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Abstract – In the present work the influence of UV/IR radiation on the iron-releasing process from ferritin 

is investigated. The ferritins are a family of iron-storing proteins playing a key role in the biochemical 

reactions between iron and oxygen – processes of exclusive importance for the existence of all living 

organisms. The iron is stored within the ferritin core in the form of insoluble crystals containing Fe(III). 

Therefore for its release, the mineral matrix has to be decomposed, usually through a reduction of Fe(III) 

to Fe(II). Our study considers the action of UV/IR radiation on the structure of the protein molecule. 

Eventual changes in the ferritin conformation under the irradiation could result in the change of channel 

forming regions responsible for the iron efflux. This can be assess by the quantity of Fe (II) obtained in a 

subsequent mobilization procedure evoked by exogenous reducing agents. In our case the content of the 

reduced iron is determined electrochemically by the method of potentiometric titration. As already was 

shown, this method promises to become highly useful for quantitative evaluation of released Fe
2+

.
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1. INTRODUCTION

Human body is frequently exposed to infrared (IR) 

and ultraviolet (UV) radiation from natural and 

artificial sources. Normally, the first targets are skin 

and eyes. Conceivably, the major efforts, thus far, 

have been focused predominantly on research of the 

biological response in the corresponding tissues. [1- 

3]. Nevertheless, the importance of the related basic 

molecular processes and details in protective 

mechanisms on common subcellular level is usually 

neglected. In addition to the changes in the regulation 

of gene expression [4-6], two other starting points for 

investigation in this direction are the peroxidative 

reactions and closely connected with them iron 

intracellular redox conversions [7-10]. 

The role of cellular iron as a promoter for generating 

of reactive oxygen species (ROS) is firmly 

established [11-14]. Thus, iron-sequestering 

processes in mammalian cells are of a great 

importance for an effective protection against 

oxidative stress. The ferritin system is thought to be 

the main regulating machinery, keeping the proper 

levels of “free” iron within the cell by a precisely 

controlled uptake and efflux of iron atoms in and 

from the protein molecule [15-17]. The ferritins are 

family of highly conserved nanocage proteins found 

in all living organisms with excluding yeasts. A 

unique ability to accommodate huge amount of iron 

atoms (up to 4500) inside the shell makes them 

extremely suitable for the above-mentioned 

sequestering function. Despite the intensive research 

during the past decades, however, the problems 

around ferritin iron entry and exit (especially), are not 

yet fully resolved [18]. 

The increase of ferritin synthesis under oxidative 

stress is well documented [19,20]. Unfortunately, the 

experimental findings regarding its specific action in 

these conditions are ambiguous. On the one hand, 

some data unequivocally demonstrate the protective 

antioxidant function of over-expressed ferritin against 

toxicity of accumulated iron [21-23]. On the other 

hand, however, there are results suggesting just the 

opposite effect. There are some indications that in 

certain cases the excess ferritin can behave as a pro-

oxidant, mainly due to the reduction of its mineral 

core [24-26]. Such reduction might be evoked as a 

result of chemical treatment, or by illumination with 

visible light [27], or UV-A treatment [28]. In this 

regard, it is a priori clear, that data obtained with 

chemically induced oxidative stresses cannot merely 

be extrapolated to those produced by irradiation. 

Actually, recent investigations confirm the difference 
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in ferritin action during the chemically and 

photochemically (e.g. UV-A) provoked stresses [29]. 

The above considerations definitely depicted the need 

in further examinations of the photoinduced reduction 

including ferritin.  In this respect, we made an 

attempt to assess in vitro the mobilization of iron 

from ferritin under the influence of UV/IR radiation. 

According to previously developed experimental 

technique [30], potentiometric redox titration was 

used in the present study for quantitative evaluation 

of iron efflux from the protein. 

2. MATERIALS AND METHODS 

2.1. Reagents 

Potassium chloride (KCl, Merck, Germany), at 

concentration of 0.1 M, was used as a supporting 

electrolyte in which all other reagents were dissolved. 

Horse spleen ferritin (HoSF type I, Sigma, USA), 

with approximately 1800 iron atoms per molecule, 

was used without further purification. It was 

dissolved in 0.1 M KCl to prepare a stock solution 

with 100 mg.ml-1 ferritin. Ascorbic acid (AA, 

Pharmachim, Bulgaria), dissolved in 0.1 M KCl to a 

concentration of 5.68 mM, was used as an exogenous 

reducing agent. Cerium disulfate (Ce(SO4)2*4H2O, 

Merck), dissolved in 0.1 M KCl to a concentration of 

0.5 mM, was used as the main titrant. Standardization 

of the redox titration procedure was performed with 

iron(II) sulfate heptahydrate FeSO4*7H2O (Merck) 

dissolved in 0.1 M KCl up to a concentration of 1.83 

mM. During measurements with ferritin, the solution 

was buffered to pH 7.4 with 0.1 M phosphate buffer. 

2.2. Samples irradiation 

Q17 (“Sunnie™”) therapeutic/bactericide device was 

used as a radiation source. It comprises mercury 

discharge lamp DRT-230 for UV spectral range (220 

nm – 430 nm, c.a. 0.5 mW/cm2) and  halogen lamp 

for IR (radiates mainly in 0.6 µm – 3 µm, c.a. 5 

mW/cm2). The depicted power density is for a 

distance of 27.5 cm from the source and the solution 

surface with the depth c.a. 2 cm. 

2.3. Redox titration procedure 

2.3.1. Instruments 

Potentiometric titrations were performed with the set-

up shown in Fig.1. Ballpoint platinum electrode 

(OH–09615, Radelkis, Hungary) was used as a 

working electrode (WE), and double junction 

Ag/AgCl electrode (OP–0820P, Radelkis) as a 

reference electrode (RE). Portions of the titrant were 

deposited to the reaction mixture by a dispenser 

(Plastomed, Poland). Potential differences between 

the two electrodes were measured by the 

potentiometer (N5170, ELWRO, Poland). 

 

Fig.1 - Experimental set-up for potentiometric 

titration. RE – Reference electrode; WE – Working 
electrode; SB – Magnetic stirrer bar. Elements are 

not drawn in scale. 

2.3.2. Data Processing 

Evaluation of the equivalence point of the titration 

curves was carried out as follows. First, a continuous 

curve was obtained from the experimental points 

using Fast Fourier Transform (FFT) Filter 

Smoothing. Next, first order derivative of this curve 

was calculated. Finally, the peak of the derivative was 

obtained. All three steps were performed by using 

standard algorithms implemented in the software 

Origin 5.0. 

3. RESULTS

3.1. Effects of near infrared radiation on iron 

mobilization 

 

Fig.2 – Titration curve of ferritin in buffer solution 

without irradiation. Dots represent experimental data 

(left scale), solid line is the corresponding derivative 
(right scale)

It was unequivocally shown, that IR-A radiation 

elicits in cells a signaling response, leading to 

upregulation of specific proteins. This signal was 

mediated by an oxidative stress, originating from the 

respiratory electron transport chain [Schroeder 2007, 

28]. The appearance of free radicals in skin upon the 

irradiation with IR-A was also observed [29]. 

However, the detailed mechanisms of these 

phenomena are not well understood. Particularly, 

although an increased ferritin expression was well 
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registered [20], its possible role in the formation of 

reactive oxygen species (ROS) was not definitely 

established. Such a “pro-oxidant” ferritin action could 

be accomplished via Fenton’s reaction with 

participation of Fe2+, released during eventual 

reduction of the protein mineral core. While a direct 

reduction by IR-A is not very likely to occur, other 

indirect mechanisms cannot be rejected. For example, 

infrared radiation could be a promoter (due to 

alterations in protein molecule structure) of the iron 

efflux caused by chemical agents. 

Fig.3 – Titration curve of ferritin in buffer solution  
with 10 minutes IR irradiation. Dots represent 

experimental data (left scale), solid line is the 

corresponding derivative (right scale) 

To elucidate this question these questions, the iron 

mobilization was studied under various conditions of 

IR-A irradiation. The results are given in Fig.2 and 

Fig. 3, illustrating the dependence of the titration 

curves on the duration of irradiation (i.e. dose).  Two 

curves – respectively for 0 and 10 minutes of IR-A 

exposure are shown. 

The curves are measured after incubation of the 

samples with an exogenous reducing agent (in this 

case ascorbic acid) following the irradiation. The 

positions of corresponding equivalence points, 

determining the amount of reduced iron (Fe2+) in the 

solution, are obtained by the derivatives of the 

smoothed experimental data as described earlier [30]. 

An increase in the quantity of the Fe2+ for higher 

doses is clearly seen. 

3.2. Assessment of iron efflux under UV-A 

irradiation

Not unexpectedly, electromagnetic waves with 

shorter wavelengths (i.e. higher energies) exerted 

deeper influence on the ferritin molecule. We 

observed a prominent efflux of Fe2+ upon UV-A 

irradiation, which is in accordance with earlier results 

of other authors [26,28]. No exogenous reducing 

agents were applied in this case, hence such an effect 

can be ascribed only to a direct photoreduction of the 

ferritin mineral core. The evaluated amount of 

released Fe2+ was c.a. 5  mol. The respective titration 

curve is shown in Fig.4. Given that the total content 

of ferritin iron in the solution should be 7.2µmol 

(20 L ferritin x 0.36mol/L iron), the obtained value 

amounts 69.4%. It is quite a reasonable figure, if we 

do not expect the whole protein mineral core to be 

degraded. 

4. CONCLUSION 

In the present work the effects of UV-A and IR-A 

irradiation on the ferritin were studied in vitro. The 

results suggest different mechanisms of action of 

these two ranges of electromagnetic spectrum. While 

UV-A is able to induce direct photoreduction of ferric 

complex inside the ferritin molecule, IR-A seems to 

exert idirect influence. In the light of above present 

findings, it is reasonable to assume a role of promoter 

for this type of radiation which can be viewed as 

induction of changes in the tertiary and quaternary 

protein structure. 

 

Fig.4 – UV irradiation for 10 minutes. Dots represent 

experimental data (left scale), solid line is the 
corresponding derivative (right scale) 
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