the development of clin-
ical metal complexes [13]. Thus, the stability of the complex I was
evaluated by UV-Vis spectral analysis at different times in a mix-
ture containing H,O/DMSO (1:99 v/v). According to the Fig. 4, the
values of absorbance and wavelength were not affected. These
observations indicate that the complex is stable in solution for at
least 8 h under the test conditions [26].

3.2. Cytotoxic studies

The cytotoxic activity of compounds is depicted in Table 2. ICsq
values obtained for two platinum complexes used in chemother-
apy, cisplatin and carboplatin, are also shown for the sake of
comparison.

As it can be seen in Table 2, phenanthroline (phen) displays high
activity and selectivity index (SI) against the K562 cell line.

——1h
——2h
——3h
——4h
——5h
——6h

——8h

300 400
A(nm)

Fig. 4. Ultraviolet spectra of complex I as a function of time.
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Table 2

“ICso (LM) values for ligands, cisplatin, carboplatin and complexes.
Compound K562 MRC-5 bS] MRC-5 A549 bS]

(72 h) (72 h) (24h) (24h)

3-HPA 130.0 2767.6 213 22284 2264.4 0.9
phen 3.2 166.4 52 305.0 77.6 3.9
bpy 30.0 >2560.9 >85.4 320.1 >2560.9 <0.12
| 23 0.4 0.17 4.8 83 0.6
|| 21.8 32.8 1.50 43.7 52.5 0.8
114 20.8 70.6 3.40 53.0 824 0.6
Carboplatin  10.0 - - - -

Cisplatin 1.1 - - - -

K562: chronic myelogenous leukemia cell line.

MRC-5: lung cell line (normal).

A549: human lung adenocarcinoma epithelial cell line.
2 ICso — concentration required to inhibit 50% of cell growth.
b 5] - selectivity index.

However, in the literature, for the phenanthroline and its deriva-
tives, it is assumed that the sequestering of trace metals in situ is
involved and that the resulting metallic complexes are the active
species [27]. All organic compounds exhibited low activity against
A549 and MRC-5.

The copper complexes inhibit the growth of K562 and A549
cells with ICsg values between 2.3 and 82.4 pM. The results showed
that activity of the complexes follows the order I > II = Ill. Copper
coordination improves the cytotoxic activity: all complexes are
more potent than the corresponding free ligands. The substitution
of one molecule of 3-HPA by one molecule of phen significantly
increases the cytotoxic activity; though, it does not improve the
selectivity index, which is low and suggests a generic toxicity.
Regarding the complexes I and II, compared to similar compounds
containing aromatic diimine ligands (N-N) already described, they
show very similar results, as shown in Table 3. In the complexes
with heterocyclic bases, the substitution of bpy by phen increases
the activity. As a general behaviour of those aromatic diamine
ligands, copper complexes with phenanthroline are more reactive
than similar ones with bipyridine ligands [8c,14]. An accepted
explanation for this order of reactivity is that the planar polycyclic
phen ring interacts better with DNA [28]. However, the mode of
action of these complexes can be quite different. Casiopeines [Cu
(N-N)L]X, for example, have been described as interacting with
mitochondria, inhibiting oxidative phosphorylation and, eventu-
ally, also cellular ATP depletion, in addition to DNA binding [30].

Table 3
Comparison of the cytotoxicity of different copper complexes with the chemotype [Cu
(N-N)L]X (where N-N = 1,10-phen or 2,2’-bpy, and X = counterion, NO3, or ClOg).

Complex (@9 Cytotoxicity References
(pmol/L)
[Cu(3-hydroxypicolinic acid) (phen) 2.3+0.2 K562 cells This work
Clo4]
[Cu(3-hydroxypicolinic acid) (bpy) 21.8+2.2 K562 cells This work
Cl0o4]
[Cu(BTA)(phen)NOs] 2903 K562 cells [17]
[Cu(BTA)(bpy)NO3] 13.7+14 K562 cells [17]
[Cu(BTACI)(phen)NOs] 2.1+02 K562 cells [17]
[Cu(BTACI)(bpy)NOs] 92+1.0 K562 cells [17]
[Cu(doxycycline)(1,10-phen) (H,0) 1.93+0.2 K562 cells [14]
(Cl04)]CI04
[Cu(tetracycline)(1,10-phen)(H,0) 2.59+0.3 K562 cells [14]
(C104)]C104
[Cu(phen)(a-glycinate)]NO5 13.9+1.3 Hela [28]
273+22 MCF-7
[Cu(5,6-dimethylphen) 53%0.1 Hela [28]
(a-glycinate)]NO3 44+03 MCF-7
Cu(4,7-dimethylphen)(glycinate)] 6 A549 [29]

NO3

Table 4

Anti-MTB activity (MIC) of the copper complexes and their free ligands.
Compound MICq (p1g/mL) MICqyo (LM)
phen 41 22.7
bpy >25 >160.0
3-HPA >25 179.7
[Cu(3-HPA)(phen)Cl04] 1 11.9 24.72
[Cu(3-HPA)(bpy)ClO4] IT >25 >54.7
[Cu(3-HPA),] HI 242 71.23

3.3. Anti-M. tuberculosis activity

The antimycobacterial activity of compounds was evaluated
in vitro against M. tuberculosis H37Rv strains by the REMA (Resa-
zurin Microtiter Assay) method. As can be seen in Table 4, phen
shows good activity against the M. tuberculosis H37Rv strain with
MIC value equal to 22.7 uM. Regarding the phenanthroline (phen),
this molecule and its derivatives have been identified as new agents
with antimycobacterial activity [24,31,32]. Concerning the com-
plexes, the results showed that the activity of the complex I was
higher than that of free 3-HPA, displaying good antimycobacterial
activity, while compounds II and III were only moderately active.
Regarding the activity of compound I, this should be more lipophilic
than complex II, consequently it has a higher ability to diffuse into
the cell membrane and reach their biological target [33].

4. Concluding remarks

Two new copper(ll) complexes containing 3-hydroxypicolinic
acid and heterocyclic bases were prepared and characterized. For
these complexes, the results indicate a distorted square-pyramidal
geometry around the copper ion in the solid, where the copper ion
is penta-coordinated to 3-HPA ligand via their oxygen and nitrogen
atoms, and to the heterocyclic bases by its nitrogen atoms. The
axial position is occupied by a perchlorate ion. However, in solu-
tion this anion acts only as counter-ion, and the geometry around
copper becomes tetragonal, as attested by UV-Vis and EPR spectra
(in the case of [Cu(3-HPA)(Phen)]ClO4 species). The biological
activities of the copper complexes make them good candidates
for further studies, once small structural modifications may result
in an increase of the selectivity index. Indeed, these complexes can
be useful for the design of new antitumoral and antibacterial
agents.
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