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The objective of this work is to reexamine the competitive gegradation of deoxyribose by hydroxyl radicals
(-OH) produced by the reaction between H;O, and Fe *.EDTA. The -OH radicals produced attack
deoxyribose (D, rate constant kp) and_eventually an -OH scavenger (S, rate constant kg). First, we
examined the effect of [D}, [H,0,], [Fe“-EDTA], [EDTA)/ [Fc“] ratio and reaction time on the rate
of D degradation, measured as the absorbance of the chromogen formed between the product of the
reaction D + -OH (malondialdehyde) and thiobarbituric acid. &n particular, it was showed that under our
experimental conditions ([D] =3 mM, (H,0,] =0.85 mM, [Fe +] =0.13 mM), the rate of overall process
is first order in Fe2*, zero order in H,0, and is maximal for a ratio [EDTA]/[Fe?*]=1.1. Second, the
kinetics of -OH radical reaction in competition experiments between D and S (mannitol) was investigated.
The results show that the ratio of the rates of D degradation in the absence (Vp) and in the presence
(Vp~) of S should be represented by VD/VDS= 1 + kg(S]/(kp[D] +k,) where k, accounts for the rate of
-OH reactions with other reagents such as Fe?*-EDTA, H;0, etc . . . After having determined k, for
each set of experimental conditions, we obtained the values of kg/kp by determining the variations
of VD/VDS as a function of (S) and {D]. By taking kp=1.9x10 M~!s=1, a value of kg=1.9x%
10° M~ s~} was obtained, very close to that obtained by pulse radiolysis. Finally, the validity of the
established relation was confirmed for other biomolecules (methionine, k=5.6x 10°M ~!s~™! and
alanine, k=3.3x10° M~ !s~!). By constrast, it was not applicable to cysteine, thiourea and mercap-
toethanol which was attributed to an interaction of the latter scavengers with Fe** and/or H,0,.

KEY WORDS: Hydroxyl radical, Fenton reaction, Deoxyribose, Mannitol, Kinetics.
Abbreviations EDTA: ethylenediaminetetraacetic acid, MDA: malondialdehyde, TBA: thiobarbituric
acid.

INTRODUCTION

The hydroxyl radical (:OH) is known to be a powerful active oxidizing agent. It reacts
very rapidly with most organic and biological substances and causes serious
damage.'? It is consequently very important to know the rate constants for the reac-
tions of -OH radicals with potential biological targets and with the substances that
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may protect such targets (-OH scavengers).** To determine such rate constants, it is
first necessary to produce -OH radicals. Besides the technique of pulse radiolysis,’
the Fenton reaction is widely used to generate -OH radicals:*?

Fe’* + H,0, — Fe** + OH™ + -OH

Whenever the -OH radicals are formed, they will be revealed by reaction with a
substrate leading to a product that can be quantitatively detected. When another
substance is added to the reaction mixture and if its reaction with -OH does not give
the same product, the competition method can be used and gives the ratio of the
rate constants for the reactions of -OH with the substrate and the substance. This
is the basis of Halliwell’s method® which uses deoxyribose (2-deoxy-D-ribose) as
substrate. In this method, deoxyribose (D) is degraded by -OH radicals generated by
the reaction between H,0, and Fe?*-EDTA in the presence of ascorbate. One of the
D degradation products is malondialdehyde (MDA)" which is quantitatively
detected by its ability to react with thiobarbituric acid (TBA) to form a pink
chromogen.'""'2 Any -OH scavenger (S) added to the reaction mixture should com-
pete with deoxyribose for -OH to an extent depending on its rate constant for reaction
with ‘OH (k) and its concentration relative to deoxyribose; hence, it will decrease
the rate of deoxyribose degradation (Figure 1).

In practice, the extent of deoxyribose degradation is measured as the absorbance
(A) of the chromogen at 532 nm at a given reaction time.

Whilst investigating a new class of sunscreens, we were particularly interested in
their capacity to protect skin against the reactive oxygen species such as singlet
oxygen, superoxide anion and hydroxyl radical, and then determined the rate
constants of the corresponding reactions. With regard to the -OH radicals,
Halliwell’'s method is extremely fascinating due to its simplicity. However, we found
this method restrictive, for example the deoxyribose concentration used should be
greater than 2.8 mM. This requirement renders impossible any competition between
deoxyribose and -OH scavengers whose solubility in aqueous solution is very low.
This prompted us to reexamine the kinetics of the Fenton reaction and to define the
role of ascorbate in Halliwell’s method. In this paper, the results obtained in the
absence of ascorbate are presented.

Hz02
Fo '
TBC,
D MDA : Chromogen
A532 nm
ko
‘OH
kg
S Products

FIGURE 1 Schematic representation of the competition reaction of ‘OH generated by Fenton reaction
between deoxyribose (D) and a scavanger (S).
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DEOXYRIBOSE ASSAY FOR HYDROXYL RADICALS
MATERIALS AND METHODS

Reagents

2-Deoxy-D-ribose was from Aldrich. All other chemicals used were of the highest
grade available.

Degradation of Deoxyribose

Reaction mixtures contained, in a final volume of 3 ml, the following reagents
added in the order stated and at the final concentrations noted in the appropriate
figures: phosphate-saline buffer, pH 7.4 (24 mM NaH,PO,-Na,HPQ, in 15 mM
NaCl); deoxyribose; hydrogen peroxide (H,0,); EDTA and (NH,),Fe(SO,),.
(NH,),Fe(S0,), and EDTA were premixed just before addition to the reaction mix-
ture. Solution of (NH,),Fe(SO,), was made up immediately before use in de-aerated
water. EDTA-(NH,),Fe(SO,), was added to start the reaction. Reaction mixtures
were incubated at 37°C for a given time noted in each experiment. 1.5 ml of 2.8%
cold trichloroacetic acid were then added and 1.0 ml of the mixture obtained was
drawn. Thiobarbituric acid (TBA) reactivity was developed by adding 1 ml of TBA
reagent (1%, w/v, in 0.05 M NaOH), followed by heating at 100°C for 15 min. When
the mixture was cool, the absorbance at 532 nm was measured against appropriate
blanks.

RESULTS AND DISCUSSION

Kinetics of Deoxyribose Degradation: Effect of Experimental Conditions

In order to determine a range of experimental conditions which may be used for the
study of various kinds of -OH scavengers, we first examined the main parameters
which may influence the production of -OH radicals or deoxyribose degradation,
such as incubation time, the concentrations of deoxyribose, H,0,, Fe**-EDTA and
the EDTA/Fe?* ratio. The kinetics of deoxyribose degradation can be schematized
as follows:

H,0, + Fe?* > .oH —2— Chromogen (A)

Fe?* is frequently used in complex form with EDTA!*!* which prevents iron from
binding to deoxyribose. This complexion between iron ions and EDTA of course
also prevents the possibility of complex formation between the scavengers and
iron ions which should modify the kinetic scheme and the analysis of the results
obtained.!%!%!6 Moreover, EDTA maintains iron ions in solution in the presence
of phosphate buffer usually used as reaction medium to simulate physiological
conditions.*

In general, the concentration of H,0, used in the Fenton reaction is in excess over
that of Fe** (10 times or more),'”'® in order to ensure that the rate of -OH radical
production depends essentially on [Fe?*], and not on [H,0,].

Under these conditions, the rates of chromogen formation, dA/dt, of deoxyribose
degradation, —d[D]/dt, of -OH radical production, d[-OH)/dt, and of Fe** con-
sumption, —d[Fe?*]/dt, are proportional:

dA d[D] d[-OH] d[Fe?*]
— - o3 x —
dt dt dt dt
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FIGURE 2 Deoxyribose degradation by ‘OH radicals vs incubation time. [D]=3 mM, [H,0,]=
0.85 mM, [Fe?*]=0.13 mM and [EDTA]=0.143 mM. The reaction was carried out in phosphate buffer
(pH7.4) at 37°C. A represents the absorbance at 532 nm of the chromogen formed between deoxyribose
degradation product (malondialdehyde) and thiobarbituric acid.

Effect of Incubation Time

The effect of incubation time on deoxyribose degradation was evaluated by using
(Fe?*] 0.13 mM, [EDTA] 0.143 mM, [H,0,] 0.85 mM and [D] 3 mM (Figure 2).
Although [H,0,]/[Fe**] only appeared to be 6.5, in fact, [H,0,) greatly exceeded
[Fe2*] at the beginning of the reaction, since the Fe?*-EDTA complex oxidizes
extremely quickly and by the time it is added to the reaction mixture, most will have
formed Fe’*-EDTA*'%% (see later Figure 5). For this reason all the experiments
were carried out under strictly identical conditions. The problem of autoxidation of
Fe?*-EDTA is, in fact, one reason why the use of Fe?*-EDTA/ascorbate is prefer-
able. As expected the rate of deoxyribose degradation decreased regularly as a conse-
quence of the Fe**-EDTA content decrease with reaction time.

In an attempt to determine the reaction order of the Fenton reaction in Fe?*, we
drew the plot In[(A./A.—A)] as a function of reaction time (Figure 3), in which
A, is the absorbance at 532 nm at infinite reaction time and was determined to be
1.016 by the least square method. The fact that Figure 3 gives a straight line signifies
that the Fenton reaction or -OH radical production is first order in Fe** under our
experimental conditions since dA/dt oc — d[Fe?*}/dt.

Effect of Deoxyribose Concentration

The deoxyribose degradation (A) as a function of its initial concentration is shown
in Figure 4 using the other experimental conditions similar to those described above
(Figure 2). It is observed that the absorbances at 532 nm for a reaction time of 30 min
increase sharply as a function of the initial deoxyribose concentration, when the
latter is lower than 1 mM. However, when the deoxyribose concentration is higher
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FIGURE 3 Relationship between In(A /A, — A) and incubation time from the data shown in Figure 2.
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FIGURE 4 Effect of initial deoxyribose concentration on its degradation by ‘OH radicals. The other
conditions were similar to those of Figure 2 and the reaction time was 30 min.

than 3 mM, the absorbance at 532 nm remains relatively constant. This result suggests
that under the latter experimental conditions, deoxyribose intercepts almost all -OH
radicals produced.

Effect of H,0, Concentration

Figure 5 shows that deoxyribose degradation increases with an increasing concentra-
tion of H,0, until a plateau is reached at a concentration of about 0.8 mM. This
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FIGURE 5 Effect of H,0, concentration on deoxyribose degradation. The other conditions were
similar to those of Figure 2 and the reaction time was 30 min.

confirms that under our experimental conditions ([Fe?*]=0.13 mM and [H,0,] =
0.85 mM), [H,0,] is far in excess over [Fe*].

Effect of EDTA/Fé&* Ratio

Deoxyribose degradation was studied by using a fixed concentration of Fe?* ions
(0.13 mM) and different concentrations of EDTA (Figure 6). A correlation between
the absorbance at 532 nm and the amounts of EDTA was observed at a low concen-
tration, but at a high concentration, the absorbance at 532 nm actually dropped.
These results clearly show that a critical EDTA concentration is required for the
maximal production of -OH radicals. In fact, EDTA added to the reaction mixture,
thus preventing iron from binding to deoxyribose, increases H,O, decomposition
and then -OH radical production, since the Fe?*-EDTA complex has a redox
potential lower than that of free Fe?*: E° (Fe’*/Fe?*)=0.71V (pH 3) and E°
(Fe’*-EDTA/ Fe?*-EDTA)=0.12V (pH 7)?'. But at the same time, it intercepts
-OH radicals.? These two effects are opposed and there exists a concentration of
EDTA for a fixed concentration of Fe?*, or a ratio [EDTA]/[Fe**], for which the
concentration of -OH radicals or deoxyribose degradation is maximal. This ratio is
1.1 under our experimental conditions.

Effect of Fe**-EDTA Concentration

Figure 7 displays a proportionality between deoxyribose degradation and Fe?*-
EDTA concentration up to about 0.13 mM. Above this concentration a deviation
from the linearity was observed. This confirms the proportionality dA/dt
d[Fe?*)/dt. These results are consistent with the fact that under our experimental
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FIGURE 6 Effect of EDTA concentration on deoxyribose degradation. The other conditions were
similar to those of Figure 2 and the reaction time was 30 min.
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FIGURE 7 Effect of Fe**-EDTA concentration on deoxyribose degradation. Variable EDTA concen-
trations were used to hold up the ratio [EDTA]/Fe?*] 1.1. The other conditions were similar to those of
Figure 2 and the reaction time was 30 min.

conditions the production of -OH radicals is first order in Fe?* and that the rate of
-OH production which corresponds to the deoxyribose degradation is proportional
to Fe?*-EDTA concentration.
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According to the results obtained and the analysis made above, the basic
experimental conditions to be used in later experiments are: [D] 3 mM, [H,0,]
0.85mM, [Fe?*] 0.13mM, [EDTA] 0.143 mM and reaction time 30 min.

Investigation of the Competition Method. Rate Constant for the Reaction of
Mannito!l with -OH Radicals

Mannitol is frequently used as a reference scavenger of -OH radicals for studying the
ability of a substance to intercept -OH radicals.?** In order to examine the kinetic
approach which will be developed below, we also chose mannitol as a reference
substance, owing to the agreement on the values of its rate constant determined by
different methods.”

The expected proportionality between the absorbance at 532 nm (A°) and the rate
of deoxyribose degradation (Vp) in the absence of a scavenger can be expressed as:

_ A°x Vp = V.o X ¢p (1
where V gy is the rate of -OH radical production and ¢ the probability that D
reacts with -OH radicals. In a similar way, the following equation can be obtained:

Ao VpS=VioyXo¢pS - Q)

where V5 and V5., are the rates of the deoxyribose degradation and the -OH pro-
duction in the presence of the scavenger S respectively, and ¢p° is the probability
that D reacts with -OH in the presence of S. If k; and ks are the rate constants for
the reactions of D and S with -OH radicals respectively, the simplest expression that
can be drawn from equations (1) and (2) is equation (3):

A° . KS]
A~ D

proposed by Halliwell® by making the following implicit hypothesis:

3

V.ou = VS-OH,
¢p =1

and ¢ps = ——2Pl__

kp[D] + &s[S]

According to equation (3), both the plots A°/A vs [S] and A°/A vs 1/[D] should
give straight lines with a slope (s/) of kg/kp[D} and ks/[S]kp respectively, Thus, in
order to examine these relations, we determined the variations of A°/A with the con-
centration of mannitol (chosen as a reference scavenger) and that of deoxyribose.

Figure 8 shows the linear relation between A°/A and mannitol concentration for
four different deoxyribose concentrations of 0.5, 2, 3 and 4 mM. The corresponding
values of (s/ x kp[D]) are not constant (and equal to 0.74x10°, 1.52x10°
1.54x 10° and 1.58 x 10° M ~'s ! respectively, calculated using a rate constant value
of 1.9x 10° M~ 's~! for deoxyribose).?® Consequently equation (3) is not satisfied.

Figure 9 shows the plots A°/A vs 1/[D] for three different mannitol concentrations
(1, 3 and 5 mM). It is observed that neither of these plots give a straight line. This
means that equation (3) is not satisfied and that, either mannitol interferes with
the -OH formation (V.gyq # VS.04), Or that other processes responsible for the
disappearance of -OH radicals besides its reaction with deoxyribose occur (¢ # 1).
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FIGURE 8 Competition experiment between OH reactions with deoxyribose (D) and mannitol (S).
Variation with [S] of the relative extent A°/A of deoxyribose degradation in the absence (A°) and in the
presence (A) of mannitol. O, {D]=0.5mM; M, [D]=2mM; x, [D]=3mM and O, [D]=4mM.
[H,0,] =0.85 mM, [Fe#*]=0.13 mM, [EDTA]=0.143 mM. The reaction was carried out in phosphate
buffer (pH 7.4) at 37°C for 30 min.
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FIGURE 9 Competition experiment between -OH reactions with deoxyribose (D) and mannitol (S).
Variation of the ratio A°/A with [D], O, [S]=1 mM; M, [S]=3mM and 0O, [S]=5mM. [H;0;]=
0.85 mM, [Fe?*]=0.13 mM, [EDTA]=0.143 mM. The reaction was carried out in phosphate buffer
(pH 7.4) at 37°C for 30 min.
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Thus, taking the latter processes into consideration leads to the modified kinetics
of deoxyribose degadation (Figure 10):

+D, kp

D degradation products

‘OH

kx

Other products
FIGURE 10 Schematic representation of the modified kinetics of deoxyribose degradation.

and to the modified expression for ¢p:
__kolDI
. kp[D] + k,
where k, represents the part of ‘OH reacting with other reagents except deoxy-

ribose, such as Fe?*-EDTA complex, H,0, etc . . . In fact, k, can be tentatively
written as:

ép “)

ky = kgez+gpralF€**-EDTA] + kypy0,[H,05] + . . . )

where kge+ gpra and ky,o, represent respectively the rate constants of reactions of
-OH with the corresponding species.

Then k, depends on experimental conditions such as the concentrations of
Fe?*-EDTA complex, H;0, etc ..., especially on that of Fe**-EDTA since

kge+ gpra is nearly two orders of magnitude greater than ky,, .22
The rate of deoxyribose degradation will be
kp[D]
Vo=Vouyrm—m————— 6
D OH DI+ K, (6
and
1 1 1 k
— o — 14 —= 7
vD“AOC‘V-OH( +kD[D]) O

Figure 11 represents the linear variations of 1/A° vs 1/[D] for different concentra-
tions of Fe**-EDTA. The corresponding k,/kp values are 0.47, 0.76 and 1.02 mM

for Fe?*-EDTA concentrations of 0.08, 0.13 and 0.20 mM respectively. According .

to equation (5) which can be expressed as

K _ Krav-eora [Fe?*-EDTA] + Ko, H,0, + . . .,
kp kp kp

the plot k,/kp vs [Fe**-EDTA] should give a straight line, as shown in Figure 12.
From this line, kra+gpra is calculated as 8.6 x10°M~'s™! if a value of 1.9x 10°
M~ !s~! for kp is used. The observed value is slightly greater than that reported for
EDTA itself (2.7x10°M™'s™").2

Insertion of the processes represented by k., into the probability that -OH
radicals react with D in the presence of S, gives:

kp[D]
"O" kp[D] + AslS] + k,

Vo' = Vion X ¢p° = V8

®
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FIGURE 11 Representation of the variations of deoxyribose degradation with its concentration accord-
ing to equation (7). Determination of parameter k,, x, [Fe“] =0.08 mM; O, [Fe“] =0.13mM and R,
[Fe2*]=0.20 mM. Ratio [EDTA]}/[Fe?*]=1.1 for the three concentrations of Fe?* used. [H,0,]=
0.85 mM. The reaction was carried out in phosphate buffer (pH 7.4) at 37°C for 30 min.
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FIGURE 12 Tentative interpretation of the parameter k,: relationship between k, and Fe**-EDTA
complex concentration. The values of k, were obtained from the data shown in Figure 11.
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From equations (6) and (8) we deduce:

Vp _A° _ Vou [+ ks[S]
Vi AT Vioy kp[D] + k,

Since all the lines A°/A vs [S] cut closely across 1 on y-axis (Figure 8), the term
V.ou/ V.o should be equal to 1, in other words, V.on=V>.ox. This result suggests
that although mannitol is known to form complexes with metal ions and hydrogen
peroxide, % it has no effect on the production of -OH radicals under our
experimental conditions. Thus equation (9) can be simplified as:
A IS
A kp[D] + k,
According to equation (10), there are two possibilities to determine kg. The first is
to draw the line A°/A vs [S] using a fixed [D], and the second the line A°/A vs
1/(kp[D] +k,) using a fixed [S].
The first possibility was verified by calculating the rate constant of mannitol from
the s/ displayed on Figure 8. The rate constant values obtained from

ks = sl (kp[D] + k)

are 1.88 x 10° ([D] =0.5 mM), 2.09 x 10° ({[D] =2 mM), 1.93 x 10° ({D] =3 mM) and
1.88 x 10° M~!s~! ([D] =4 mM) respectively. We observe that this time the kg value
is independent of deoxyribose concentration used. The mean value of the kg
obtained is (1.94+0.10) x 10°M~!s~!,

The second possibility to determine k5 from equation (10), was examined by
drawing the kinetic plots A°/A vs 1/(kp[D] +k,) according to the results shown in
Figure 9. The introduction of the parameter k, into the kinetic equation resulted in,

)

(10)

5.51
5]
45
4
3.5
3
2.5
2
1.5
14

[ 1
R

A°S/A

T
0 05 9 45 2 25 3 3 4 45
kpD)+ky)  sec™!

FIGURE 13 Relationship between A°/A and 1/kp[D]+k,, from the data shown in Figure 9. O,
[S1=1mM; A, [S]=3mM and O, [S]=5 mM.
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as shown in Figure 13, the linear lines A°/A vs 1/(kp[D]+k,) for three different
mannitol concentrations. The rate constant values of mannitol calculated from the
slopes of the lines are 1.88 x 10° ([S] =1 mM), 1.89 x 10° ([S] =3 mM) and 1.94 x 10°
M~ !s~! ([S] =5 mM) respectively; the mean value is (1.90£0.05) x 10° M~!s~!, The
good concordance between the latter values and the preceding ones demonstrates the
autocoherence of the two approaches which consist in varying either [S] or [D].
As a general rule, equation (10) may be used to determine, without experimental
condition limitation, the rate constant of substances which do not influence the rate
of -OH radical production. In contrast, equation (3) can be used only when the
deoxyribose concentration is sufficiently high in such a way that k5[D] >>k,.

TABLE 1
Effect of different experimental conditions on the measurement of the rate constant of mannitol. The reac-
tion was carried out in phosphate buffer (pH 7.4) at 37°C

Mannitol (D] [Fe?+] [EDTA] [H,0,) Incubation Rate constants
(mM) (mM) (mM) (mM) (mM) time (min) M~1is—h
variable 3 0.13 0.143 0.85 30 1.93x10°
variable 3 0.08 0.088 0.85 30 1.91x10°
3 0.2 0.22 0.85 30 1.87x10°
variable 3 0.13 0.143 0.40 30 2.00x 10°
3 0.13 0.143 1.40 30 1.92x10°
variable 3 0.13 0.143 0.85 10 1.88x10°
3 0.13 0.143 0.85 20 1.81x10°
3 0.13 0.143 0.85 60 1.91x10°
variable 0.5 0.13 0.143 0.85 30 1.88x10°
2 0.13 0.143 0.85 30 2.09 x 10°
4 0.13 0.143 0.85 30 1.88x10°
1 variable 0.13 0.143 0.85 10 1.88 x 10°
3 0.13 0.143 0.85 20 1.89x 10°
5 0.13 0.143 0.85 60 1.94 x 10°
2.6,
2.4
2.2
2
< 18
<
1.6
1.4
1.2
1
R
v T S T 17 1 71 1 | L | T 17 517 | A DL 1
6 5 1 15 2 25 3 35 4 45 5 55 6
Mannilol mM

FIGURE 14 Relationship between A°/A and mannitol concentration for three concentration of Fe2+:
0, 0.08mM, @, 0.13mM and x, 0.20 mM. The ratio {[EDTA]/{Fe?*+] was equal to 1.1. [D]=3 mM,
[H,0,] =0.85 mM. The reaction was carried out in phosphate buffer (pH 7.4) at 37°C for 30 min.
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FIGURE 15 Relationship between A°/A and mannitol concentration for three concentrations of H,0,:
x, 0.4mM, O, 0.85mM and @, 1.4mM. [D]=3 mM, [Fe?*]=0.13 mM, [EDTA]=0.143 mM. The
reaction was carried out in phosphate buffer (pH 7.4) at 37°C for 30 min.
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FIGURE 16 Relationship between A°/A and mannitol concentration for four incubation times: x,
10 min., O, 20 min, ®, 30 min, and [J, 60 min. [D]=3 mM, [Fe?*}=0.13 mM, (EDTA] =0.143 mM.
[H;0,] =0.85 mM. The reaction was carried out in phosphate buffer (pH 7.4) at 37°C.

Next, we studied the validity of the preceding conclusions by extending the range
of experimental conditions. Thus, the rate constant of mannitol was determined at
different concentrations of Fe?*-EDTA and H,0, and for different incubation
times (Figures 14, 15 and 16). We observe that all the plots A°/A vs mannitol concen-
tration give straight lines. The rate constant values of mannitol obtained under these
various conditions, as well as those determined above, are summarized in Table 1.
We find that these values are in close ageement with each other [the mean value is
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(1.91+0.07) x 10° M~ !s~! calculated taking a value of 1.9x10°M~!s~! for deox-
yribose]?* and with the value of literature (1.8 x 10° M~!s~').2* These results con-
firm that the hypothesis made and the corresponding analysis, are valid for a wide
scale of experimental conditions.

Restriction in the Applicability of the Competition Method: Interaction of
Biomolecules with the Fenton Reagents

In order to extrapolate our kinetic analysis, we tried to determine the rate constants
of some substances of biological interest, such as alanine, methionine, thiourea, cys-
teine and mercaptoethanol. It is observed that only the two plots A°/A vs [S] for
alanine (Figure 17) and methionine (Figure 18) give straight lines. The rate constants
are calculated to be 3.3 x 10® for alanine and 5.6 x10°M~!s~! for methionine by
using a value of 1.9x10° M ~!s~! for deoxyribose.?® These values are close to those
of the literature, i.e., 1.2 x 10° for alanine® and 5.1 x 10° M ~'s~! for methionine.?
Thus, for the three substances investigated up to this point, we obtain the reactivity
ratios 2.95/1.00/0.17 for methionine, mannitol and alanine with respect to deox-
yribose. The selected literature values obtained by pulse radiolysis lead to the relative
values 2.68/0.95/ 0.06 respectively. This suggests that the proposed kinetic approach
may provide reliable results within a wide range of reactivities. By contrast, the plots
A°/A vs [S] for thiourea (Figure 19), cysteine and mercaptoethanol (Figure 20)
demonstrated complex kinetic plots. The fact that the behaviour of these three
substances derives from linearity, suggests that they are reacting either with Fenton
reagents,’® or with the intermediate radicals derived from the -OH attack. It is
known that thiourea reacts with H,0, and reduces the rate of -OH generation,**
whereas cysteine and mercaptoethanol regenerate Fe** from Fe** and increase the
rate of -OH generation.’>* In these two cases, the rates of -OH production differ

1.6
1.55
1.5
1.451
1.4
1.35
1.3
1.25
1.2
1.15
1.1
1.05

g
L}
<

1 T T T T T T T T T LS T T 1

0 2 4 6 8 10 12 14
Alanine mM

FIGURE 17 Relationship between A°/A and alanine concentration. Validity of the equation (10).
[D]=3 mM, [Fe?*+]=0.13 mM, (EDTA]=0.143 mM. [H,0,) =0.85 mM. The reaction was carried out in
phosphate buffer (pH 7.4) at 37°C for 30 min.
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FIGURE 18 Relationship between A°/A and methionine concentration. Validity of the equation (10).
The same conditions as for Figure 17 were used.
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FIGURE 19 Relationship between A°/A and thiourea concentration. Non applicability of the equation
(10). The same conditions as for Figure 17 were used.

according to whether the scavenger is present or not, i.e., V.o # V5.0n.% Thus the
competition for -OH radicals between deoxyribose and the scavenger is not a simple
one and equation (9) cannot be simplified to become equation (10). In other words,
the interference of the scavenger with the Fenton reagents will be revealed in a
nonlinear competition plot. However, the inclusion of ascorbate in the reaction
mixture may overcome, in certain cases, the problem of interference owing to a large

increase in the rate of -OH generation.

9,35,36
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FIGURE 20 Relationship between A°/A and concentrations of cysteine (O) and of mercaptoethanol
(®). Non applicability of the equation (10). The same conditions as for Figure 17 were used.

CONCLUSION

We studied the competition method to determine rate constants for reactions of -OH
radicals with biomolecules using the Fenton reaction and deoxyribose. It was found
that the equation (3) can be used only when the deoxyribose concentration is
relatively high. This condition does not prevent the normal use of equation (3) for
water-soluble compounds. However, this is not the case for the compounds whose
solubility in water is low. In order to make equation (3) applicable to all conditions,
we therefore introduced a parameter k, to represent the part of -OH radicals which
reacts with other reagents except deoxyribose, such as Fe?*-EDTA, H,0; etc . . .
This modified equation (10) was justified by the linearity of the two type plots (A°/A
vs [S] and A°/A vs 1/(kp[D]+k,) and the consistence between kg of mannitol
obtained in this study under different experimental conditions and that obtained by
pulse radiolysis. The advantage of the latter equation is that we can use any concen-
tration of deoxyribose to determine the rate constant of scavengers. This allows us
to optimize the competition conditions (ks[S] and kp[D] +k, have a same order of
magnitude). However, it should be noted that some substances such as thiourea,
cysteine and mercaptoethanol give more complex results due to their interference
with the Fenton reagents. In all cases, this is translated by nonlinear kinetic competi-
tion plots.
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