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Bucala Hlk, PS/8EHFDRRI7FOIIIA/—IL T3V (PE)RE OB ERA#ICHY)
F—2a ERITBHEETHBLT: O, Lertsiri HIX RRIFFINIF/—ILTIU(PE) &Y
WA—REDAF—FRIBIZK>TERT H7 K B LIS E (Amadori-PE) (Fig.) DA
EICELHTHRUL, CORBAErIETRIHEEIEBALE ™, 20 Amadori-PE [,
BAXVEHFTHEENMREZEL. BIREBBLEMCERTS VefIC BRFNE
IR 5+ 5 MEH £ EBARET BT LA DA ", LE=A>T Amadori-PE (&, Bl
BERSERONBLICEhOLRESE, |
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Fig. Scheme for the glycation of PE. Glucose reacts with amino
group of PE to form a Schiff-PE, which undergoes an Amadori
rearrangement to yield Amadori-PE (deoxy-D-fructosyl PE).

QOak, J. H., et al. J. Lipid Res. (2002)



18 ERESVAVROTr—La  BEDLE

(B8] 20 R0BOTYr—2avicBT 38 EEEV. COLIEER/ID. TBELEY
RIBOTVr—2ar EEFESLNEEN ? INEICHBRSh TN, 20T, [BEES
URORDTYr—S 3 BEICEB LU, KBTI, NhOBEBEETHIETEYA
22139& (low-density lipoprotein; LDL)ZRWLT. EE L5 /0 BD T —LaV B E
EHBL. BBEIIAL/OBEYTUTr—2av BT VIEERALACLESELE.

[F&] b LDL F BEODEBEREQDREKICK>THBMLUT-, LDL(2mg protein/mL) .
D-glucose (30 mM) . D-glucose—1-[*C](111 kBq)% 1 mL @ PBS(phosphate buffer in
serine) P TRIG (37°C, 0-72 h) et 1=, RIG#. Folch AIZ&>TEREE S LAV /KR ES
a:ﬁ;\@u&o A2 EE S LB EIBIE (Centricon Plus—20, Millipore, Japan) (Z&> Tl
Ltz BEES &2/ VHES OB EE (D-glucose-1-[“CIHE) (X, o FL—L3
UHI A=k TRIEL -, IBEES DY EEY T USRIELC-ELSD IZ&- T, A28
JEE 5D apoB 2/ BIL ELISA EITK->TEELT=,

[#2 L) LDL(Img protein) $7=Y DISE (PE) £52/35'E (apoB) DTS/ £ DML,
[ZIER#X (137 amino residue/LDL particle) T#H 7= (Table 1-1) . K 24 BfEl# @ LDL g
HE 2 O E M (D-glucose~1-[“CIHE) (X, LDL AU/ RV EEHITHAR 2 EEET
HY. Amadori-PE D&% TLC Ik >THEELS (Fig. 1~1, 1-2), £-CM&E LDL )
PE DHNEBEIZEILLTHY. li?‘J\{DHE‘E~ BER{LAEH . apoB A/ NV BICEHIZRDHSL
nizhof=(Fig. 1-3), LLE&KY, BBEITZIRVBELYTUr—2 3 2T 0T UIENRS,
LE=AoT. BmBEREICETZRIEEBRILIX. 30/ 0T V-3 kYt LAHE
B )r—lavizk-rTERBSh SRS TREEhT -,



F28 BRIV avBREBAZOMIEZOEFTNH

(B8] BEITV 75— aVBEREFET 501 BILEENDBIKERTIRER
BBERTHDH. DF=HIZ, PE DIFERGZHMIRATILELNH o1, TITRE.
Frfll. RRE. pH. BERDELE. A2/ —IVEEICOVWTREL. BLEEENAREERT
AEHERHL. ChEFRALTIEREIV r—LavEEMEEZRETEEBMELE,

(#Hix] PE(0.3 mM) DREZEEL. TOMOEH (FILa—RRE. BE. pH. A2/—)L
REREZER. RIGEE =, Folch ZICk->THEEZHEL. DvI7EEROELLESR
(Schiff-PE) £E7 TR O #E LIS E (Amadori-PE) % LC-ELSD (&> TERLT-. [EEY)
r—asBEEREA A, PE0.3 mM)£JLa—X (500 mM)ZEL . AR/—IL(30%
VEBEEREEZET, pH1H)1 mL ORGRIZ. RBRYMEEHRML. 37°CT 2 BRRIGSE.
HLiEEEAEL=.

[BRLER] BEI U — A ORBESERHULER (Fie 2-1). FLa—RBEE
500 mM. EISREE 37°C. pH14, A2/ —LMEE 10%&ThiL, KiE 2-6 BRI,
Amadori-PE DRIERETHS Schiff-PE DEIRATZEK (0.18 mM) &Y, EDHE Schiff-PE
DEDIHEDT, 24 B AN Amadori-PE O £REWAEDH NI (Fig. 2-2), Lichio
T. Schif-PE #BIBELT. COLRZERETIMSEREHIE. BB Ur—2av DR
i (Amadori-PE DAL #BETESHEER -,

Rz, COREREFALTRIN—=0 T 2T7>1=#R (Fig. 2-3) . EZIL B HOHT
PLTEREERFOEYRFH—L(PL) EEYRFH—IL 51 BR (PLP) A%, Schiff-PE &%
D% D Amadori-PE DERMEMRMICPAE TS L2 RULI-(Fig 2-4) PE DT7I/EE
PLP O7 LTEREDOBKBETFRMETHS PE-EUFFH—IL 5~ By IIRE
fThn¥%E £ L (Fig. 2-5, 2-6) . COEREE D PE OREER LYEN-O. BENICER
Jyr—avhlBEShtz, £, 20 PE-EUFFY—IL 5-)UBy7EEAMPN
£FAN(EFOFRORE) ICHEETHCLE. BEOBB ST TIEHAL= (Fig. 2-7). L1=A'
T. B3V B HICKBBEI ) r—avBELVNSH-GREZHLNIIL,



$£I3I® AT M UBBBEBRFETLSYMIHTHIEVRFFY—IL 5~V BOHE
BIvr—avBENR

[B#] FHEHESSY B, THIEUFFY—)L 5-UVE(PLP)D. lBEY ) r—a i
BHAES 2 BTRELE, PUREY—)L 5-UoBIE, Of%. D&, B4, OR%.
FhE—RE#X. REABERBEICHT SRR EFEALALNTIND, LML, BRI )7
—2a DOEFERICOVTIRE<HMONTIVGEN, FCTERETIR. EYREFH—)L 5-1
VBERICKBEET )V r—a o OBBERE. ANVT N MU (STZ) SRR BRAE
FLSYrERWTHELAILESELT,

[#%] 4B Sprague-Dawley RSV, 1 BMFHAEL. RRABEEMBL .
RERBIZ, STZ B (STZ n=9). STZ+EYFFHY—)L 5-)) B 53 (STZ+PLP, n=9). %
FBE(C, n=6) . HEB+EVFFHY—IL 5-UYUBIX 58 (C+PLP, n=6) D 4 B&LLT=, STZ B
STZ+PLP BIZIZ. RARLT R M B RE BN S (70 me/ke body weight) L. & MLHEZE
RIESET-, FELMZ 10 8/EEL. BRERTHREL .

(BREEE] HBREAEHLUREY—IL 5-UBITERICHL, STZ BE STZ+PLP
HEIAESFEICEIL, ZRBOBEES HAlc HFEICHETH o= (Table 3-1), M
éﬁﬂsﬁﬂﬁﬁma SHEBBHCLE A STZ B, PC, PE. TG, T-CHO AAHEICIEANL . STZ+PLP
(X, PE. TG. T-CHO AN HFREIHEMLT= (Table 3-2), 3% TBARS ZMEL-FER.

STZHARZRLEEERL., STZ+PLP B (L STZ B &Y HEICTBARS [ELEETH o7= (Fig.
3-1), ¥R PCOOH &I, FRBFITLE A~ STZ B, STZ+PLP ﬁ/ﬁﬁﬁl:'&'fﬁ’é&&f:hi

STZ+PLP M PCOOH &1, STZ #LYEETH 7= (Fig. 3-2) . FiMELT. EUFFH—
U 5 EBDERIZEIEET ) -3 BEERE. ANV (STZ) FBE
BRBETFNSVMIKYSEEL. EURSH—)L 5-) BOERIEEDERES T 55
HEBMILZHEETI N M of, COBERBE. BEIT U r—2 a0 0BEIZESE
DEERENTz, LI=Ao T EYRFH—)L 5-Y BRI BRBSHELCLEOMBIZHS
LEZBIE, |



Table 1-1 Composition of LDL subfractions

Total LDL Molecule Total e-Amino residue
mass % /LDL particle ILDL particle

Proteins

ApoB 26 £1.0 1 680 (20-136) 2
Lipids

TG 8 £0.9 - -

T-Cho 36 1.2 - -

F-Cho 8 *x05 - -

PC 14 * 0.5 735 -

SM 5+04 234 -

PE 2+01 137 137

LPC 1+01 40 -

# Glycatable e-Amino residues per LDL particle.

Lipids  «

4 [ 2 Proteins [:]]
& 3t
K ;
h=d
=
E 2}
Q.
°

1+

o L= PE  Amador-PE  LDL

0 24 48 72
Time (h)

Fig. 1-1 Glycation of LDL as measured by radiolabeled Fig. 1-2 Thin-layer chromatogram of LDL lipid
glucose incubation. LDL was incubated 30 mM glucose fraction at 24 h. Plate, Silica gel 60; development
containing 111 kBq D-glucose-1-['*C]l. Radioactivity was solvent, chlorohorm/methanoi/acetic acid/water
determined by scintillation counting for both lipid and protein (30:10:4:2 v/v/v/v)

fractions. *Significant difference compared to control

(P<0.05). Values are mean=S.D. (n=3).
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Fig. 1-3 Phospholipids and apoB protein kinetics on LDL
glycation. (A,PE; B,ApoB; C, PC and D,SPH). LDL was
incubated with D-glucose (30 mM) in at 37 °C for 0-72 h.
After incubation, PE, PC, SPH and LPC were determined by
LC~ELSD. ApoB was determined ELISA method. Values
are mean=S.D. (n=3). *Significant difference compared to
control (P<0.05).
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Fig. 2~1 Effect of incubation conditions (A, glucose; B,

temperature; C, incubation solvent and D, pH) on lipid glycation

kinetics.

Dioleoyl-PE (0.3 mM) was incubated with D—glucose

(0-500 mM) in 1 mi of 50~80 % methanolic buffer (0.1 M, pH
4.0-10.0) at 37-60 °C for 2 h. After incubation, Schiff-PE and

dioleoyl-PE were determined by LC-ELSD.

Values are

mean£S.D. (n=3).

Control
L-Lysine |
: L-Cysteine
Ascorbic acid
a~-Tocopherol
Aminoguanidine
. Carnosine [
Pyridoxine
Pyridoxamine
Pyridoxal e *
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Quercetin
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0.08

0.04

‘/‘i'-n—a_t—’gii—-———_‘

0 " 2 9
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Time (h)

Fig. 2-2 Time course of changes in the yields of lipid glycation
products under optimal incubation condition: dioleoyl~PE (0.3
mM) was incubated with D—glucose (500 mM) in T ml of 70 %
methanolic phosphate buffer (0.1 M, pH 7.4) at 37 °C for 48 h.
At different time intervals, SchifF-PE, Amadori-PE and
dioleoyl-PE were determined by (L C-ELSD.

Values are
mean=+S.D. (n=3). .

TR T R R SRS B S e
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Fig. 2-3 Screening for lipid glycation inhibitor.

Dioleoyl~PE (0.3 mM) was incubated with

D-glucose (500 mM) in 1 mi of 70 % methanolic phosphate buffer (0.1 M, pH 7.4) in the absence
(control) or presence of test compound (1 mM) at 37 oC for 2h. After incubation, Schiff-PE was

determined by LC-ELSD.
mean=S.D. (n=3).

*Significant difference compared to control (P<0.05).

Values are



[£] pyidoxar
Pyridoxal 5*-phosphate

After 48 h Incubation

E Pyridoxal
Pyridoxal S-phosphate

After 2 h Incubation

100 * 100
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Fig. 2-4 Inhibitory effect of pyridoxal 5'-phosphate and pyridoxal
on lipid glycation. Dioleoyl-PE (0.3 mM) was incubated with
D-glucose (500 mM) in 1 m! of 70 % methanolic phosphate buffer (0.1
M, pH 74) in the absence (control) or presence of pyridoxal
5'-phosphate or pyridoxal (each 0.1~1 mM) at 37°C for 2 and 48 h.
*Significant difference compared to control (P<0.05). Values are
mean=+S.D. (n=3).
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Fig. 2-6 Scheme for the condensation of pyridoxal 5'-phosphate
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Fig. 2-5 Typical ELSD chromatogram of pyridoxal
5'-phosphate/dioleoyl-PE /glucose system. Dioleoyl-PE
(0.3 mM) was incubated with D—glucose (500 mM) in 1 ml
of 70 % methanolic phosphate buffer (0.1 M, pH 7.4) in the
presence of pyridoxal 5'~phosphate (1 mM) at 37 °C for 2h.
Lipid-soluble products were extracted from incubation
mixture by a method of Folch et al. (9), and subjected to
LC-ELSD-MS. A, ELSD chromatogram. B, Mass
spectrum of the peak (4.6 min) detected in chromatogram
A :

° PE-pyvie!oul §'-phosphate

2 (A) Schiff base adduct

<3

a

g

-]

Q

[~

3

]

3

w A G by

B S T T T 1
0 4 8 12 16 20

Retention time (min)

PE-pyridoxal 5*-phosphate
Schiff base adduct

“B)l
|

-,

—y \M\JVW

r .\aq
0 4 8 12 16 20
Retention time (min)

2-7 Typical fluorescence chromatogram of

|
|

Fluorescence response

or pyridoxal with PE. Pyridoxal 5'-phosphate or pyridoxal reacts
with amino group of PE to form Schiff base adduct.

PE~-pyridoxal 5'-phosphate Schiff base adduct in human
RBC. The lipid extract was subjected to LC—fluorescence
detection (excitation 310 nm and emission 370 nm). A,
Synthetic standard of PE-pyridoxal 5'—phosphate adduct.
B, RBC total lipids.



Table 3-1 Characteristics of the rats at the end of the study

Control Control + PLP STZ STZ + PLP
Parameters (n=6) (n=6) (n=9) (n=9)
Body weight, g 365.0 £ 226 368.0 £19.4 1761 + 26.0*  178.3 + 29.0%
Blood giucose, mM 74 + 0.9 85+ 0.3 271+ 21* 304 + 3.7*
Glycated Hb, % 107 14 114 = 29 148 = 1.0* 174 + 14%*

C, indicates control; PLP, pyridoxal 5'-phosphate; and Hb, hemoglobin. Data are expressed as mean = SD.
*P<0.05 vs control groups.

Table 3-2 Phospholipids (PC, PE, SM, LPC), neutral lipids (TG, T-CHO) in plasma.

Control Control + PLP STZ STZ + PLP

Parameters (n=6) (n=6) (n=9) (n=9)
Phospholipids (nM)

PC 893.0 + 158.3 927.5+175.7 1815.7 £718.0* 1516.5+734.0

PE 65.6 + 10.2 68.1+ 15.1 229.3 & 75.2*% 205.3+ 98.4*

SM 1621+ 28.8 164.8+ 41.0 226.7 & 74.3 202.7+ 90.8

LPC 2369+ 51.6 268.7+ 53.9 195.1 + 69.0 218.8+ 84.0
Neutral lipids (mg/dl)

TG 89.9+ 325 102.2+ 9.2 475.5 £158.3* 390.5+176.2*

T-CHO 372+ 15.3 309+ 120 198.1 &= 84.6* 170.6+ 68.0*

C, indicates control; PLP, pyridoxal 5'-phosphate; PC, phosphatidylcholine; PE, phosphatidylethanolamine;
SM, sphingomyelin; LPC, lysophosphatidyicholine; TG, triglyceride; T-CHQ, total cholesterol. Data are
expressed as mean * SD. *P<0.05 vs control groups.

Plasma TBARS (uM)

10 ® 120
£
]
8 < 100
E
3 80
6 £
£ 60
al o
(o]
o 40
0.
2 g 20 . .
0
] & o 1
Cc C+PLP S S+PLP
C C+PLP S S+PLP
Figz. 3-1 Quantification of thiobarbituric Fig. 3-2 Quantification of phosphatidyicholine
acid-reactive substances (TBARS) values in rat hydroperoxide (PCOOH) in rat plasma. C, Control;
plasma. C, Control; C+PLP, Control + pyridoxal C+PLP, Control + pyridoxal 5'-phosphate; S, STZ;
5'-phosphate; S, STZ; S+PLP, STZ + pyridoxal S+PLP, STZ + pyridoxal 5'-phosphate. *Significant
5'-phosphate. *Significant difference compared to difference compared to S (STZ) (P<0.05). Values
S (STZ) (P<0.05). Values are mean=*S.D. (n=6-9). are mean+S.D. (n=6-9).
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