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Tabela 1| Artigos que mostram o estudo de vários compostos de coordenação de diversos metais com variados ligantes e a atividade antifúngica dos mesmos 
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 Sijpesteijn AK, Janssen MJ, Van Der Kerk GJM. Organic fungicides. XI. Role of metals and chelating agents in the fungitoxic action of sodium dimethyldithiocarbamate. Biochim 

Biophys Acta 1957; 23: 550-7. 
126

 Fungicidal manganese complexes. Chemische Werke Albert 1962; 8pp. CODEN: Belg. 593,153. BE 613461 19620806. 
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 Jackson CR, Coastal G. Laboratory evaluation of fungicides for control of some fungi found on peanuts. Plant Dis Rep 1965; 49: 928-31. 
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 El-Nawawy AS, Ashry MA, Hassan S et al. Relation between chemical structure and biological activity. XVI. Inversion phenomenon and effect of different concentrations of 
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 Ortner G, Grewe F. Kaspers H et al. Fungicidal and microbicidal transition metal alkylguanidine dithiocarbamate complexes. Ger Offen 1973; Baye A-Gr: 38pp. 
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 Miller VL, Gould CJ, Csonka E et al. Metal coordination compounds of thiabendazole. J Agric Food Chem 1973; 21: 931-2. 
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 Swami MP, Gupta D, Mohan M et al. Magnetospectral studies of cobalt(II) and nickel(II) complexes of furfural thiosemicarbazone and evaluation of their fungicidal activity. 
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 Swamy B, Swamy JR. Antifungal activity of acid hydrazones of 2-aminonicotinaldehyde and their copper(II) complexes. Natl Acad Sci Lett (India) 1990; 13: 447-8. 
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 Rao MJ. Antifungal potential of binary and mixed-ligand complexes of N,2’-diphenylacetohydroxamic acid. J Inorg Biochem 1992; 46: 207-14. 
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 Hueso-Ureña F, Moreno-Carretero MN, Salas-Peregrín JM et al.Silver(I), palladium(II), platinum(II) and platinum(IV) complexes with isoorotate and 2-thioisoorotate ligands: 
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 Kobashi T, Furukawa I. Antifungal effects of chitosan-metal salts. Bokin Bobai 1996; 24: 191-3. 
141

 Elsome AM, Hamilton-Miller JMT, Brumfitt W et al. Antimicrobial activities in vitro and in vivo of transition elements complexes containg gold(I) and osmium(VI). J Antimicrob 
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In vitro susceptibility of Aspergillus spp. to dithiocarbamate

organoruthenium compounds

Luciano J. Nogueira,1 Maria A. de Resende,2 Sheila R. Oliveira,1 Maria Helena de Araújo,1

Thais F. F. Magalhães,2 Milena B. de Oliveira,2 Cleide V. B. Martins,2,3 Miriam T. P. Lopes,4

Ana C. Araújo e Silva4 and Claudio L. Donnici1

1Departamento de Quı́mica, ICEx, Universidade Federal de Minas Gerais, Belo Horizonte, MG, Brazil, 2Departamento de Microbiologia, ICB, Universidade

Federal de Minas Gerais, Belo Horizonte, MG, Brazil, 3Gemaq – UNIOESTE, Rua da Faculdade, Toledo, PR, Brazil and 4Departamento de Farmacologia, ICB,

Universidade Federal de Minas Gerais, Belo Horizonte, MG, Brazil

Summary The in vitro antifungal activity of ruthenium dithiocarbamate compounds (1–5) was

investigated and assessed for its activity against seven different species of Aspergillus

(Aspergillus clavatus, Aspergillus flavus, Aspergillus fumigatus, Aspergillus niger, Aspergillus

nomius, Aspergillus tamarii and Aspergillus terreus). Analysis of in vitro susceptibility was

performed using broth microdilution assay following the Clinical and Laboratory

Standards Institute guidelines for filamentous fungi. The cytotoxicity was evaluated

using 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. Aspergillus

clavatus and A. fumigatus were more susceptible species for complexes 1 and 2. Other

complexes showed excellent minimum inhibitory concentration (4–64 lg ml)1)

against most microorganisms. Complexes 1 and 2 are respectively 180- and 95-fold

more active than the corresponding free ligands against A. clavatus and the complex 5

is 46-fold more active than free ligand against A. niger. Aspergillus niger was more

susceptible to the action of the complexes 1 and 5 (16 lg ml)1). A low cytotoxic

activity (IC50 > 10)6 mol l)1) on normal mammalian cells (BHK-21) to the evaluated

complexes was measured. Ruthenium complexes are promising antifungal agents

against the development of novel effective drug against different species of Aspergillus;

however, for A. nomius and A. terreus, they were not active in the highest

concentration tested.

Key words: Antifungal susceptibility, emerging infectious diseases, amphotericin B, fluconazole, dinuclear ruthenium

complexes, cytotoxicity testing.

Introduction

The frequency of invasive mycoses caused by opportu-

nistic fungal pathogens has been increasing since early

1980s. In fact, fungal infections have emerged as major

causes of human illness and the treatment of these

conditions is a great challenge. This is directly related to

the rise in at-risk population of patients including

individuals undergoing solid-organ transplantation,

blood and marrow transplantation, major surgery,

those with AIDS, neoplastic disease, those under

immunosuppressive therapy, those who are at advanced

age, and premature birth.1 In addition, these severe

well-known emerging diseases or invasive fungal infec-

tions (IFIs) are difficult to diagnose and subsequent

usage of appropriate antifungal therapy is difficult,

causing a high mortality rate not only in sufficiently

immunocompromised hosts, but also in diabetic patients

and others with potential predisposing factors.1–4 This

public health situation has become alarming also

because of the increase in the frequency of isolation

of resistant fungi species. A majority of mycoses-

related deaths are associated with Candida, Aspergillus

and Cryptococcus spp. infections.1,5–7 Among them,
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RUTHENIUM (II) COMPLEXES OF NOVEL HYDRAZONE-THIAZOLIDONES 

WITH BIOLOGICAL ACTIVITY 

C.L. Donnici
1
, M.H. Araujo

1
, H.S. Oliveira

1
, D.R.M. Moreira

2
, A.C.L. Leite

2 

1NEQUIM-Nucleo De Estudos Em Quimica Medicinal- Depto. De Quimica-ICEX/UFMG, 
Brazil, 2Laboratorio De Planejamento, Avaliacao E SıNtese De Farmacos-LABSINFA, 

Departamento De Ciencias Farmaceuticas-Recifel, Brazil 

The potential of 4-thiazolidones as drugs is under consideration by the pharmaceutical 

science since the beginning of the XX century. During recent years a new phase has been 

seen in this field. Centenarian history of synthetic research possibilities of these 

heterocycles lead to diversity in modelling biologically active compounds using 4-

thiazolidone scaffolds. The present work shows the results of the study of the complexation 

with Ru(II)  of some novel hydrazone-thiazolidones derivatives (HydThz) -  para-X-C6H5-

S-CH2CH=N-NH-cyclo[-C=NC=OC(R)2S-] (X=H,Me,Br,Cl; R=H,Me,Et)-  with 

antifungal and antibacterial activities and the evaluation of these activities after the 

complexation. 

These new ruthenium complexes were chemically prepared by condensing an equimolar 

amount of the substituted HyThz with freshly synthesized [Ru(COD)(MeCN)2Cl2] in hot 

methanol and stirring for 4 h, after keeping the reaction flask at room temperature for 2h, an 

orange solid was filtered, washed with cold methanol and dried in vacuo over silica gel. All 

complexes were obtained in good yields and high purity degree and they were fully 

characterized by the physical and spectrometric techniques. The study  of the biological 

activity for the obtained complexes is in progress as well the lipophilicity measurement by 

RP-HPLC.  

Acknowledgments: CNPq, PRPq-UFMG, FAPEMIG (EDT 479/07, APQ-4911-5.02/07, 

CEX 817/06) 
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AGAINST CANDIDA SPECIES 

Nogueira, L. J.
1
; Donnici, C. L.*

1
; Araújo, M. H.

1
; Resende, M. A.

2
; Magalhães, T. F.

2
; Martins, C. V. B.

2,3 

1
 Depto. de Química, ICEx, UFMG, Av. Antônio Carlos, 6627 / Belo Horizonte – MG, CP31270-901. 

2
 Depto. de Microbiologia, ICB, UFMG, Av. Antônio Carlos, 6627 / Belo Horizonte – MG, CP31270-901.

3
 GEMAG – UNIOESTE, Rua da Faculdade, 0645 / Toledo – PR, CP85903-000. 

* cdonnici@terra.com.br 

 Keywords: Candida spp., antifungal susceptibility, amphotericin B, candidiasis, dithiocarbamate, ruthenium complexes. 

Introduction 

Invasive fungal infections (IFIs) have been emerged 
as major causes of human disease, especially 
among the immunocompromised and those 
hospitalized with serious underlying disease. A 
recent study of the epidemiology of sepsis found that 
the number of cases of sepsis caused by fungal 
organisms in the USA increased by 207 % between 
1979 and 2000. The majority of these mycoses-
related deaths were associated with Candida, 
Aspergillus, and Cryptococcus spp. infection. More 
than 17 different species of Candida have been 
reported to be etiologic agents of invasive 
candidiasis in humans. Although more than 90 % 
IFIs due to Candida spp. are attributed to five 
species: C. albicans, C. krusei, C. tropicalis, C. 
glabrata, and C. parapsilosis. Oral candidiasis 
reflects: a) The ability of the yeast to colonize oral 
surfaces; b) The host factors which predispose to 
Candida colonization and subsequent infections. In 

many cases, the treatment of fungal diseases with 
current therapies is of limited efficacy. The discovery 
of new antifungal agents thus remains an important 
challenge for the scientific community and metal-
based drugs might represent an alternative 
therapeutic route. The present work reports the 
antifungal activity study of five synthesized 
ruthenium (III) complexes against Candida spp. 
Previous rational planning of these novel antifungal 
agents considered structure-activity relationships,
especially lipophilicity and steric hindrance 
parameters. 

Results and Discussion 

These ruthenium dithiocarbamate complexes (1-5) 
were studied as novel antifungal agents against five 
different Candida species (C. albicans, C. glabrata, 
C. krusei, C. parapsilosis and C. tropicalis), these 
data were compared to amphotericin B (AMB), the 
usual clinically antifungal agent. Broth inoculation 
and incubation time (microdilution testing) were 
performed in accordance with the guidelines of 
CLSI. The studies demonstrated that ruthenium 
complexes showed higher potency in vitro. In vivo

susceptibility data for all studied species are 
summarized in Table 1. The complexes 1 and 2
showed inhibition against all Candida species. The 

results with the corresponding free ligands L1
(sodium N,N-dimethyl-dithiocarbamate) and L2
(sodium N,N-diethyl-dithiocarbamate) are shown in 
Table 2. 

TABLE 1. In vitro susceptibilities of emerging 
species of Candida to ruthenium complexes. 

Minimum Inhibitory Concentration – MIC
[a]

(10
-

6
g/mL) 

Candida
species 

Complex 
1 

Complex 
2 

AMB

C. albicans 8 16 4 
C. krusei 16 32 32 

C. tropicalis 32 16 32 
C. glabrata 32 64 4

C. 
parapsilosis

32 16 32 

[a]
 MIC with 100 % of susceptibility 

Table 2. In vitro inhibition data of C. albicans 
with complexes and their respective ligands  

Minimum Inhibitory Concentration – MIC
[a]

(10
-8

mol/mL) 

Entry Free Ligand Ru–Complexes

1 L1 - 11,2 1 - 1,7
2 L2 -   9,3 2 - 2,9 

[a]
 MIC with 100 % of susceptibility 

Complexes 1 and 2 presented excellent results; they 

showed antifungal potency data similar to AMB. The 
complexation with ruthenium really enhances the 
dithiocarbamate moiety activity, since the complexes 
1 and 2 exhibit greater antifungal potency if 

compared the others complexes. 

Conclusions 

The results describe excellent inhibition of the 
synthesized ruthenium complexes against all 
Candida species, but 1 was even more effective. 
The ligands L1 and L2 showed lower inhibition than 
the corresponding complexes. These results present 
the possible application of these ruthenium 
complexes as new drugs for IFIs. 
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Introduction 

The major part of the patient deaths related to 
fungal infections is associated with Candida, 
Aspergillus and Cryptococcus sp. infection. Endemic 
mycosis caused by certain dimorphic fungi remains 
a major problem for health in several countries. In 
particular, AIDS associated to histoplasmosis and 
coccidioidomycosis. Keeping these risk factors, 
adverse effects, and inconveniences in mind, we 
have attempted to develop novel antifungal agents. 
Also, systemic and endemic emerging mycosis in 
Latin America is paracoccidioidomycosis, it’s a 
chronic granulomatous disease with a diversity of 
clinical manifestations, and special emphasis has 
been placed on pulmonary and mucocutaneous 
forms (systemic mycosis). Sporothrix schenckii is a 
widespread dimorphic fungus which can cause 
cutaneous infection (sub acute or chronic) following 
local implantation. It has been described that 
ruthenium complexes can be used as building 
blocks for novel transition-metal-based 
pharmacological agents, besides dithiocarbamates 
also have been studied as antifungal agents, but no 
ruthenium dithiocarbamate complex has been 
studied as a novel chemical entity for possible 
antifungal agents. This way the present work 
describes the investigation of in vitro antifungal 
activity of dithiocarbamate ruthenium complexes 
with previous structure-activity analysis considering 
different lipophilicity, steric hindrance levels and 
topological parameters. 

Results and Discussion 

The synthesized dithiocarbamate ruthenium (III) 
complexes (1-5) were tested against Cryptococcus
neoformans, Sporothrix schenckii and 
Paracoccidioides brasiliensis. It was also evaluated 
the antifungal potency of these pathogens towards 
amphotericin B (AMB) and fluconazole (FLC), the 
most common clinically used antifungal agents. 
Broth inoculation and incubation time (microdilution 
testing) were performed in accordance with the 
guidelines of CLSI (formerly NCCLS) for mould 
susceptibility testing. The results (Tables 1 and 2) 

demonstrated that only complexes 1 and 2 exhibited 
high inhibition against all tested fungi species, 
similarly to AMB and FLC. The other complexes 3, 4
and 5 showed no significant antifungal activity. 

TABLE 1. In vitro susceptibilities of emerging 
species to new complexes. 

Minimum Inhibitory Concentration – MIC
[a]

 (mg/L) 

Compounds 
C.

neoformans
S.

schenckii
S. 

cerevisiae

1 7,8 7,8 32 
2 7,8 3,9 8 

AMB 31,3 31,3 15,6 
[a]

 MIC with 100 % of susceptible 

TABLE 2. In vitro susceptibilities of 
Paracoccidioides brasiliensis to new complexes. 

Minimum Inhibitory Concentration – MIC
[a]

 (mg/L) 

Compounds B339 MG04 MG05 

1 7,8 7,8 32 
2 7,8 3,9 8 

FLC 4 4 4 
[a]

MIC with 100 % of susceptible

Although, the difference in the lipophilicity and the 
carbon chain size between the complexes 1 and 2, it 
showed discrete differences of antifungal activities. 

Conclusions 

The MICs data for all studied complexes show 
excellent antifungal inhibition for the disubstituted 
derivatives 1 and 2. The results show the high 
possible applicability of these complexes for the 
development of novel drugs and strategic treatment 
to fight against these emerging infectious diseases. 
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Introdução 

As Infecções Fúngicas Invasivas (IFIs), também 

ditas Doenças Infecciosas Emergentes (DIEs) são 

as principais causas de doenças humanas 

especialmente em pacientes imunossuprimidos. A 

situação é ainda mais séria com o aumento da 

resistência dos microrganismos aos fármacos 

antifúngicos usuais e assim a descoberta de novos 

agentes antifúngicos é um desafio para a 

comunidade científica. Os compostos 

organometálicos podem apresentar uma rota 

terapêutica alternativa no combate dessas 

infecções. Na literatura descreve-se a atividade 

biológica de ditiocarbamatos livres e complexados 

com outros metais (Fe, Zn, Se, Sn). Nosso grupo de 

trabalho tem estudado a atividade antifúngica in vitro 

de complexos do rutênio(III) com 

alquilditiocarbamatos (RuDTCB) e verificado que 

estes complexos podem se apresentar em forma 

mononuclear [Ru(S2CR2)3] ou dinuclear 

[Ru2(S2CR2)5], o que pode acarretar diferentes 

correlações quantitativas de estrutura-atividade 

(QSAR-PCA). Desde que a espectrometria de 

massas (EM) é ferramenta analítica potente para 

identificação estrutural, pela determinação de massa 

molecular (MM), seria de interesse o uso de EM 

para caracterização estrutural dos complexos tipo 

RuDTCB, contudo estes são pouco voláteis. Um dos 

principais avanços em espectrometria de massas 

ocorreu com a introdução da ionização electrospray 

(ESI-MS). Assim, podem-se obter com o uso de 

técnicas modernas tipo ESI-MS, a identificação e 

quantificação de substâncias orgânicas ou 

inorgânicas, voláteis ou não, permitindo a elucidação 

estrutural das moléculas. Este trabalho tem como 

objetivo principal a identificação estrutural e 

avaliação dos complexos buscando verificar se a 

atividade antifúngica observada é influenciada pela 

ocorrência de complexo na forma mononuclear ou 

dinuclear. 

Resultados e Discussão 

Os complexos de rutênio (Figura 1) foram 

sintetizados e caracterizados pelas técnicas  

espectrométricas usuais e mostraram-se como 

novos agentes antifúngicos potentes. 

C N

R1

R2

S

S

Ru2

5
 

Figura 1. Estrutura dos complexos de rutênio. 

Os resultados mostraram atividade comparável a 

anfotericina B
a
 (principal antifúngico clínico). Os 

valores de MM observados por ESI-MS nos 

espectros em modo positivo, nas condições 

efetuadas (Espectrômetro de massa LC/MS/MSn 

LCQ Fleet, Thermo Scientific, solvente: MeOH; 

[complexo]: 10 ppm) mostraram que os complexos 

estão em forma dinuclear (Tabela 1). 
 
Tabela 1. Resultados de massas moleculares dos 
complexos (ESI-MS) e atividade biológica 

COMPLEXOS DE RUTÊNIO m/zb CIMc 

[Ru2(S2CNMe2)5] 803 4 

[Ru2(S2CNEt2)5] 943 74 

[Ru2(S2CNt-But)5] 943 256 

[Ru2(S2CNMorph
d
)5] 1013 - 

a
 0,3 x 10

-6
g/mL. 

b
 Espectrometria de massas. 

c 
Concentração Inibitória Mínima com 100% de susceptibilidade 

contra Aspergillus clavatus (10
-6

g/mL). 
d
 Morph = morfolina (-N(CH2CH2)2O). 

Conclusões 

A técnica de espectrometria de massas por 

ionização electrospray (ESI-MS) foi útil e 

imprescindível para a caracterização dos novos 

complexos de rutênio(III) como dinucleares. Novos 

estudos de modelagem molecular estão sendo 

realizados, para melhor compreensão das relações 

estrutura-atividade biológica com estes complexos. 
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