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No significant effect of blood serum components on the spectral and fluorescent properties of PD3, which 
lacks a chlorine-substituted orthophenylene bridge in the polymethine conjugation chain, was found. A sig-
nificant difference was recorded only in the fluorescence polarisation, the value of which in HBS solutions 
increases in the same way as for the dyes PD1 and PD2. This is possible provided that dye PD3 molecules bind 
to proteins, but the dye chromophore remains localised in the aqueous environment. It is reasonable to assume 
that the binding of PD3 to proteins occurs with the participation of PEG chains. Polyethylene glycol is an 
amphiphilic molecule; it has hydrophilic and hydrophobic properties [22]. The literature shows its extremely 
low ability to interact with proteins [23], the protein – PEG affinity constant for low molecular weight poly-
ethylene glycols (1000 – 8000 Da) is about 101–102 L/mol. Within the model of steric exclusion of preferen
tial hydration [24; 25], it was shown that the interaction of various PEGs with proteins is thermodynamically 
unfavourable. A positive change in enthalpy is associated with an unfavourable interaction of PEG molecules 
with charges on the protein surface [26], as well as with the breaking of hydrogen bonds of structured water 
near the PEG molecule and the hydrophobic protein surface [26; 27]. This effect is enhanced with an increase 
in the molecular weight of polyethylene glycols. The presence of a significant interaction of low molecular 
weight PEGs with the surface of albumin (especially PEG600) was shown in [27], it was suggested that such 
an interaction is carried out by van der Waals forces between the hydrophobic surfaces of PEG molecules and 
bovine serum albumin. Apparently, the weak binding of dye PD3 molecules to proteins is realised through this 
mechanism.

The extraction was carried out by mixing the investigated dye solution with butanol in a ratio of volume frac-
tions of 1 : 1. The resulting mixture was sonicated for 60 min. The layers were then separated by centrifugation for 
15 min (8000 rpm). The content of dyes in the supernatant and precipitate was determined by the spectrophoto-
metric method. The state of the dye molecules was analysed by comparing the spectral and fluorescent properties 
of the dyes in the supernatant and precipitate with those in the initial samples (PBS and HBS solutions) and in 
pure butanol. The spectral properties of the dye molecules that passed into the butanol extract match with the 

Fig. 2. Absorption spectra (1–3), and fluorescence spectra upon excitation at 684 nm (4 – 6)  
of indotricarbocyanine dyes (mmol/L) in PBS (a), 5 % HBS solution (b) and butanol (c):  

1, 4 – PD1; 2, 5 – PD2; 3, 6 – PD3


