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In [9], using the methods of fluorescence spectroscopy and size-exclusion chromatography, the forma-
tion of complexes of indotricarbocyanine dyes with blood serum proteins was shown. The formation of 
covalently bound complexes with albumin and high-density lipoproteins of indotricarbocyanine dyes with 
a chlorine-substituted orthophenylene bridge in the polymethine chain was established using gel electro-
phoresis [10].

In this work, extraction methods were used to quantify the proportion of indotricarbocyanine dye molecules 
that formed strong covalently bound complexes with the components of human blood serum (HBS).

Materials and methods of research
The objects of study were the symmetrical indotricarbocyanine dye PD1 (fig. 1), developed in the laboratory 

of spectroscopy of A. N. Sevchenko Institute of Applied Physical Problems of Belarusian State University, 
which is promising in many respects for use as a photosensitiser for photodynamic therapy [6], as well as 
two dyes with similar structure – PD2 and PD3. Compared to PD1, PD2 lacks polyethylene glycols at the end 
groups, and PD3 does not have a chlorine-substituted orthophenylene bridge in the polymethine chain.

Studies of the interaction of dyes with blood serum proteins were carried out in a 5 % solution of HBS in 
Dulbecco’s sodium and potassium phosphate buffer (0.14 mol/L) with pH 7.4 (PBS), which corresponds to 
an albumin concentration of ~30 mmol/L. The concentration of dyes in the studied samples was 10 mmol/L 
(the ratio of dye to protein was 1 : 3). With this ratio of dye and protein concentrations, the analysis of spectral 
properties does not reveal dye molecules PD1 and PD2 localised in the aqueous environment. Dye-stained 
serum samples were prepared using stock solutions in PBS and incubated at 37 °C for 120 min. Dye PD2 has 
low solubility in water; therefore, the stock solution for it was prepared with 5 % ethanol content.

Electronic absorption spectra were recorded using a Solar PV 1251 spectrophotometer (Belarus). The fluo-
rescent properties of the dyes were recorded using a Fluorolog spectrofluorometer (HORIBA, USA). The sol-
vents used in the work were preliminarily purified by standard methods [11].

Results and discussion
In accordance with the methods of extraction [12; 13], a procedure for the extraction of the studied dyes 

from HBS solutions has been developed. The extractant should have a high extraction ability; in the case of 
biological samples, the organic solvent must good extract the test substance from the aqueous phase. Among 
the most common solvents (ethanol, methanol, acetonitrile, dimethyl sulfoxide, etc.), butanol was chosen due 
it efficiently extracts dyes PD1, PD2 and PD3 from water and PBS (table 1). The undoubted advantage of bu-
tanol is also that it is immiscible with water.

Fig. 1. Structure of the studied indotricarbocyanine dyes


