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ACE angiotensin convertin enzyme   

AEX anion exchange:  

ALT alanine transaminase:  

ARB angiotensin II receptor blocker:  

AST aspartate transaminase:  

Apo (a) apolipoprotein (a):  (a) 

BSA bovine serum albumin:  

BMI body mass index:  

C cholesterol:  

CAD coronary artery disease:  

CDC Centers for Disease Control and Prevention:  

CETP cholesteryl ester transfer protein:  

CHD coronary heart disease:  

CKD chronic kidney disease:  

CM chylomicron   

Cr creatinine:  

CRF chronic renal failure:  

CV coefficients of variation:  

CVD cardio vascular disease:  
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dBP diastolic blood pressure:  

DEAE diethylaminoethyl:  

eGFR estimated glomerularfiltration rate:  

ELISA enzyme-linked immunosorbent assay:  

FH familiai hypercholesterolemia:  

FPG fasting plasma glucose:  

FRS Framingham risk score:  

HbA1c hemoglobin A 1c:  A 1c 

HDL high-density lipoprotein:  

HMG-CoA hydroxymethylglutaryl- coenzyme A: A 

HPLC high performance liquid chromatography:  

IDL intermediate-density lipoprotein:  

K/DOQI Kidney Disease Outcomes Quality Initiative:  

LDL low-density lipoprotein:  

LRPs LDL receptor-related proteins: LDL  

Lp(a) lipoprotein (a):  (a)  (a) 

LPL lipoprotein lipase:  

NKF National Kidney Foundation  

ODS octadecylsilyl:  

rAEX-HPLC rapid AEX-HPLC: AEX-HPLC  
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RLP-C remnant-like particle cholesterol:  

rS Spearman’s rank correlation coefficient:  

sBP systolic blood pressure:  

SD standard deviation:  

TC total cholesterol:  

TG triglyceride:  

VLDL very low-density lipoprotein:  

WHO World Health Organization:  
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 (LDL)  (LDL-C) 

 (CHD) 

 (HDL)  (HDL-C) 

LDL 

HDL

 (TG) 

 (IDL)  (VLDL) 

HDL LDL

Lipoprotein (a) {Lp(a)} 

 

 ( ) 
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LDL VLDL

 

-Tocopherol -tocopherol E

 LDL 

E  

IDL  

VLDL 

CM  Lp(a) 

 E 

E  

 (rapid AEX-HPLC: rAEX-HPLC) 

HDL LDL IDL VLDL
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 (CM)  Lp(a) 

E

E  

1 2

 rAEX-HPLC 3

rAEX-HPLC Lp(a) 6

4

E

 5  

rAEX-HPLC 

5.2

 LDL-C  3 

 rAEX-HPLC 5 

 LDL-C IDL-C  VLDL-C 

IDL-C  VLDL-C LDL-C

 

rAEX-HPLC CM Lp(a) 6

CHD 161
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rAEX-HPLC 6

 (eGFR)  3  CHD  

NIPPON DATA  eGFR 

AEX-HPLC LDL-C IDL-C VLDL-C CM-C

VLDL-C eGFR 3 

CM-C

VLDL-C CM-C

 

E ( -tocopherol -tocopherol) 

AEX-HPLC  

HDL LDL (IDL )  VLDL 3

 -tocopherol -tocopherol 

VLDL

 - tocopherol -tocopherol 

E
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1  

1.1  

 27 

: 28.7% : 15.2 % : 9.4 % : 

8.7% : 6.6% 1( 1.1) 

 25 % 

2-6 

6 

6  

(low-density lipoprotein, LDL)  (very low-density lipoprotein, 

VLDL) 

 ( ) 

6, 7 ( 1.2) LDL

 LDL 7,8
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6( 1.3) 

5,6 

1948

 (coronary heart disease, CHD) 

2, 9, 10  

(cholesterol, C)  (coronary artery disease, CAD) 

(high-density lipoprotein, HDL)  

(HDL-C) LDL  (LDL-C) CAD

10-12 A 

(hydroxymethylglutaryl- coenzyme A, HMG-CoA) 

LDL-C  CAD 13-15 

2012

5 LDL HDL

(TG) LDL-C HDL-C TG 5 

LDL-C HDL-C
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1.2  

B  LDL VLDL 

Moore KJ, et al. Cell 2011:145; 341  
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1.3  
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1.2  

TG

16 HDL (1.063 < d < 1.21 kg/L) LDL (1.019 < d 

< 1.063 kg/L)  (intermediate-density lipoprotein, IDL) (1.006 < d 

< 1.019 kg/L) VLDL (0.96 < d < 1.006 kg/L)  (chylomicron, CM) 

(d< 0.96 kg/L ) 5 16 

HDL HDL2 (1.063 < 

d < 1.125 kg/L) HDL3 (1.125 < d < 1.21 kg/L)  (Apo) E 

ApoE HDL 

16,17 Lipoprotein (a) {Lp(a)} 

16( 1.4) 1.5 VLDL

 (lipoprotein lipase, LPL) 

 IDL  LDL 6 LDL

LDL  IDL LDL

6 HDL

HDL

6 HDL  (CETP) 

LDL IDL VLDL  TG 



18 

18

 

 

 

1.4  

CM  1 

 1  ApoB48 

 

HDL  HDL2  HDL3 

 

 [ 2 ] ( )  
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 1.5  

CM TG 

VLDL CM TG  

LDL HDL 

 

 2013  

 

HDL

VLDL IDL LDL

LDL

HDL

TG

LDL
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1.3  

  HMG-CoA LDL-C

13-15

LDL-C

3 LDL-C 

 ( ) 19

ApoB  small dense LDL TG

VLDL IDL Lp(a) 

5, 20-22 

 

1.4  

 HPLC 

 

Harvel 

23,24

25-31 

 CM  VLDL IDL LDL HDL

1 



21 

25 

32

 (PAG) 

33-35

 TG 

34

TG

32 

36, 37 LDL VLDL

37

32, 38, 39 

38  (AEX-HPLC) 

HDL LDL IDL VLDL Other {Other CM

Lp(a) } 5

39

39
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20

IDL-C VLDL-C
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1.5 Lipoprotein (a)  

IDL  VLDL 

Lipoprotein(a) [Lp(a)] Lp(a) 

LDL  (a) [Apo(a)] 

HDL  LDL 40 Apo(a) 

41

Lp(a) LDL CHD 

42 2012 Lp(a) 

B  CHD 

5 

Lp(a)  (familial hypercholesterolemia, 

FH) 43, 44 FH

 Lp(a) CHD 45 Lp(a) 

 Enzyme-Linked ImmunoSorbent Assay (ELISA)

Apo(a) -2 

Apo (a)  Lp(a) 

46 

 

1.6  

1998  10 CHD 



24 

 (FRS) 2 FRS 

 (TC) HDL-C

 CHD 2 

 

4

1980  NIPPON DATA80 

 (NIPPON DATA ) 3

10  CAD 3

2012

5

CAD  

50

 ( ) 

47 10  CVD 

( ) 48 

LDL-C HDL-C 7

 CVD 48 

 10  CHD 

4 
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HDL-C LDL-C  (CKD) 8  CHD 

4 CKD GFR (eGFR) 

CKD 

CKD 

5  

 

1.7  

ApoB  LDL VLDL 

6-8 

ApoB

16 E

 -  -tocopherol 49-50 ( 1.6) 

E  E  

VLDL  LDL 51-54  E 

 LDL 

54,55 ApoE  E 

56  E  

CAD  E 
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57 E

E

E  

 

 

 

 1.6 E ( -tocopherol)  

Tocopherol Tocopherol -tocopherol 

 -tocopherol  

 

1.8  

 2 

 IDL  VLDL 

Lp(a) 

 3 Lp(a) 
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4 HDL LDL IDL VLDL CM Lp(a) 

6 CM-C 

 Lp(a)-C LDL

 4 

 E 

 E 

 E  

 



28 

2  

 

 

1  

 LDL-C 

58, 59 HDL-C

HDL-C 12, 60

 IDL  VLDL  CM 

61-63  ( ) 

 WHO

( 2.1) 16, 64

 

23 AEX-HPLC

39 AEX-HPLC 20
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AEX-HPLC  (rapid AEX-HPLC: rAEX-HPLC) 

rAEX-HPLC rAEX-HPLC 

LDL

 

 

2.1 WHO  

 

WHO

16  
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2  

2-1  

 

35

 ( 31 4 56.5 16.4 TC: 236.8 

 48.8 mg/dL TG: 250.5  147.8 mg/dL) VLDL  CM  (  d < 

1.006 g/mL) TG  40 

 ( 24 16 55.8 15.5

TC: 221.3  49.7 mg/dL TG: 941.1  546.8 mg/dL)  

 141 

 3 Group-1  

(LDL-C < 120 mg/dL HDL-C  40 mg/dL TG < 150 mg/dL) Group-2  

LDL  (120  LDL-C < 140 mg/dL HDL-C  40 mg/dL

TG < 150 mg/dL)  Group-3  (LDL-C  140 mg/dL HDL-C < 40 

mg/dL TG  150 mg/dL)

LDL-C  140 mg/dL

HDL-C < 40 mg/dL TG  150 mg/dL  LDL 
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120  LDL-C < 140 mg/dL 5 

 

2-2 Rapid AEX-HPLC  

rAEX-HPLC 

39, 65, 66 rAEX-HPLC HLC-729LP2 (

) HLC-729LP2 

 HLC-729 LP2  HLC-

TOSOH   ( ) 

 diethylaminoethyl (DEAE)  2.5 m 

 2.5 mm 10 mm  TSKgel 

Lipopropak-AEX II ( ) 

 590 nm 
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2-3  

 ( 49 TC: 143 mg/dL TG: 272 mg/dL HDL-C: 40.9 mg/dL 

LDL-C: 77.2 mg/dL  IDL-C: 11.1 mg/dL  VLDL-C: 28.6 mg/dL  Other-C: 15.9 

mg/dL)  5%  (bovine serum alubumin, BSA) 

 (TC: 281 mg/dL

TG: 179mg/dL)  

 

2-4  

23 VLDL CM : 

d < 1.006 g/mL IDL : 1.006 < d < 1.019 g/mL LDL : 1.019 < d < 1.063 g/mL HDL 

: 1.063 < d < 1.182 g/mL Himac CS100GXII (

)  S58A-0112 ( )  

 

2-5  

 ( )  {

 (PAG) }  ( ) 

( )  
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2-6  

 (standard deviation, SD)  

p<0.05  Bartlett  

Kruskal-Wallis F  t  (Student’s t 

test)  Mann-Whitney  Pearson 

Stat Flex Ver 6.0 ( )  
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3  

3-1 Rapid AEX-HPLC  

 2.5 mmID x 10 mm  

diethylaminoethyl (DEAE)  2.5 m 

4.6 mmID x 

20 mm 

 3.5 L  1.0 L 

5 Other

4

2 5

rAEX-HPLC  1  (50 mM 

Tris-HCl, pH 7.5)  2  (50 mM Tris-HCl + 250 mM 

(NaClO4), pH 7.5)  3  (400 mM NaClO4, pH 7.5)  3 
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 rAEX-HPLC 

 (  3  0.625 mL/min  0.25mL/min ) 

 20%  

16% 2.3  

rAEX-HPLC 2.2

20  rAEX-HPLC  5.2 
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2.1 Rapid AEX-HPLC  

 3  3 3 

0.625 mL/min 1.0 L

25

 0.25 mL/min 

45

 

 

(590nm)45 2.1( 1 L)

1 ~ 3

1 ~ 3 4

2.5mm x 10mm

25 
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 2.2  rAEX-HPLC  

 

 

2.3 Rapid AEX-HPLC 1 2 3

 

 

 

rAEX-HPLC 

20.0 5.2 

3.5 L 1.0 L

4.6 mm ID × 20 mm 2.5 mm ID × 10 mm

DEAE DEAE

2.5 m 2.5 m

2 3

0.800 mL/ 0.625 mL/

0.400 mL/ 0.25 mL/

37 °C 45 °C

5.0 2.1 

600 nm 590 nm

LED
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2.2  rAEX-HPLC  

 rAEX-HPLC 

Rapid AEX-HPLC 2.9

2.9 5.2 8.1

 5.2  5.2 

 

 

3-2 Rapid AEX-HPLC  

rAEX-HPLC  2.3 (e)  

5 3.8 4.9 6.0 

6.8  7.3 

 rAEX-HPLC  VLDL

CM  (d < 1.006 g/mL)  2.3 (d)  2  

 

(m
M

)

(m
M

)
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 6.2 6.8 IDL  (1.006 < d < 1.019 g/mL)  1 

6.0  {  2.3 (c)} LDL  (1.019 < d < 1.063 g/mL) 

1 4.9  {  2.3 (b) } HDL  (d > 1.063 g/mL)  

2  3.8  7.4 

 {  2.3 (a) }  

Lp(a) (Biomedical technologies Inc., USA)  rAEX-HPLC 

 7.4 {  2.3 (f) }  

 

 

 2.3 Lp(a) AEX-HPLC  

   

a

b

c

d

e

f

[m
V]
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3-3  rAEX-HPLC  

Lp(a) Lp(a)  {Lp(a)-mass} 

 30 mg/dL 35 

VLDL CM IDL LDL HDL TC

 TCHO-CL ( ) 

rAEX-HPLC  5 

 

VLDL+CM  rAEX-HPLC  VLDL  Other 

 2.4 HDL-C LDL-C IDL-C  VLDL-C + CM-C 

(VLDL-C + Other-C)  y = 0.924x +0.133 ( : r = 0.971) y = 

0.990x + 7.992 (r = 0.918)  y = 0.584x + 7.675 (r = 0.584)  y = 0.868x + 2.505 (r = 

0.935)  
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 2.4 rAEX-HPLC  

 x r 

AEX-HPLC  y 

 d<1.006 VLDL CM rAEX-HPLC 

VLDL-C CM Other-C  

A B

C D
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3-4  rAEX-HPLC  VLDL-C  CM-C  

CM CM  (d < 0.95 

g/mL)  VLDL  CM VLDL  CM 

 d = 1.006 g/mL  (Sf) Sf 20 – 400 Sf > 400 

CM VLDL 

rAEX-HPLC 

Other  CM  

 4 

Pre   HDL  

LDL  VLDL  CM 67, 68  rAEX-HPLC  Other 

 Lp(a)  CM 39, 65, 66

   rAEX-HPLC VLDL Other 

rAEX-HPLC VLDL  CM 

VLDL CM TG  40 

VLDL CM  (d < 1.006 g/mL)  

rAEX-HPLC Pre  VLDL-C

Other-C VLDL-C y = 1.064 x – 0.177 (r = 0.987)

CM-C  y = 0.383 x + 3.163 (r = 0.904) {  2.5 (a)  (b) } 

VLDL+CM  rAEX-HPLC  
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2.6 (a)  (b)  

 

 

 2.5  Rapid AEX-HPLC VLDL CM  (d < 1.006 g/mL) 

 

 

 

 2.6  VLDL CM  (d < 1.006 g/mL)  

   rAEX-HPLC  

A B

1 2

+

2

1
a b

[m
V]
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3-5 Rapid AEX-HPLC  

Rapid AEX-HPLC 

5

10

10

 

5% BSA 

 2 3 4  5 HDL-C LDL-C IDL-C VLDL-C

Other-C  1.000

0.999 1.000 1.000 0.999  2.4 

 CV(%) 0.61 ~ 4.14%  1.30 

~8.38%  CV(%) 

0.33 ~ 4.31%  2.37 ~9.19%  
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 2.4 Rapid AEX-HPLC  

 

CV SD  

 

3-6  LDL-C 

 

Rapid AEX-HPLC  IDL-C  VLDL-C 

 LDL-C  3 

 

 LDL-C  2012

5 HDL-C < 40 mg/dL LDL-C  

140 mg/dL  TG > 150 mg/dL 

5 HDL-C  40 mg/dL LDL-C < 120 mg/dL

 TG < 150 mg/dL 5  LDL-C  LDL-C  120 – 

139 mg/dL HDL-C  TG 

5 Group-1  LDL-C  Group-2  

Group-3  

Mean SD CV Mean SD CV Mean SD CV Mean SD CV

% % % %

HDL 12.6 0.61 4.84 12.8 0.08 0.61 37.9 1.74 4.60 38.4 0.25 0.65

LDL 66.9 0.87 1.30 66.7 0.11 0.17 201.0 4.76 2.37 200.5 0.66 0.33

IDL 7.5 0.21 2.82 7.2 0.08 1.11 22.4 0.73 3.27 21.7 0.27 1.25

VLDL 11.6 0.50 4.31 11.8 0.09 0.74 34.8 1.46 4.20 35.4 0.20 0.57

Other 1.4 0.12 8.38 1.5 0.06 4.14 4.2 0.39 9.19 4.4 0.19 4.31

 (mg/dL)

(n=10)  (n=10)

% % mg/dL mg/dL

(n=10)  (n=10)

 ( ) (%)
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 141 Body mass index 

(BMI)  2.5  HDL-C  Grop-3 

 Group-1  BMI TC TG

 LDL-C  Group-3  Group-1  

rAEX-HPLC  HDL-C Group-3 

 Group-1 LDL-C IDL-C VLDL-C Other-C 

Group-3  Group-1  LDL-C 

TC TG  

Group-1  Group-2 Rapid AEX-HPLC  LDL-C

IDL-C VLDL-C Group-1 Group-2  
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 2.5  3  

 

SD  

BMI, ; sBP, ; dBP, ; AST, Aspartate transaminase ;

ALT, Alanine transaminase; FPG ; HbA1c, A1c; Cr, ; 

eGFR,  glomerularfiltration rate  

Student’s t-test  Mann-Whitney U-test  

Group-1 ( ) P aP<0.05  b P<0.01  cP<0.001 

 

(years) 41.2 ± 9.4 38.9 ± 10.0 45.1 ± 8.4 (b 41.8 ± 8.3
BMI (kg/cm2) 22.8 ± 2.6 21.8 ± 2.4 22.9 ± 2.4 (a 24.2 ± 2.6 (c

dBP (mmHg) 74.3 ± 10.6 71.5 ± 9.0 78.9 ± 13.2 (b 75.1 ± 9.6
sBP (mmHg) 114.3 ± 12.8 112.0 ± 11.6 117.8 ± 14.4 (a 115.3 ± 13.0
FPG (mg/dL) 87.2 ± 8.8 86.5 ± 7.1 86.6 ± 10.5 88.7 ± 9.6
HbA1c (%) 5.3 ± 0.3 5.2 ± 0.3 5.3 ± 0.4 5.3 ± 0.4
AST (IU/L) 22.2 ± 6.8 21.4 ± 6.3 21.2 ± 6.9 24.4 ± 7.1 (a

ALT (IU/L) 23.8 ± 15.4 20.2 ± 9.8 22.1 ± 10.3 30.6 ± 22.2 (b

eGFR (mL/min/1.73m2) 85.8 ± 13.0 88.3 ± 13.9 81.1 ± 10.9 (a 85.6 ± 12.3

TC (mg/dL) 194.8 ± 29.2 171.9 ± 21.9 206.5 ± 10.1 (c 220.3 ± 21.3 (c

HDL-C (mg/dL) 57.8 ± 12.2 61.7 ± 12.3 58.7 ± 9.4 51.3 ± 11.3 (c

LDL-C (Friedewald) (mg/dL) 118.4 ± 27.1 97.5 ± 14.7 130.2 ± 5.4 (c 141.1 ± 28.0 (c

TG (mg/dL) 92.4 ± 58.9 63.7 ± 26.5 87.8 ± 30.3 (c 139.4 ± 79.2 (c

HDL-C (mg/dL) 56.0 ± 13.2 59.8 ± 13.9 56.0 ± 10.2 50.3 ± 12.4 (c

LDL-C (mg/dL) 110.0 ± 27.5 97.8 ± 25.3 116.2 ± 12.7 (c 123.8 ± 31.2 (c

IDL-C (mg/dL) 8.5 ± 2.7 7.4 ± 2.3 9.3 ± 1.8 (c 9.6 ± 3.2 (c

VLDL-C (mg/dL) 24.2 ± 19.4 19.8 ± 23.8 22.4 ± 7.4 (c 32.2 ± 15.9 (c

Other-C (mg/dL) 3.1 ± 1.5 3.4 ± 1.7 2.5 ± 0.7 (a 3.3 ± 1.3
Total cholesterol (mg/dL) 201.9 ± 35.6 188.1 ± 38.5 206.4 ± 18.1 (c 219.3 ± 33.2 (c

141 65

Group-1
( )

Group-2
( LDL-C )

33

Group-3
( )

43

 (rapid AEX-HPLC)
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4  

IDL VLDL  LDL 61-63

IDL  VLDL 

23

 

AEX-HPLC

HDL LDL IDL VLDL Other CM  Lp(a) 

 5 

5 .2 

 20%  16% 

 {  (WHO )} 

2014 7 69 

 HDL LDL IDL  VLDL CM 

 AEX-HPLC 

 4 (  2.3 a-e)  Lp(a) 
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 rAEX-HPLC  Other 

(  2.3 f)  HDL  (d > 1.063 g/mL) 

 1.040 - 1.125 g/mL  Lp(a) 70 

 HDL  rAEX-HPLC  

( : 7.4 ) Lp(a)  rAEX-HPLC 

 AEX-HPLC 

 (HDL LDL IDL VLDL CM) 

 rAEX-HPLC  VLDL  

CM rAEX-HPLC  VLDL-C  Other-C 

 VLDL-C CM-C   

rAEX-HPLC 

 

 (Group-1)  LDL  (Group-2)

 (Group-3)  3  rAEX-HPLC  5 

Group-1  

HDL-C 59.8  13.9 mg/dL

 (55  14 mg/dL) 71

IDL-C  7.7 3.9 

mg/dL 42.5  19.3 mg/dL 

72  Group-1  IDL-C  7.4  2.3 mg/dL 
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 HDL-C  LDL-C 

 IDL VLDL 

LDL

Group-2  Group-1 IDL-C  VLDL-C 

 IDL-C  VLDL-C 

LDL-C
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3  6  

1  

LDL-C CHD

58 LDL-C

5, 73  

LDL

VLDL 

IDL-C CHD 62, 74 IDL-C

CKD  IDL  VLDL  TG 

72, 75

IDL-C 76 HDL LDL

IDL VLDL

 Lp(a) 

42 rAEX-HPLC 

6  {HDL LDL IDL VLDL CM Lp(a) } 

 

 HDL-C LDL-C VLDL-C

77 10
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TC HDL-C LDL-C remnant-like particle cholesterol (RLP-C)

TG 71 

 (FRS)  10 

2,78

 30% 

 FRS  CHD 79-81

NIPPON DATA 80  10 

NIPPON DATA 3  10 

 (CVD) Hisayama 48

 10  CHD 

4 CKD 

4 

rAEX-HPLC 6

 {HDL LDL IDL VLDL CM Lp(a) } 

 3  (NIPPON DATA ) 
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2  

2-1  

 161 

2014  (systolic blood 

pressure: sBP) 140 mmHg  (diastolic blood pressure: dBP) 

90 mmHg 

CKD 2013  (estimated glomerular 

filtration rate: eGFR)  60 mL/min/1.73m2 

2012 TG  

150 mg/dL HDL-C  40mg/dL LDL-C 140 mg/dL 

2013

FPG  110 mg/dL  HbA1c 6.5% 

2012

 (Aspartate transaminase: AST) 

 (Alanine transaminase: ALT)  30 U/L  
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2-2  

AST ALT  (Cr) Cica Liquid AST Cica Liquid ALT Cica 

Liquid-S Cre ( )  eGFR 

Cr  {eGFR ( )= 194 Cr-1.094 Age-0.287}

TG TC HDL-C LDL-C  Pureauto S TG-N Cholestest CHO

Cholestest N HDL  Cholestest LDL ( )  

GA08 (A&T) HbA1c  HLC-723G8 ( ) Non HDL-C TC  

HDL-C Lp(a)-mass 

Lp(a)-Latex ( )  

  

2-3 AEX-HPLC  

AEX-HPLC (6 ) rAEX-HPLC

HDL LDL IDL VLDL CM  Lp(a) 6

 AEX-HPLC (6 ) rAEX-HPLC

HLC-729LP2 ( ) HLC-729LP2 

 HLC-729 LP2 

 HLC- TOSOH   ( ) 

rAEX-HPLC  diethylaminoethyl (DEAE)
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 2.5 m  3.0 

mm 15 mm  

 

2-4  

10  CHD  (NIPPON DATA ) NIPPON DATA 

 (sBP) TC  (FPG)

3 NIPPON DATA 40

39  

10  CVD  ( ) sBP LDL-C

HDL-C 48 40

39  

10  CHD  ( ) LDL-C HDL-C

 CKD 4 CKD  eGFR 

4  35 34

 

 

2-5  

 (standard deviation, SD)  

p<0.05  Bartlett  (

)  Kruskai-Wallis  ( ) 
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F  t  ( )  Mann-Whitney  (

)  Pearson 

Stat Flex Ver 6.0 ( )  
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3  

3-1 AEX-HPLC (6 )  

Raipd AEX-HPLC HDL LDL IDL VLDL

 Other Other 

CM  Lp(a)  Other  CM 

 Lp(a) AEX-HPLC (6 ) rAEX-HPLC

HDL LDL IDL VLDL CM  Lp(a) 6

AEX-HPLC (6 ) 

 3.1  10.0 CM  

Lp(a)  rAEX-HPLC 4.0 L 

3.0 mmID x 15 mm  

 2 

6 HDL LDL IDL VLDL CM

 Lp(a) 6 Lp(a) 

 1  (50mM Tris-HCl, pH 7.5)  2  {50 

mM Tris-HCl + 500 mM , pH 7.5}  2 

 3.1 AEX-HPLC (6 ) 

 3.2  Lp(a)-C 

 Lp(a) mass (  3.3) 
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 3.1  AEX-HPLC (6 )  

 2  2 2 

0.50 mL/min 2 L

25

 0.20 mL/min 

45 

 

(590nm)45 2.1( 2 L)

1 ~ 2

1 ~ 2 3

3.0 mm x 15 mm

25 
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 3.1 AEX-HPLC (6 ) 1 2  

 

 

 

 3.2 AEX-HPLC (6 )  

Lp(a) 

3 3 15 18

 15 

 15  
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 3.3 Lp(a) mass Lp(a)-C  

x Lp(a) mass y Lp(a)-C  y = 0.0563 x + 2.001   r 

=0.6447  161  P < 0.0001  

 

3-2  

 (161 ) 5  (G1: 20-29 28 ; G2: 30-39 55

; G3: 40-49 39 ; G4: 50-59 31 ; G5: 60-69 8 ) 

 3.2 TC TG non-HDL-C

LDL-C 

sBP dBP ALT eGFR FPG  HbA1c 
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AEX-HPLC LDL-C VLDL-C

CM-C HDL-C IDL-C

Lp(a)-C  

HDL-C  LDL-C  IDL-C  VLDL-C  CM-C  Lp(a)-C  

69.2 + 12.7  101.5 + 18.1  8.7 + 2.5  18.5 + 7.5  0.4 + 0.9  2.6 + 0.9 mg/dL 

3.4  2 

HDL-C Lp(a)-C Lp(a) mass 2

LDL-C G1 G2 G1 G3 G1 G4 G1 G5

G2 G3 IDL-C G1 G3 G1 G4

VLDL-C G1 G2 G1 G3 G1 G4 G2 G4 CM-C

G1 G2 G1 G3 G2 G5 G3 G5 NIPPON 

DATA 
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 3.2  

 
 

+SD NS BMI, ; sBP, 

; dBP, ; AST, Aspartate transaminase ; ALT, Alanine transaminase; FPG

; HbA1c, A1c; Cr, ; eGFR,  glomerularfiltration rate  

*1  34  

*2 NIPPON Data   39  

 

yeas 40.8 ± 11 27.0 ± 1.4 34.1 ± 3 44.5 ± 2.8 54.7 ± 2.8 62.8 ± 1.4 <0.0001
BMI kg/cm2 21.9 ± 2.1 21.4 ± 2.4 21.7 ± 2.1 22.4 ± 1.9 22.2 ± 2.1 21.4 ± 2.1 NS
sBP mmHg 113.7 ± 10.8 110.4 ± 9.5 110.8 ± 9.7 115.9 ± 11.1 118.3 ± 9.8 115.8 ± 16.1 <0.01
dBP mmHg 69.6 ± 9.0 65.1 ± 7.7 67.6 ± 7.3 71.2 ± 9.3 75 ± 9.5 72.3 ± 9.9 <0.0001

n, %
AST IU/L 19.6 ± 3.7 18.4 ± 3.8 19.3 ± 3.4 20.1 ± 3.8 20.6 ± 4.4 18.6 ± 2.5 NS
ALT IU/L 17.9 ± 4.7 16.6 ± 5.4 18.6 ± 4.3 18.7 ± 4.7 17.6 ± 4.2 14.1 ± 3.7 <0.05
FPG mg/dL 87.0 ± 6.6 83.5 ± 5.5 85.6 ± 6 88.6 ± 5.9 89.2 ± 8 91.8 ± 4.6 <0.0005
HbA1c % 5.2 ± 0.3 5.1 ± 0.3 5.1 ± 0.3 5.3 ± 0.3 5.4 ± 0.2 5.5 ± 0.2 <0.0001
Cr mg/dL 0.836 ± 0.1 0.843 ± 0.094 0.849 ± 0.118 0.827 ± 0.082 0.827 ± 0.09 0.796 ± 0.109 NS
eGFR mL/min/1.73m2 83.9 ± 12.7 92.0 ± 11.1 86.6 ± 14.2 81.3 ± 9.3 77.4 ± 10 77.2 ± 10.6 <0.0001

*1 % 1.17 ± 0.47 1.00 ± 0.00 1.00 ± 0.00 1.39 ± 0.67 1.63 ± 0.74 <0.0001
Nippon Data *2% 0.60 ± 0.32 0.50 ± 0.00 0.53 ± 0.13 1.43 ± 0.54 <0.0001

*2 % 5.13 ± 2.44 3.23 ± 0.64 6.61 ± 1.71 9.2 ± 1.99 <0.0001

HDL-C mg/dL 63.4 ± 12.0 61.4 ± 8.8 63.5 ± 11.7 63.8 ± 12.8 64 ± 14.2 63.9 ± 13.2 NS
LDL-C mg/dL 106.6 ± 20.2 92.6 ± 15.4 104.4 ± 20.3 111.6 ± 20.1 114.8 ± 18.8 117.9 ± 15.4 <0.0001
TC mg/dL 183.2 ± 24.6 165.6 ± 19.8 180.5 ± 25.7 189.1 ± 24.3 194 ± 19.6 196.1 ± 12.3 <0.0001
TG mg/dL 71.9 ± 26.3 58.2 ± 18.8 68.9 ± 27.2 75.0 ± 21.7 83.4 ± 28.5 81.4 ± 31.9 <0.005
Lp(a)-mass mg/dL 10.9 ± 10.5 9.1 ± 7.7 11.6 ± 9.5 9.3 ± 9.2 12.4 ± 12.8 15.2 ± 22.1 NS
non-HDL mg/dL 119.8 ± 22.0 104.2 ± 16.4 116.2 ± 21.9 125.4 ± 21.4 130 ± 19.6 132.3 ± 18.0 <0.0001

 (AEX-HPLC)
HDL-C mg/dL 62.9 ± 12.7 60.6 ± 8.6 63.0 ± 12.7 64.2 ± 14.3 63.0 ± 14.1 61.7 ± 13.4 NS
LDL-C mg/dL 101.5 ± 18.1 88.8 ± 13.2 99.5 ± 18.6 107.5 ± 18.8 107.6 ± 14.9 111.2 ± 12.9 <0.0001
IDL-C mg/dL 8.7 ± 2.5 7.7 ± 2.6 8.8 ± 2.7 9.2 ± 2.2 9.2 ± 1.9 8.2 ± 2.3 NS
VLDL-C mg/dL 18.5 ± 7.5 14.1 ± 4.7 18.1 ± 7.7 20.1 ± 7.4 21.6 ± 7.9 18.3 ± 7.3 <0.005
CM-C mg/dL 0.4 ± 0.9 0.3 ± 0.2 0.2 ± 0.2 0.4 ± 1.2 0.5 ± 1.3 0.4 ± 0.2 <0.01
Lp (a)-C mg/dL 2.6 ± 0.9 2.6 ± 0.9 2.7 ± 1.3 2.6 ± 0.9 2.6 ± 1 3.0 ± 1.4 NS
TC mg/dL 194.7 ± 25.9 174.1 ± 18.3 192.3 ± 28.1 204 ± 24.9 204.5 ± 19.8 202.8 ± 12.9 <0.0001

20 : G1 30 : G2 40 : G3 50 : G4

1 (12.5%)

60 : G5 Pn = 161 n=28 n=55 n=39 n=31 n=8

31 (19.2%) 4 (14.3%) 11 (20.0%) 6 (15.4%) 9 (29.0%)
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 3.4 AEX-HPLC  6  

HDL-C LDL-C IDL-C VLDL-C CM-C Lp(a)-C 

3.2 F t

Mann-Whitney  

*: p< 0.05, **: p < 0.01, ***: p< 0.001 

** *
***

***
***

**
** * *

***
***

*

*

*

*
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3-3  

AEX-HPLC (6 ) 

 3.3 : P < 0.05 HDL-C  

BMI LDL-C BMI sBP dBP FPG

eGFR IDL-C  BMI 

eGFR VLDL-C  BMI sBP  dBP

eGFR CM-C BMI sBP NIPPON Data 

Lp(a)-C Lp(a) mass 

 Non-HDL-C BMI sBP dBP

FPG eGFR  
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 3.3  

 

 

 NS BMI, ; sBP, ; dBP, 

; AST, Aspartate transaminase ; ALT, Alanine transaminase; FPG, ; HbA1c, 

A1c; Cr, ; eGFR,  glomerularfiltration rate  

Spearmans  (Spearman’s rank correlation coefficient: rS) 

 

*1 34  

*2 NIPPON DATA 39  

103 77 77

Lp(a)-mass rS -0.008 -0.018 0.073 0.067 0.105 0.098 0.054 -0.057 0.066 -0.058 0.099 -0.042 0.171
P values NS NS NS NS NS NS NS NS NS NS NS NS NS

non-HDL-C rS 0.407 0.346 0.34 0.319 0.038 0.137 0.218 0.103 0.166 -0.33 0.292 0.049 0.073
P values <0.0001 <0.0001 <0.0001 <0.0001 NS NS <0.01 NS <0.05 <0.0001 <0.005 NS NS

 (AEX-HPLC)
 HDL-C rS 0.056 -0.253 -0.083 -0.02 0.151 -0.013 0.11 0.043 -0.154 0.111 -0.043 -0.065 -0.057

P values NS <0.005 NS NS NS NS NS NS NS NS NS NS NS
 LDL-C rS 0.364 0.302 0.308 0.286 0.044 0.087 0.187 0.108 0.088 -0.238 0.202 0.007 -0.044

P values <0.0001 <0.0001 <0.0001 <0.0005 NS NS <0.05 NS NS <0.005 <0.05 NS NS
 IDL-C rS 0.213 0.193 0.102 0.064 -0.08 0.046 0.096 0.059 0.178 -0.258 -0.176 -0.123 -0.151

P values <0.01 <0.05 NS NS NS NS NS NS <0.05 <0.001 NS NS NS
 VLDL-C rS 0.294 0.239 0.203 0.17 -0.12 0.121 0.033 0.108 0.265 -0.349 0.013 -0.136 -0.078

P values <0.005 <0.005 <0.01 <0.05 NS NS NS NS <0.001 <0.0001 NS NS NS
 CM-C rS 0.083 0.186 0.18 0.119 0.017 0.081 0.093 0.03 0.134 -0.16 0.29 0.242 0.279

P values NS <0.05 <0.05 NS NS NS NS NS NS <0.05 <0.005 <0.005 <0.005
 Lp(a)-C rS -0.009 -0.001 0.121 0.08 0.22 0.154 0.095 -0.013 0.05 -0.055 0.016 0.041 0.036

P values NS NS NS NS NS NS NS NS NS NS NS NS NS

NIPPON
DATA *2 *2

161

ALT FPG HbA1c Cr eGFR *1BMI sBP dBP AST
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3-4  

 (0% 71 1% 19 2% 9 3% 

 4 ) AEX-HPLC 

(  3.4) sBP dBP  HbA1c 

LDL-C TC  

non-HDL-C AEX-HPLC

CM-C 
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 3.4  

 

 

+SD  NS BMI, ; 

sBP, ; dBP, ; AST, Aspartate transaminase ; ALT, Alanine transaminase;

FPG, ; HbA1c, A1c; Cr, ; eGFR,  

glomerularfiltration rate  

Kruskal-Wallis  

*1  34  

 

 

yeas 43 ± 5.7 54.8 ± 6.1 59.1 ± 3.7 58 ± 3.6 <0.0001
BMI kg/cm2 22.1 ± 1.9 22.4 ± 2.7 21.9 ± 1.5 22 ± 2.7 NS
sBP mmHg 113.2 ± 10 117.7 ± 12.6 124 ± 7.4 132.5 ± 2.5 <0.0005
dBP mmHg 69 ± 8.1 74.1 ± 10.5 81.6 ± 7 80.5 ± 7.7 <0.0001

n, %
AST IU/L 19.5 ± 3.6 20.4 ± 4.4 21.2 ± 3.8 20.3 ± 1 NS
ALT IU/L 18.9 ± 4.6 17.1 ± 5.2 17.7 ± 3.2 13.5 ± 2.4 NS
FPG mg/dL 87.6 ± 6.3 91.8 ± 6.9 89.4 ± 6.2 91.8 ± 5.5 NS
HbA1c % 5.2 ± 0.3 5.4 ± 0.2 5.3 ± 0.1 5.3 ± 0.3 <0.05
Cr mg/dL 0.84 ± 0.093 0.831 ± 0.101 0.827 ± 0.102 0.822 ± 0.1 NS
eGFR mL/min/1.73m2 81.1 ± 10.3 76.7 ± 10.7 75.2 ± 10.1 75.8 ± 9.4 NS

HDL-C mg/dL 63.2 ± 11.5 64.8 ± 14 66.9 ± 16.1 58.8 ± 10.3 NS
LDL-C mg/dL 108 ± 19.3 119.7 ± 14.8 117.8 ± 13.7 127.5 ± 13.5 <0.05
TC mg/dL 184.9 ± 23.3 198.8 ± 12.6 199 ± 17.3 202.5 ± 6.8 <0.05
TG mg/dL 75.2 ± 25.3 80.2 ± 21.5 84.9 ± 35.1 93.3 ± 45.6 NS
Lp(a)-mass mg/dL 9.9 ± 8.9 13.4 ± 15.2 15.9 ± 19.4 9 ± 5.6 NS
non-HDL-C mg/dL 121.7 ± 20.9 134 ± 15.3 132.1 ± 16.2 143.8 ± 14.5 <0.05

HDL-C mg/dL 63.3 ± 12.8 63.3 ± 14.5 64.4 ± 14.4 55.9 ± 10.9 NS
LDL-C mg/dL 103.7 ± 18.1 111.1 ± 13.4 110.6 ± 12.4 118.6 ± 9.2 NS
IDL-C mg/dL 9.4 ± 2.1 8.6 ± 2.1 8.5 ± 2.2 8.8 ± 0.8 NS
VLDL-C mg/dL 20.1 ± 7.4 20.4 ± 8.1 20.5 ± 9.4 21.2 ± 9.3 NS
CM-C mg/dL 0.3 ± 0.9 0.7 ± 1.7 0.3 ± 0.1 0.5 ± 0.3 <0.05
Lp (a)-C mg/dL 2.6 ± 0.9 2.5 ± 1 2.9 ± 1.4 3.1 ± 0.8 NS
TC mg/dL 199.5 ± 24.4 206.6 ± 15.6 207.1 ± 18.9 208 ± 9.3 <0.05

 (AEX-HPLC)

n = 9 n = 4

16 (23%) 4 (21%) 2 (22%) 3 (75%)

0% 1% 2% 3% P *1 n = 71 n = 19



68 

3-5  

 eGFR  {T1 ( ; eGFR 60.2 – 

76.3 mL/min/1.73m2 53 ) T2 ( ; eGFR 76.6 – 88.4 mL/min/1.73m2 54 ) T3 

( ; eGFR 88.7 – 117.1 mL/min/1.73m2 54 ) }  3.5 

BMI  sBP  eGFR 

LDL-C TC TG  non-HDL-C eGFR 

AEX-HPLC LDL-C

IDL-C  VLDL-C eGFR  
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 3.5 eGFR 3  

 
 

+SD  NS BMI, ; 

sBP, ; dBP, ; AST, Aspartate transaminase ; ALT, Alanine transaminase;

FPG, ; HbA1c, A1c; Cr, ; eGFR,  glomerularfiltration 

rate  

Kruskal-Wallis  

*1  34  

 

yeas 45.3 ± 10.5 42.8 ± 10.2 34.3 ± 9.1 <0.0001
BMI kg/cm2 22.4 ± 1.8 22 ± 2.1 21.3 ± 2.3 <0.05
sBP mmHg 115.6 ± 10.9 114.8 ± 10.4 110.8 ± 10.6 <0.05
dBP mmHg 70.3 ± 9.2 70.7 ± 8.6 67.9 ± 9.1 NS

n, %
AST IU/L 20.51 ± 3.79 19 ± 3.8 19.2 ± 3.5 NS
ALT IU/L 18.55 ± 4.66 17.9 ± 4.5 17.1 ± 4.9 NS
FPG mg/dL 88 ± 7.03 87.7 ± 6.4 85.2 ± 6.3 NS
HbA1c % 5.3 ± 0.4 5.2 ± 0.3 5.2 ± 0.2 NS
Cr mg/dL 0.935 ± 0.065 0.829 ± 0.06 0.745 ± 0.062 <0.0001
eGFR mL/min/1.73m2 70.7 ± 3.9 82 ± 3.2 98.5 ± 7.9 <0.0001

*1 % 0.41 ± 0.87 0.59 ± 0.87 0.38 ± 0.73 NS

HDL-C mg/dL 62 ± 12.8 66.1 ± 10.8 62.1 ± 12 NS
LDL-C mg/dL 111 ± 18.3 110.2 ± 19 98.5 ± 21.1 <0.005
TC mg/dL 188.2 ± 20.9 188.8 ± 23.5 172.7 ± 26.1 <0.0005
TG mg/dL 81.1 ± 27.7 74 ± 24.7 60.7 ± 22.4 <0.0005
Lp(a)-mass mg/dL 11.8 ± 11 10.1 ± 8.7 10.7 ± 11.6 NS
non-HDL-C mg/dL 126.2 ± 20.1 122.7 ± 20.3 110.6 ± 22.7 <0.0005

 (AEX-HPLC)
HDL-C mg/dL 60.9 ± 13.7 65 ± 10.8 62.7 ± 13.4 NS
LDL-C mg/dL 105 ± 16.4 104.3 ± 18.4 95.4 ± 18 <0.01
IDL-C mg/dL 9.4 ± 2.3 9.1 ± 2.3 7.8 ± 2.5 <0.005
VLDL-C mg/dL 21.5 ± 8 19 ± 6.9 15.2 ± 6.3 <0.0001
CM-C mg/dL 0.4 ± 1.1 0.3 ± 0.2 0.4 ± 1 NS
Lp (a)-C mg/dL 2.7 ± 0.9 2.4 ± 0.7 2.7 ± 1.1 NS
TC mg/dL 199.9 ± 22.2 200 ± 24.5 184.2 ± 27.9 <0.005

  (35 over *1) n = 53 (n = 42) n = 54 (n = 44) n = 54 (n = 17)

12 ( 22.6% ) 10 ( 18.5% ) 9 ( 16.7% )

T1 ( ) T2 ( ) T3 ( )
P

eGFR   (mL/min/1.73m2) 60.2 - 76.3 76.6 - 88.4 88.7 - 117.1
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3-6  

 eGFR 

eGFR  BMI (P = 0.0042) 

VLDL-C  BMI  eGFR 

 (  3.6)  

 

 3.6 eGFR  

 

eGFR  BMI 

P 0.20  

(β)

  BMI (kg/m2) -0.7046 1.55254 0.1225
  HDL-C (mg/dL)
  LDL-C (mg/dL) -0.1106 1.96497 0.0512
  IDL-C (mg/dL)
  VLDL-C (mg/dL) 0.4738 3.56106 <0.0005
  CM-C (mg/dL)
  Lp(a)-C (mg/dL)

t P
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4  

HDL-C LDL-C VLDL-C TC

TC HDL-C LDL-C TG RLP-C

71 HDL-C LDL-C

71 Abott 1971 1975

HDL-C LDL-C VLDL-C

77  3.5 

HDL-C LDL-C

VLDL-C 71, 77 LDL-C IDL-C

AEX-HPLC LDL-C IDL-C LDL-C

HDL-C LDL-C

HDL-C LDL-C VLDL-C

AEX-HPLC HDL-C LDL-C VLDL-C

 

Lp(a)-C  

Lp(a) Lp(a)-C 

83 Lp(a) mass Lp(a)-LATEX (
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) 25 

 apo (a) 46 

Lp(a)-C (2.6 + 0.9 mg/dL) 

 Lp(a) mass  ( 3.3) Lp(a)-C 

 Nauck 

 Lp(a)-C 84 Sheman  Lp(a) 

85 

AEX-HPLC Lp(a)-C

Lp(a)  apo (a) 

42, 85, 86  Lp(a)-C 

 CKD CHD ( 3.3) 

 Lp(a)-C   

TG  IDL  VLDL  CKD 

75 CKD  (National Kidney Foundation: 

NKF)  (Kidney Disease Outcomes Quality Initiative: K/DOQI) 

75  LDL-C IDL-C VLDL-C

CM-C  eGFR ( 3.3) 

VLDL-C  eGFR ( 3.4)  CKD 

 IDL-C  VLDL-C 

76 VLDL VLDL VLDL 87 
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VLDL  mRNA 

88  

 (CRF) 

CRF 89, 90 CKD  VLDL

 VLDL  VLDL 91 

CKD

92 IDL VLDL

93, 94 VLDL-C 

VLDL-C

 eGFR  

 10  CHD 

 CKD 4 FRS 

10  CHD  CHD 

 FRS 4 Spearman 

 (P<0.0001) sBP (P<0.0001) dBP (P<0.0001) FPG (P<0.01)

HbA1c (P<0.05) eGFR (P<0.05) LDL-C (P<0.05) 

HDL-C CM-C NIPPON DATA

 (P=0.003)  CM-C 

 LDL-C  IDL-C AEX-HPLC

 LDL-C  IDL-C 
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LDL-C

23, 61, 95 CM 

 CM 96 

AEX-HPLC  CM 

97, 98 LDL  (LDL receptor-related 

proteins: LRPs)  LDL IDL

89, 99  LDL 

 LRPs 100  

LRP  

AEX-HPLC  CM-C  CHD 

 CHD 

 FRS  CHD 

 HDL-C 

4  IDL-C  VLDL-C 

Non-HDL-C LDL-C IDL-C VLDL-C CM-C

101 3.3  non-HDL-C  LDL-C 

 CM-C  

2  1%  CM-C 
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 (0.7 + 1.7 mg/dL) CKD 

 CKD NIPPON DATA

 NIPPON DATA 80  10  CHD 

3  10  CVD 

48 NIPPON DATA 

CM-C  

non-HDL-C  CM-C  non-HDL-C 

 

LDL-C VLDL-C CM-C 

HDL-C IDL-C Lp(a)-C

VLDL-C  eGFR CM-C 

VLDL-C

CM-C  

CHD  
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 3.5 HDL LDL (LDL+IDL) VLDL  

AEX-HPLC 2005
71 1982  Abott 

77 LDL LDL

AEX-HPLC LDL-C IDL-C  

rAEX-HPLC

, (2000)

, (1983)
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4 E  

1  

 LDL  ApoB 

102-106

104

LDL ( LDL) 

102-104, 107

102 

 E  -  -tocopherol 

 tocopherol 

E 

 E  VLDL  LDL 

51-54  E  LDL 

54,55 ApoE  E 

56  E 

 E 57 

E
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 E  n-

30, 108 

HDL LDL VLDL  E 

 E  E 
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2  

2-1  

 (38 )  (31 ) 

2012 TG  150 

mg/dL HDL-C  40mg/dL LDL-C 140 mg/dL 

5 

 

2-2 E  

AEX-HPLC  (HDL LDL VLDL ) 

 HPLC -  -tocopherol 

DP-8020 ( )

 AS-8020 ( )  FS-8020 ( ) (

295 nm  330 nm) 

 ( 1) DEAE-NPR  4.0 mmID

15 mm ( )  ( 2) octadecylsilyl (ODS) 

 ODS-80Ts 4.6 mmID 35 mm ( )  
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( 3) ODS-80Ts 4.6 mmID 75 mm ( ) 

 rAEX-HPLC  

 

2-3  

18, 23 VLDL

CM : d < 1.006 g/mL LDL  (IDL ) : 1.006 < d < 1.063 g/mL HDL : 

1.063 < d < 1.210 g/mL : d > 1.210 g/mL SCP70H2 

( )  RP55T ( )  

 

2-4 E LDL  

109 HDL LDL 

VLDL 

-tocopherol n-

ODS-80Ts 4.6 mmID 150 

mm ( )  (83.5% ethanol 25 mM sodium perchlorate 0.025 mM 

)  FS-8020 ( : 295 nm : 330 nm

)  tocopherol  

LDL 109, 110 EDTA 

 LDL  (II) (  2 M) 37 LDL 

 234 nm  
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3  

3-1  E  

E  4.1   (  

1) DEAE-NPR  4.0 mmID 15 mm ( ) 

 1  (50mM Tris-HCl  pH 7.5)  2  (50 mM 

Tris-HCl + 500 mM (NaClO4)  pH 7.5)

 7 L DEAE-NPR 2

HDL LDL (LDL+IDL) VLDL 3

 4.1 

 (  2) octadecylsilyl (ODS)  ODS-80Ts 4.6 mmID 35 

mm ( )  (  3) ODS-80Ts 4.6 mmID 75 mm 

( )  3  (30.0% 25 mM 

)  4  (83.5% 25 mM

0.025 mM ) 

 (FS-8020) ( ) 2.5 mL  2 

 1 (MV1)  ON MV1  4.2 

 1 

 (70% + 1% TritonX-100) E

1  

E HDL  5.3 – 14.3 LDL  
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20.3 – 29.3  VLDL  35.3 – 59.3  2  2 

 3  2 (MV2) ON 

 ( 2)  3  (30% ) 

MV2  4.2 HDL LDL VLDL 

 E 7.3 – 16.3 22.3 – 31.3  37.3 – 61.3 

 3 2 (MV2)  ( 3) 

 4  (83.5% ) 

 55  
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4.1 E  

AEX-HPLC 2 2 

 0.25 mL/min 2

 1 

3 0.25 mL/min 

2 2 2

 (MV) 1.5 mL/min 

 (Ex) 295 nm  (Em) 330 

nm  

 

 

  

ON
OFF

1

Auto
sampler

1

MV1

2.5mL

Fluorescence
detector
Ex 295nm
Em 330nm

MV2

2
3

2 43

2

3 4 5

1

ON
OFF

MV1

2.5mL

Ex 295nm
Em 330nm

MV2
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4.1  

 

 

4.2  
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3-2  

HDL LDL VLDL

 4.2 Aa~e 

 6  (  4.2 Ae) HDL LDL VLDL

 15 - 20 30 - 35 45 - 45  2 

 (  4.2 Aa-c) (  

4.2 Ad)  - -tocopherol 

 4.2 Ba  -tocopherol  4.2 Bb  

-tocopherol  4.2 Bc 

 ( 1)  ( 2) 
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3-3  

E

-3 { 32

TC = 4.78 mmol/L (184.8 mg/dL) TG=3.61 mmol/L (319.8 mg/dL)}  -4 {

53 TC = 4.55 mmol/L (175.9 mg/dL) TG=0.95 mmol/L (84.2 mg/dL)} -5 

{ 56 TC = 5.02 mmol/L (194.1 mg/dL) TG=1.86 mmol/L (164.8 mg/dL)}

-6 { 45 TC = 5.43 mmol/L (210.0 mg/dL) TG=1.83 mmol/L (162.1 

mg/dL)}  

5  tocopherol 

 4.3 HDL LDL VLDL  - 

-tocopherol  5  

4. 3  4.73 - 

12.84 %  7.00 - 14.73 %  

 HDL LDL VLDL

 E - 

-tocopherol  92 - 109% 90 - 114%  ( 4.4)  

10 - -tocopherol  E 

 - -tocopherol 

- -tocopherol HPLC

- -tocopherol 

85  8% 93  5% ( 4.5 4.6)
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4.3  E  

         

   ( n=10 )   ( n=10 ) 

  Mean SD CV  Mean SD CV 

  (μmol/L) (μmol/L) (%)  (μmol/L) (μmol/L) (%) 

-4 -tocopherol (HDL) 0.74 0.07 9.15  0.78 0.05 5.94 

 -tocopherol (HDL) 6.70 0.47 7.00  7.09 0.46 6.53 

 -tocopherol (LDL) 0.68 0.06 9.19  0.70 0.05 7.51 

 -tocopherol (LDL) 7.04 0.58 8.21  7.27 0.45 6.23 

 -tocopherol (VLDL) 0.30 0.04 14.73  0.32 0.04 12.84 

 -tocopherol (VLDL) 2.52 0.23 8.99  2.69 0.22 8.20 

-5 -tocopherol (HDL) 0.78 0.08 9.73  0.74 0.04 5.54 

 -tocopherol (HDL) 5.29 0.50 9.44  5.22 0.26 5.05 

 -tocopherol (LDL) 1.05 0.09 8.79  1.04 0.05 4.73 

 -tocopherol (LDL) 8.73 0.69 7.93  9.07 0.57 6.30 

 -tocopherol (VLDL) 0.73 0.07 9.15  0.73 0.05 6.31 

 -tocopherol (VLDL) 6.37 0.60 9.39  6.65 0.39 5.84 
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4.4  E  

        
 (μmol/L)  (μmol/L)  (μmol/L)  (%) 

-tocopherol (HDL) 0.53  0.21  0.20  92 
   0.32  0.33  101 
   0.43  0.44  102 

-tocopherol (HDL) 3.86  2.22  2.01  90 
   3.33  3.74  112 
   4.44  4.92  111 

-tocopherol (LDL) 0.80  0.52  0.49  93 
   0.79  0.77  98 
   1.05  1.14  109 

-tocopherol (LDL) 9.33  7.27  6.91  95 
   10.90  11.68  107 
   14.54  16.64  114 

-tocopherol (VLDL) 0.45  0.59  0.54  92 
   0.88  0.92  104 
   1.18  1.23  105 

-tocopherol (VLDL) 5.64  14.81  16.07  108 
   22.41  24.10  108 
   32.42  32.14  99 
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4.5  -tocopherol  E  

-tocopherol  

 - tocopherol  
HDL LDL VLDL    

(HDL+LDL+VLDL)   
 

No.  (μmol/L)  (μmol/L)  (μmol/L)  (μmol/L)  (μmol/L)  (%)  

1 1.18  0.93  0.37  2.49  2.84  87  
2 0.90  0.78  0.20  1.88  2.35  80  
3 1.81  1.20  0.35  3.36  4.39  76  
4 0.45  0.79  0.41  1.65  1.73  95  
5 0.93  0.84  0.29  2.05  2.16  95  
6 1.38  0.88  0.28  2.54  3.40  75  
7 1.11  1.02  0.40  2.53  2.82  90  
8 1.13  1.22  0.46  2.81  3.01  93  
9 0.93  1.09  0.43  2.45  3.21  76  

10 0.77  0.89  0.71  2.37  2.90  82  
Mean 1.06  0.96  0.39  2.41  2.88  85  

SD 0.37  0.16  0.14  0.48  0.73  8  

 

4.6  -tocopherol  E  

-tocopherol  

 - tocopherol  

 HDL LDL VLDL   
 

(HDL+LDL+VLDL)   
 

No.  (μmol/L)  (μmol/L)  (μmol/L)  (μmol/L)  (μmol/L)  (%)  

1 6.18  6.66  2.00  14.83  14.98  99  
2 8.65  9.95  2.34  20.94  22.86  92  
3 9.68  7.34  1.75  18.77  20.55  91  
4 3.47  8.86  4.20  16.53  17.28  96  
5 6.99  10.09  2.67  19.75  20.32  97  
6 11.66  9.43  3.50  24.59  26.71  92  
7 8.84  10.25  2.83  21.93  22.58  97  
8 7.45  10.22  3.21  20.88  21.16  99  
9 7.20  10.59  3.35  21.14  24.67  86  

10 4.61  8.56  5.43  18.60  21.81  85  
Mean 7.47  9.19  3.13  19.79  21.29  93  

SD 2.40  1.33  1.09  2.78  3.38  5  
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 4.5  LDL   LDL  - -tocopherol/cholesterol 

 

LDL  50  LDL 

(male/female = 37/13  age = 52.8 + 13.8  TC = 195.6 + 25.9 mg/dL  TG = 

111.6 + 54.0 mg/dL) 
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3-5  - 

-tocopherol  

 69  E  

- -tocopherol  4.7 tocopherol

 (38 )  (31 ) 

 2012 5 VLDL - 

-tocopherol/cholesterol LDL 

 HDL - -tocopherol/cholesterol 

VLDL - tocopherol  -tocopherol 
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4.7  

 NS  

       P 

 (n=69)  (n=38)  (n=31)    

 Mean + SD  Mean + SD  Mean + SD   

 (year) 39.4 + 8.0  39.4 + 9.1  39.5 + 6.6  NS 

BMI (kg/m2) 22.9 + 2.6  21.7 + 2.1  24.4 + 2.4  <0.00001 

sBP (mmHg) 110.9 + 12.1  108.0 + 10.9  114.6 + 114.6  <0.05 

dBP (mmHg) 71.6 + 8.9  68.8 + 7.2  75.0 + 9.7  <0.001 

TC (mmol/L) 5.06 + 0.83  4.55 + 0.59  5.70 + 0.70  <0.00001 

TG (mmol/L) 1.37 + 1.79  0.68 + 0.25  2.21 + 2.42  <0.00001 

HDL-C (mmol/L) 1.49 + 0.37  1.64 + 0.34  1.31 + 0.34  <0.0005 

LDL-C (mmol/L) 3.30 + 0.90  0.87 + 0.53  3.93 + 0.87  <0.00001 

VLDL-C (mmol/L) 0.44 + 0.61  0.19 + 0.09  0.74 + 0.81  <0.00001 

-tocopherol (HDL) (mmol/mol-cholesterol) 0.62 + 0.19  0.59 + 0.16  0.65 + 0.23  NS 

-tocopherol (HDL) (mmol/mol-cholesterol) 5.20 + 0.84  5.20 + 0.83  5.20 + 0.87  NS 

 -tocopherol (LDL) (mmol/mol-cholesterol) 0.32 + 0.11  0.32 + 0.09  0.32 + 0.13  NS 

 -tocopherol (LDL) (mmol/mol-cholesterol) 3.23 + 0.60  3.25 + 0.62  3.20 + 0.60  NS 

 -tocopherol (VLDL) (mmol/mol-cholesterol) 1.74 + 0.84  2.18 + 0.79  1.20 + 0.53  <0.00001 

 -tocopherol (VLDL) (mmol/mol-cholesterol) 12.74 + 3.88  13.83 + 4.49  11.39 + 2.40  <0.05 

γ/α-tocopherol (HDL) (mol/mol) 0.116 + 0.034  0.110 + 0.030  0.122 + 0.038  NS 

γ/α-tocopherol (LDL) (mol/mol) 0.097 + 0.029  0.095 + 0.025  0.098 + 0.034  NS 

γ/α-tocopherol (VLDL) (mol/mol) 0.133 + 0.055  0.158 + 0.052  0.103 + 0.041  <0.00005 
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8 - 12 mol 115 LDL  

-tocoherol CAD  2.4  1.0 mmol/mol  2.9  1.1 

mmol/mol 108  HDL

LDL  VLDL  -tocoherol 

 0.62  0.19  0.32  0.11 1.74  0.84 mmol/mol

 -tocoherol 5.20  0.84 3.23  0.60 12.74  

3.88 mmol/mol (  

4.7) VLDL  -tocoherol  -tocoherol 
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