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The reactivity of natural and denatured bovine serum albumin probes besides a water soluble hydrazyl radical type was 

studied, in the absence or in the presence of α- and β-cyclodextrin. The experimental measurements were made in an 

excess of albumin over radical concentration to assure the kinetic condition of pseudomonomolecularities. Considering 

the large size of the protein molecule, we can presume that this molecule itself represents a reaction medium. The 

properties of this medium change with its concentration. The differences between the rate constants at two different 

concentrations of albumin were reflected both in the absence and in the presence of α- or β-cyclodextrins. 

INTRODUCTION 

The macromolecule of bovine serum albumin in native state has a prolate ellipsoid form with the axes 

of 40 and 140 A in aqueous solution with residues of amino acids prevalently oriented towards the polar 

medium and the nonpolar residues directed towards the inside of the molecule.1,2 The presence of hydrophobic 

and hydrophilic residues in the protein molecule determines its capacity to interact with other molecules in 

different ways by hydrophobic or hydrophilic forces. 

In the literature, the process of self-assembly of albumin molecules as dimmers, at high concentrations 

of protein was reported, both in solutions and in solid state.3,4 

In some previous studies we observed that the temperature increase of the BSA solution followed by 

different cooling procedures had as effect the modification of the native albumin conformations, reflected on 

the chromatographic,5,6 electrophoretic5 or optical7,8 behaviors or on the reactivity with hydrazyl type radicals.9 

The hydrazyl type radicals were reacted with some of the amino acids residues (like amino, hydroxyl or tiol 

groups) from the protein structure. 

The presence of cyclodextrins had a protective effect for the reactive residues, the result being that the 

rate constants of the oxidation process were lower than in the absence of cyclodextrins. An important result 

of that study9 was the possibility to differentiate between different protein three-dimension structures using 

the kinetic data on the oxidation reaction of albumin samples. 

The present study is a completion of that regarding the oxidation of natural and thermal denatured 

bovine serum albumin with hydrazyl free radicals in the presence of cyclodextrins, its goal being to establish 

the effect of albumin (naturally or thermally denatured) concentration on the rate constants of this reaction. 
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As in the previous study we made the kinetic determination both in the absence and in presence of α- and 

β-cyclodextrins. 

RESULTS  AND  DISCUSSION 

In two earlier papers10,11 we presumed that hydrazyl type radicals react mainly with the amino group of 

the amino acids as was suggested in Fig. 1. 

R C COOH
H

NH
2

R C
H

COO*

NH
2

-CO
2

R C*
H

NH
2

R C
H

NH

-NH
3

R
H
C

O

R C* COOH

NH
2

Rad*

R C
H

COOH

N*H

Rad*

R C COOH

NH
-NH

3

R C

O

COOH

Rad*

-RadH

Rad*

-RadH

HOH

-RadH

-RadH

HOH

 

Fig. 1 – Pathway of oxidation of amino acids by free hydrazyl type radical (noted as Rad). 

In the case of albumin there are amino group residues because this protein contains Lysine, Arginine 

and Histidine with, respectively, 59, 23 and 17 amino group residues.1 Other reactive groups present in the 

albumin structure are SH, OH or aromatic residues. All these groups are oxidized by hydrazyl type radicals. 

The free radical used in this study underwent a slow decomposition in aqueous solution, the constant 

of decomposition of these radicals being 0.45 × 10–3 min–1. This value was taken into account in order to 

determine the kinetic constants attributed to the disappearance of the radical in the presence of the albumin 

sample. The results are presented in Table 1. 

Table 1 

Rate constants (× 103 min–1) obtained for the disappearance of the radical in the absence of CD (k), in the 

presence of α-CD (kα) and in the presence of β-CD (kβ) for albumin probes I–III at two concentrations 

 of protein (c1 = 0.7 mg/mL and c2 = 3.0 mg/mL) 

Probe  I  II III 

 c1 c2 c1 c2 c1 c2 

k (min–1) 1.4 1.7 2.5 3.6 2.0 3.3 

kα (min–1)  1.3 1.5 2.4 3.2 1.9 2.7 

kβ (min–1)  0.6 0.8 2.1 3.0 1.7 2.3 

As in the precedent studies regarding the disappearance of hydrazyl radicals in reaction with amino 

acids or albumin,9–11 the presence of cyclodextrins in the reaction media has as effect the slowing down of 

the reaction rate. This is a consequence of the ability of cyclodextrins to form inclusion compounds with 

organic molecules in water solutions. In the case of albumin it can not be completely included in the cavity 

of α- or β-cyclodextrin, having a large size, but the local interactions between residues of amino acids are 

possible. α-CD has 6 glicosidic units while β-CD has 7 units of glucose, the consequence being that the 

latter CD offers a larger cavity for the molecule guest in general, and in particular for the amino acids 
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residues situated at the surface of albumin. This is the pertinent explanation for the data presented in Table 1 

that indicate for all three albumin probes lower values of the rate constant in the presence of β-CD. 

The experiments were made in the conditions of a first order reaction, with a large excess of one of the 

reactants (represented by reactive residues from albumin structure). In this condition, in the situation of 

Ostwald’s method used to determine the order of a reaction and its rate constant, the change of 

concentration of the reactant being in excess has also as consequence the modification of the reaction 

media.12 As literature data3,4 have reported the assembly of albumin molecules as dimmers at high 

concentration, it is possible to consider that the variation of the rate constants with concentration of albumin 

sustains the association of protein molecules. It is also evident that the changes between the rate constants 

corresponding to probe I with concentration of albumin are lower than in the cases of probe II or III. 

To illustrate the protective effect of cyclodextrine at different concentrations of albumin in Table 2 are 

presented the relative procentual differences between the rate constant in the absence of cyclodextrin and 

the rate constant in the presence of each cyclodextrin (relations 1 and 2). 

 A = 1 1

1

k k

k

α−
 × 100  (1) 

 B = 1 1

1

k k

k

β−
 × 100 (2) 

Table 2 

Values of the relative differences between rate constants in the absence and in the presence of cyclodextrins 

 Probe I   II    III   

  c1 c2  c1  c2 c1  c2 

 A 7.75 7.80 4.7 11.8 5.4 16 

 B 55 54 14.6 15 16.7 28.9 

Cyclodextrine molecules include both polar and nonpolar residues of amino acids. The association of 

protein molecule process, in different conformations, could modify the ratio of nonpolar and polar amino 

acid residues from the surface of albumin included in the cavities of cyclodextrin molecules. The solvent 

being water we assume that the association of protein is supported mainly by interactions of hydrophobic 

residues. Probes I and II represent albumin in similar conformations, with the polar residues oriented to the 

aqueous media and the association process does not affect the inclusion phenomena. As a consequence, the 

values of the relative procentual differences show little change between probe I and II. The conformation of 

protein in the case of probe III is different comparatively with natural albumin. The association process of 

protein molecules in probe III, at high concentration, determines the reorientation of nonpolar and polar 

residues, and this affects the inclusion process. The values of the relative differences between rate constants 

calculated for probe III vary significantly with the change of albumin concentration both in the case of 

α-and β-cyclodextrins and this fact sustains the previous affirmations regarding the changes in albumin 

conformation with its concentration in solution. 

EXPERIMENTAL 

Substances. BSA (fraction V) was purchased from Merck. The persistent free radical 2-p-phenylsulfonic-acid-2-phenyl-1-

picrylhydrazyl (Fig. 2a) was obtained as described in the literature.13 α-CD and β-CD were purchased from Aldrich (Fig. 2b). 
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Fig. 2 – Structure of free radical (a) and of α- and β-cyclodextrins ((b), n = 6 or 7, respectively). 

Method and apparatus. Two water solutions of BSA with 0.7 mg/mL (c1) and 3 mg/mL (c2), respectively were prepared. Each 

stock solution was fractionated in three parts. One was kept as reference and named I. The others parts of these solutions were heated 

at 65°C for 15 minutes and cooled in two procedures as follows: gentle cooling in Dewar vessel (2°C/min) – sample II and using fast 

cooling procedure at 4°C (sample III). Kinetic measurements were made in aqueous solution at 293 K with a large excess of albumin 

reactive residues (approximately 10–2 M) and cyclodextrin (10–2 M) over free radical (final concentration being approximately  

10–4 M). Monitoring the disappearance of hydrazyl radical at 515 nm followed the oxidation of albumin samples. At this wavelength, 

the absorbency of the BSA or of other reaction products is negligible. The measurements were carried out with a Specord M400 

spectrophotometer. The course of the reaction was studied for at least two half-lives and the rate constants in each case were 

evaluated from the linear plots of the log value of radical absorbency against time. 

CONCLUSION 

The results of this study reveal that the kinetic of disappearance of hydrazyl type radical depends on 

the changes in albumin conformations and in its concentration. The protection of albumin’s reactive residues 

by cyclodextrins depends on the organization in the tertiary structure of the protein. The inclusion 

phenomena of the reactive residues from the protein molecule in β-cyclodextrins cavities provide more 

chemical stability of albumin especially in the natural conformation.  
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