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ABSTRACT. Antifungal activity of new copper(II) complexes of 2-methylthionicotinate (2-MeSNic) 
of the composition Cu(2-MeSNic)2(MeNia)2"4H20 (where MeNia is N-methylnicotinamide), and 
Cu(2-MeSNic)2(Nia)2.2H20 (where Nia is nicotinamide) and Cu(2-MeSNic)zL2 (where L is iso- 
nicotinamide, iNia, or ethyl nicotinate, EtNic) were tested on various strains of filamentous fungi by the 
macrodilution method. Most sensitive against copper(II) adducts with bioactive ligands were Rhizopus 
oryzae and Microspomm 9ypseum (IC50 1.5-2.3 mmol/L). The adducts with Nia, MeNia and EtNic at 
5 mmol/L induced morphological changes in growing hyphae of Botrytis cbzerea, mainly their intensive 
branching attached to release of cytoplasm with partial growth inhibition. Inhibition of sporulation 
(>90 %) of Altemaria altemata by Cu(2-MeSNic)2"H20 was observed as a change in the color of the 
colonies. The highest resistance was marked by B. cbzerea and F, tsanum monilifonne (average IC50 val- 
ues 4.25 and 3.13 mmol/L, respectively). The presence of all bioactive ligands in copper(II) complexes 
caused an increase in the inhibition effect against model fungi (except significant inhibition activity of 
EtNic on R. oryzae). 

A number of data indicate that endogenous copper plays an important role in many biochemi- 
cal processes (Gabriel et al. 2o00). Four Iag/mL CuTAABCI2 caused depolymerization of filamentous 
structures in HepG2 cells. Urban~owi and Jantov~i (i997) assummed that partial restoration of actin 
filamentous structures in transformed cells by CuTAABCI2 leads to partial restoration of the regulation 
mechanism of cell proliferation manifested by its inhibition. 

Antimicrobial activity of selected aqua-carboxyl-cupric complexes was examined by using 
the 1st screening methods on anthropo- and phytopathogenic microorganisms. The effects of all aqua- 
complexes on bacteria and yeasts were minimal. On the other hand, the activity of these substances on 
the agents causing dermatomycoses (Ttichophylon terrestre, Microspomm gyl)seltm) achieved an MIC 
value of 500 p.g/mL and lower (Sokoh'k et aL 1992). They found that the copper(II) complexes increase 
sporulation of Aspergillus niger and concurrently kills the yeast Candida albicans. These effects were 
attributed to a slow release of Cu 2§ ions and thiophene oligomers into the culture medium ( ( ~  et 
al. 2oo~). Other authors (Moncor et aL 2o00) observed that in the presence of the complex 
[Cu(CH3CCI2COO)2Nia2] (Nia = nicotinamide) Aspergilus niger grew as a white colony rather than 
a black one. A. niger probably lost the ability to form spores. When a white colony was moved to 
a cultivation medium without the compound, the colony became black again. Morphology changes were 
also observed with other fungi, e.y. hyphae of Bottytis cinerea were more branched and were releasing 
more cytoplasmic content in their tips when some quinoline derivatives were present (Strig~i~ov~i et al. 
2 0 0 0 ) .  

Results of the Ames test performed on various strains of Salmonella lyphimurittm showed that 
copper(II) salicylate, copper(II) niflumate and their ronicol adducts did not significantly increase the 
number of spontaneous revertants and showed no mutagenic activity. A lower mutagenic effect was 
observed in the promutagens 2-aminoanthracene and 2-aminofluorene following the treatment of all 
copper(II) complexes (Mikuhigowi et al. I998). Similarly, noncoordinated 4-nitropyridine-N-oxide ex- 
hibited genotoxic activity, while complexation with phenoxyacetatocopper(II) complex of this chemical 
mutagen reduced its mutagenic effect (Bl~ihov6. et al. 1994). 

*Part 1: Copper complexes with bioactive ligands. Antimicrobial activity. Folia Microbiol. 46, 379-384 (2001). 
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In the group of mononuclear aqua-crcsoxyacetato-copper It complexes and binuclear phcn- 
azone-(o-, m-, p-cresoxyacetato)-copper II complexes the antiinflammatory activity assayed on rat- 
paw carrageenan-induced edema, was found. In general, majority of copper(II) complexes tested were 
clearly more effective than the corresponding free acids or copper(lI) salicylate tetrahydrate and 
salicylic acid (used as standard) were less active (Bl~hov~i et al. 1998). 

The available evidence supports a dimeric structure for Cu(2-MeSNic)2"H20. The remaining 
complex was also studied by X-ray analysis (Miklog et al. zoo~). Some of the biological activities of 
these copper(II) complexes were described by Dudovfi et al. (zool). 

The aim of this paper was to determine the antifungal activity of 10 newly synthesized 
copper(lI) complexes with bioactive ligands using various filamentous representatives, e.g. phytopatho- 
genic and dermatophytic fungi. We also describe the observed morphology changes of two model 
representatives. 

M A T E R I A L S  A N D  M E T H O D S  

Materials. Filamentous fungi Rhizopus oryzae,Altemaria alternata, Fusariunt moniliforme (CoL 
lection of Microoryanisms of Department of Biochemistry and Microbiology, Faculty of Chemical and 
Food Technolooy, Slovak University of TechnolooY, Bratislava, Slovakia), Botrytis cinerea CCM F-16 and 
Microsporum gypseum (Laboratory of Medical Mycology, Postyraduate Medical bzstitute, Bratislava, Sio- 
vakia) were used. 

The derivatives of chromatographic-grade purity were dissolved in Me2SO, the final concentra- 
tion of which never exceeded 1% (V/V). 

Antifungal assay. The effects of Cu I1 complexes on filamentous fungi were tested during static 
cultivation. Fifty p.L of the tested compound in MezSO were added to Petri dishes (diameter 50 mm, 
the final concentrations of Cu II complexes ranged from i to 10 retool/L) just before pouring 5 mL 
Sabouraud's (dermatophytes) or malt extract (other tested fungi) agar (hnuna, ~arigsk6 Mieharany, 
Slovakia). The solidified plates were then inoculated in the center with 5 oL of the spore suspension 
(approximate spore concentration 100/~L in 0.1% aqueous Tween 80) of filamentous fungi from 
21-d-old strains. Triplicate sets of agar plates were incubated at 25 ~ and the diameter of growing 
colonies was measured (Hudecovfi et al. I996). 

The antimicrobial effect was characterized by ICs0 and MIC values, which were read from the 
toxicity curves. 

Effect on the morpholo~ of Botrytis cinerea. Microphotographs of hyphae growing into the 
cultivation medium with the compounds were taken in situ after staining with 0.5 % (W/V) methyl blue 
in lactophenol (Hudecovfi et aL 1994). 

hzhib#ion of the spomhttion of Alternaria alternata. The suspension of spores was prepared 
from a 7-d-old colony of the fungus (obtained in the same way as in the antifungal assay) by scraping it 
into 5 mL 0.1% aqueous Tween 80 and after the removal of mycelia by filtration through a nylon mesh. 
The number of spores was determined using a ha~mocytometer. 

RESULTS AND DISCUSSION 

Antifungal activity of Cu II complexes is summarized in Table I. The tested complexes vary 
greatly in their antifungal activity. The highest inhibition effect on R. oryzae was observed with 
Cu(2-MeSNic)2(EtNic)2 (IC50 1.5 mmol/L). The decrease in growth, caused by the presence of EtNic 
adduct in the growth medium, is demonstrated in Fig. 1. A significant inhibition effect of EtNic (I(250 
2.1 mmol/L) was manifested in the above case, probably because the free bioactive ligand alone repre- 
sented an inhibition force similar to some other adducts, even if it has not influenced the viability of 
R. oryzae in any concentration tested (MIC > 10 mmol/L). The other adducts with bioactive ligands 
influenced R. oryzae at approximately same level (I(250 2.0-2.3 mmol/L) and they stopped growth 
completely at 5 mmol/L, with a static effect on spores. 

Only two compounds (t,iz. Cu(2-MeSNic)e'H20 and Cu(2-MeSNic)2(iNia)2; both with IC50 
1.8 mmol/L) were significantly active against A. altemata. The rest of the complexes showed weak 
effects (IC50 2.3-3.0 mmol/L). At the same time, Cu(2-MeSNic)2"H20 inhibited the sporulation of 
this fungus by more than 90 % at 5 mmol/L. The influence on sporulation was observed as changes of 
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colony color from black to white caused by the decrease of the spore concentration. The counts of 
spores after action of this derivative are shown in Table II. 

Table I. Antifungal activity of CuII complexes characterized by IC50 (mmol /L)  and MIC (mmol/L) ' t  

Rhizopus Alternaria Botrytis Fusarium Microsporum 

Compound oryzae alternata cinerea moniliforme 9ypseurn 

IC50 MIC IC50 MIC IC50 MIC ICs0 MIC IC50 MIC 

2-MeSNic inact 9.0 >10 inact 9.7 10 6.4 >10 
Cu(2-MeSNic)2H20 7.0 l0 s 1.8 10 C 8.0 > 10 7.0 10 s 2.1 5 s 

Cu(2-MeSNic)2(Nia)2.21 t20  2.0 5 s 3.0 l0 s 3.9 l0 s 2.1 5 s 1.5 5 C 
Cu(2-MeSNic)2(iNia)2 2.3 5 s 1.8 l0 s 3.5 > 10 3.1 10 S 2.3 5 C 

Cu(2-MeSNic)2(MeNia)2.41120 2.0 5 s 2.3 >10 7.0 >10 5.2 >10 1.7 5 C 
Cu(2-MeSNic)2( Et Nic)2 1.5 5 s 3.0 l0 s 2.6 l0 s 2.1 5 s 1.8 5 (2 

Nia inact inact inact inact 8.2 > 10 
iNia inact inact inact inact 8.3 > l0 
MeNia inact 6.5 >10 6.3 >10 inact inact 
EtNic 2.1 >10 8.5 >10 9.8 >10 inact 7.8 >10 

SConcentration inducing a fungistatical effect. 

t inact --  inactive compound (IC50 > 10 mmol/L) .  

CConcentration inducing a fungicidal effect (MMC). 
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Fig. 1. Growth inhibition (colony diameter, ram) of R. oryzae 

by Cu(2-MeSNic)2(EtNic)2; numbers at curves -- final concen- 
tration (minor/L). 

The lowest antifungal effect was found with 
B. cbzerea and F. monilifonne. The majority of the 
complexes influenced growth weakly. Only the effects 
of Cu(2-MeSNic)2(Nia)z'2H20 and Cu(2-MeSNic)z- 
(EtNic)2 against F. monilifonne (with IC50 
2.1mmol/L and MIC 5 mmol/L) and the effect of 
Cu(2-MeSNic)2(EtNic)2 against B. cbzerea could be 
noticed. Significant morphological changes of B. ci- 
nerea accompanied by partial growth inhibition were 

Table II. Inhibition of sporulation (%) of A. alter- 
nata by Cu(2-MeSNic)2-H20 (c, retool/L) 

c Colony Colony, cm 2 

0 I00 I00 
1 2 9 

also observed. Cu(2-MeSNic)z(Nia)2"2H20 at 5mmol/L and the derivative Cu(2-MeSNic)2- 
(MeNia)z'4H20 at 10 mmol/L had a ramification effect on growing hyphal tips (Fig. 2B,C). These 
changes were accompanied by the release of cytoplasm as a result of the presence of Cu(2- 
MeSNic)z(EtNie)z at 5 mmol/L (Fig. ZA). M. 9ypselun was the fungus most sensitive to the tested 
compounds. Even Cu(2-MeSNic)z'H20 alone showed a strong antimicrobial activity against M. gyp_ 
scum (ICs0 2.1 retool/L) and this efficiency depended on the genesis of adducts. 
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Fig.,?., Changes in the morphology of B. cinerea hyphal tips induced by Cu(2-MeSNic)2(EtNic)2 (5 mmol/L; A), 
Cu(2-MeSNic)2(MeNia)2"4H20 (10 mmol/L; B), Cu(2-MeSNic)2(Nia)2.2H20 (5 mmol/L; C), and control (D); magnification 
140x. 

Fig. 3. Growth inhibition (colony diameter, ram) of M. 9ypseum 

by Cu(2-MeSNic )2(Nia)2"2H20;  numbers  at curves -- final concen- 
tration (mmol/L). 
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The Cu II complexes with bioactive ligands not only stopped the growth by 100 % at 5 mmol/L, 
but they a had lethal effect on spores. The IC50 values for this dermatophyte ranged from 1.5 to 
2.3 mmol/L. All free bioactive ligands were inactive except for the mentioned EtNic effect against 
R. oryzae (IC50 2.1 mmol/L). The Cu II compounds inhibited the used biological objects more than free 
2-MeSNic (a compound without copper at IC50 -> 6.4 mmol/L) did. This inhibition activity was more 
pronounced when bioactive ligands were present in molecules, while on their own they showed only 
a weak activity (IC50 -> 6.3 mmol/L). 
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