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Kinetic study of the reaction between vitamin E radical and vitamin C has 
been performed. The rates of reaction of vitamin C (ascorbic acid 1, 6-0- 
stearyl ascorbic acid 2, and 2,6-O-dipalmitoyl ascorbic acid 2) with vitamin E 
radical (5,7-diisopropyl-tocopheroxyl) in benzene-ethanol (2:1, v/v) solution 
have been determined spectrophotometrically, using stopped-flow technique. 
The second-order rate constants obtained are 549 * 30 M-Is-1 for 1, 626 f  53 
M-IS-I for 2, and 4.84 f  1.41 M-Is-I for 3 at 25.O"C. The result shows that 
the ascorbic acid ester 2 having a long-aTkyl-chain at 6-position is 1.14 times 
as reactive as the ascorbic acid 1, whereas the ascorbic acid ester 3 substi- 
tuted at 2-position is only 0.01 times as reactive as the ascorbic acid 1 -* 
o 1987 Academic Press, Inc. 
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It is well recognized that vitamin E (a-, B-, y-, and &tocopherols) is 

localized in cellular membranes and have functions as an antioxidant by 

protecting unsaturated lipids from peroxidation. The antioxidant actions of 

the tocopherols have been ascribed to the oxidation reaction of phenolic 

hydroxyl group, producing corresponding tocopheroxyl radicals (1,2). 

Therefore, several investigators have measured the oxidation rates kl of IX- 

tocopherol by peroxyl radicals (LOO.), using different experimental methods 

such as chemiluminescence, pulse radiolysis, O2 consumption, and EPR (3-8). 

kl 
LOO- + Tot 4 LOOH + Tot. Cl1 

Tappel made the important suggestion that the tocopheroxyl radical 

formed from tocopherol by removal of the phenolic hydrogen can be reduced 

back to the starting tocopherol by vitamin C (ascorbic acid 1) (9). 

Subsequent in vitro experiments showed that the ascorbic acid 1. can indeed 

reduce the a-tocopheroxyl radical [eq 21 (4,lO). Packer et al. have 

k2 Tot. + Vit C 4 Tot + Vit C. t-21 
measured the rate constants for reactions between a-tocopheroxyl radical and 

ascorbic acid 1 in aerated water-isopropanol-acetone mixtures, - 
radiolysis method (4). From measurements at four ascorbic ac 

using pulse 

id concentrat ions 
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the rate constant for reaction [2] was (1.55 + 0.20) x lo6 M-is-l. Further, 

the rates of interaction of cc-tocopheroxyl radical in liposomes with ascorbic 

acid 1 in the surrounding aqueous phase have been studied by Scarpa et al., 

using EPR technique (11). A kinetic rate constant of about 2 x lo5 M-'s-l 

was estimated from the above experiments. 

In the present work, we have used a stopped-flow technique to examine the 

reaction of vitamin C with tocopheroxyl radical (12). The second-order rate 

constant k2 for the reaction of vitamin C (ascorbic acid 1, 6-0-stearyl 

ascorbic acid 2, 2,6-O-dipalmitoyl ascorbic acid 3) with tocopheroxyl radical 

(5,7-diisopropyl-tocopheroxyl 3) have been determined by following the 

decrease in absorbance at 421 nm of tocopheroxyl radical (13) (see Fig. 1). 

As reported in a previous paper, cl-tocopheroxyl radical was not stable, and 

thus the stable 5,7-diisopropyl-tocopheroxyl radical 3 was used for the 

present work (14). 

MATERIAL AND METHODS 

Commercial ascorbic acid I-, 6-0-stearyl ascorbic acid 2, and 2,6-dipalmi- 
toy1 ascorbic acid 2 were used as received. The 5,7-diisopropyl-tocopheroxyl 
radical 4 was prepared by the PbO2 oxidation of corresponding 5,7-diisopropyl- 
tocopherol in benzene-ethanol (2:1, v/v) solution under nitrogen atmosphere 
(141. 

0.50 I 

AsA (1) 

0:; 5,7-Di-iPr-Tot- (5) 0,oo 

6-0-Stearyl-AsA (2) 0.25 

C15H31 360 400 440 480 

2.6-0-Dipalmitoyl-AsA (3) Wavelength / nm 

0 1 0 2 

Fig. 1. Molecular structures of vitamin C (ascorbic acid 1. 6-O-stearyl- 
ascorbic acid 2, and 2,6-dipalmitoyl ascorbic acid 3) and vitamin E radical 
(5,7-diisopropyl-tocopheroxyl A). 

Fig. 2. Change of electronic absorption spectrum of 5,7-diisopropyl-tocopher- 
oxyl radical 4 for the reaction of tocopheroxyl 4 with 6-0-stearyl-ascorbic 
acid 2 in benzene-ethanol (2:1, v/v) solution at 25.O"C. 
[Toc.Tt=O ca. 0.08 mM and [Vit C]t=O 5.60 mM. The spectra were recorded at 
every lOO-msec interval. Arrow indicates decrease (4) of absorbance with 
time. 
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The stopped-flow data were obtained on a UNISOKU stopped-flow spectro- 
photometer Model RS-450 by mixing equal volumes of benzene-ethanol solutions 
of tocopheroxyl and vitamin C derivatives. The oxidation reactions were 
studied under pseudo-first-order conditions, and the observed rate constants, 
kobsd, were calculated in the usual way using a standard least-squares 
analysis. All measurements were performed at 25.0 t 0.5"C. 

RESULTS AND DISCUSSION 

The 5,7-diisopropyl-tocopheroxyl 4 is comparatively stable in the absence 

of vitamin C and shows absorption peaks at A,,,= 421 nm and 405 nm in 

benzene-ethanol (2:1, v/v) solution (see Fig. 2) (14). By adding benzene- 

ethanol (2:l) solution of excess vitamin C to benzene-ethanol (2:l) solution 

of tocopheroxyl (1:l in vo ume), the absorption spectrum of the tocopheroxyl 

immediately disappeared. Figure 2 shows the example of the result of 

interaction between 5,7-di sopropyl-tocopheroxyl 3 (ca. 0.08 mM) and 6-0- 

stearyl ascorbic acid 2 (5 60 mM) in benzene-ethanol (2:1, v/v). It was 

found that the ascorbic ac d 1 and the ascorbic acid ester 2 at 6-positions 

reacted with tocopheroxyl at similar rate. On the other hand, by reacting 

tocopheroxyl with 2,6-O-dipalmitoyl ascorbic acid 3, the decrease of 

absorption at 421 nm of tocopheroxyl was very slow. The time dependence of 

the decrease in absorbance at 421 nm observed when ca. 0.35 mM benzene-ethanol 

(2:l) solution of tocopheroxyl is mixed with 21.0 mM benzene-ethanol (2:l) 

solution of ascorbic acid 1 (1:l in volume, final concentration of 1 is 10.5 

mM) is shown in Fig. 3. The pseudo-first-order rate constants, kobsd, 

obtained by varying the concentration of ascorbic acid 1 are presented in - 
Table 1. As shown in Fig. 3, the 5,7-diisopropyl-tocopheroxyl shows very 

0.0 

-------- ---. 

- a) 

-- b) 

I I I 

0 200 LOO 

Time/ms 

Fig. 3. a) The decay of 5,7-diisopropyl-tocopheroxyl radical 4 for the reac- 
tion of toconheroxvl 4 with ascorbic acid 1 in benzene-ethanol (2:l. v/v) 
solution at 25.O"C". - 

. _., - 

[Toc*]t=O ca. 0.17 mM and [Vit C]t=O 10.5 mM. At 421 nm. 
b) The natural decay of 5,7-diisopropyl-tocopheroxyl radical 4 without 
ascorbic acid 1 in benzene-ethanol (2:1, v/v) solution. 
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Table 1. Pseudo-first-order (kobsd ) and second-order (k2) rate constants 

for reaction of tocopheroxyl radical (4) with vitamin C (1, 2, and 3) 

in benzene-ethanol (2:1, v/v) solution at 25.O"C 

Ascorbic acid 1 

[Vit C]/mM kobsd/sml 

2.65 2.06 
4.42 3.12 
5.29 3.44 
6.30 3.82 

8.04 5.01 
10.49 6.83 

k /M-%-l 
2 

549 ? 30 

6-0-stearyl 2.77 2.65 
ascorbic acid 2 5.60 4.63 - 

8.24 5.61 626 2 53 
10.85 8.24 
13.31 9.08 

2,6-O-dipalmitoyl 2.97 2.83 x -2 

ascorbic acid 3 - 5.34 5.01 x lo-2 1om2 
7.71 6.45 x 

12.28 7.71 x 10e2 10 

4.84 k 1.41 

slow natural decay in benzene-ethanol (2:l) solution. Therefore, the pseudo- 

first-order rate constant, kobsd, for tocopheroxyl bleaching is given by eq [3] 

k 
obsd 

= k,, + k2 [Vit Cl c31 

where kg is the rate constant for natural decay of tocopheroxyl in the medium 

and k2 is the second-order rate constants for reaction of tocopheroxyl with 

added vitamin C. These rate parameters are obtained by plotting kobsd against 

[Vit Cl, as shown in Fig. 4. The second-order rate constants k2 obtained for 

ascorbic acid 1 is 549 
-1 

f 30 M -1 s -1 , and kg= 0.58 s . 

6 

0 5 

(Vit C) (x IiM, 

on the Fig. 4. The dependence of the pseudo-first-order rate constant, 
concentration of ascorbic acid 1 in benzene-ethanol (2:1, v/v) 

k bsd, 
SO ution. ? 
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Similar measurements were performed for the reaction of tocopheroxyl with 

6-0-stearyl ascorbic acid 2, and 2,6-dipalmitoyl ascorbic acid 2, The pseudo- 

first-order decay of tocopheroxyl radical took place, and plots of kobsd vs. 

[Vit Cl according to eq [3] yielded rate constants k2 for the reaction of 

tocopheroxyl with 1 and 2. These data are summarized in Table 1. 

values obtained are 626 + 53 M -' -I for 2. and 4.84 i 1.41 M-'s.-l 

The k2 

s for 3, 

respectively. 

Recently, Takahashi et al. have reported that fatty acid esters of 

ascorbic acid at either 6- or both 5- and 6-positions were effective as anti- 

oxidant and suppressed the oxidation of methyl linoleate, whereas those having 

ester group at 2-position did not act as antioxidant (15). In other words, 

fatty acid esters of ascorbic acid at either 6- or both 5- and 6-positions act 

as chain-breaking antioxidant but that they are no more active as oxygen 

radical scavenger when ascorbic acid is esterified at 2-position. The 

present result shows that both the ascorbic acid 1 and ascorbic acid esters 1. 

having a long-alkyl-chain at 6-position can reduce the tocopheroxyl to toco- 

pherol. The reaction rate for 2. is 1.14 times faster than that for 1. 

Further, the present result suggests that the 3-OH group in 3 can also 

regenerate the tocopheroxyl to tocopherol, but the rate of generation is 

very slow. The k2 value for 2 (4.84 * 1.41 M-'s-l) is two order of magnitude 

lower than those for 1 (549 i- 30 M-ls-') and for 2 (626 f  53 M-'s-l). 

AS described in a previous section, Packer et al. have reported absolute 

second-order rate constants k2 for the reaction of vitamin C with o-toco- 

pheroxyl radicals, using the pulse radiolysis method (4). 

(1.55 + 0.20) x lo6 M 
-1 -1 

The k2 value was 

s in water-isopropanol-acetone mixtures. Further, 

Scarpa et al. have measured the second-order rate constants k2 for the 

reaction between a-tocopheroxyl radical incorporated into dimyristoyl PC 

liposomes and vitamin C in surrounding aqueous phase, by EPR technique (11). 

A kinetic rate constant of about 2 x lo5 M-'s-l was obtained. This value is 

only one order of magnitude lower than that reported by Packer et al. for the 

same reaction in a homogeneous solution. On the other hand, by comparing the 

k2 value (1.55 x lo6 M-'s-l) obtained by Packer et al. with that (5.49 x lo2 

M-ls-') of the present work, the former is about three order of magnitude 

higher than the latter. There are several factors that might be expected to 

influence the large differences in the above reaction rates, such as solvent, 

temperature, and the nature of the attacking tocopheroxyl radical, etc. 

However, it is not clear at present which factors are most important. 
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