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Co(II) and Cu(II) complexes and metal-free t-butylphenyl peripherally substituted
porphyrazine (Pz) have been screened for in vitro antifungal (Aspergillus niger) and antioxidant
(free radical scavenging, superoxide radical scavenging, and reducing power) activities. The
results were compared with synthetic antioxidants, e.g., butylated hydroxyanisole (BHA),
butylated hydroxytoluene (BHT), trolox, or �-tocopherol. The free radical scavenging activity
of H2Pz was higher than the CuPz complex. However, CuPz complex showed higher superoxide
radical scavenging activity than BHA, BHT, and trolox while H2Pz and CoPz showed weaker
activity than BHA, BHT, and trolox. The reducing power of all complexes was similar to that
of BHT and �-tocopherol on a per molar basis. The ligand and complexes have antifungal
activity against A. niger. The compounds have significant superoxide radical scavenging activity
against various antioxidant systems in vitro.

Keywords: Porphyrazine; Antioxidant; Radical scavenging ability; Reducing power;
4-Tert-butylphenyl

1. Introduction

Reactive oxygen species (ROS) are chemical entities that include oxygen free radicals,
such as superoxide anion radicals (O�2 ), hydroxyl radicals (OH_), nitric oxide (NO),
peroxynitrite, and also non-radical species, such as hydrogen peroxide and singlet
oxygen (1O2). Free radicals can be generated from metabolic pathways within body
tissues and can also be introduced from external sources such as drugs, food, UV
radiation, and environmental pollution [1]. In vivo, such species are securely coupled at
their sites of generation or are detoxified by endogenous antioxidative defenses so as to
preserve optimal cellular function. In pathological conditions, however, the detoxifying
mechanisms are often inadequate as excessive quantities of ROS can be generated.
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This resulting pro-oxidant shift, a process known as oxidative stress, can result in

degradation of cellular components such as DNA, carbohydrates, polyunsaturated

lipids, and proteins, or precipitate enzyme inactivation, irreversible cellular dysfunction,

and ultimately cell death if the pro-oxidant-antioxidant balance is not restored [2]. ROS

not only play an important role in numerous diseases, but also contribute to

deterioration of foodstuffs, cosmetics, and pharmaceutical preparations. Thus, antiox-

idants are important inhibitors against oxidative damage [3–5]. Synthetic and natural

compounds capable of reacting catalytically or stoichiometrically with one or more

reactive species have been developed and proven effective in several in vivo models of

oxidative stress.
The widespread use of antifungal agents has resulted in resistance to these drugs by

pathogenic microorganisms [6]. Therefore, treatment of fungal infections is an area of

increasing concern, because of the limited number of antifungal agents available for use

and the emergence of clinically resistant pathogens.
Several classes of synthetic metal complexes are under investigation as catalytic

antioxidants, including manganese complexes of porphyrins, salen, and cyclic

polyamines [7, 8]. Metalloporphyrins have a broad range of antioxidant activities

that include dismutation of superoxide and hydrogen peroxide and scavenging of

peroxynitrite [9]. Symmetrical octakis substitution of planar tetrapyrrole derivatives

(e.g., phthalocyanines, porphyrins, or porphyrazines) provide materials capable of

interacting with metal ions, directly inside the inner core and through peripheral donor

sites [10–14]. We reported earlier metal-free and metallo porphyrazines with symmet-

rical octakis(4-tert-butylbenzylthio), as shown in figure 1 [15]. Cobalt and copper

complexes are biocompatible and offer new ways to induce, modify, and control

molecular properties and high metal/ligand stability [16]. The diffuse � electrons of

porphyrazines may help understand long-range interactions. The presence of soft sulfur

donors plays an important role in bringing physical and chemical properties of the

porphyrazines comparable to those of phthalocyanines [17].

Figure 1. Octakis(4-tert-butylbenzylthio) porphyrazines (M¼Cu; Co).
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The aim of this study is to investigate antifungal and antioxidant effects of CoPz,
CuPz, and H2Pz and to elucidate their antioxidative action. Antifungal activity was
determined against Aspergillus niger and compared with Fluconazole as standard

antifungal drug. The complexes have been screened for free radical scavenging,
superoxide radical scavenging, and reducing power. The results are compared with
synthetic antioxidants, e.g., BHA, BHT, trolox, or �-tocopherol.

2. Experimental

2.1. Materials and methods

IR spectra were recorded on aMattson 1000 FT-IR spectrophotometer usingKBr pellets
and electronic spectra on an Agile 8453 UV-Visible spectrophotometer. Nicotinamide

adenine dinucleotide (NADH), 6-hydroxy-2,5,7,8-tetramethyl-chroman-2-carboxylic
acid (Trolox), nitroblue tetrazolium (NBT), phenazine methosulphate (PMS), the
stable free radical 1,1-diphenyl-2-picryl-hydrazyl (DPPH�), and trichloroacetic acid

(TCA) were obtained from Sigma (Sigma-Aldrich). Butylated hydroxyanisole (BHA)
and butylated hydroxytoluene (BHT) were provided from Fluka (Buchs). Unless
specified otherwise, all other reagents and solvents used were of analytical grade obtained

from commercial suppliers. The solvents were stored over molecular sieves.
The octakis(4-tert-butylbenzylthio)21H,23H porphyrazine, [octakis(4-tert-butylben-

zylthio) porphyrazinato]Cu(II), and [octakis(4-tert-butylbenzylthio) porphyrazinato]
Co(II) were prepared according to the previously reported procedures and character-
ized by comparing their spectral data to those reported earlier [15]. The Co(II) and

Cu(II) complexes and metal-free porphyrazine were stable at room temperature,
non-hygroscopic, insoluble in water, but soluble in many common organic solvents.

2.2. In vitro antifungal assay

The antifungal activities were determined on A. niger using agar well diffusion method
as performed by Schillinger and Lücke [18]. The stock solution (1mgmL�1) of the test
chemical was prepared by dissolving the test compound in N,N-dimethyl formamide

(DMF). The stock solution was suitably diluted with sterilized distilled water to
25, 50, and 100mgmL�1. Control for each dilution was prepared by diluting the
solvent instead of stock solution with sterilized distilled water. The fungus was
subcultured in potato dextrose agar medium (PDA). PDA plates were inoculated with

freshly grown culture by spreading. Wells (6mm diameter) were punched in the agar
and loaded with 150 mL samples of the complexes. Standard antifungal drug
(Fluconazole) was used for comparison. The plates were incubated at 37�C for 48 h.

Activity was determined by measuring the diameter of the zone showing complete
inhibition (cm). In order to clarify any effect of DMF on the biological screening,
separate studies were carried out with solutions of DMF alone, and they showed no

activity against the fungal strain. Antifungal activity was calculated as a mean of three
replicates.
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2.3. Antioxidant activity evaluation

2.3.1. Free radical-scavenging activity. The free radical scavenging activities of the
complexes were measured with DPPH� using the slightly modified methods of Brand-

Williams et al. [19]. Briefly, 20mgL�1 DPPH� solution in methanol was prepared and

1.5mL of this solution was added to 0.75mL of the sample, BHA and BHT

(25–100 mgmL�1). The mixture was shaken vigorously and the decrease in absorbance

at 517 nm was measured at 30min. Water (0.75mL) was used as control in place of the

sample. The percent inhibition activity was calculated using the following equation:

Inhibition activity ð%Þ ¼ ½ðA0 � A1Þ=A0 � 100�,

where A0 is the absorbance of the control reaction and A1 is the absorbance in the

presence of the sample solution. Sample concentration providing 50% inhibition (IC50)

was obtained plotting inhibition percentage versus sample solution concentration.

2.3.2. Superoxide radical scavenging activity. Measurements of superoxide anion
scavenging were based on the method described by Liu et al. [20]. Superoxide anions

were generated in a non-enzymatic PMS–NADH system by oxidation of NADH and

assayed by reduction of NBT. In this experiment, the superoxide anion was generated in

3mL of tris-HCl buffer (16mmol L�1, pH 8.0) containing 1mL of NBT (50 mmolL�1)

solution, 1mL of NADH (78mmolL�1) solution, and 100 mgmL�1 concentration of

sample solution. The reaction was started by adding 1mL�1 of PMS solution

(10 mmolL�1) to the mixture. The reaction mixture was incubated at 25�C for 5min and

absorbance at 560 nm was recorded against blank samples in a spectrophotometer.

BHA, BHT, and trolox were used as standard samples (100 mgmL�1). The inhibition of

superoxide radical generation (%) was calculated by the following equation:

Inhibition ð%Þ ¼ ½ðA0 � A1Þ=A0 � 100�,

where A0 is the absorbance of the control reaction and A1 is the absorbance in the

presence of samples or standards. Sample concentration providing 50% inhibition

(IC50) was obtained plotting inhibition percentage versus sample solution

concentration.

2.3.3. Reducing power. The reducing power of the complexes were measured
according to the method of Oyaizu [21]. Various concentrations of the samples

(10–50 mg) in 1mL of distilled water were mixed with 2.5mL of phosphate buffer

(0.2mol L�1, pH 6.6) and 2.5mL potassium ferricyanide [K3Fe(CN)6] (1%, w/v), and

the mixture was incubated at 50�C for 30min. Afterwards, 2.5mL of TCA (10%, w/v)

was added to the mixture and centrifuged at 3000 rpm for 10min. Finally, 2.5mL

of upper-layer solution was mixed with 2.5mL distilled water and 0.5mL FeCl3 (0.1%,

w/v), and the absorbance was measured at 700 nm. �-Tocopherol, BHA, and BHT were

used as standard antioxidants. Higher absorbance of the reaction mixture indicated

greater reducing power.
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3. Results and discussion

3.1. In vitro antifungal assay

All the tested compounds showed remarkable antifungal activity against A. niger. The
results are shown in figure 2. CoPz showed much enhanced activity at 100 mgmL�1.
CuPz and H2Pz exhibited similar activities at the same concentration. Activity
significantly increased on coordination. Standard antifungal drug Fluconazole
exhibited 2.5 cm of inhibition at 100 mgmL�1. Coordination reduces the polarity of
the metal ion mainly because of the partial sharing of its positive charge with donor
groups within the chelate ring system formed during coordination, increasing the
lipophilic nature of the metal, which favors its permeation through the lipid layer of the
microorganism, thus destroying them more aggressively [22]. Redox potential is also
important because living cells contain numerous redox couples. Intracellular concen-
trations of these couples may change selectively with changes in the cellular
environment. Concentrations of specific redox couples play a role in the regulation
of cellular functions such as transcription of DNA into mRNA, the translation of
mRNA into proteins, and the activity of signal transduction enzymes. A change in the
intracellular concentration of redox couples may cause vital changes in cellular
functions [23].

3.2. Antioxidant activity evaluation

3.2.1. Free radical-scavenging activity. Proton radical scavenging action is an
important mechanism of antioxidation; DPPH� is used as a free radical to evaluate
the antioxidative activity of some natural sources [3]. The DPPH radical scavenging
effects of the complexes are presented in figure 3. H2Pz and the Cu(II) complex show
free radical scavenging activities at 50–100mgmL�1. Co(II) complex did not show
activity at any concentrations tested. Free radical scavenging activity of H2Pz was

Figure 2. Antifungal activity of H2Pz, CoPz, and CuPz against A. niger at different concentrations.
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higher than CuPz. Scavenging activity of BHA and BHT, known antioxidants, were
higher than that of samples. IC50 value (the effective concentration at which the DPPH

radicals were scavenged by 50%) of H2Pz (11.5� 0.4mgmL�1) was higher than that of

CuPz (23� 1 mgmL�1), which were comparable. IC50 value was not determined for
CoPz. IC50 values were 5.90� 0.22 and 6.12� 0.29 mgmL�1 for BHA and BHT,

respectively. From these results, the samples have moderate ability to scavenge free
radicals and could serve as free radical inhibitors or scavengers.

3.2.2. Superoxide radical scavenging activity. Superoxide radical is very harmful to
cellular components as a precursor of more ROS, contributing to tissue damage and

various diseases. In a biological system, its toxicity can be eliminated by superoxide

dismutase [3]. The radicals may also play an important role during peroxidation
of unsaturated fatty acids and other potential susceptible substances. In the

PMS–NADH–NBT system, superoxide anion derived from dissolved oxygen by PMS–
NADH coupling reaction reduces NBT. The decrease of absorbance at 560 nm with

antioxidants indicates consumption of the superoxide anion in the reaction mixture.

Figure 4 shows the superoxide radical scavenging activity by 100 mgmL�1 of H2Pz, CoPz,
or CuPz in comparison to the same amount of BHA, BHT, and trolox. CuPz shows

higher superoxide radical scavenging activity than BHA, BHT, and trolox while H2Pz
and CoPz show weaker activity than BHA, BHT, and trolox. IC50 values for scavenging

abilities on superoxide radicals were 16� 1, 13.3� 0.6, 6.2� 0.4, 6.40� 0.01, 8.4� 0.2,

and 6.2� 0.4 mgmL�1 forH2Pz, CoPz, CuPz, BHA, BHT, and trolox, respectively.Many
metal complexes that can undergo such redox cycling can function as superoxide radical

scavengers; many copper complexes have been synthesized and tested especially for SOD-
like activity [24–26]. Some cobalt [21] SOD mimics have also been reported showing

marked SOD activity [27].

Figure 3. Scavenging activities of H2Pz, CoPz, and CuPz against the DPPH radical.
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3.2.3. Reducing power. Figure 5 shows the reducing power of H2Pz, CoPz, and CuPz;
reducing power of the samples was not concentration dependent. Based on a

comparison of the absorbance at 700 nm, the reducing power of all complexes was

similar to that of BHT and �-tocopherol per molar basis. These results revealed that the

ligand and their complexes were good electron and hydrogen donors and could

terminate the radical chain reaction, converting free radicals to more stable products.

Figure 4. Superoxide radical scavenging activity of H2Pz, CoPz, CuPz, BHA, BHT, and trolox at
100 mgmL�1 concentration.

Figure 5. Reducing power of H2Pz, CoPz, and CuPz at different concentrations.
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4. Conclusions

This study shows that porphyrazines with bulky (tert-butylphenyl) groups on the
periphery and Co(II) and Cu(II) complexes exhibited different levels of antioxidant
activity. The complexes have significant free radical scavenging, superoxide anion
radical scavenging activity, and reducing power against various antioxidant systems
in vitro. Complexes showed excellent activity for scavenging the superoxide radical.
Therefore, these complexes may be a new kind of effective scavengers of ROS.
The ligand and complexes also have antifungal activity against A. niger.
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