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The impact of oxidative stress on binding of drugs with plasma 
proteins studied by fluorescence anisotropy methods
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Abstract. The aim of this study was to investigate the effect of oxidative stress on drug binding affinity, 
free and bound fraction. The fluorescence anisotropy method was used to examine the interactions of 
commercial human serum albumin (HSA) and human plasma proteins with ochratoxin A (OTA) or 
carboxylate form of camptothecin (CPT-C). In-vitro method revealed significant reduction in bound 
fraction of drugs to HSA oxidized by chloramine T. Oxidative stress was determined by measuring 
the plasma level of advanced oxidation protein products (AOPP). A significant positive correlation 
between the AOPP and the plasma free fraction of tested drugs in thirty healthy patients was also 
found. The oxidative stress monitoring by AOPP is very important for improvement of dosage of drugs 
highly bound to albumin and with narrow therapeutic index. As a result of severe oxidative stress, the 
drug pharmacokinetics and therapeutic effects are prone to change. This study highlights the issues 
of therapeutic drug monitoring and it can explain the behaviour of drugs in pathological situations.
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Introduction

Interactions with proteins play an important role in the 
transport and action of drugs, toxins and other biologi-
cally active compounds due to the following reasons: (1) 
only free fraction of drug is pharmacologically active, (2) 
the therapeutic effect is closely related to free fraction of 
drug, (3) binding of drug has an effect on biological half-
life, metabolism and excretion of drug (Sudlow et al. 1975; 
Kragh-Hansen et al. 2002). Binding of ligands to proteins was 
first reported in 1945 and referred to penicillin derivatives 
(Tompsett et al. 1945; Klotz et al. 1950). Researchers have 
found that its derivatives bind to proteins to varying degrees. 
A few years later, it was demonstrated that most drugs bind 
primarily to albumin, and the binding affects their bioavail-
ability and toxicity in the body. The pharmacological effect 
depends on the ability of the drug penetration into tissue, 
where its action is to be started (Kober et al. 1980). The aim 
of a dose-adjustment is to achieve an optimal efficacy with-

out toxic side effects, according to the maxim of Paracelsus, 
a sixteenth-century German alchemist and doctor, i.e.: “All 
things are poison and nothing is poison, it is only the dose 
which makes a thing poison”. Evaluating a degree of drug 
binding to protein is helpful in explaining the pharmacologi-
cal effect of therapeutic agents (Dasgupta 2008). 

An excessive free radical formation and a  reduced 
activity of antioxidant systems (oxidative stress) cause an 
oxidative damage of proteins, especially under pathological 
conditions (Berlett et al. 1997; Iwao et al. 2006; Kawakami 
et al. 2006; Sitar et al. 2013). According to literature, there 
are only few studies examining the effects of albumin oxi-
dation by free radicals on the affinity of drugs to albumin 
(Kurz et al. 1977; Wörner et al. 1990; Meucci et al. 1991; 
Burczynski et al. 1995; Anraku et al. 2001, 2004; Oettl et 
al. 2007). These tests are mainly based on the assessment 
of drugs binding to a  commercial albumin. Most of the 
available studies on the binding properties of oxidized 
albumin were performed using in vitro albumin oxidized 
by hydrogen peroxide, chloramine  T, glucose, cysteine, 
homocysteine, nitrous oxide and ascorbic acid in presence 
of FeCl2. The following methods were used to study the af-
finity: ultrafiltration, dialysis or high-performance liquid 
chromatography (HPLC).
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Steady-state fluorescence spectroscopy is an important 
and widely used technique in physical sciences and is very 
useful for the study of the behaviour of molecules in solu-
tions containing albumin (Wybranowski et al. 2008, 2014). 
The interaction between ligands and human serum albumin 
(HSA) under physiological conditions was investigated by 
the fluorescence anisotropy method. Fluorescence anisot-
ropy is a useful tool in pharmacokinetics, and can be suc-
cessfully applied in determining binding affinity constant 
of drug to protein (Kruszewski et al. 2006). The proposed 
method provides a possibility of quick, non-invasive study 
of biological blood plasma samples with high repeatability 
of measurements. The tested systems interact only with low 
intensity UV-VIS radiation. This method does not require 
additional reagents. It eliminates the need for dissolution of 
the tested solution samples in mobile phase solvents, what 
enables the measurement under physiological conditions. 
Compared to other methods, the presented one provides 
a more accurate measurement of free fraction of drug. 

In an experimental model, albumin was oxidized by chlo-
ramine T due to its similarity to the oxidized albumin in vivo. 
Chloramine T is formed in the body as a result of reaction 
initiated by superoxide anion produced by phagocytes. In 
the presence of halide ions and under the myeloperoxidase, 
the superoxide anion undergoes dismutation to hydrogen 
peroxide leading to the formation of hypochlorous acid. 
Chloramine T is produced in the reaction of hypochlorous 
acid with ammonia and protein amino groups (Anraku 2003; 
Piwowar 2010). It is highly reactive. 

Two drugs, ochratoxin  A  (OTA) and camptothecin 
(CPT), have been chosen for this study because of their 
high affinity to albumin (bound drug fraction > 99%) and 
superior fluorescence properties. OTA is a toxic chemical 
substance produced by certain species of moulds growing 
on some food products, particularly cereals. Determining 
binding intensity of OTA to albumin is helpful in explain-
ing the effects of toxic influence of OTA (Wybranowski 
et al. 2014). CPT is a natural product isolated in the early 
1960s from the Chinese tree Camptotheca acuminata and 
exhibits antitumor activity. There are two forms of CPT 
(the carboxylate form and the lactone form), which exist in 
different conditions. Only carboxylate form (CPT-C) binds 
effectively to HSA (Burke et al. 1994).

Materials and Methods

Chemicals

OTA and HSA were received from Sigma-Aldrich. Stock 
solution of OTA (2 mM) was prepared in ethanol. The al-
bumin was diluted in phosphate-buffered saline (PBS) at pH 
7.4. The sample of CPT and topotecan was obtained from 

the Laboratory of Biotechnology, College of Pharmacy, Uni-
versity of Kentucky, Lexington, USA. 2 mM stock solution 
of CPT lactone was prepared in DMSO (dimethylsulfoxide 
C2H6OS). Such stock solution contains only a pure lactone 
form (CPT-L). 1 mM stock CPT-C solution was obtained by 
dilution of stock CPT-L solution in PBS at pH 10 in volume 
ratio 1:1. The concentration of CPT-C and OTA in final 
samples used for fluorescence anisotropy measurements 
was equal to 1 μM. 

Measurements in pure albumin

Measurement of drug fluorescence anisotropy was per-
formed for 8 albumin concentrations (in µM: 0.1, 0.2, 0.5, 
1, 2, 5, 10, 20) immediately after adding OTA and CPT-C 
to albumin solution and mixing the sample for 30 s. Steady-
state anisotropy of CPT carboxylate diluted in 20 μM HSA 
solution instantaneously after mixing achieves maximum 
value and stay constant over time (Kruszewski at al. 2008). 

Plasma measurements 

The human blood from healthy people was received from the 
Local Blood-Donation Center (Bydgoszcz, Poland). Thirty 
healthy patients were enrolled in this study. The test group was 
drawn out of men and women in the age of 18 to 65 years. 8 ml 
of blood sample was taken for examination from each patient. 
Blood samples were added to standard sterile polystyrene 
tubes containing EDTA and then centrifuged at 4000 rpm 
for 5 minutes. The concentration of albumin in each sample 
was determined by colorimetric method. At pH 3.6 a colored 
complex of albumin with bromocresol green is formed. The 
absorbance of the solution measured at wavelength 630 nm is 
proportional to the concentration of albumin in the sample. 
After estimating albumin concentration in the patient sample, 
8 different dilutions of each sample in PBS depending on al-
bumin concentration (in µM: 0.1, 0.2, 0.5, 1, 2, 5, 10, 20) were 
prepared. The single fluorescence anisotropy measurement 
after adding OTA and CPT-C to plasma solution and mixing 
the sample for 30 s was recorded. The final concentration of 
OTA and CPT-C was equal to 1 μM.

 The level of AOPP was determined by measuring absorb-
ance at 340 nm according to the modified method described 
for the first time by Witko-Sarsat (Witko-Sarsat et al. 1996; 
Hanasand et al. 2012). Briefly, the reactant mixture for 
AOPP assay contains 1.875 ml of 0.2 M citric acid and 25 µl 
of 1.16  M  potassium iodide. Then 1.9  ml of this mixture 
was added to 100 µl of the test sample and after 30 min the 
absorbance was recorded. The results were expressed as 
chloramine T equivalents and divided by concentration of 
proteins. In comparison to the original method, citric acid 
was used instead of acetic acid. This modified method is 
characterized by greater stability over time. 
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Preparation of oxidized albumin 

The investigation of the effects of chloramine T on binding 
affinity of tested drugs, involved preparation of 9 different 
ratios of chloramine  T  and albumin (0, 1, 2, 3, 4, 5, 10, 
15, 30). The concentration of albumin in each sample was 
100 µM. Then, 8 different concentrations of each solutions 
with various concentrations of albumin (in µM: 0.1, 0.2, 
0.5, 1, 2, 5, 10, 20) were prepared. The next step was to add 
OTA or CPT-C to sample (final concentration of OTA and 
CPT-C was equal to 1  μM) and fluorescence anisotropy 
was recorded.

Anisotropy measurements 

A PTI (Photon Technology International, Birmingham, NJ, 
USA) spectrofluorometer was used for the measurement 
of steady-state fluorescence anisotropy. Measurements of 
fluorescence anisotropy of drugs in HSA solution were per-
formed with the instrument in the “L-format” using excita-
tion at 370 nm and 420 nm long-pass filters on the emission 
channel. The use of long pass filter on emission channel 
ensures the separation of fluorescence from scattered light. 
Both excitation and emission channels were equipped with 
computer-driven motorized polarising filters. The emission 
maxima of unbound CPT-C and OTA are at 447 nm and 
448 nm, respectively. HSA does not absorb light at 370 nm. 
The temperature of the sample was kept constant (37°C) 
using the ultrathermostat TW2.03 (ELMI). 

As a consequence of random orientation of molecules, 
their rotational movements and limited lifetime of the 
excited (electronic) states of fluorophores the fluorescence 
light emitted by the solution is always depolarized. For the 
characterization of depolarization degree, the anisotropy r is 
usually used. It is defined as follows:
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where IV and IH are the fluorescence intensities of the verti-
cally and horizontally polarized emission, when the sample 
is excited by vertically polarized light. The coefficient G = 
SV/SH is the ratio of the sensitivities S of the detection sys-
tem for vertically and horizontally polarized light. During 
measurement of the sensitivities, the excitation polarization 
was kept horizontal. Due to photoselection and internal 
conversion, the maximum possible values of anisotropy of 
fluorescence light emitted by a  solution is always smaller 
than 0.4 (Lakowicz 1999). Rotation of fluorescent molecules 
during the life of an excited state causes further decrease of 
anisotropy. The fluorescence anisotropy methods can be used 
for determining the concentration of bound drug in rela-
tion to the HSA concentration. Fluorescence anisotropy of 
bound drug is close to 0.3 as a result of slow rotation. A free 

drug can fast rotate and its anisotropy is small (close to 0). 
The total fluorescence anisotropy r observed for mixture of 
fluorophores is given by:
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where ri is the anisotropy of i-th fluorophore and fi is the 
fraction of the total fluorescence intensity provided by i-th 
fluorophore. If fluorescent drug is dissolved in a  protein 
solution, two kinds of fluorophores exist: free molecules 
and molecules bound to proteins. Moreover, taking into 
account the influence of scattered light, the experimentally 
determined anisotropy is given as:
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where rF and rB are the fluorescence anisotropies of the 
free and bound drugs, respectively, and fF and fB are their 
fractional fluorescence intensity, rS is the anisotropy of pure 
HSA solution and fS its fraction in the total light intensity 
provided by samples and reached the photodetector. The 
scattering originating from drug molecules is negligible in 
the presented case.. The sum of the above light intensities 
fractions equals 1. However, due to very high selectivity of 
the used optical filters, the fraction of light originated from 
scattering processes is also extremely low, so
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The fluorescence anisotropy of free drug rF is obtained 
by anisotropy measurement in solution free of proteins. The 
ordinate intercept of regression line 1/r on 1/HSA (where 
HSA represents the concentration of HSA) can be interpreted 
as inverse of the fluorescence anisotropy rB. On the basis of 
experimentally determined r, rF and estimated value of rB, the 
fraction of fluorescence intensity fB can be calculated from 
the above equation.

The fractional fluorescence intensities fF and fB, are 
proportional to the concentration of free (CF) and bound 
(CB) drug, respectively. A quantum yield of fluorescence of 
examined drugs may change upon binding with proteins, so 
the following approximate relations occur:
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where IC,0 is the fluorescence intensity of the solution of 
pure (and also free) drug and IC,HSAmax is the maximum 
fluorescence intensity of drug upon binding to albumin, 
where all drug molecules are bound to protein. Due to 
the relation between free drug fraction (FB) and free drug 
concentration:
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where CT is total concentration of drug, the quantum yield-
corrected Eq. (6) can be rewritten into 
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where g  is the ratio of maximum fluorescence intensities 
of drug upon binding to albumin and free forms of drug 
(quantum yield enhancement factor).

By substituting Eq. (4) into Eq. (7), the following formula 
can be obtained:
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On the basis of Eq. (8) one can estimate fraction of bound 
ligand also in the case of changing quantum yield (Lakowicz 
1999; Jameson et al. 2010).

Binding affinity constant calculation 

For determining the binding constant (K) of ligand to HSA, 
the following formula was used (Lakowicz 1999):
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where HSAT = HSAF + HSAB is the total concentration 
of HSA, HSAB is the concentration of bound albumin, 
while CF and HSAF are concentrations of free ligand and 
free albumin, respectively. Because CF = FF ∙ CT and CB = 
FB ∙ CT. Eq. (9) can be rearranged yielding the modified 
Scatchard equation:
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where FB and FF are the fraction of ligand bound and un-
bound to human serum albumin respectively. The affinity 
constant can be calculated by determining a slope or inter-
cept of the regression line. Coefficients of correlation and 
standard errors of slopes and intercepts were calculated with 
the use of Origin 7.0 software application. Then, standard 
error of the binding constant K was estimated.

The percentage of bound and free fraction of drug calcula-
tion in plasma 

If the binding affinity constant (K) is known it is possible 
to determine the theoretical percentage of bound and 
free fraction of drug for the physiological concentration 
of albumin in each patient. Assuming that HSATB >> CT, 
the percentage of bound (CB%) and free fraction (CF%) 
of drug can be calculated according formula as follows 
(Kratochwil 2002):
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where HSATB is the concentration of albumin in blood of 
individual patients. Actually, in the blood the concentration 
of drug is usually much smaller than physiological concen-
tration of albumin. The percentage of free fraction is usually 
independent of total concentration of drugs in the range of 
their therapeutic concentrations. It was also assumed that 
a binary complex is formed. 

The percentage of bound and free fraction of drug calculation 
in pure albumin

The free and bound fraction were calculated on the basis of 
Eq. (11,12) for the albumin concentration of 640 µM. This 
value was selected based on albumin concentration in plasma 
for 30 patients and is the mean of these measurements.

Results

Measurements in pure albumin 

As a result of binding of the drugs and albumin, the pos-
sibility of rotational motion of molecules significantly 
decreases and the value of anisotropy increases greatly in 
a function of albumin concentration. Rate of increase of 
fluorescence anisotropy over HSA concentration deter-
mines qualitatively a binding efficiency of drugs to HSA. 
The scattered emission light by proteins within the range 
of tested protein concentrations does not also affect the 
measured fluorescence anisotropy value of the studied 
drugs. The statement can be evidenced by measurements 
performed for non-albumin-binding drug, e.g. topotecan. 
The fluorescence anisotropy of 2 µM topotecan equals 0.024 
if measured in 20 μM albumin solution and 0.025 in the 
absence of albumin. To explore whether the scattered light 
interfere with anisotropy measurements, an experiment 
was conducted in which OTA and CPT-C were excited and 
then the emission light was passing through a sample of 
20 μM albumin solution (albumin sample was not excited). 
In these cases, no change in fluorescence anisotropy is 
observed (0.025 vs. 0.027 for OTA and 0.031 vs. 0.029 for 
CPT-C). The two experiments show unequivocally that 
scattering of emission light on albumin molecules does not 
alter the fluorescence anisotropy of the studied drugs. The 
light at the emission wavelength is also low scattered and 
absorbed by albumin. The value of absorbance of 20 µM 
albumin is equal 0.052 at the wavelength of 450 nm. So, the 
inner filter effect does not influence on observed fluores-
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Figure  1.  Time dependence 
of fluorescence anisotropy (A) 
and intensity (B) of campto-
thecin (CPT-C) and ochratox-
in  A  (OTA) after 30  s   mixing 
with 5 µM human serum albu-
min (HSA). 

Figure 2. Fluorescence anisotropy of OTA and CPT-C depending 
on HSA concentration. For abbreviations, see Fig. 1.

cence intensity of drug. Fig. 1 shows changes in the steady-
state anisotropy and fluorescence intensity signal of CPT-C 
and OTA after 30 s mixing with 5 µM HSA in time. The 
values stay constant over time. The situation is the same for 
other HSA concentrations. After binding of the investigated 
drugs with albumin, no change in wavelength of maximum 
emission was observed. However, increased fluorescence 
of OTA in dependence on concentration of albumin was 
noted. To calculate g factor the intensity of fluorescence of 
free OTA and at saturation regime (albumin concentration 
20 µM) were measured. Changes in fluorescence intensity 
were included in FB estimates according to Eq. (8). On the 
basis of the measured values of fluorescence anisotropy of 
OTA and CPT-C in albumin solution it can be concluded 
that OTA binds stronger to albumin than CPT-C (Fig. 
2). At the albumin concentration of 2 µM, fluorescence 
anisotropy values of OTA and CPT-C equal 0.25, 0.11, re-
spectively. By plotting the values FB/HSAT(1-FB) vs. FBCT/
HSAT, a straight line was obtained (Fig. 3). Its intersection 
with the axis of ordinates gives, according to Eq. (10), the 
value of affinity constant of drug. The determined affinity 
constant of OTA to albumin equals 5237 ± 105 mM–1. The 
affinity of the carboxylate form of CPT is much smaller and 
equals 292 ± 11 mM–1. Estimated values of free fraction 
of OTA and CPT-C in blood are respectively 0.029% and 
0.51%, according to Eq. (11, 12). 

Effect of chloramine T on binding properties of pure 
albumin 

To investigate the effects of free radicals on the binding 
of drugs to albumin, HSA was oxidized by chloramine T. 
Fig. 4 shows the resulting affinity constant of OTA and 
CPT-C as a function of ratio of chloramine T and albumin 
(CCH/CHSA). As seen in the figure, the affinity of CPT-C 
and OTA clearly decreases with increasing concentration 

ratio CCH/CHSA. Table 1 shows how the affinity constants 
and the bound and free fractions of OTA and CPT-C 
depend on the amount of chloramine T  in the solution. 
At the ratio CCH/CHSA equals five, there is a  significant 
increase in free fraction levels of OTA and CPT-C, namely 
approximately five and four-fold, respectively. That means 
that the degradation of albumin causes a marked increase 
in the level of the active part of a ligand responsible for the 
pharmacological effect. 

Measurements in plasma 

OTA and CPT-C fluorescence anisotropy measurements in 
function of albumin concentration for 30 plasma samples 
were recorded. Anisotropy measurements were performed 
for 8 dilutions of each patient sample prepared according 
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to albumin concentration. The increase of fluorescence 
anisotropy with increasing albumin concentration in patient 
samples is very similar to that obtained for pure albumin 
(data not shown). Figure 5 shows graph used to estimate 

binding affinities of CPT-C and OTA for measurements 
in plasma for representative sample. The obtained linear 
dependence shows suitability of application of the used 
model. On the basis of the measured values, the binding af-

Figure 3. The curve used to esti-
mate binding affinities of drugs 
for pure albumin according to 
Eq. (10). For abbreviations, see 
Fig. 1.

Table 1. The binding affinity constants (K) and the bound (CB%) and free (CF%) fractions of OTA and 
CPT-C depending on ratio of chloramine T and HSA concentration (CCH/CHSA)

CCH/CHSA
OTA CPT-C

K (mM–1) CB% (%) CF% (%) K (mM–1) CB% (%) CF% (%)
0 5237 99.971 0.029 292 99.49 0.51
1 4700 99.968 0.032 260 99.42 0.58
2 2541 99.941 0.059 132 98.87 1.13
3 2300 99.934 0.066 105 98.59 1.41
4 1300 99.884 0.116 86 98.28 1.72
5 1100 99.863 0.137 71 97.92 2.08
10 639 99.765 0.235 50 97.08 2.92
15 431 99.651 0.349 42 96.54 3.46
30 139 98.927 1.073 20 93.01 6.99

OTA, ochratoxin A; CPT-C, camptothecin; HSA, human serum albumin.

Figure 4. Binding affinity of OTA 
and CPT-C in dependence on 
ratio of chloramine T concentra-
tion (CCH) and HSA concentra-
tion (CHSA). For abbreviations, 
see Fig. 1.
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finities of drugs were estimated. The binding affinities were 
converted into the percentage of free fraction according to 
Eq. (11, 12). Mean free fractions of OTA and CPT-C levels, 
calculated for all samples are 0.032% and 0.5% respectively. 
The level of AOPP was determined by spectrophotometric 
method for each plasma sample. As is apparent from Fig. 6, 
there are significant positive correlations between AOPP and 
free fraction of CPT-C (r = 0.51, p = 0.004) and OTA (r = 
0.56, p = 0.001). The fitting trendline indicates that a two-
fold increase in the degree of protein oxidation causes an 
increase in the free fraction of CPT-C and OTA by 35% and 
37%, respectively. 

Discussion

Knowledge about drug interactions with proteins enables 
a proper dosing adjustment. The therapeutic effect is deter-
mined by an unbound fraction (Levy et al. 1984; Routledge 
et al. 1985; Wright et al. 1996; Akhlaghi et al. 1998; Dasgupta 
2008; Krasowski et al. 2012). The determination of free drug 

blood concentrations is critical in controlling a safe drug level 
and achieving a high therapeutic efficacy. Currently, in most 
cases, the free fraction of drug is calculated on the basis of 
the affinity constant determined for commercial albumin 
(pure albumin) (Cohen 2004). This approach, although 
straightforward, does not allow to estimate precisely the 
level of free fraction for a particular patient. The reason is 
that free radicals lead to significant changes in properties of 
proteins but there are very little studies reporting connection 
between drug-albumin affinity and oxidative stress (Oettl et 
al. 2007). The understanding of this mechanism can be very 
useful in clinical practice and may help improve the efficacy 
and the individualization of the therapy. Most of the studies 
were performed using in vitro albumin oxidized by various 
oxidants. Anaruk et al. (2001) compared the binding affinity 
of drug to albumin mildly oxidized by ascorbic acid/FeCl2 
system, chloramine T or H2O2. They revealed a decrease in 
binding affinity of flurbiprofen. In the case of warfarin, mild 
oxidation of HSA had no effect on the binding. However, 
increase in chloramine T concentration resulted in decrease 
of affinity. In a study by Burczynski et al. (1995), palmitate 

Figure 5. The curve used to esti-
mate binding affinities of drugs 
for patient according to Eq. (10). 
For abbreviations, see Fig. 1.

Figure  6.  Correlation between 
free fraction of OTA and CPT-C 
with advanced oxidation protein 
products (AOPP) in 30 healthy 
subjects. For more abbreviations, 
see Fig. 1.
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exhibits smaller affinity to one of the binding site of albumin 
oxidized by S-nitrosylation but higher to the other. Other re-
searches showed decrease in binding of phenolsulphophtha-
lein to albumin reduced by nitrosylation (Kashiba-Iwatsuki 
et al. 1997). Our results show the same dependence in the 
case of OTA and CPT-C in HSA solution in the presence 
of chloramine T  (Fig. 4). It is worth to mention that the 
structure of albumin oxidized by chloramine T  is similar 
to AOPP isolated from patients (Iwao et al. 2006; Piwowar 
2010). Kawasaki et. al. (2006) analyzed the purified HSA 
from healthy human plasma. They determined the amount 
of oxidized form of albumin in plasma and then mixed 
plasma together. They did not analyze binding to albumin 
for each patient; instead, they oxidized plasma proteins by 
temperature incubation, cysteine or homocysteine to get 
plasma with various states of oxidation. This study showed 
increase in free fraction of l-Trp and cefazolin in solution 
of oxidized HSA. While the free fraction of verapamil was 
found to be slightly decreased. Our study represents a further 
step towards determining the effect of proteins oxidation on 
binding drugs to albumin in more physiological conditions, 
in blood plasma originating from individual healthy patients. 

Some research has been also performed with plasma or 
albumin purified from patients in pathological condition. 
Study designed by Mera et al. (2005) showed decrease in 
binding of warfarin to albumin of hemodialysis patients 
compared to albumin from heathy patients. Similarly, in 
patients with excretory liver failure, binding affinity of dan-
sylsarcosine decreased in comparison to control subjects 
(Klammt et al. 2001). 

AOPP is a  useful tool for measure albumin oxidative 
damage as well as a  general level of oxidative stress. The 
concentration of AOPP is correlated with the levels of dity-
rosine and carbonyl groups. Results from our study confirm 
the connection between level of AOPP and estimated free 
fraction of OTA and CPT-C in the study group of healthy 
subjects (Fig. 6). There is a very worthwhile finding because 
this could be the key in treatment of patients with severe 
oxidative stress. It is evidence that under conditions of an 
increased oxidative damage, there is a tendency to decrease 
in affinity constant and elevate in the free fraction of drugs. 
Indeed, recently researches showed increase in free fraction 
of drugs after injection to body in tumor-bearing group of 
rats (Itakura et al. 2015). The researchers claim that these 
changes in free fraction are probably involved with oxidative 
stress in cancer state. Our further studies will be focused 
on assessing the binding constant of drug to plasma from 
disease patients.

Summarizing, the results presented in this paper allow 
to draw a conclusion that the determining of AOPP may 
be the basis for developing therapeutic strategies (e.g. the 
appropriate individual dose of drug) for people exposed 
to strong oxidative stress. An agreement of the obtained 

results with accessible literature data shows that fluorescence 
anisotropy method is a reliable and competitive method to 
other, commonly used techniques.
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