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Fig. 1. The structure of vitamins tested.

VC, L(+)-ascorbic acid; NA, nicotinic acid; VB6, pyridoxine;
VB7, D-biotin; VBI, vitamin B1 hydrochloride; NAM,
nicotinamide; VBS5, D-pantothenate.
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Table 1. Inhibition rate of fluorescent AGE formation.

Inhibition rate of Sample Glucose

Sample ﬂuoresc.ent AGE (+)
formation [ %]

vC 108.65 £ 0.49 431.66 + 3.77
NA 74.30 £ 0.07 284.16 £ 0.60
VB6 73.49 £ 0.36 690.72 £ 2.23
VB7 72.62 + 0.55 301.50 + 6.29
VB1 68.44 + 4.75 874.61 + 8.19
NAM 4.72 £ 0.72 455.03 + 3.19
VB5 -6.11 £ 3.75 502.19 £ 14.04
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3. v AR A B AR
3-Deoxyglucosone (3D G) 45 M FI1E A

KEMEY S 3 28 7THEE O 3DG A BN R % Table 3
'Fig. 6 1278 L 720 HEBARDHLAT [ng./mLIIEER D TI,

Sample Glucose Reference Glucose ~ Reference Glucose

) +) -)
467.75 £ 2.77 475.21 + 6.03 57.77 £ 0.97
59.19 + 0.14 945.49 + 33.80 70.01 £ 0.32
580.05 + 1.41 475.21 £ 6.03 57.77 £ 0.97
61.77 = 1.47 945.49 = 33.80 70.01 £ 0.32
742.88 + 17.03 475.21 + 6.03 57.77 £ 0.97
57.28 + 0.29 475.21 + 6.03 57.77 £ 0.97
59.25 + 1.68 475.21 + 6.03 57.77 £ 0.97

Results are expressed as mean + standard deviation, n = 3. AGE, advanced glycation endproducts; VC, L(+)-ascorbic acid; NA, nicotinic acid; VB6,
pyridoxine; VB7, D-biotin; VB1, vitamin B1 hydrochloride; NAM, nicotinamide; VB5, D-pantothenate.
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Fig. 2. Inhibition rate of fluorescent AGE formation.

Results are expressed as mean + standard deviation, n = 3. **p < 0.01, *** p < 0.001, Tukey's multiple comparison
test. Final concentration of each sample: 0.04 mol/L. AGE, advanced glycation endproduct; NE, no effect; VC,

L (+)-ascorbic acid; NA, nicotinic acid; VB6, pyridoxine; VB7, D-biotin; VBI1, vitamin B1 hydrochloride; NAM,
nicotinamide; VBS5, D-pantothenate.
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Fig. 3. Inhibition rate of fluorescent AGE formation by AG.

AGE, advanced glycation endproduct; AG, aminoguanidine.

Table 2. Inhibition rate of pentosidine formation.

Inhibition rate of Sample Glucose Sample Glucose Reference Glucose =~ Reference Glucose
Sample pentosidine formation (+) (-) (+) (=)
[%] [ng/mL] [ng/mL] [ng/mL] [ng/mL]

VvC 84.30 £ 4.26 1.59 = 0.21 0.83 = 0.00 5.04 £ 0.00 0.18 = 0.00
NA 90.65 + 0.02 0.49 £ 0.00 0.16 £ 0.00 3.76 £ 0.03 0.21 = 0.00
VB6 94.44 + 0.07 0.45 + 0.00 0.18 = 0.00 5.04 = 0.00 0.18 = 0.00
VB7 92.84 + 3.44 0.25 + 0.12 0.00 £ 0.00 3.76 £ 0.03 0.21 £ 0.00
VBI -1341.65 + 94.22 70.22 + 4.57 0.23 £ 0.01 5.04 = 0.00 0.18 = 0.00
NAM 1.65 £ 0.23 4.95 £ 0.01 0.17 £ 0.00 5.04 = 0.00 0.18 = 0.00
VBS5 5.53 £ 0.07 4.77 £ 0.00 0.19 = 0.00 5.04 £ 0.00 0.18 £ 0.00

Results are expressed as mean + standard deviation, n = 3. VC, L(+)-ascorbic acid; NA, nicotinic acid; VB6, pyridoxine; VB7, D-biotin; VB1, vitamin
B1 hydrochloride; NAM, nicotinamide; VBS5, D-pantothenate.
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Fig. 4. Inhibition rate of pentosidine formation.

Results are expressed as mean =+ standard deviation, n = 3. *p < 0.05, ***p < 0.001, Tukey's multiple comparison test.
Final concentration of each sample: 0.04 mol/L. ND, not determined; VC, L(+)-ascorbic acid; NA, nicotinic acid;
VB6, pyridoxine; VB7, D-biotin; VBI, vitamin B1 hydrochloride; NAM, nicotinamide; VBS5, D-pantothenate.
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Fig. 5. Inhibition rate of pentosidine formation by AG.

AG, aminoguanidine.

Table 3. Inhibition rate of 3DG formation.

Inhibition rate of Sample Glucose

Sample Glucose

Sample 3DG formation (+) (-)
[%] [ng/mL] [ug/mL]

vC -78.12 £ 0.38 23.40 = 0.16 4.34 £ 0.14
NA -30.82 £ 1.10 17.47 £ 0.12 0.02 = 0.03
VB6 13.48 + 2.23 9.31 £ 0.24 0.06 = 0.00
VB7 -52.57 £ 2.02 20.35 = 0.27 0.00 £ 0.00
VBI -20.78 + 11.55 12.92 = 1.24 0.00 £ 0.00
NAM -5.31 +£ 0.64 11.28 + 0.07 0.01 = 0.00
VBS5 -15.46 £ 0.03 12.35 £ 0.00 0.00 = 0.00

Reference Glucose

+)
[ug/mL]
10.71 + 0.15
13.31 + 0.23
10.71 = 0.15
13.31 £ 0.23
10.71 += 0.15
10.71 = 0.15
10.71 + 0.15
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Reference Glucose

=)
[ng/mL]
0.01 + 0.00
-0.03 + 0.00
0.01 + 0.00
-0.03 + 0.00
0.01 + 0.00
0.01 + 0.00
0.01 + 0.00

Results are expressed as mean + standard deviation, n = 3. 3DG, 3-deoxyglucosone; VC, L(+)-ascorbic acid; NA, nicotinic acid; VB6, pyridoxine; VB7,

D-biotin; VB1, vitamin B1 hydrochloride; NAM, nicotinamide; VBS5, D-pantothenate.
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Fig. 6. Inhibition rate of 3DG formation.

Results are expressed as mean + standard deviation, n = 3. * p < 0.05, *** p < 0.001, Tukey's multiple comparison
test. Final concentration of each sample: 0.04 mol/L. 3DG, 3-deoxyglucosone; NE, no effect; VC, L (+)-ascorbic
acid; NA, nicotinic acid; VB6, pyridoxine; VB7, D-biotin; VBI, vitamin B1 hydrochloride; NAM, nicotinamide;

VBS5, D-pantothenate.
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Fig. 7. Inhibition rate of 3DG formation by AG.

3DG, 3-deoxyglucosone; AG, aminoguanidine.

Table 4. Inhibition rate of GO formation.

Inhibition rate of Sample Glucose

Sample GO formation (+)
[%] [ng/mL]

vC 95.93 £ 0.02 -0.16 £ 0.00
NA 43.57 £ 1.14 0.11 = 0.00
VB6 74.50 £ 0.03 0.01 £ 0.00
VB7 48.77 £ 0.06 0.07 + 0.00
VB1 181.26 £ 43.32 30.95 £ 0.03
NAM -19.78 £ 0.95 0.81 £ 0.01
VB5 -17.04 + 0.85 0.79 = 0.01

Results are expressed as mean + standard deviation, n = 3. GO, glyoxal; VC, L(+)-ascorbic acid; NA, nicotinic acid; VB6, pyridoxine; VB7

VBI, vitamin B1 hydrochloride; NAM, nicotinamide; VB5, D-pantothenate.

(7)

Sample Glucose Reference Glucose  Reference Glucose

=) ) )
[ng/mL] [ng/mL] [ng/mL]
-0.19 = 0.00 0.64 £ 0.03 -0.21 = 0.00
-0.20 + 0.00 0.34 + 0.01 -0.21 = 0.00
-0.21 = 0.00 0.64 = 0.03 -0.21 £ 0.00
-0.21 £ 0.00 0.34 = 0.01 -0.21 = 0.00
31.65 £ 0.39 0.64 + 0.03 -0.21 = 0.00
-0.21 = 0.00 0.64 = 0.03 -0.21 £ 0.00
-0.21 £ 0.00 0.64 £ 0.03 -0.21 = 0.00

, D-biotin;
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Fig. 8. Inhibition rate of GO formation.

Results are expressed as mean + standard deviation, n = 3. * p < 0.05, *** p< 0.001, Tukey's multiple comparison test.
Final concentration of each sample: 0.04 mol/L. GO, glyoxal; ND, not determined; NE, no effect; VC, L(+)-ascorbic

acid; NA, nicotinic acid; VB6, pyridoxine; VB7, D-biotin; VBI, vitamin B1 hydrochloride; NAM, nicotinamide;

VBS5, D-pantothenate.
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Fig. 9. Inhibition rate of GO formation by AG.
GO, glyoxal; AG, aminoguanidine.
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Table 5. Inhibition rate of MGO formation.

Inhibition rate of Sample Glucose Sample Glucose Reference Glucose  Reference Glucose
Sample MGO formation (+) (=) (+) (=)
[%] [ng/mL] [ng/mL] [ng/mL] [ng/mL]

vC 85.44 + 0.59 0.07 £ 0.00 0.04 £ 0.00 0.12 = 0.00 -0.09 = 0.00
NA 40.94 + 4.82 0.10 £ 0.01 -0.08 £ 0.01 0.21 = 0.00 -0.09 £ 0.00
VB6 54.22 £ 3.62 0.00 £ 0.01 -0.09 £ 0.00 0.12 £ 0.00 -0.09 £ 0.00
VB7 54.25 + 0.14 0.05 £ 0.00 -0.09 £ 0.00 0.21 = 0.00 -0.09 = 0.00
VBI1 1.20 £ 8.55 0.26 = 0.02 0.05 = 0.00 0.12 = 0.00 -0.09 £ 0.00
NAM -15.57 £ 0.29 0.15 = 0.00 -0.09 £ 0.00 0.12 £ 0.00 -0.09 £ 0.00
VBS -15.37 £ 0.33 0.15 = 0.00 -0.09 £ 0.00 0.12 = 0.00 -0.09 = 0.00

Results are expressed as mean =+ standard deviation, n = 3. MGO, methylglyoxal; VC, L(+)-ascorbic acid; NA, nicotinic acid; VB6, pyridoxine; VB7,
D-biotin; VB, vitamin B1 hydrochloride; NAM, nicotinamide; VBS5, -D-pantothenate.
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Fig.10. Inhibition rate of MGO formation.

Results are expressed as mean + standard deviation, n = 3. * p < 0.05, *** p < 0.001, Tukey's multiple comparison
test. Final concentration of each sample: 0.04 mol/L. MGO, methylglyoxal; NE. no effect; VC, L(+)-ascorbic acid;
NA, nicotinic acid; VB6, pyridoxine; VB7, D-biotin; VBI1, vitamin B1 hydrochloride; NAM, nicotinamide; VBS5,
D-pantothenate.
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Fig.11. Inhibition rate of MGO formation by AG.
MGO, methylglyoxal; AG, aminoguanidine.
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Fig.12.3DG trap effects.

Results are expressed as mean + standard deviation, n = 3. * p < 0.05, ** p < 0.01, Tukey's multiple comparison test.
3DG, 3-deoxyglucosone; NE, no effect; VC, L(+)-ascorbic acid; NA, nicotinic acid; VB6, pyridoxine; VB7, D-
biotin; VB1, vitamin B1 hydrochloride; NAM, nicotinamide; VB5, D-pantothenate.
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Fig.13. GO trap effects.

Results are expressed as mean + standard deviation, n = 3. * p < 0.05, ** p < 0.01, *** p < 0.001, Tukey's multiple
comparison test. GO, glyoxal; NE, no effect; VC, L(+)-ascorbic acid; NA, nicotinic acid; VB6, pyridoxine; VB7, D-biotin;
VB1, vitamin B1 hydrochloride; NAM, nicotinamide; VB5, D-pantothenate.
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Fig.14. MGO trap effects.

Results are expressed as mean + standard deviation, n = 3. ** p < 0.01, *** p < 0.001, Tukey's multiple comparison test.
MGO, methylglyoxal; NE, no effect; VC, L(+)-ascorbic acid; NA, nicotinic acid; VB6, pyridoxine; VB7, D-biotin; VBI,
vitamin B1 hydrochloride; NAM, nicotinamide; VBS5, D-pantothenate.
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Fig.15. DPPH radical scavenging activity.

Results are expressed as mean =+ standard deviation, n = 3. *** p < 0.001, Tukey's multiple comparison test.
DPPH, 1, 1- diphenyl-2 -picrylhydrazyl; NE, no effect; ND, not determined; VC, L(+)-ascorbic acid; NA, nicotinic acid;
VB6, pyridoxine; VB7, D-biotin; VBI1, vitamin B1 hydrochloride; NAM, nicotinamide; VBS5, D-pantothenate.
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WHFEEOF LD 4D D553 S N7z (Table 6)
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Table 6. Anti-glycation and antioxidant activities of water-soluble vitamins tested.

Fluorescent AGE

Group  Sample inhibition

inhibition
vC
VB6
NA
VB7
VBI1
NAM
VBS5

+ + + 4+

++ + + +

Pentosidine
inhibition

3DG GO

inhibition

MGO
inhibition

DPPH
scavenging

+ + + 4+
+ + + 4+

"+" indicates an inhibition rate of 40 % or more, meaning that it has an inhibition effect. " — " indicates an inhibition rate of 40 % or less, meaning that it has
no inhibition effect. In this table, the water-soluble vitamins are arranged in descending order according to the number of inhibitory actions that achieve a
suppression rate of 40 % or higher. AGEs, advanced glycation endproducts; 3DG, 3-deoxyglucosone; GO, glyoxal; MGO, methylglyoxal, DPPH, 1, 1-
diphenyl- 2-picrylhydrazyl; VC, L(+)-ascorbic acid; NA, nicotinic acid; VB6, pyridoxine; VB7, D-biotin; VBI, vitamin B1 hydrochloride; NAM,

nicotinamide; VBS5, D-pantothenate.
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fie7b, 72, BB O 2 L) Sample Glucose (-) @
fii 25 % < 7% V. (Sample Glucose (+) — Sample Glucose (-))
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