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Abstract

The effect of reactive oxygen species (ROS) on the formation of N*-(carboxymethyllysine (CML), one
of the endproducts in the Maillard reaction of protein (or glycation), was investigated. Glyoxal, a main precursor
of CML formation, was produced from both glucose and fructose during their autoxidation. The transition metal
ion showed to involve in the formation of glyoxal by the metal catalyzed oxidation, suggesting that ROS accel-
erated the reducing sugar autoxidation. The stimulative effect of ROS on the autoxidation was more prominent
in glucose than in fructose. Polyunsaturated fatty acids (PUFAs) were shown to form glyoxal by peroxidation
in proportion to the degree of unsaturation, but ROS did not affect on PUFA peroxidation. Ascorbic acid also
showed the similar pattern as of fructose due to its autoxidation. The formation of N - (carboxymethyDhippuryl
lysine (CMHL) in the model system using hippuryl lysine and glucose had a significant effect on ROS, whereas
it had no effect on ROS using glyoxal as a reactant. Almost the same trend was obtained by the analysis
of antigen coated indirect noncompetitive ELISA using monoclonal antibody (6D12). These data indicated that
ROS affected glucose autoxidation as well as mediated both CML and glyoxal formation, but did not affect
the reactive compounds such as fructose, PUFAs and ascorbic acid.
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Fig. 1. The pathways on the formation of N°-(carboxymethyl)lysine in the Maillard reaction of protein with glucose (2, 9, 11).
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Fig. 2. Time course formation of @ -dicarbonyl compounds
in the autoxidation of glucose and fructose.

(A) 250 mM glucose was incubated alone ( X ), added with 5 mM
DTPA (@), with 5 mM DTPA and 0.4 mM H.0: (&), with 04
mM FeCl: (@), and with 0.4 mM FeCl: and 0.4 mM H.O- () at
37°C in 50 mM sodium phosphate buffer (pH7.4). Absorbance was
measured at 294 nm by detecting the color of Girad-T reagent
reacted with « -dicarbonyl compounds. (B) 250 mM fructose was
incubated under the identical conditions.
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Fig. 3. Time course formation of @ -dicarbonyl compounds
in the peroxidation of linoleic acid and arachidonic acid.

(A) 250 mM linoleic acid was incubated alone (), added with
5 mM DTPA (@), with 3 mM DTPA and 0.4 mM H.O» (&), with
0.4 mM FeCl: (@), and with 0.4 mM FeCl: and 0.4 mM H-O- (@)
at 37°C in 30 mM sodium phosphate buffer (pH 7.4). Absorbance
was measured at 294 nm by detecting the color of Girad-T re-
agent reacted with @ -dicarbonyl compounds. (B) 250 mM ara-
chidonic acid was incubated under the identical conditions.
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Table 1. Relative amounts of @ ~dicarbonyl compounds, glyoxal and fluorescent products formed from the reaction indicated

in the presence of metal ion and chelator

+DTPA +FeCls +FeCly, HOo +DTPA, H-O:

a —dicarbony! compounds“formed from 3

1) glucose autoxidation 9.7+ 0.8 4294+ 26 4180% 1.8 951 1.1

2) fructose autoxidation 379~ 64 1458% 45 1455% 82 482% 25

3) linoleic acid peroxidation 79.1= 0.2 101.7£ 01 995% 1.2 847 14

4} arachidonic acid peroxidation 964+ 1.6 963+ 1.7 PI9x 15 9.1+ 1.8
Glyoxal formed from

1) glucose autoxidation 181% 06 7505+ 9.0 700.2%12.2 21.0x 0.7

2) fructose autoxidation 79+ 23 2943+ 91 286.7t 3.8 99+ 1.7

3) linoleic acid peroxidation 107.0136.1 130.8+23.1 13231269 106.2%£33.1

4) arachidonic acid peroxidation 865t 7.1 885 79 88.4% 5.1 875% 6.7
Fluorescent products formed from

ascorbic acid autoxidation 877t 9.7 81157 82.2+21.5 59.8%20.1

YExpressed as the relative percentage compared with the control value which was obtained from the sample added neither metal

A ion nor chelator after incubation for 4 weeks.
“Means =SD (n=3).
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Fig. 4. Time course formation of fluorescent compounds in
the autoxidation of ascorbic acid.

250 mM ascorbic acid was incubated alone ( X ), added with 5 mM
DTPA (@), with 5 mM DTPA and 0.4 mM H:O: (a), with 04
mM FeCl: (@), and with 0.4 mM FeCl: and 0.4 mM H-O: (W)
at 37°C in the 50 mM sodium phosphate buffer (pH 7.4). Fluores-
cence was measured at ex. 446 nm/em. 527 nm.
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Fig. 5. Formation of carboxymethyl hippuryl lysine during
the incubation of hippuryl lysine with glucose.

300 mM hippuryl lysine and 300 mM glucose were incubated ( X ),
added with 5 mM DTPA (@), with 5 mM DTPA and 04 mM
IO (&), with 0.4 mM FeCl: (@), and with 0.4 mM FeCl. and
0.4 mM H:O: (@) at 37°C in 50 mM sodium phosphate buffer (pH
7.4). Peak area was calculated using capillary electrophoresis.
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Fig. 6. Formation of carboxymethy! hippuryl lysine during
the incubation of hippuryl lysine with glyoxal.

300 mM hippuryl lysine and 300 mM glyxal were incubated ( X ),
added with 5 mM DTPA (@), with 5 mM DTPA and 0.4 mM H.0-
(a), with 0.4 mM FeCl» (@), and with 0.4 mM FeCl: and 0.4 mM
H-0O- (m) at 37°C in the 50 mM sodium phosphate buffer (pH 7.4).
Peak area was calculated using capillary electrophoresis.
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Fig. 7. Time course formation of carboxymethyl hippuryl
lysine residue on human serum albumin incubated with
glucose and fructose.

(A) 20 mg human serum albumin was incubated with 10 mM
glucose alone (X), added with 5 mM DTPA (@), with 5 mM
DTPA and 0.4 mM H:0- (A), with 0.4 mM FeCl: (@), and with
0.4 mM FeCl: and 0.4 mM H>0: () at 37°C in 50 mM sodium
phosphate buffer (pH 7.4). Absorbance was measured at 294 nm
by detecting the color of Girad-T reagent reacted with « -
dicarbony] compounds. (B) 10 mM fructose was incubated under
the identical conditions.
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Table 2. Relative amounts of N ~carboxymethyl hippury! lysine (CMHL) and N° ~carboxymethyl lysine (CML) formed from
the reaction of human serum albumin with various precursors in the presence of metal ion and chelator using CE, HPLC

and ELISA analysis

+DTPA +FeClz +FeCl, H:0» +DTPA, H:0»

CMHL" formed from (using CE analysis) 4

Glucose 143+ 1.4% 167.0x 4.0 1733+ 43 43.3+ 0.8

Glvoxal 96.7£19.2 1306£15.3 119.1£21.7 87.3116.0
CMHL formed from (using HPLC analysis)

Glucose 39.3+0.93 1703+ 44 180.3* 4.3 427+ 06

(ilyoxal 840% 16 1024+ 7.2 93.21+13.7 783+ 22
CML formed from (using ELISA)

Glucose 87+ 0.1 1512+ 2.2 1414+ 3.1 26.0x 0.2

Fructose 57+ 03 102.0%£ 4.0 1034+ 35 128+ 14

Glyvoxal 981+ 45 99.3+ 9.7 1004+ 68 101.3+ 86

Methylglyoxal 96.0x 34 992+ 29 976+ 38 952+ 35

Ascorbic acid 680+ 4.0 1123+ 2.7 1164% 1.2 106.6= 2.1

Linoleic acid 967t 1.2 140.1% 34 2033+ 0.3 183.3%+ 24

Arachidonic acid 1002+ 1.7 824% 28 765+ 2.5 104.9x 6.3

lyExpressed as the relative percentage compared with the control value which was obtained from the sample added neither metal

_ion nor chelator after incubation for 4 weeks.
“Means SD (n=3).
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