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Abstract

The kinetics of oxidation of amino acids (Arg, His, Lys, Phe, Thr and Tyr), a dipeptide (Gly-His), and BSA (bovine
serum albumin) by two persistent water soluble free radicals of the hydrazyl type has been studied. The rate decreases
in the order Arg-Lys>Tyr>Thr>His~BSA~Phe~Gly-His with both free radicals. Addition to the reaction mixture of

a- and g-cyclodextrin decreases the oxidation rate, probably due to amino acid encapsulation in the cyclodextrin cavity.
B-Cyclodextrin protects more efficiently against oxidation thagyclodextrin.

Introduction radicalsl and2 were obtained as described in the literature
[8]. @- and B-Cyclodextrins were from Aldrich and dextrin

Previous work has shown that the oxidation of aminfsfom Serva.
acids by sodium salts of g-phenylsulfonic-acid-2-phenyl-
1-picrylhydrazyl () and 2,2-dip-phenylsulfonic-acid-1- Methods and apparatusinetic measurements were made
picrylhydrazyl @) is easily monitored spectrophotometricin aqueous solution at 298 K, with a large excess of amino
ally by the disappearance @for 2 at 515 nm [1]. Amino acids and cyclodextrin over free radical (final concentra-
acids are oxidized ta-keto-acids (Figure 1), similar to tions: free radical 10*M; amino acid 102M; cyclodextrin
the reaction occuring during enzymatic oxidation (desarm@-x 10-2M). The kinetics was followed by monitoring the
ination). disappearance df or 2 at 515 nm; at this wavelength the

The ability of cyclodextrins to form inclusion com-absorbance of the amino acids and BSA or of other re-
plexes in solution is well known, due to a toroidal shapegktion products were negligible. The measurements were
cavity. - and B-Cyclodextrins are cyclic oligomers com-carried out with a Specord M40 spectrometer. The measure-
posed of six or sevem-D-glucopyranose rings connected byments were made for two half lives, and the rate constants
1,4-0O-glycosidic bonds [2]. The dimension of the cavitywere evaluated from linear plots of logarithm of absorbance
shaped binding site is 4.7-5.3 A far and 6-6.5 A for against time. The solution of amino acids, free radical and
B-cyclodextrin; the depth of their cavities is 7.9-8.0 A [3, 4]cyclodextrins were separately thermostated and then mixed
Cyclodextrins act as receptors for organic substrates, inclidequals volumes; during the measurements the temperature
ing amino acids and their derivatives [5, 6]; cyclodextringas maintained at 2984 0.2) K. The pseudofirst order rate
are also used in supramolecular catalysis [7]. constants calculated were reproducible within 5%.

This paper deals with a kinetic study of the oxidation
of amino acids and bovine serum albumin (BSA) by the
free radicalsl or 2, in the absence or presence @f or Results and discussion
B-cyclodextrin. The aim is to show that cyclodextrins can i N
protect some bioactive compounds against free radical oxjtf?€ free radicalsl and 2 undergo a slow decomposition
ation (it is known that in the process of ageing the presenfe@dueous solution, as was shown in a previous paper [1].

in vivo of free radicals increases); also, oxidative stress fg€liminary experiments showed that in the presence of cyc-
responsible for the generation of free radicals. lodextrin the decomposition is slowly accelered (the rate

constant of decomposition in water of the free radicals are

0.028 mim! and 0.065 min?, respectively). In the pres-
Experimental ence ofx- or g-cyclodextrin the kinetic constants are 0.041

min—tand 0.083 minZ. For the determination of the kinetic
Substances Amino acids of L-configuration were from constant of amino acid oxidation these constants were taken
Loba-Chemie. BSA was from Merck. The persistent freimto account.
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Figure 1. Oxidative desamination of amino acids.
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Figure 2. Structures of free radicalband2 and ofa- and8-cyclodextrin (n = 6 or 7, respectively).
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Table 1. Rate constantsx 103 min ) obtained in the absence rate constant (reac“on occurs more S|owB/_X:yc|odextr|n

i0s B i L . 4 T
E’;g}c‘;fzeseggig‘i (kgé)a”dﬂ'cyc'OdeX"'”s kn) using free seems also to be efficient in protection against oxidation.
| = = . . . - .
! " The dipeptide and BSA were used to see if their oxid-
Aminoacid & k¢ Kk ag i ation rates are close to those of the other amino acids and
also to see if the cyclodextrins decrease the oxidation rate.
Arg.HCI 034 032 028 074 062 048 For the dipeptide, the rate constant for both free radicals are
BSA 065 060 030 095 092 080 similar and small. The addition of cyclodextrin decreases
His 052044 041 147 145 105 the oxidation rate only very slightly. With BSA, the rates
(L;yls i 5'23 (2)'23 (1)'22 (2)'2; (2)2; z'ii are different for the free radicallsand?2 (higher for2, due
y-his : ' ' ' ' ' to higher reactivity), and cyclodextrin decreases the rate of
Phe 039 036 033 138 119 0.93 S
Thr 153 156 051 541 518 4.03 oxidation.
Tyr 217 204 101 765 732 606 Regarding the mechanism of the oxidation process, pre-

vious papers have shown that theketo-amino acid is the
oxidation product of amino acids [1, 9, 10]. The oxidation of
amino acids with other persistent free radicals (Fremy’s salt,
potassium nitrosodisulfonate) shows the same results [9]. In
order to investigate the mechanism of oxidation inhibition
The reaction of free radicalband2 with Arg is so fast by Cyc|odextrin’ a Separate experiment was performed us-
that it was not possible to determine the rate constant. Usiifg plain dextrin. The results show that oxidation inhibition
the hydrOChloriC acid salt ArgHCI the rate constant could Qﬂ)es not occur or is very Weak; this indicates thatdy@m
determined, because tipe (isoelectric point) of the amino stryctureof «- and 8- cyclodextrins is responsible for the
acids pl Arg = 10.8) plays an important role in their 0X-oxidation inhibition. Amino acids and some derivatives give
idation [9, 10]. Table 1 shows the rate constek)tv@alues inclusion complexes with cyclodextri-cyclodextrin usu-
obtained from amino acids, BSA and Gly-His peptide.  ajly forms more stable complexes, owing to its size which
Lys also reacts fasp( = 9.7), followed by Tyr. The in- js more suitable for the shape and dimension of the R moi-
creased reactivity of Tyr may be explained by the presengg, of amino acids (RCHNECOOH) [2, 4, 5]. The binding
of a phenolic group. Literature data shows that hydrazyl fregnstants are small in the case of aliphatic amino acids, but
radicals react eaSily with phenO|S and thiols [11] The kinet.ﬁ:igher for aromatic amino acids.
constants include the supplementary oxidation of the -OH |n conclusion, amino acid and protein oxidation is inhib-
group. Previous work has shown that amino acids with g@d by the presence of cyclodextrins; thus, cyclodextrins are
aromatic moiety are usually oxidized faster that the otheggle to protect amino acids and proteins against oxidation,
[1]. Addition of - or B-cyclodextrin decreases the oxid-and this is indirect evidence of the encapsulation of amino
ation rate, - cyclodextrin being the more efficient in theacids in the cyclodextrin cavity. We do not exclude also
inhibition of the oxidative process. the possibility that compoundsand2 form inclusion com-
Table 1 shows the rate constants obtained USing radiﬁﬁxes witha- and ﬁ_cyc|0dextrinS, but our Separate Study
2. The rate constants are higher, due to the increased [rg-proved that the reactivity of these free radicals is almost

activity of 2. The amino acids used are the same, and tigjependent of the presence or absence of cyclodextrins.
use of cyclodextrins in the oxidation process decreases the
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