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Autoxidation Reaction Mechanism of L-Ascorbic Acid
in the Presence of Heavy Metal Ions
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Fig. 1. Possible reaction mechanism of AsA autoxidation(4).

(Mi-Ok Kim)

2 dsm 4EF Y

DS 950 7tz A, oA, 281 ASHA R
Hhg-o] A BTty Hso] YAHES) BEH

B Ao aes AF 9 AA AdXM AsAY 433471
o] 7127} f= AFA S 71&4E e A% A
| FAZHA, Fagole A dtolA e AsAg A-F4tst
Wh-g- 712}l el A
Abeh H ol tiAbe 3
T AZE A G Al M FEEA P =
o] AR e Holl FE), AA Wl oA AsA¥ H9
Z1RAQ s ad YRE waF7] S, ferritine 2
RE Ao FCHEH ] o2 AsAd Bojd dFHME
E3R.

F34& o] &) dtoll M9 AsA AFAHghiE-ge glof
A Fe(ll)o]& % Cu(lDo] &9 43, 1g]x @i
FEAY Tol A AESIAY. AsAT-& 4 (50uM)
gk 88 o Fe(lll)o}&(5uM) 2 Cu(ID(0.1uM)
18 &35t a, A(25°C)oAlA LAAIZ ALE F7)
GAF)00mY/min)si A &HE4k3heks-8 £t 1
Az, waleld AsAY A9(Fig. 2), £8Y FAA=
Fe(Ill)o]-2 1.t} Cu(lD o] & Zo] AsAZE S o] ¥ vk,
Hehg 8 Fo e F8d Folrde g, CullDo]2
B} Fe(lll)o] & %2 AsSARES] 3& A& & 4 AN
th F M AsAY ASe &l 2 F&59 F

wel AsA9) 4abst T2 A AV FA S e RS ¢
4 2t} ¥, AsA monoanion®. & 4] AsA-Na(sodium-
L-ascorbate)E ztil AsA9l A3hirg& 9oz A$-
(Fig. 3), 7894 9 vlghg 84 Zo| 4, Fe(lll)o] & B}
Cu(lDo] & Z9] AsAZEgo] vl Hldald AsAY A
29t g2 Aol AT =, AsAnls|dd 2 sz 8
7 37 Fe(llDo] & 2 Culll)o]& &Ao] 23f, =84

A

T
Al

lo

)

phs)

[+



66 208
aqueous solution methanol solution 120 1200
100 100
R 100 1000
< 80 80
= 801 | 1 “ 80
Z 3 = 30
= 4
2 60 60 i ’7§ 60 600
3 =~ 4
o0 40 | 40 0
. 3
g r 20 200
E 20 ® : SpMFe(III) 20
= A : 0.1pMCudl) 0 T T T T 0 e e
0 : : ' 0 0 05 1 15 2 25 3 0 01 02 03 04 05 06
0 5 10 15 20 30 0 10 20 30 Fe(ill) X 10° Cu(D)x 10°

Oxidation Time (min) Oxidation Time (min)

Fig. 2. Degradation of AsA in the presence of metal ions.
~cf. Data represent mean+ SD (n=5) and are expressed as ratio,
with the initial amounts of AsA regarded as 100%.

AsA concentration : 50uM'

Reaction solution : HO, MeOH

Reaction temperature : 25°C
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Fig. 3. Degradation of AsA-Na in the presence of metal ions.
cf. Data represent mean= SD (n=5) and are expressed as ratio,
with the initial amounts of AsA regarded as 100%.

AsA-Na concentration : 50uM

Reaction solution : H.O, MeOH

Reaction temperature : 25°C
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Fig. 4. Rate constants for the metal-ions—catalyzed autoxi—
dation of AsA.

of. First-order rate constants were obtains from plots of log
fa/la-x)] vs. time and multiplying the slops by 2.303, where is
the initial concentration of AsA and x is the concentration of the
product at time .
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Fig. 5. Effect of SOD or CAT on the autoxidation rate of
AsA in the Presence of Fe(lll).

cf. Data represent mean+SD (n=4) and are expressed as ratio,
with the initial amounts of AsA regarded as 100%. *p<0.001,
**p<0.01, ***p<0.05 significantly different from control. Concen-
ration; AsA: 50M, Fe(lIl): 5uM, SOD: 1x 10°°M, CAT: 2x107M,
Reaction solution; pure water (resistivity=18M£2-cm), 0.07M po-
tassium phosphate buffer, pH 7.4 (treated Chelex100), Reaction
temperature; 35°C
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Table 1. Remaining ratio of AsA and yield of DAsA, DKG,
THL and THA in the autoxidation of AsA in agueous solu—

tion (%)
AsA AsA+Fe(lll) AsA+Cu(ID
60 min 15 min 5 min
Rematning ratio 3825+58 8918 8361713
of AsA
Yield of DAsSA 29*30 02=0.2 0611
Yield of DKG 159£2.2 13.276.3 154+15
Yield of THL 1.5+1.0 06101 06702
Yield of THA 05%0.1 07103 0.871.0.1

cf. Values represent mean £ SD (n=4) and are expressed as
a ratio, with the initial amounts of AsA regarded as 100%.
Concentration of AsA: 50uM, Fe(IID: 5uM, Cu(ID: 0.1pM,
Reaction solution: H.O

Table 2. Remaining ratio of AsA and yield of DAsA, THL
and THA in the autoxidation of AsA in methanol solution
(%)

AsA AsA+Fe(lll) AsA+Cu(lD

60 min 15 min 5 min
Remaining ratio  350.2£55 530146 209+75
of AsA
Yield of DAsSA 282233 230%36 23.1%1.7
Yield of THL 4717 91x35 1604
Yield of THA 16209 21118 09105

cf. Values represent mean+SD (n=4) and are expressed as
a ratio, with the initial amounts of AsA regarded as 100%.
Concentration of AsA: 30pM, Fe(lID): 5pM, CulIl): 0.1uM,
Reaction solution: MeOH
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Fig. 6. Effect of SOD on the autoxidation rate of AsA in
the presence of Fel(lll).

cf. Data represent mean*SD (n=4) and are expressed as ratio,
with the initial amounts of AsA regarded as 100%. Concentration;
AsA: 50pM, SOD: 1 X 10’6M, CAT: 2% 10’7M, Reaction solution;
HOflresistivity=18M£2- cm), 0.07M potassium phosphate buffer
{pH 7. 4)treated Chelex100), Reaction temperature; 35°C, *p<0.05,
**p<0.001 significantly different from control.
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Fig. 7. Spectrum of the reduction of XTT by AsA in the
presence of 5uM Fe(ll)).

cf. Concentration : AsA: 50uM, Fe(lll): 5uM, Reaction temperature
: 35°C, Reaction solution : potassium phosphate buffer(pH 7.4,
treated Chelex100), Reaction time : 15min, 30min, 60min
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Fig. 8. Possible reaction mechanism of AsA autoxidation in
the presence of heavy metal ions.
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Table 3. Iron release from ferritin by various antioxidants

under aerobic and anaerobic conditions

(A) (B) (B)/(A)
aerobic condition anaerobic condition (%)
30min 60min  30min 60min  30min 60min

AsA 00676 01170 00466 00772 689% 66.0%
DAsA - 0.0333 - 0.0359 - 100%
DKG - 0.0438 = 0.0467 - 100%

cf. A max=56Z2nm

Concentration; S0pM(AsA, DAsA, DKG) 1mM ferrozine, 0.6
UM ferritin, Reaction time: 1 hour, Reaction temperature: 27°C,
Reaction solution: 0.1M MOPS buffer, pH 7.0(treated Chelex
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Fig. 9. Binding of AsA to immobilized territin and apoferritin.
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