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ABSTRACT
The changes of the free radical scavenging activity of nystatin after UV-irradiation were 
examined. The kinetics of the interactions of nystatin with free radicals was tested. The 
model DPPH free radicals were used. Free radicals were tested by an X-band (9.3 GHz) 
electron paramagnetic resonance spectroscopy. The EPR spectra of DPPH and DPPH in 
contact with non-irradiated and UV-irradiated nystatin were measured. Nystatin quenched 
the EPR spectra of DPPH free radicals as the result of the antioxidative character of 
the samples. The antioxidative character of non-irradiated and UV-irradiated nystatin 
was confirmed by the UV-Vis studies. Free radical scavenging activity decreased after 
UV-irradiation of nystatin and the EPR spectra of DPPH free radicals lower decreased 
by contact with UV-irradiated nystatin. The quenching of UV-Vis spectra were lower 
for UV-irradiated nystatin than for than with non-irradiated drug. It was pointed out 
that nystatin should not be storage under ultraviolet irradiation, because of decrease its 
antioxidative interactions. This studies confirmed usefulness of EPR spectroscopy and 
UV-Vis spectrophotometry to determine of the antioxidant character of drugs. These 
spectroscopic methods may be used to find the optimal storage conditions of drugs. 
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INTRODUCTION
Antioxidants protect the human organism 
against free radicals.1-4 Free radicals as the 
molecules with unpaired electrons may be 
the source of  the chain reactions, which 
destroy the cellular structures.5-9 A lot of  
pathological states in the organism are 
accompanied by free radicals formation.5-9 
Inflammatory states are typically linked with  
mycosis.10,11 Free radicals are produced during  
the inflammation process,7-9 so the interactions  
with free radicals for drugs applied in the 
illness accompanied by inflammation states 
are the important problem. In this work the 
interactions with free radicals for nystatin,  
one of  the antifungal drug,12,13 were examined  
by the use of  spectroscopic methods. The 
antioxidant properties of  other antifungal  
agents such as ketoconazole,14 benzimidazole15 
and nystatin by incorporation into lipid  
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nanocarriers16 are known. Chemical structure  
of  nystatin was presented in Figure 1.17

The aim of  this work was to check the  
antioxidative character of  nystatin and to  
determine the influence of  ultraviolet 
irradiation on the free radical scavenging  
activity of  nystatin. The interactions of  
nystatin with free radicals for non-irradiated 
and UV-irradiated samples were examined, 
to obtain the influence of  UV-irradiation on 
free radical scavenging activity of  nystatin. 
The negative effect of  UV-irradiation on 
solutions containing nystatin is known.18 
The practical application of  this studies is to 
get information about the storage condition 
of  nystatin. The tested antibiotic should be 
storage without UV-radiation when these 
electromagnetic waves decrease its inter-
actions with free radicals. Nystatin may be  
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exposed to UV-radiation, when it does not modify the 
antioxidative interactions of  this antiobiotic.
The electron paramagnetic resonance (EPR) spectroscopy 
was used to check if  the nystatine samples interact with  
free radicals. The interactions of  the antioxidative  
substances with free radicals quench the EPR lines of  
free radicals.19 The UV-Vis spectrophotometry was also 
used in observations of  the antioxidative interactions  
of  the nystatin samples. The model DPPH (2,2-difenyl- 
1-picrylhydrazyl) free radicals9,20-23 were used in our  
studies. The chemical structure of  DPPH free radical 
molecule with unpaired electron localized on nitrogen 
(N) atom was shown in Figure 2.20 
These spectroscopic EPR and UV-Vis studies of  the 
influence of  ultraviolet irradiation on interactions of  
nystatin with the model free radicals are innovatory. The 
performed experiment broaden our knowledge about 
antioxidative character of  nystatin and it indicate the 
storage condition of  this drug.

MATERIALS AND METHODS
UV irradiation of nystatin

Nystatin was irradiated by Medisun 250 lamp (Germany)  
with 4 radiators with power of  20 W. UVA radiation 
with the wavelengths (λ) in the range of  315-400 nm 
was emitted to this drug during 30 min. The distance 
between the lamp and the drug sample was 30 cm.

EPR measurements

The antioxidant interactions of  nystatin were examined  
by the use of  two spectroscopic methods: EPR and  
UV-Vis. DPPH (2,2-difenyl-1-picrylhydrazyl) was used  
as the reference of  free radicals. The free radical scav-
enging activity of  nystatin was determined by the electron  
paramagnetic resonance measurements of  the quenching  
of  DPPH free radicals EPR spectra after addition of  
the tested antibiotic to DPPH the ethyl alcohol solution. 
The reference ethyl alcohol solution (96 %) of  DPPH  
was prepared. The EPR spectrum of  DPPH free radicals  
in the reference solution was shown in Figure 3.
The non-irradiated and UV-irradiated nystatin samples 
were added to this solution. EPR measurements were 
performed for the solutions located in the thin walled 
glass tubes with the external diameter of  1 mm. The 
EPR signals of  the empty tubes were not observed at 
the experimental conditions. EPR spectrum of  DPPH 
in the reference ethyl alcohol solution was measured. 
After the EPR spectra of  DPPH interacting with the 
nystatin samples in the ethyl alcohol solution were 
obtained. The EPR spectra of  the DPPH in contact 
with non-irradiated and UV-irradiated nystatin were 
compared with the EPR line of  the reference solution 
of  DPPH. The antioxidative interactions were deter-
mined as the DPPH free radicals scavenging. The free 
radical scavenging activity revealed as the quenching of  
the EPR spectrum of  DPPH. 

Figure 1: Chemical structures of nystatin.17 Figure 3: EPR spectrum of DPPH in (96 %) ethyl alcohol  
solution. B – magnetic induction.

Figure 2. Chemical structure of DPPH (2,2-difenyl-1-picryl-
hydrazyl). Unpaired electron was signed as (●) [Tirzitis et al, 

2010].
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EPR measurements were performed at room tem-
perature by the use of  an X-band (9.3 GHz) electron 
paramagnetic resonance spectrometer with magnetic 
modulation of  100 kHz produced by Radiopan Firm 
(Poznań, Poland). The numerical acquisition of  data 
was done by use of  the Rapid Scan Unit of  Jagmar  
Firm (Kraków, Poland), which was linked to the spec-
trometer. The total microwave power produced by 
klystron was 70 mW (Mo). Microwave frequency was 
directly obtained by MCM101 recorder of  EPRAD 
Firm (Poznań, Poland). The kinetics of  interactions of  
the nystatin samples was obtained from the EPR spectra 
of  DPPH free radicals detected by 1 min intervals up  
to 21 min. The EPR spectra were recorded as the first-
derivative lines. To avoid microwave saturation the EPR 
spectra of  DPPH free radicals were measured with the 
low microwave power of  2.2 mW, which corresponded 
to attenuation of  15 dB. The microwave power used 
during the EPR measurements (M) was obtained from 
the following formula:24

attenuation [dB] = 10 lg (M/Mo)

EPR measurements and analysis of  the recorded spectra  
were done by the use of  professional spectroscopic 
programs of  Jagmar Firm (Kraków, Poland), LabView 
(National Instruments, USA) and Origin (OriginLab, 
USA). 
For the EPR spectra of  DPPH drugs in ethyl alcohol 
solution before and after addition of  the nystatin samples 
(nonirradiated and UV-irradiated) amplitudes (A) were 
determined. Amplitudes (A) of  EPR spectra of  DPPH 
in contact with the tested samples were divided by  
the amplitude (A) of  DPPH – in the reference solution. 
Correlations between amplitudes (A) [+0.02 a.u.] of  
DPPH line and the time (t) of  its interactions with the 
nystatin samples were determined. The influence of   
UV-irradiation of  nystatin on the kinetics of  its interac-
tions with DPPH free radicals was obtained. 
g-Factor [+0.0002] for DPPH EPR lines was calculated 
from the resonance formula as:24-26

g = hν/μBBr,

where: 
	 h – Planck constant, 
	 ν – microwave frequency, 
	 μB – Bohr magneton and
	 Br – induction of  resonance magnetic field. 
Thermo Genesis 10S UV-Vis spectrophotometer  
produced by Thermo Scientific Firm (USA) was also 
used in this study. Ethyl alcohol solution of  DPPH 
and nystatin in a concentration 5 % was prepared. The 

absorption spectra of  DPPH in the wavelength range 
of  λ: 400-780 nm for contact with the non-irradiated 
and UV-irradiated nystatin samples in ethanol solution 
were obtained. The individual measurement was zeroed 
on ethyl alcohol. The changes in the absorbance of  
DPPH during interactions with the non-irradiated and 
UV-irradiated nystatin samples were determined.

RESULTS AND DISCUSSION
Electron paramagnetic resonance measurements pointed  
out that nystatin interacts with DPPH free radicals. The 
free radical scavenging activity was observed for both 
non-irradiated and UV-irradiated samples. EPR lines 
of  DPPH free radicals were quenched after addition of  
nystatin to the ethyl alcohol solution. The quenching of   
the EPR spectra of  DPPH free radicals during interactions  
with non-irradiated nystatin was presented in Figure 4  
a. The decrease of  the EPR spectra of  DPPH free radicals  
during interactions with UV-irradiated nystatin was  
presented in Figure 4 b.
The kinetics of  the interactions of  non-irradiated 
and UV-irradiated nystatin was similar. The changes 
of  amplitudes (A) of  the EPR spectra of  DPPH free 
radicals with increasing of  interaction time (t) for non-
irradiated and UV-irradiated nystatin, were presented in 
Figure 5 a and Figure 5 b, respectively. Amplitude (A) 
of  the measured EPR lines decreased with increasing 
of  time, its values reached the minimum and after the 
amplitudes (A) did not changed with time of  interac-
tions. The stabilization of  interactions of  non-irradiated  
(Figure 5 a) and UV-irradiated (Figure 5 b) nystatin  
samples with DPPH free radicals stabilized after 12 min.
The minimal values of  amplitudes (Amin) for DPPH free  
radicals interacting with non-irradiated and UV-irradi-
ated nystatin were compared in Figure 6. Their values 
were related to the amplitude of  the line of  DPPH free  
radicals in the reference solution. Both non-irradiated 
and UV-irradiated nystatin samples quenched DPPH 
free radicals (Figure 6). The free radicals scavenging 
activity was decreased after UV-irradiation of  nystatin.  
(Figure 6). So it can be say that nystatin should be storage  
in dark without ultraviolet exposition. UV-irradiation 
decreased antioxidative interactions of  nystain.
The results obtained by the use of  EPR spectroscopy 
were confirmed by UV-Vis measurements for the non-
irradiated and UV-irradiated nystatin. The absorbance 
spectra for the nystatin before and after UV-irradiation, 
were shown in Figure 7 a and Figure 7 b, respectively. 
The UV-Vis spectra of  DPPH were quenched by both 
non-irradiated and UV-irradiated nystatin. UV-Vis 
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the relation that the antioxidative interactions of  the 
nystatin exposed to UV-irradiation was lower than for 
non-irradiated nystatin. The results indicates that EPR 
method was the higher sensitive for the observation of  
the antioxidative interactions than the UV-Vis method.
EPR spectroscopy and UV-Vis spectrophotometry 
were the useful methods to examine antioxidative inter-
actions of  nystatin. These methods give information 
about the kinetics and the values of  interactions of  the 
drug with model free radicals.27-29 The results may be 

examination confirmed the antioxidative character of  
nystatin.
The kinetics of  interactions of  the non-irradiated and 
UV-irradiated nystatin samples with DPPH, was com-
pared in Figure 8 a and Figure 8 b, respectively. The 
maximal absorbance of  the UV-Vis spectra decreased 
with increasing time of  interactions and after then it 
reached the stable value. The minimal values of  the 
maximal absorbance of  the UV-Vis spectra for non-
irradiated and UV-irradiated nystatin samples were  
compared in Figure 9. Similar to the EPR results  
(Figure 6), the quenching of  DPPH (Figure 9) charac-
terized the two tested samples. The quenching of  the 
UV-Vis spectra (Figure 9) similar to the EPR spectra 
(Figure 6) was weaker for the UV-irradiated nystatin. 
But the differences for the non-irradiated and UV-Vis  
irradiated nystatin, between the amplitude vales of   
UV-Vis spectra in Figure 9 were lower than for the EPR 
spectra in Figure 6. UV-Vis measurements confirmed 

Figure 5: The influence of time (t) of interactions on  
amplitudes (A) of EPR lines of DPPH in contact with (a)  

nonirradiated and (b) UV-irradiated nystatin.

Figure 6: Comparison of the minimal amplitudes (Amin) of 
DPPH lines for DPPH interacting with non-irradiated and UV-
irradiated nystatin. The amplitude of DPPH in the reference 

solution was shown.

Figure 4: EPR spectra of DPPH interacting with (a) nonirradi-
ated and (b) UV-irradiated nystatin during 1 min, 6 min, 12 min 

and 21 min. B – magnetic induction.
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Figure 9: Comparison of the maximal absorbance of UV-Vis 
spectra of DPPH for DPPH and DPPH interacting with non-

irradiated and UV-irradiated nystatin.

Figure 7: UV-Vis spectra of absorbance for DPPH interacting 
with (a) non-irradiated and (b) UV-irradiated nystatin. Times of 
interactions: 1, 3, 6, 9, 12, 15, 18 and 21 min. λ – wavelength.

taking to account in chose of  the storage conditions of  
drug samples.30-32

CONCLUSION

The EPR and UV-Vis studies of  the non-irradiated and 
UV-irradiated nystatin pointed out that:
1.	 Nystatin revealed the antioxidative character, because  

it quenched DPPH free radicals. The antioxidative 
character was observed for both non-irradiated and 
UV-irradiated nystatin.

2.	 Free radical scavenging activity decreased after  
UV-irradiation of  nystatin, so this drug should not 
be exposed to ultraviolet electromagnetic waves 
during storage.

3.	 EPR spectroscopy and UV-Vis spectrophotometry 
are the useful methods to examination of  the inter-
actions of  nystatin with DPPH and to determine 
the storage conditions of  drug. 

   Figure 8: The influence of time (t) of interactions on the 
maximal absorbance of UV-Vis spectra of DPPH in contact 

with (a) non-irradiated and (b) UV-irradiated nystatin.
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ABBREVIATIONS
EPR: Electron Paramagnetic Resonance Spectroscopy; 
DPPH: 2,2-difenyl- 1-picrylhydrazyl; UV: ultraviolet.
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•	 Free radicals are produced during the inflammatory process such as mycosis. The interactions 
with free radicals for nystatin applied in the mycosis accompanied by inflammation states are 
the important problem. The storage conditions affect the properties of  the drug. The changes 
of  the free radical scavenging activity of  nystatin after UV-irradiation were examined. The EPR 
spectroscopy and UV-Vis spectrophotometry studies pointed out that nystatin revealed the anti-
oxidative character, because it quenched DPPH free radicals. Free radical scavenging activity 
decreased after UV-irradiation of  nystatin, so this drug should not be exposed to ultraviolet 
electromagnetic waves during storage. EPR spectroscopy and UV-Vis spectrophotometry are 
the useful methods to examination of  the interactions of  nystatin with DPPH and to determine 
the storage conditions of  drug.

SUMMARY
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