(lipoprotein)
apolipoprotein

21

apoprotein (apo)
(receptor)

Lipoprotein class  Density(g/ml) - TG:Chol Ratio Major lipid class — Major apolipoproteins
Digtary triglycerides  B-48, A-l, A-ll

(adipose tissue)
apoprotein

2.1
Chylomicronand ~ « 1.006
Remnant
VLDL < 1,006
IDL 1.006-1.019
LOL 1.019-1.063
HDL 1.063-1.210
Lp() 1.055-1.085

101

51

11

NS
NS

NS

Endrogenous
Triglycerides
Cholesteryl eaters,
Triglyceride
Cholesteryl eaters
Cholesteryl eaters,
Phospholipids
Cholesteryl eaters

AV, c-lifc-lll, E
B-100, C-I/CAl,
c-lll, E

B-100, E c-ll/c-Il

B-100, ()
A, AL AV

B-100, (3)

*VLDL = Very-Low-Density Lipoprotein, IDL = Intermidiate-Density Lipoprotein, LDL = Low-density

Lipoprotein, HDL = High-density Lipoprotein, Lp(a) = Lipoprotein a, NS = Not significant (triglyceride

is less than 5% of LDL and HDL)



(exogenous  pathway) 21
(Endogenous pathway) 2.2

21 Exogenous pathway [30]

Exogenous pathway [30]

chylomicron chylomicron  remnant
(free cholesterol)
(free fatty acid) esterify
free cholesterol TG cholesterol ester (CE)
apoA-|, A-lVv B-48
chylomicron  nescent
chylomicron apoC-l  E  HDL-C apoA HDL-C
chylomicron  apoC-ll lipoprotein lipase TG
chylomicron  remnant chylomicron  remnant Low-
density Lipoprotein related protein (LDLRP)  apoE Low-density Lipoprotein
receptor (LDLR) 21



2.2 Endogenous pathway ' ° ' apoB-100
[30]

Endogenous pathway [30]

2 apoB-100
apoA
L apoB-100
VLDL-C, DL-C  LDL-C
VLDL-C TG apoB-100
nascent VLDL-C apok, G-l apoC-lll (apoB-100
E  apo LDLR  apoC-l  cofactor lipoprotein lipase)
VLDL-C lipoprotein  lipase
chylomicron VLDL-C IDL-C
IDL-C LDL-C

LDLR

10



il

LDL-C CE apoB-100
CE LDLR endocytosis

2.3 Endogenous pathway apo-A
[30]
2. apo-A
HDL-C
HDL-C HDL-C
phospholipid apoA-, Al free
cholesterol ApoC-II, I E  VLDL free cholesterol
Lecithin Cholesterol Acyl Transferase (LCAT) free
cholesterol  CE CE
HDL-C free cholesterol CE
HDL-C HDL-C CE
IDL-C  LDL-C TG Cholesterol Ester Transfer Protein (CETP)
2.3 HDL-C HDL-C

HDL-C anti-atherogenic lipoprotein
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2.
(atherosclerosis)
(cardiovascular diseases) (coronary
heart disease) (cerebrovascular disease)
(peripheral arterial  disease)
[1-3]
L TC
2. LDL-C
3. TG VLDL-C
4, HDL-C
o) 2
2.1 32]
3 ,
1 (primary dyslipidemia)
2. (secondary dyslipidemia )
3. (dietary dyslipidemia)

(primary dyslipidemia)
polygenic
hyper-cholesterolemia, familial combined hyperlipidemia, familial hyperlipidemia (FH),
familial triglyceridemia, familial hypoalphalipoproteinemia  dysbetalipoproteinemia
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(secondary dyslipidemia )

LDL-C hypothyroidism,
cholestasis, nephrotic syndrome, thiazide, progestogens, cyclosporine
TG
estrogen,  beta-blockers,
glucocorticoids, thiazides,  HIV protease inhibitors HDL-C
anabolic ~ steroids, testosterone,
progestogen  beta-blockers

LDL-C

TG
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2.2
221

Framingham Heart study [33]
Multiple Risk Factor Intervention
Trial  (MRFIT) [34]

TC 180
primary
prevention trial 85 14
19 4714 secondary prevention
trial 6 23
9 3514
[15, 35]
NCEP
LDL-C [5, 29]
2.2.2 HDL-C
HDL-C
HOL-C' 4
10 [36] Rubins
[37] HDL-C
40 HDL-C 6
22
24
HDL-C 40

NCEP ATP I



223

TG
TG
HDL-C (insulin resistant)
meta-analysis TG 88
76 3l
, TG 200
Non-HDL

Non-HDL = TC -HDL

[38]

1G
NCEP
Non-HDL



5, 29]

31
National Cholesterol Education Program (NCEP)

5, 29]

2.2

2.2

LDL cholesterol (
< 100

100-129

130-159

160-189

>190

Total cholesterol (
<200

200-239

>240

Triglyceride (
<150

150-199

200-499

>500

HDL cholesterol (
<40

>60

2 )

YN

INGKOR

20

16

NCEP ATP I

Optimal

Near or above optimal
Borderline high

High

Very high

Desirable
Borderline high
High

Normal
Borderline high
High

Very high

Low
High
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10-year risk for CHD

2.3
2.3 (major risk factor)
> 45 >55
55

55 65

(BP > 140190

)
HDL-C < 40

1

5, 29]

HDL-C > 60

17



24 [41]

LDL-C o LDL-C TLC LDL-C
(1) (1) ()
(high risk) - < 100 >100 >100*
<0 (<100 ./ .
10 > 20) [42] ( G ) )
(moderately high risk) <130 >130 >130*
2 0 | (100-129 ./ .
10 10-20) ( "R ) )
(moderate risk) .
2 <130 >130 >160
10 < 10)
(lower risk) : >190
1 < 160 >160 (160-189 ./ .
)
30- 40

200-499 [ ' non-HDL



NCEP ATP I LDL-C
Framingham heart study [33]
(primary prevention) (secondary
prevention) [14] LDL-C
HDL-C
TCHDL-C
55 [41]

meta-analysis [5, 39-40] TG
(independent risk factor)
NCEP ATP Il VLDL-C
LDL-C VLDL-C non-HDL-C
(secondary target) V) ! TG > 200
non-HDL-C 25



20

25 non-HDL [, 39-40]
Non-HDL Goal**
( 2 )
<130
( 10 > 20)
: < 160
2
( 10 10-20)
2 < 160
( 10 < 10)
1 <190
3.2
321 ?  (Therapeutic Lifestyle Change, TLC)
NCEP ATP Il TLC
LDL-C

LDL-C



2

NCEP ATP I (macronutrient)
2.6
LDL-C
(1) [43]
1 LDL-C 2
1 LDL-C 2
1 (
)
(2) 2 (monounsaturated)
(oleic acid) (polyunsaturated)
(linoleic acid)
LDL-C
(3) (trans fatty acid)
(trans configuration)
L
LDL-C S
(4) LDL-C
' [44-45] 5 10
LDL-C 5
(5) (plant sterol/stanol ester)

2-3 LDL-C 6-15



2.6

(polyunsaturated)
( onounsaturated)

20-30
(soluble fiber) 10-25

HDL-C  [46]
30 3

220 ()

HDLC  [47]
[48]

[40]

25- 35
]
10
20
200
15
50-60
TG [46]

60-85

coagulation factors
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TLC
6 TLC
TLC 6
TLC 4-6
3.2.2
5
1 HMG CoA reductase inhibitors ~ statins
2. Fibric acid derivatives - fibrates
3 Niacin nicotinic acid
4. Bileacid binding resins hile acid séquestrants
5. Cholesterol absorption inhibitor

1. HMG CoA reductase inhibitors (statins)
HMG CoA reductase inhibitors statins
statin 5

fluvastatin, pravastatin, simvastatin, atorvastatin -~ rosuvastatin

HMG CoA
HMG CoA reductase
statin LDL-C
(LDL receptor)
receptpr-mediated clearance  LDL-C statin
VLDL-C TG
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Statin LDL-C
statin LDL-C 25 60
LDL-C 6 [42)
statin TG atorvastatin -~ rosuvastatin

TG TG TG
statin TG statin

HDL-C 512 [42]

statin
statin
pravastatin
(hepatitis) statin
2 flu-iike - symptoms
2-3
statin
(myopathy)  statin

statin
cytochrome P450 cytochrome P450 3A4 ~ 2C9  macrolide antibiotics,
azole antifungals, HIV protease inhibitors  cyclosporine statin

statin

cytochrome P450  pravastatin statin niacin fibrate

1

statin [49]



2

2. Fibric acid derivatives (fibrates)
Fibric acid dervatives  fibrates G
gemfibrozi, fenofibrate  bezafibrate

fibrate TG 25-55 fibrate
TG VLDL-C (clearance) triglyceride rich
lipoproteins fibrate (short chain fatty acid)
(fatty acid uptake) beta-
oxidation TG fibrate
lipoprotein lipolysis lipoprotein lipase
apoC I lipoprotein lipase
fibrate
fenofibrate gemfibrozil fibrate
biliary cholesterol concentration
(myositis)
fibrate statin warfarin fibrate
warfarin warfarin 30

3. Niacin (nicatinic acid)

Niacin nicotinic acid B3
niacin LDL-C
20-30 TG 30-50 HDL-C 15-30 niacin
nicotinic acid receptor
HM74 [50] TG
VLDL-C VLDL remnant LDL-C
HDL-C  niacin apoA-| niacin
small dense LDL large buoyant LDL lipoprotein(a)  Lp(a)

30



2%

niacin
niacin (flushing)
5 3
niacin
(Slow release niacin)
3 niacin
Niacin insulin  resistance
2 insulin
resistance
. hiacin
Arterial Disease Multiple Intervention Trial (ADMIT) [51]
niacin (immediate release crystalline niacin)"
3 1
HbALC

statin fibrate

Niacin (hyperuricemia)

(peptic  ulcer)
niacin



21

4. Bile acid binding resins (bile acid séquestrants)
Cholestyramine  colestipol ~ hile acid binding resins

(distal ileum)  enterohepatic recirculation

LDL  receptor LDL-C
VLDL-C
1G 1G

Cholestyramine  colestipol LDL-C 10 30
20 [52] bile acid binding resins
statin
(familial
hypercholesterolemia)

bile acid binding resins

bile acid hinding
resins cholestyramine hyperchloremic acidosis

bile acid binding resins
(polar compounds) digoxin, warfarin, thyroxine, statins,
thiazides, beta- blockers, folic acid
1 bile acid binding resins bile acid binding
resins 4-6
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5. Cholesterol absorption inhibitor
Cholesterol absorption inhibitor

LDL-C 12-18
LDL-C receptor LDL-C
ezetimibe
10 1 statin
4,
[20] .. 2004
3-hydroxy-3-methylglutaryl CoA reductase
1
3-nydroxy-3-methylglutaryl  CoA  reductase
79.1 1

3-hydroxy-3-methylglutaryl CoA reductase
naringin
3-hydroxy-3-methylglutaryl CoA reductase
1.06



Oku 23] .. 2006
disaccharidase
1-deoxynajirimycin (DNJ) 0.24 ' DN
1000
9%, % 99
30, 60
(p < 0.05)
Nitra [22] .. 2007 ! DNJ
7 LC-
MSIMS DNJ 2.24-3.08
DNJ 0.62-
161 047-0.9
Andallu [21] ...2001 ' randomized,
parallel-group
24
500
3 glibenclamide 5
! 30 glibenclamide
21 8
(p<001) TC, TG, plasma
free fatty acid, LDL-C ~ VLDL-C 12,16, 12,23 17
HDL-C 18 glibenclamide 16

10 (p < 0.0)



30

Mudra [25] .. 2007 randomized,
parallel-group
10
10 1
75 placeho 75 15
120
180 240
15+ 18 placeho
22+ 33 (p<0.005)
42 + 28
placebo 54 1 46
(p<0.002)
placeho
3
placeho
El-Beshbishy 53] .. 2005

randomized, parallel-group
500
(p0.001)
TC, TG, LDL-C ~ VLDL-C 3,2,3% 12



Enkhmaa [16] . .2005 3
(LDL receptor-deficient mice)

(atherogenic diet) 8 quercetin
3-(6-malonylglucoside) (Q3MG) LDL
modification 44.3 42.2

(p = 0.05) atherosclerotic lesion
52 Q3MG
TC (p<0.05)
(p0.001)
Ziaee [54] .. 2009 rutin
rutin
[18, 55] Ziaee rutin 10
100 lovastatin 10
rutin- 100
lovastatin 10 4
rutin 10 100
rutin lovastatin lovastatin 1C
(p < 0.001) 211, 176, 184 147 (p < 0.00)
LDL-C ! (p<0.001)

484,475,552 594
16 HDL-C



Harauma [19] .. 2007
atherosclerosis apolipoprotein E
1 12
lag time lipoprotein
oxidation (p<0.05)
atherosclerotic - lesion 40
1,1-diphenyl-2-picrylhyd raxyl
(DPPH)
Fallon [56] .. 2008
30, 20 50
(pellet form) Fallon 05, 3.0
6.0 4
30 60
TG HDL-C (P<0.05)
Lee [57] .. 2008
3
(Artemisia capillaris)
1-deoxynojirimycin, rosmarinic acid 6, 7-dimethylesculetin
12 74 (p < 0.05)
(adipose tissue) 289 (p < 0.001)
(p < 0.001)
6 TC

03(p<00) 216 (p<005)



Lee
peroxisome proliferator-activated receptor-a (PPAR-a)
MRNA
PPAR-a MRNA
long chain acylCoA dehydrogenase (LCAD), medium chain acyl-CoA

dehydrogenase (MCAD)
22 (p<0.05) 16 (p< 0.01)
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