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.s ¢ free cholesterol
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¢ cholesteryl ester

¢ phospholipid
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Table 1 Characteristics of human lipoproteins e
Density Electro- source Apolipo- Molecular Diameter
protein (g/mL) phoretic proteins major & W eight (10°) (nm)
M obility minor (Italic)
~ 0.93 Origin Intestine C I, II, IITI : B-48 50-1,000 80-1200
lomicron A-1, 111V, E
VLDL 0.93-1.006 Pre-beta Liver B-100 10-80 40-80
CI, II, III, E
IDL 1.006-1.009 Slow pre- Catabolism B-100 5-15 30-40
beta of VLDL CIII, E
LDL 1.019-1.063 Beta Catabolism B-100 ~ 3 18-30
of IDL C
HDL 1.063-1.21 Alpha Liver, A-1, 11 0.36-0.20 5-12
intestine CILIILIIIE,D
oprotein (a) 1.050-1.100 Pre-beta Liver B-100 & apo(a) ~ 5 25-35
Lp (a) (sinking

pre-beta)
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+ lagwlusienaaaassad  triglyceride,

cholesterol, phospholipids, LA
glycolipids  @MInUINENG Y] U
. =Y (1 =1 a Y 1
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. 1.Lipid and Lipoprotein constituents

.s ¢ Fatty acids

w ¢ Triglycerides (TG)
. ¢ Cholesterol

¢ Phospholipids

p
.

¢ Prostaglandin (PG)
s ¢ Apolipoproteins (apos)

v
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1.1. Fatty acids
> Y

. Hluasrdsznauuas triglyceride WaE phospholipids

¢ Short chain fatty acids (4-6 carbon atoms)

% wiivaanlaily 3 nguAmINAIUINazAaNUaY carbon

¢ Medium chain fatty acids (8-12 carbon atoms)

-
Py
P

¢ Long chain fatty acids (> 12 carbon atoms)
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.Q 1.1. Fatty acids cont.
|

I (] I o
.su,maamﬂu 3 NANAINATUIU double bonds

w UR9 carbon atoms AR

. ¢ Saturated fatty acids (no double bond)

'. ¢ Monounsaturated fatty acids (one double bond)

&

w ¢ Polyunsaturated fatty acids (two or more

. double bonds)

' s




1.2. Triglycerides (1G)

O

|l
H,C-0-C-R,

|
R -C-O-CH

| J
H,C-0-C-R,

O

R, R,,R, = fatty acids




.3 1.2. Triglycerides (1G)

| RS luanalsznauss fatty acids 3
AN Tuana waz glycerol 1 Tulana

a ] ]

W ¢ TG A saturated fatty acids 1Huasmisznau
g e~ = a v @ o

r azitluly e NguupARasazwlan (fat)

IWS1ZAIEUDY carbon chain LUULAUATIDA
rs NULUY
W asdisznau @1mwas carbon chain arlAg
.s IDAHDALUE 9N anziiluaaatan (oil)
7 luanupiinas

* TG ﬁﬁ unsaturated fatty acids Ly
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Sources of Triglyceride
v i

W ¢ TG daulunynlaanning
. . 419INA  LNRAMIRAZIY

. emu fatty acids @ﬂ"lunau polyunsaturated fatty
.s acids daSeasanuy cis-form ag laiiluluwd
maﬂ"lumﬂu (4°C)

.Q* TG laarnladugmnd

. &I‘IJ‘MN

I (] . (]
s . Gedawlunjaziilu saturated fatty acids aziilu
& Taluguugiias
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&Lmaﬁmméwmﬂlé’%’u TG an

|

. * 211519 (exogenous source)

* ﬂ’]?ﬂ?’N wmu LL@“’L%@LEI@@‘N (endogenous

.s source)

(] (] I (- I
W ¢ suamgaziny TG iluunaanasnulutdag

AN FTUINNNALATTINDADINNG TG IUWAIUFS

" . srameanuszanlanulusl TG 95%

&
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.Q TG NNUUIN
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AV o Juauiupnndau Teasiuinuazanluas

W sty

.s ¢ s9n1gdn TG L ldNuazdaanalu fatty
7
P
o
Py
v

. Yo o P (] [
acids lwnutdaainliidas it unasanu

@21 glycerol gnunaulyl recycle 519 TG
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* Tasrld enzyme hepatic lipase (HP) ﬁﬁu &
lipoprotein lipase (LPL) 3@!\1 LPL Lﬂ’lzaﬂ‘ﬁ heparan
sulphate stalks 1i3120UNIIMADALADA LiD
Chylomicrons #3a VLDL @4 TG ge asi

UsLIUNaanALaan TG gneasdans

¢ ﬂ’ﬂ‘ﬁuuﬁﬂ’mqu epinephrine LA cortisol AZANR
sia adepose cells Atusiuaanilaguudalugll
2949 VLDL uazilaas TG aann1bdiilunadsu
LNALURINRI UL R AL (glucose) URITINNNE
UNA )



Q 1.3. Cholesterol

5

@

Q & T,m@nmmﬂ”lumtﬂu unsaturated steroid alcohol

+ fasAdsznaumilu perhydrocyclopentanophenan
.s -threne (sterane) ring WATHN side chain NN 8

carbon atoms .
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.$ Source of cholesterol

+ §19nN18 AU cholesterol @ﬁﬂ’ﬂ’]%'\ﬁﬁu’]@’lﬂ
andtludaulual  dnAsrennelasy
cholesterol a1Na11%157uUaE 100-700
mg/day (Hluaimaslndu < 300 mg/day)

* @519 cholesterol lan1glus1enng

AALASI9TUBNIUAT 500-1000 mg/day WAZ

. Lﬁm’éaﬁuq 600-1000 mg/day
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¢ 70% 4849 cholesterol Lﬂ‘i_lﬂu'&&l‘l_lﬁmmm‘nuﬂ

Q Function of cholesterol
LERA LN L"ﬁ@ﬂﬂa’lmu’a ‘Iqm“ﬁ@a“l“ﬁ cholesterol
Tu nsasuazdanusnniaTas  30% wnulugil

7 284 lipoproteins WAL lIUARAUTIFAL

.s * 2 lu 3 2ma cholesterol luiaanasilugyl

esterified ﬁm%‘aagﬂugﬂﬁﬂiz

(~1 & o a L
.Q ¢ Cholesterol tLUg1sAIAULIUNITHNAR BRTLNUY
(steroid hormones : progesterone, glucocorticoids,

s mineralocorticoids, androgen, estrogens) bile acids
. lWaE vitamin D
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1.4. Phospholipids
g ettt

Phosphoglyceride

R| =-H = Phosphatidic acid

=-CH ,CH,-N'H, =Phosphatidyl

ethanolamine*

= CH ,CH, - N'(CH,), = Phosphatidyl choline

= CH ,CH-COO = Phosphatidyl serine

+
N'H,

* commonly known as inositol
25
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1.4. Phospholipids

* 19 phospholipids glycolipid &g cholesterol
1luasAlsenauaainiy iag

.s + phospholipid tHlulnianawan amphipathic
s : Gﬁﬂumuﬂmwm‘tmanmﬂu polar hydrophilic

v
¥

(water-loving) Sludouiazanatiild was

. dousurasiuianatiluwan non-polar
hydrophobic (water-hatlng) Faiflu fatty acids

.Q Taiazansuin
% : msuimanmmuu wnnzRazyinmi T unun

Lﬁﬂﬂﬁl@ﬁ‘”‘lﬂ’ﬂﬁ&lu\i YR dluﬂ']ﬁ‘W’]ﬂ’]%‘ﬁ’N °l L°1I’]
’ﬂ’ﬂﬂlfﬁﬂﬂ
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.Q 1.4. Phospholipids cont.
7’

.s * phosphalipid 1 Tuvana Usznaumds fatty

w acids ZTNL’&Q@ WAL phosphorylated glycol
.s 1 Tuiana

g
o~
v

* @9 fatty acids 2 lawana Uddulugias

(] (]
11w 14-24 carbon atoms iU saturated 1
Tarana waz@n 1 Taianailu unsaturated
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.Q 1.4. Phospholipids cont.

s* splngomyelln Ly phosphollpld TunRaLgan

mummm‘vﬂm amino alcohol Vl°ﬁ'm’1$p|ngosme
LY glycerol

spingosine

OH H

||
HC-C=C~(CH ,),,CH,

spingomyelin
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AN 15. Glycolipids

Fatty acid

s OH H
. HC - (l:= C-(CH,) ,CH,
H,N- CH
.Q d.on
Sphingosine

Q (Sugar containing lipid)

.5
7

O
|l

R- C}

OH H
|,

HC -- C = C~(CH,) ,CH,

|
HN- CH
|
CH,OH

Ceramide
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Q 1.5. Glycolipids
w * 11lW sugar cortaining lipids Gmﬂ'iwﬂ’a‘l_lﬂ’m

o~

spingosine TEY fatty aC|d N LAY amino
groyp WAL sugar Lmvmm alcohol group
‘ﬁﬂﬂﬂiﬁ\lt@ﬂﬂuﬂ@‘“ﬂﬂtﬁﬂﬂ’ﬂ ceramide L4

- galactosylceramide Q% glucosylceramide

* gangliosides Lﬂu'lmuuuanwwuwﬁamm
L IARAND emmwmn ceramides LA
glucosphingolipids

o 'VIN‘LNL‘ﬁﬂﬂﬂ‘].l'ﬂlﬂ‘ﬂﬂﬁﬂﬂ.lol,uw"ﬂ\‘lﬂﬂﬁ‘QﬂQ’]
UVDILLEAR (recognition) WAL blood typing
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é 1.6. Prostaglandins (PG)
o
P
We o @9 PG AunumAAnlungzUIUNITNING
.s 43998 )

7’

o

7
o
v

¢ L"T]u Long-chain polyunsaturated fatty acids
ViL38N21 eicosanoids TH 20 carbon atoms
Tmadl 5-carbon (cyclopentane) ring

¢ PG @5 nuaaLnaunntin tagld
arachidonate Nu polyunsaturated fatty acids

* PG wanuusaanlaily PGA waz PGl
PG-related compounds (thromboxanes,
leukotrienes)
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1.7. Apolipoprotein (apo) i 5 ¥

Apo A
Apo B
. Apo C
. Apo E
. Apo (a)
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.Q 1.7. Apolipoproteins (apos)

&

(lipoprotein particle)

[~3 P v [~ (-
+ 1 1uldshAulATIRS195a LU NARILN A LU U

w o Y G - I %J
s ¢ apos VN LUMLNAANUAae L UFIULDIUN

lunszudLaan

o AL

WnalgnsenlunssuunisiL

&

aautinluNy Taan apo 11

"
P
v

B4 €

(] Q - v v
¢ apos Lﬂuﬂ’éﬂﬁ$ﬁ]‘uttﬂ$ﬁl')‘lﬂ’1&lﬂ’1€

aguLLlag
QUNL

receptor NUNITANUTDULUDLED PURIU
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Q Apo A

.g o Lﬂu‘l‘,ﬂmuiﬂsmmwaﬂmaﬂu HDL

W2 ¢ 39dUA AD

ﬂ  Apo A |
\

.Q + Apo A 1l LA

« apo A IV

-
Py
P



$ Apo B

. Lﬂumfman"lumﬁ binding 521319 LDL N
LDL receptor WIuUINUUaE cholesterol bl

s TALiaasg o

*"lu LDL 3 Apo B > 95% aadlilsmunaviun

=

s* Apo B d 2 isoform ﬂ’a

* Apo B-100 mﬂ,umu ‘IN apo B-100 wu'ly
VLDL , IDL Ltau LDL

.Q - Apo B-48 aglualdlan @21 apo-B-48
W‘Llclu chylomlcrons

=

.s ° ‘m apo B-48 d amino acids 48% Tugag
WSNLUNAW apo B-100
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.Q Apo C
\

(] - v a1 Y
.s + itupananndigluni1sds19uLas
‘é a8 1Ny d9d 3 1UR AD

S
&
v

Apo C |,

Apo CIl Ltag

Apo CllI
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Apo E

+ gaelun1sauuad Lipoprotein (LDL, VLDL
waz HDL) nu LDL receptor Waz
specific chylomicron remnant receptor

* FIVNURUINLUNI9AUOE cholesterol 11l
plasma waznszang cholesterol biflu
LUBLERRANY ©)

* y ag 3 isoforms AR apo E-2, apE-3,
apo E-4

I = (1 v &
* lupuuspazAauazdl genotype LLULANS
homozygous A& heterozygous
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.Q Apo E cont.
& ¢+ apo E-2 ld&1xN150auny LDL receptor H
v s‘ NANTENUADTLAU cholesterol FUNSELALADA

w * pulunay apo E-2/2 phenotype qzmﬂlﬁugﬁ
. BN Type lll hyperlipoproteinemia

' .

¢ Apo E-3 wAar apo E-4 @13158 bind lARNL
LDL receptor

0°luﬂu17i§ phenotype apo E-4 (4/2, 4/3 wag
4/4) TpaLaaadszaAU cholesterol g4n91 10%
13RI UNANNH apo E-3 (3/3)




y
.Q Apo (a)

I a
s ¢ Lﬂutmﬂqzw glycosylated

apolipoprotein badnsl

.s *Taed 70% ARILASIATINLNAU
w plasminogen

.Q * apo (a) WAl isoforms NAUALNLANA
AILA 300-700 kDa degnaruanine

.s ‘W‘Llﬁﬂ?i&l

v
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av 2. Lipoproteins
7
Py
\

nan lesduwanaqe  ultracentrifugation
P

¢ WUNNANAINANNRUILUUBAZNG
a = Y I
aaaunluauiniiiy - ledungan 4

w  chylomicrons

 VLDL
- LDL uwag
« HDL
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2. Lipoproteins cont.

* usaznguuuTANuLAnA1lY
- asnsznaulusiuvwazProteins
© UUIA WAL
- AN L%iﬂﬂumﬁfiaiﬁﬂLﬁ’mﬁamdaﬂamﬁu

* NMFUURY cholesteryl ester LAY trlglycerlde
saunuLtluneam  UNNU (particles) TaNAIU
wanazargludsazansluiaan 11y
apolipoproteins, phosphollp[ds WAL free
cholesterol (polar groups) Nka Na14 particles
1l cholesteryl ester Qg triglyceride (non-
polar groups)
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5-10%
15-20°%

-. Free cholestemd
_: Cholestersl ester
i Triplveerides
2 Phespholipid
Pratein

M-75% |

\ Plaxma cholesterd
h distriblinn

Iu Chylomicron
\ (Apo C, B-34, A-Ij [ (Apo C, B-100, E)/

_ : L :
| i SR TBHr. (AoA-LIN
. -._____.-"' RS [Apo TE-200) d
T = __.-"-. I ||I[
i
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Table 2 Composition of lipid and protein in lipoprotein

Lipoprotein Type of lipid % Protein (%)
CE TG PL

Chylomicron 1 2-4 90-95 2-6 1-2

LDL 6-15 | 35-45 4 22-26 22-26

VLDL 4-7 8-14 | 50-65 | 12-16 5-10

HDL 5 15-20 3 25-30 45-59
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Chylomicron
™ B Pre-p o )

g in LDL VLDL HDL




y
2.1 Chyvlomicrons
v y

+ 11w lipoprotein NTURA LN q4n N
.s LWUKNAUENAN 80-1200 Nnm AITNUAUILUY
< 0.95 g/ml

s * eﬁqmﬁﬂfivnaudqﬂmﬁﬂu TG (90-95%)
. phospholipid (2-6%) taz cholesteryl ester
(2-4%) free cholesterol (1%)

.5 ¢ WAz apolipoprotein (1-2%) GINL‘IJu apoC
LA apo B-48 Lﬂumu"lum NFIUURLN

.s 111 apo E, apo A-l WAz apo A-IV




.s 2.1 Chylomicrons cont.

.s * WU TURY TG LAZUNFIUUDY

S

o U @ [V 1 1
cholesterol A nanlaLan lUeId2u g °] AR
599N ¢l

o mqvnﬂﬂammﬂuummﬂ”lu 6 dalng Imel
Unfiazluiny chylomicrons ‘lulaanuainuan

.s AT 12-14 H2laa

. mnwumuﬂﬁuuwﬁammﬂu‘lmummnu,°1i
.s mﬂu (4 °C) UINAU LAMAIIN AL ﬂmm
' mmnum'smqmlmuuaanmn NSZLLALARDM
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.
2.2 Very-low density lipoprotein (VLDL)
&

L - B VLDL iilusnaugds TG NAS199NHL
.s lilgiaaaa 9

e ¢ Trumadusngudnane 40-80 nm A
s AUWUW 0.95 — 1.006 g/ml

% ° T3 TG 50-65% cholesteryl ester 8-14%
.g phospholipid 12-16% , free cholesterol 4-7%

apolipoprotein 5-10%

¢ fﬁﬂﬁ apo C 40- 50% , apo B-100 30-40%
WA apo E 10-15%
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:‘ WINAULTIsULsENIuAIsluTTLIATY ﬂ\‘l
s * ATNTETAUIUALATIN TG

s Slun1siiNsEaUN1sES9 VLDL

‘é * N lrASIAaNU TG galunszus
LADALASYIN IATSNY WU

&

v
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V.
2.3. Low density lipoprotein (LDL)
.5 ty lipop

W ¢ @519’7neu LDL

.s * AUgS cholesterol annaulilgaidalEanu

L R NUUNALAURNIAUENATN 18-30 nm AN
.s wuuuw 1.019-1.063 g/ml 35-45%

w + dsznaumis cholesteryl esters 6-15% 11l
.Q free cholesterol 22-26% 11l1 phospholipid,
W 4% lu TG uaz 22-26%

.s + 11y apolipoprotein i@ apo B-100
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Q LDL cont.

¢ DL N?Iuﬁﬂﬁl’lﬂﬂul,l,@""ﬂﬂﬂﬂi“’ﬂ@‘ﬂﬂ FINaN 1

o

w +lgag density ultracentrifugation Ysalag
gradient electrophoresis gels

. ¢ 9uAUaY LDL azudsnisuunudsunmsuag
TG ‘ludsu

¢ LDL mummnLtavummumuuumn =N
mﬂmmamﬁ‘tﬂ‘iﬂﬁ‘ﬂ coronary heart disease

.s (CHD)
v .




y . Y .
2.4. High density lipoprotein (HDL)
gy TSy

< : i al & a

W ¢ 1iu lipoprotein NRAUIAANNFA

av NLAUNNAUENAN 5-12 nm ATNUUILLUY
1.063 — 1.21 g/ml

% o g5ansunazan ldLan
N
2

+ dsznaumaa 25-30% phospholipid, 15-20%
cholesteryl ester, 5% free cholesterol, 3%
.Q triglyceride Qg

‘ ¢ 45-59% apolipoprotein Fauilu apo A-1 70%

wag apo A-ll 10-23% dauuasLily apo C
LLaE apo E

* YYRAI 20-35 % total plasma cholesterol '



Q HDL cont.

¢ HDL #1940 LDL ﬂ@ HDL Qzuuda
.s Cholesterol ndataasngs  nau bl

val o

TUNAY (reverse transport)
* HDL LU9lR 2 NANAITNAINUUILUY

53 fo
. HDL3
.Q * HDL, Naualuaiuazdlusiuuinnin

w ~2
P
v

HDL, WAz

HDL, uag
¢ HDL, umwmmed’lumﬂum

Cholesterol AINLUR Lilﬂ‘lﬂ el ﬁl‘l.lﬂ\'lﬂ’)’]



3 2.5.Lipoprotein (a) [Lp (a)]

* Lp (a) vilu LDL-like lipoprotein particle

.5 * Lp(a uﬁwmml,mvﬂfnuumwu
u,mnmanumuﬂuﬂﬁmmmm peptide

.s sequences L1381N91 kringles apo (a)
14 Lp Nﬂ’)'\&l‘lﬂu']LLuu 1.050-1.13 g/ mL

! * 91N electrophoresis DEFILUUI pre-p
. position

¢ AMNLINTUARY Lp (a) wisunaunu
s AUINAURILARNE isoform
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.Q Lp (a) cont.

L
.s * wnnddsanas Lp(a) ﬂﬂ@utﬂuﬂ@@ﬁl

R@eaalunisiinlsa

.3 « Coronary heart disease (CHD) ,

.Q - Myocardial infarction LA

 Cerebrovascular disease

o
Py
7
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Q Lp (a) cont.

“ ¢ Lp(a) UANBUSLUNDY phasminogen

A

s * Lp(a) wa9UNU plasminogen luil)ngan

~© o =" o Y a ~© @
NI1TLLUAIAIUABILARD A Vl']olﬁl,ﬂﬂﬂ']?ufﬂﬂmq
URILADA LUNARALADADEL U

* Lp(a) Husunauganulu 10-15% 1a3Au
TRLial

&

o ﬂ@fﬁ’ﬂﬁﬁw@ﬁimzﬁumm Lp( ) LT
s WUENTTH BN TRTR TEAUUD
N YL PITTIPIVAVSL SOy At S TP,
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\
.5 1. Lipoprotein physiology

w

.3 and metabolism
\
Py
7
Py
v




)

g
>
=
>

o
Py
7

¢ Lipid absorption
¢ Lipid synthesis
¢ Lipoprotein metabolism
 The Exogenous pathway
 Endogenous pathway
* The Reverse Cholesterol transport pathway
¢ Lipoprotein Receptors
 LDL Receptors
* Remnant receptors
* Scavenger receptors
¢ Effect of hormones
e Insulin
* Growth hormones
* Sex hormones
* Thyroid hormone
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$ 1. Lipid absorption

o quuum NITLWIEAINNFURIAULSINNTERY, AR
s AN, U lANUNALNI 79191 UN Lmeum"LﬂLam
. d2up199) Uszunne 60-130 nsNAMULUNIAD TG

s o wwmm"lamnﬂaﬂLLazLﬂ@ﬂu”lmuﬂummﬂ
. Tuu’] (amphophilic properties)

. 1A TG 15l monoglycerides, diglycerides
LLaE free fatty acids

. al =
. cholesteryl ester LUaguLily free cholesterol

* phospholipids lasuslu lyso-derivatives
.s sauAUUNG (bile salts) Hunanuny (micelles)
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P

* AUANLIALLIW amphipathic lipid

.s . Fdruaaslatuinliazanaui (non-
% polar group) BLATUIULAY

"
Py
v

phospholipid

1. Lipid absorption cont.

apolipoprotein

- UAIUVBIRITNFINITDRZA1LUN
(polar groups) LFENARE AU
UANTAL 9 NAAUINU
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p 2
1. Lipid absorption cont.
gV ! e

&

“ albumin
.50 fatty acids @18181717° monoglycerides WAL

W2 diglycerides gnaATNuATdsIe TG, |
.Q cholesteryl esters NALNILUN LATATTINNILA

¢ free fatty acids UM < 10 carbon atoms @N
= 0 . . o Y @
@Wﬁ&llﬁn’] microvillus membrane ﬂﬂﬂﬂ’]‘lﬂ LAN
NS LALADA LUSIAULAN carrier AD

Na192a9 chylomicrons tWaldlunszudiaan

* TG 1szutuw 90-95% wazcholesterol
dszanme 50% luanuisgnandunaibdian
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.
Q 2. Lipid synthesis

W 2.1. Triglyceride synthesis (TG)

. * Fatty acids Lﬂumau lugiaas TG meﬁaamu
lada sy Ltﬂvtumﬂmmmmvaue}

.s * NM9ASN TG Lﬁ&l"ﬂﬂ

© NN9NTERU fatty acids wlagwilu acyl-CoA
ester FIADINITWAINU ATP WAZ

.Q » annszuaunis tagld 2 Tatanauas acyl-CoA
ﬁfmlﬁ‘l_l glycerol-3-phosphate 11l phosphatidate
s °luﬁqmﬁﬂ’lﬁ‘ﬁ\‘im’l phosphoryl group ®28an LA
. \BNuy acetyl group ale TG
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2.2. Cholesterol Synthesis

o mmﬂummvmﬂm"lummmﬂ cholesterol
LHNINDTEITAU 9 “Rannsoasiale

S

N
G

S
AW+ cholesterol @%19ann acetyl-CoA 3 TNLaNA
'& §AINAINWLLY  3-hydroxy-3- -methylglutaryl
\-V- coenzyme A (HMG CoA) anuutdasulil
— 11134 mevalonic acid Tﬂﬂ enzyme HMG-
'& CoA reductase Q1)U mevalonic acid @n
\;' waguslaamaigdunauaula squalene
o anuuinslasunilaslunisBessiane
o qauuulihiily lanosterol wazliliilu

S

cholesterol

v

> :
4



.
.Q 2.2. Cholesterol Synthesis cont.
7’

.s * N158519 cholesterol luALgNAILANLAE

w - §S2AUURY cholesterol luL%ﬂﬁLLﬂz

N . MMSYIN9UARY HMG-CoA reductase 11U
7 AANIUUABAIINISHSIS cholesterol b
.! $19N"¢

W2« snanlasiunaratrinfaenisvinunis
.s 197U HMG-CoA reductase

' .




Q n19n1am cholesterol aanaINgINNIE

W

. 0‘Vlm_| cholesterol ‘LI’NﬂQuﬂﬂ
.3
w

.Q - chenodeoxycholic acid

asuli$ly bile acids Tal

 cholic acid Wa

W Lunstaslesivluamns
AN

v



$ 3. Lipoprotein metabolism

¢ NFTUIUNSLRYUFANY NITUURILASNIFUL
.s lipoprotein A2NAINTINILNAINN "'ﬁ‘].l"'ﬁﬂ‘l«! 3

- M99 (special receptors)

» 1auldsifng o
.s - transfer proteins (apos) LA
- AnluUN15AUHS

. * PAUNWSDI LUNITUURIULAZNITTUNIU DS
(~{ U P~ = -V
w cholesterol Lﬂuﬂﬁmqmaﬁ%‘ﬂmumaﬂmu B

s ( atherosclerosis )




.Q wu4d9 Lipoproteins d 3 uiii
7

.s * Exogenous pathway AUR9tUNUAINAIUIS L1
51 chylomicrons ananlavantusau

.s * Endogenous pathway augslasiuanaulugyl
VLDL waz LDL lilildateamne e

.Q ¢ Reverse cholesterol transport pathway it
HDL mum‘lmuummumﬂ@mm ﬂﬂ'i.lﬂﬁ]‘l_l
. LWﬂﬁlu%ﬂﬁﬁ‘ﬂu’lﬂ@HNﬁiﬂﬂﬂﬁ\l
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Table 3 Characteristics of human apolipoproteins and their variants
lipoproteins Functions Major source Normal Relative mass Isoelectric
plasma conc. (Mr) point
(mg/dL)
Apo A-I Major structural protein in HDL Liver &
Activates LCAT Intestine 100-200 27,000 5.3-5.4
Ligand for HDL binding
Apo A-II Structural protein in HDL Liver 20-50 17,400 5.0
Activates LCAT (dimer)
Enhances hepatic triglyceride
lipase activity
Apo A-IV Component of intestinal lipoproteins Intestine 10-20 38,000 =
Apo B-100 M ajor structural protein in VLDL & LDL
Ligand for the LDL receptor Liver 70-125 54x10° =
Apo B-48 Primarily structural protein in Intestine <5 2.6x10° S
chylomicrons
Apo C-I Activates lipoprotein lipase Liver 5-8 6,630 6.5
Apo C-II Activates lipoprotein lipase Liver 3-7 8,835 4.8
Activate LCAT
Apo C-III Inhibits lipoprotein lipase Liver 10-12 9,960 4.5-4.9
Inhibits receptor recognition of apo E
ApoE 2,3,4 Binds to LDL-receptor and
Remnant-receptor Liver 3-15 34,145 5.4-6.1
Apo (a) Structural protein Lp(a)
May inhibit plasminogen binding Liver <30 3-7x 10° 5.4-6.1

»are many minor apolipoproteins, such as apo D, apo J, apo H, apo F and apo G




Muscle cells Adipose Tissue

Triglyceride Metabolism pathway ﬁjﬁ @ﬂ
e

FFA
Chylomécron 4 Chylomicron
DHetary

Hsimnam]
" R Small o |
- - —i— L —
Triglycerides Intestine @ Lipspretc
I st

Exogenous pathway

Endegenous pathway

%\%\%ﬁ@\

.”—"L Figtplor (binds apo EB)
Eemnand recepior (hinds aps E)
FFA = free fatty acids FEA
HTLF = Hepaltic lipase

E__"--..
LFL = Lipoprotein Lipase %ﬁ@—* FFA

Muscle cells Adipose Tissue

l'l:'l'l'll1HI1-l 1ML




E sem-dian

Chidsestierd

& bl acids Chylmicron

i h}t-:-mli:r-:ln

Dlmn Ijr.'.pn'ﬂqlr. ]ll:l m s
| | -7 7

* Secretion
Exegenous pathway R ‘(”_’hdﬂﬂ'
- S S S e & bile nebds [ ——
= et

__‘__.-"'

-T04%% s

"--__“‘ ol 4 T b

_-_" * Crssign
A direral

WILIHL. = I:I'L._.h I _
B LD recepeor ibinds ape EB) remr oty [DL LEL F, I\f?-ﬂr'-“l-:s- tis
E Remnant receplor (hisds apo B modified LIL Ry
E:I&mnatrrmpdar 'pu-:'mphn&p |

Modified LD receoidori

Cholesterol Metabolism pathway



Dsc-shaped
IJ{__g_Yerse cholesterol transport pathway Nascent HIDL

Apo E-HIL

Chylomicron
Remnant Chylomicron

%*— > CF
o AN

FC= Free cholesterad
{'E= chnlesternl ester
LI recepdor {(binds apn FAIE)

@:- Remmnant receptor (binds ape K
IE;E!;l HIM. recepior {recopgnizes apn A=0)
LA T= lecithin-cholesterol noyltransfernse



()

(LCAT)

Table 3 Enzymes of plasma lipoprotein metabolism
Enzyme Major tissue substrates Function Location Cofactors
source
Lipoprotein Adipose tissue | TG and phospho- | Hydrolyzes Muscle, Apo-C II
lipase (LPL) (adipocytes) lipids of chylo- TG Adipose Apo C III
Muscle micron and Capilary Inhibits
VLDL
Hepatic lipase | Liver Hydrolyze Liver Apo-C II
(HTLP) (Hepatocytes) | TG and phospho- | TG
lipids of VLDL,
LDL & HDL
Lecithin- Liver Esterifies plasma Apo A-I
cholesterol Cholesterol and free Apo C-1
phosphatidyl- cholesterol
yltransferase choline of HDL




U
.Q 4. Lipoprotein Receptors
|
o~

% ¢ lipoprotein receptors ﬁﬁ’ﬂl'ﬂ%“ﬁ@ﬁﬁi’w"]

QUNL apolipoproteins UWHAIUDY
e lipoprotein lUN19A1_A lipoproteins AN

[~ . o @
* 11lu plasma membrane protein mﬂmﬂu
lipoprotein metsbolism

- NSSUALADA LAY

- tissue 'E'uﬁ]
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.
.Q 4.1 LDL Receptors

W ¢ LDL receptor #13150a7919 apo E WA apo
. B-100 Q4/1N150AUBLNGALNIE  LAZUN
lipoproteins LILIAALALHAUFAS]

.s - LDL uwaz

« B-100 containing lipoprotein (VLDL tag IDL)

.Q ¢ LDL-receptor dilsngagna e lduuigas
NUAINUNUIN FIAYFABNITINENENANTZAL
s aaslusiluraguasiissunrasiame

' 7




.’ 4.1 LDL Receptors cont.

:3
Py

g
o~
v

* receptors nnmﬁwu‘luma@ LL@’J@QLﬂa’ﬂuﬂ’\ﬂu’l
VI‘]J%‘L’JEIAN’)‘II@QM@@VIL%‘EIWJ’] coated pits

* coated pits HuUNMRaULIN 1zl AN UNTUAN
LDL partlcles QUNL receptor uuﬂ@‘“ﬂﬂmm’ﬂﬂ
lutgaaiNanissasdans

* wn receptor taRaulUUSuAUNlNlE coated
pits NuUazlNdIN1FAAUNU LDL

¢ 194519 LDL receptors nﬂ‘lﬂ’]ﬂﬂﬂﬁuﬂuﬂ’m&l
L°1|34°1|u°1|'a\1 cholesterol °lu|,6ﬁa@ GIN@‘“L‘lJuﬂ'lﬁ
muqum%‘ﬁ‘u cholesterol Lﬂlﬁteﬁ@@
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$ Familial hypercholesterolemia

o

s . §A39nTeUD LDL receptors UNWsas il LDL

¢ ﬂu"lmwu heterozygotes Tulsa familial
hypercholesterolemia (Uszqnas 1 lu 500 i
Tanailulsail)

LLERA LNLNEIND  Aa9¥iN BB RS IN1SANam LDL-c
AANANNNTEUALADALUSTENIE 40% WA

. gzAUYRY LDL-c lunszudidandiiily 2 i
* puland genotype LU homozygotes GREY
receptor UNWSBINIUNA ¥INIUN LDL gasnlu

NTTUALADAAUNIAUTULS

' 7

.5




.
.Q 4.2 Remnant receptors

|

(~ (- -
.s * 114 receptors UANLUNITANAR

W suwne Tmequnu apo Elu B—VLDL
.s (Lﬂu%aﬁdl“fﬂ?ﬂﬂ chylomicron remnants

g
o~
v

WAz VLDL remnants) @1NNSEZLALAD A

¢ §1N190_2UNU apo E lu HDL
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Q 4.3 Scavenger receptors

w ¢ ANUURIIDS macrophages LASLTARD Y
s 1iW muscle cells

w + 1f5719m modified LDL #999489 oxidized
s LDL wag B-VLDL aInNnszudlaam

¢ scavenger receptors WANAINNY LDL

.Q receptors

- duazlilanglunazilnfiuas

.s . laldszAL cholesterol luldaatilumn

ALl Qumm%’w receptor
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)

&

Scavenger receptors az1ls1ng) (i

¢ 3 oxidized LDL N1
* macrophages A1N1F0AUNY  modified
LDL loasnesatiiag

» 1iluna¥in s cholesterol dzanaglu
o - ol (~1
LIRRAUNI LALEAANANHUELTY foam
cells

e ANBUSNULAAI LANTIUDITEYSLFHUDY
atherosclerotic lesions
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P

.s * UINNITNIIUURY  hormone- sensitinve

lipase A IULEIARLUNY HARD
2 - WuN19Uaas fatty acids ABNNN
.s - M lvianilsunce free fatty acids ﬁ@vvl,ﬂa'ﬁu
¢ insulin WAz glucose mmﬁu"luumfimtm
w free fatty acid luas1913]u TG (esterification)
.Q NAU

P
P

5. Effect of hormones
5.1 Insulin

¢+ insulin  AUANNIFASI VLDL

insulin umu‘lumfa‘ﬂafaﬂ enzyme LPL s
a1 v1ulun1sA1am TG-rich lipoprotein

79




y
.Q 5.1 Insulin cont.
(] o P=
W2 ¢ mniflulsameaniusnssuiana enzyme LPL
.s AzNILUN  chylomicronemia
e AR TN UANUTUANARIRA insulin LABUA
1 (~1 o Yy
s insulin BE19FUKTY Az U UANREYINTAR
. AIN19 fatty liver LAz hypertriglyceridemia

w ‘?%QL?J‘IJN@@’H’]
Py

"
P
v

- n15Uaas free fatty acid [ niiiatgaluluasing
Lddin1sALAN

- delUnauasdinisun free fatty acids NALINN
asailu TG wazaudsaananaulugl VLDL
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Q 5.1 Insulin cont.

av . N1SFaYLALN15Y119IU2RY enzyme LPL vinlunns
w A1am chylomicrons WAz VLDL unwsadlyd vinlw
.s 1°nﬁu§ﬂ°ﬁﬁﬂ hypertriglyceridemia

w ¢ A15TA insulin WSAN1SAAMAA insulin buAULLIY

lsALLNUINY
s - IluNSEAULRY plasma TG §9
w . §zAUTRY HDL-c M UAZ
Q - Farmsnavaaniaandadanmau (aterogenic) WAz
&

- { small dense LDL g4
w
Py
v

¢ Fan19H lipid metabolism Muasuwdagludd W
AMNLAELUAR ALY FAalsA coronary heart
disease : CHD
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5.2 Growth hormone

¢ LWNNISHAR VLDL Taan1stNNNSHan apo E
AL apo B-48

* nszaunsUaaalusiu (lipolysis) anniiiaiialuny
* NFTAUNITATI TG TuAL

* NSTAWNISASIY LDL receptors

* [ANNN9A4A lipoprotein ABIALI

+ luauldnum growth hormone LNasUTRSINY
ausavinlnladuatluszaudnd (normalization
of dyslipidemia)
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Q 5.3 Sex hormones

* Estrogens PM1AANSRSINNGHARN TG rich
s VLDL TaainiSunauaas LDL-receptors

. NN@‘VI'ﬂ%%bﬂ‘LI“II’ﬂQ LDL ﬂﬂﬁl’]ﬂ\‘l bbANS

s : qun'\ﬁwam apo A-l [INHAN LANTLAUUD
. 97

Q* progesterone N1 LAsEALUAY VLDL WAz
' ol 1 anasliaglu auna Tnan gL aNIFLAN
NAYUBITNNE Teazvinliaunnfivas

.s $1ANEFITY
v
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v

5.4 Thyroid hormone

* NFTAUNIFYINIULRY LPL
¢ nﬁzé’umm%"\a hepatic triglyceride lipase LLag
* [ ANIIUIULDY LDL receptors
¢ %!q"luﬂuvlifﬁﬁﬁzﬁu hormone ﬁci']
( hypothyroidism) azdseAUARY LDLC 4

W2 lunanaan
o
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111. Lipids and
Lipoproteins

analysis




)

Py
7
Py
| | |
.s ¢ Apolipoprotein measurement
LY ¢ Lipoprotein methods

.Q ¢ Compack analysis
7
Py
v

¢ Lipid measurement




$ 1. Lipid measurement
¢ IFlun1svinuna A dsalunisiilu

. IIWAWIAN cut- points NV LULNARIIN
LHE9URALTANYNADY

.s - A cut — point RN National Cholesterol

TsAiala Lmuﬂqwmﬂﬂuﬂﬁvmmnau
.Q vl d99zaz9a1UY VN3 LASIE
NINHNIE

s TﬁQﬁmeqqqml"l,mmm:gm F9A7 cut -
N points #lminlinsaadnunawld

s Tsanalaazunaantaan (CHD) INN1SANS

Education Program (NCEP) Taannaula
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Vo
.Q Table 5 Adult reference range for lipids

.s Analyte reference range

s ¢ Total cholesterol 140 -200 mg/dL

w ¢ HDLC 29 - 75 mg/dL

.’ ¢ LDLC 57-130 mg/dL
‘é * Triglyceride 67-157  mg/dL
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Table 6 Dietary guidelines developed by the American Heart Association and
Recommended by the adult treatment panel 11 of the National cholesterol

Education program (as compared to the average American diet)

Dietary Nutrient Step I Diet Step II diet Average American Diet
Total fat (% of calories) < 30% < 30% 36%
Saturated < 10% < 7% 15%
Monosaturated < 15% < 15% 15%
Polyunsaturated < 10% < 10% 6%

Cholesterol < 300 mg/day < 200 mg/day > 400 mg/day



Table 7 Positive risk factors associated with coronary heart disease, as determined

by the (adult) treatment panel of the National cholesterol Education program.

. Age > 45y for men; > 55 for premature menopause for women

. Family history of premature CHD

. Current cigarette smoking

. Hypertension (BP > 140/90 mmHg or taking antihypertensive medication)

. LDL-Cholesterol concentration > 160 mg/dL. (> 4.1 mmol/L), with < 2 risk factors

. LDL-Cholesterol concentration > 130-159 mg/dL ( 3.4-4.1 mmol/L), with <2 risk
factors

. HDL-Cholesterol concentration <35 mg/dL (< 0.9 mmol/L)

. Diabetes mellitus

Negative risk factor associated with coronary heart disease

. HDL cholesterol concentration > 60 mg/dL. (> 1.6 mmol/L)




Table 8 Treatment quidelines established by the adult treatment panel of the National

Cholesterol Education program Initial testing (can be nonfasting)

Risk category Action
Total cholesterol < 200 mg/dL (5.2 mmol/L) and Repeat within 5 years
HDLC 2> 35 mg/dL (0.9 mmol/L) Provide risk reduction information
Total cholesterol < 200 mg/dL (5.2 mmol/L) and Perform lipoprotein analysis
HDLC < 35 mg/dL (0.9 mmol/L) (see next slide)

Total cholesterol 200-239 mg/dL (5.2 — 6.2 mmol/L), Repeat in 1-2 years

HDLC = 35 mg/dL (0.9 mmol/L)and < 2 risk factors Provide risk reduction
information

Total cholesterol 200-239 mg/dL (5.2-6.2 mmol/L) Perform lipoprotein analysis

HDLC < 35 mg/dL (0.9 mmol/L) or > 2 risk factors

Total cholesterol > 240 mg/dL (6.2 mmol/L) Perform lipoprotein analysis



Follow-up Testing (lipoprotein analysis after 12-hour fasting)

Risk category

LDLC <130 mg/dL (3.4 mmol/L)

LDLC 130-159 mg/dL (3.4-4.1 mmol/L)
and < 2 risk factors

LDLC 130 -159 mg/dL (3.4-4.1 mmol/L)
and = 2 risk factors

LDLC =160 mg/dL (4.1 mmol/L)

Action
Repeat total cholesterol and HDL-c within
S years. Provide risk reduction information
Provide step 1 diet and physical activity
information and reevaluate in 1 year
Do clinical evaluation, including family
history start dietary therapy (see below)
Do clinical evaluation, incl. Family history

start dietary therapy (see below)



Treatment decisions

Risk category Action level goal

Dietary therapy :

No CHD : <2 risk factors, LDL =160 mg/dL. (4.1 mmol/L) <160 mg/dL (4.1 mmol/L)

No CHD : =2 risk factors, LDL >130 mg/dL (3.4 mmol/L) <130 mg/dL (3.4 mmol/L)
CHD >100 mg/dL 2.6 mmol/L) <100 mg/dL (2.6 mmol/L)

Drugtherapy :

No CHD : <2 risk factors, LDL =190 mg/dL (4.9 mmol/L) <160 mg/dL (4.1 mmol/L)

No CHD : =2 risk factors LDL =160 mg/dL (4.1 mmol/L)< 130 mg/dL (3.4 mmol/L)

CHD 2130 mg/dL. (3.4 mmol/L) <100 mg/dL (2.6 mmol/L)



.Q Lipid profile uilu routine tests i :
7
.s ¢ Cholesterol ,

¢ Triglyceride (TG),

.3 + LDLC (LDL-c),
¢ HDLC (HDL-c)
AQ g

o CR =
mu"lumqﬂmﬂummmLﬁ@gﬂu

& Tunaude g laigeen

v



Q 1.1. Cholesterol measurement

o wHNauUNIsAsIasEAL cholesterol uWldnss

N (sulfuric WAE acetic) WATAISLAN acetic
anhydride 435@ ferric chloride W1UpnsanauLnm
A LAzIAATILUTHUAINAMNLTNUUAD

cholesterol {4

+ weinsavindnsenlianwiz [9RaINnsane
A5 ALTEVENAY AWNHAININNISNINTY
LU N1FASIAAEAT Liebermann — Burchard

reaction
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5 gold standard YN cholesterol

14 17i°l°fi‘lu U.S Nlational Institute for Standards and
Technology #1t581n71 Definitive method

o o Isotope dilution mass spectrometry

waNiJLnni15lulsane 11181998 enzymatic
lEliglele]

‘I/TENEI’]ﬂ

Q * L‘]J‘L!’Jﬁx‘i’]il‘] lapaegnng191saLATENRIAIDEN

* ﬂ']‘z'l‘l,ﬂNﬂuﬁlﬁ‘ﬁﬂuﬂﬁlﬂ’ﬂﬂ’]‘iﬂﬁﬂﬁﬂﬂEI’N’Jﬁ‘II’N MU

.s o 1l AR LLATRIR AU
' y




Enzymatic method

cholesteryl esterhydrolase

Cholesteryl ester + H.O cholesterol + fatty acid
Yy ) ‘ A
(serum)
Cholesterol + O, cholesterol oxidase _ cholestene — 3 —one + H,O,

peroxidase

H,0, + 4-amino antipyrine + phenol quinoneimine + 4 H,O

(colorless) (pink color)

%4
=

d! ad Y
spectrophotometer 500 nm FI5HIFNU Tensa



.Q Enzymatic method

* iuwaumwnnmmu,@%mumm

.s + laiAaadd155unIU anIU reducing angents
U7 UA L UITHIUEY FINTDTUNIUNISTINIUY

.s UR4 enzyme peroxidase AR

vitamin C

.Q e bilirubin 1o

rs * hemoglobin
v
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$ 1.2. Triglyceride measurement

0 dald enzymes lunnsmsaasm TG man
.s S 1 lipase sagdang TG Tile FA + glycerol

. dl"ﬁ enzymes uﬂwﬁﬂgﬂﬁﬂﬁmaﬂ‘u glycerol ‘WMEI
mumau LW’ﬂdl‘I/i”lﬂ end product 'VI’Jﬂﬂ’]?ﬂﬂﬂﬂuLL’&\‘i
dlu"m\‘iﬂﬂu UV. Light Tne enzyme glycerol Kinase LA
.s pyruvate kinase \aeu NADH iy NAD * 9n
absorption NAMNA

. FI98ULIADRITTUNIUNIN

.Qo AaM lminad tasld

o
P

* enzyme glycerol kinase LLAaL
* glycerol-phosphate oxidase
. %ﬁﬁﬂﬁﬁﬂﬁiuﬂﬁﬁ?m peroxidase reaction
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)

P

w ascorbic acid, bilirubin, hemolysis (Hb)
$ndogenous wise free glycerol
& 981151 UN155UNIULBI endogenous U5 free

&
Py
"

$°luﬂuﬂnau?ag§'ﬂqzmanﬁnﬁ TaisAiu 10-20 mg/dL

&

v # aagvinlugiliefan TG > 250 (InaanizAngauslaigu)

d1SSUNIU;

lycerol

1. External blanking

2. Internal blanking

AAAITNTIU LN8INU endogenous glycerol:
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)

P

|

.s’ #0114 CDClH reference method Lesaa TG

. ARINNISERAFAANS lUNUAILANG (alkaline
hydrolysis)

ANANILAINIAZANE
- Ml )Aganluiiadnu chromotropic acid
@ aaa v VY
- iludsngdeenn ldaaiunu ngralauanse

- ANITNAUINILEDNITUUY AR URIANNFNALA
AFEAINIATAELAD A9 INNUgNTeNLLL
enzymatic reaction

5 gold standard VON Triglyceride
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- R hod
.Q eference metho

Qdci o (~1 Y=
s I5N CDC NMURUA !‘IJ‘L!’Jﬁ"‘lli’N Carlson and Wadstrom

. ANA lipid @28 chloroform

s . treat 038 silicic acid (MaA phospholipid , glycerol)
. * saponify !‘I/\Iﬂalﬁﬂﬂ glycerol
Q * glycerol 8N oxidise » formaldehyde

. * formaldehyde + chromatropic acid—.chromogen

o N
v

JI0 absorbance 1570 nm
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\

YMATIC METHOD

GLYCERIDE lipase GLYCEROL+ FATTY ACID

EROL+ ATP 9Wycerolkinase Gy yCEROL-3-PO,+ ADP

,i

EROL-3-P 04 n 02 Glycerol-phosphate oxidase DIHYDROXY -

[
»

¥

ACETONE - PO, + H O,

4-AMINO ANTIPYRINE + CHLOROPHENOL

peroxidase

\4

QUINONEIMINE + HCL + H,0
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V.
.Q M3 uilska TG

n1sms3a TG A cut-points NG UAT

anntlagunlanesgssananaaudienn
1Ha997n 2199 waAnagasn ng
alasunlasuasinugngs ¥liA1 CV Nnde 25-
30%

ANANNLUSUSIUNINAANINNISASI99A (CV) Az ta
ATNIN
NANITA5IAAIA LUAIATYUN

A19ANNNI5MSIA cholesterol BIR1ATY LW LA

(- %4

NIUNEANNLALUR9LA CHD 104




y
.Q n15 uilswa TG

.s ¢ 200 mg/dL
|

s ¢ 200-400 mg/dL = Borderline high risk

A

Desirable

¢* 400-1000 mg/dL = High risk CHD

.’ ¢ >1000mg/dL = High risk,

g pancreatitis
&
7
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)

an
¥

av o Ultracentrifugation

|
N

¢ Chemical method
w

1.3. HDL determination

¢ Electrophoresis

.’ * Precipitation method

o
Py
7

* Nonprecipitation method



o
&Preoipitating agents for HDL-C determination

¢ HEPARIN - MANGANESE CHLORIDE

¢ HEPARIN- CALCIUM CHLORIDE
¢ DEXTRAN SULFATE -MAGNESIUM CHLORIDE

¢ SODIAM PHOSPHOTUNGSTATE -MAGNESIUM

CHLORIDE

¢ POLYETHYLENE GLYCOL
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Non-precipitation method

Principle R1.. Polyanion + synthetic polymer
R2.. detergent + cholesterol enzyme

Polyanion aggregate the LDL,VLDL, chylomicron and
also strengthen the binding of the polymer to those
particles, forming soluble lipoprotein - polyanion -
polymer complex

Detergent solubilized HDL particle resulting in the
release of HDL cholesterol and then react with

cholesterol enzymes



Immuno inhibition method

LDL. VLDL, Antilipoprotein antibodies
CHYLOMICRON

. Ag-Ab complex

CHE, CHO

HDL-cholesterol +H20+O2

Cholestene-3-one + fatty acid + HZO2

HO, 6 + chromogen system



y
.: Reference method for HDL-C

- Ultracentrifugation remove cm,vLDL

- Selective precipitation heparin-MnCl,,

remove LDL

- Cholesterol analysis modified Abell-

Kendall




Reference range HDL

Desirable ...... >55 mg / dL




J
7]58578]‘1)’1!51]@\? ﬂ7§7’i7ﬂ'7 HDL-C

4’ r
S ° (oA NAINe CHD

5 * (119 1IUAT LDL-C
N
\
N
v




Vo
& 1.4. LDL-Cholererol
\ 2

.s Tuaudszan uwaaNn ldA1uaaeAn LDL-C

Q1N Friedewald formula

N
. IDL-C = TC-(HDL-C+1/5TG) mg% W58
L 2
Py

= TC - (HDL-C + 1/2.2 TG ) mmol/l
7
Py
v

(VLDL ~ 1/5TG)

*N91 TG Aagluinw 400 mg/dl
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Direct method for LDL-C Immuno-
separation

.
an
¥

.s ¢ VLDL, IDL waz HDL azgnwanaanbil #asann
N19 aggregate Ny latex bead N Antibody

|
.s U89 Apo A1 AL Apo E

* paLVAD LDL was Lp(a) (873) deazlsl

.’ aggregate N4 bead

W2 ¢ uanunIngas i filtrate Tilw1A1 cholesterol
~ aziilup LDL-C
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Q Selective measurement of LDL-C

°21u1/l1 it protecting reagent protect LDL

smﬂmﬁmﬂgmmnu CE/CO umus? LP Au 11w
HDL VLDL CM ai gn protect az vindnseniu
smu"lmﬂﬂ H,O, Fanldsudu H L0 Ing catalase

A

Q 4u7 2 N5 protect 184 LDLAznn¥inlviuamlyl
AV 15 deprotecting reagent @9az¥inlif LDL-
% cholesterol W1nga1nu CE/CO , peroxidase |,

chromogenic system
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.@

.5 L DL-C(mg/dl) CHD risk

LDL-C IN CHD ASSESSMENT

.s <130 desirable LDL

Q 130-150 borderline
>160 high LDL

.5
7




.Q wuananNsdsziiulsanala

coronary artery heart disease

.s "?’7ﬂNﬂﬂ’)ﬁ‘ﬁlﬁ"3’Qﬂ’)?Z°)]&l‘lJ1’1’)\71/7@\77./;0llﬁlﬂ’)ﬁ‘

.3 Desirable Borderline

w Total cholesterol Al 200-249 mg/dL
. HDL-cholesterol >55 35-54 mg/dL

LDL- cholesterol <130 130-159 mg/dL
.$ Triglycerides <200 200-400 mg/dL
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.Q 1.5. Fatty acids (FA)
7

.s * NN9M9999A fatty acid b LdaUIRE

s * INAANEININATULATUINSLE LEUR NN
. luaunsaailszanienasi Jiisnng

.Q ¢ L‘Wﬂ P399 ﬂ'J’]NNﬂﬂﬂﬁlﬂ’}ﬂwuﬁﬂﬁ‘JN

.5
7
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P

|

. * NNSANAURY FA LagN15easda1emn2I8mg
(alkaline hydrolysis)

N151530 FA 1935 gas-licuid
chromatography (GLC) ilael

.s o 11lasu FA Tuaslugilaas methyl ester Aas

diazomethane ﬁﬂaﬂu’lﬁ‘ﬂﬁ‘vmﬂ‘lﬂ

o dlUmnsramasipsas GLC

-

% palmitate, palmitoleate, phytanate stearate oleate

¢ Reference standard ¥ laurate, myristate,

lonoleate linolenate arachidate LWAa% arachidonate
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Q 1.6 . Stool Fat

s o ﬂuﬂnmkuﬂemnﬂmuu"lummivqu@% 6
. nsy mﬂwuuﬂ?mmmmm LARIINAY LA
AMNNAUNR

.s + Tunisaaduladunuluanian
W ARIAUARY (pancreatic insufficiency ) Wil

.Q i buagy

W o ’Jﬁﬁlﬁ"ml,ﬂ‘i.lﬂwﬂu’ﬂﬂ@’]%‘u 72 me FSIAIN
Usunulusin u.mmmmnaumuum‘lu 72

AN F2lalg
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y
.Q 1.7. Compact analyzers

I (] Y % < o
W2 ¢ NM5RFIABLNI9TIALTI LANNSWRIUIAY LND
s lansaalunulanlasunisauwaniias (point of
. care testing) Tne

% . A5 REIARLT 1i5a

. TURDINTIAUDILWNE 15D
w : ﬂu"l,m“l**fi’m:mmmﬁﬁ"m
AN

"
AN
v

* IN19VNLASRIASIARENGIgRRNANUUNE b
A.A. 1980 l4ms52a TG waz cholesterol L
lRaatazandanaia  lawmuaunFas o
qUiAqUUAINITAMTFIA lipid WAL lipoprotein
aue la
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Q 2. Apolipoprotein measurement

“ apolipoproteins Aldlun1s5nuaulea CHD

W ¢+ Apo B (flulilsAudnulu LDL uaz ViDL Adifly
W2 57iT dmAduiduduaas LDL uas VLDL 33
. MFQ apo Bl Immunoassay method

+ Apo A | 1 TlullsauAwuninlu HOL 1dSlunatid

.Q P mwwmumm HDL

W ¢ Lp(a a) Ml usaidsnanudasasisa CHD ini
~ MTR  bUSIUIRE LA ARUNLTATI LA
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V2
.Q n15A59a apolipoprotein Nussleail

|

* lglun1smsranmenaulalsa CHD

w
.s Nuilszan

&

o wpgaliuuzirlng NCEP lildmsnaiily

. LNS1ZNIFANE LU prospective studies
SIlNUBANULUTALULTRIANN LALNUD

lsA CHD nun1sAILANSEAY LDL-c
az HDL-c
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Immuno-precipitation method for
apolipoprotein measurement

a A -4 o a\

+ duanuglugiliigndisagluinung das
T turbidimetric assay WA Nephetometric
assays

o PRaxldnsaaunn Apo B uaz Lp (a) Liuda
W  mANuGuralnsen Ag-Ab Complex

AnNpcNaud
Py

W * 91N serum URIAURIANNSZAU TG-rich LDL,
chylomicron, VLDL @4 RZTN LI serum U

E= ==

A8 AINILUTUNIUNITHATIAAILIEU

' 124




.
.Q ELISA method for apolipoprotein

measurement

.s * 98 ELISA Uaulduin
%0 RID as RIA lUADARYNLANTISADY LTA1TSIA
Ny

Antibodies dluﬂﬁﬁ?‘m Immunoassay Nld AN

monoclonal Ltag polyclonals

.! * N19/994 Lp(a) UaNW isoforms AUIARAIN ) N

"
P
v

A8 MIRLNGIZ AMNANNUSURILEA CHD AUNL
AUNAURY Lp (a) Aasl
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.Q 3. Lipoprotein methods

.s Lipoproteins ’mﬁﬂqmauﬁaw'\\‘iwaﬂﬁ LT 14
.‘s ¢ AMHNWAUILUY

° UUIM

b

.Q . :jzfcg LAY
w SR 1EF UalaY!
Py

v

NN9ATAALALNITUENTUAFNN 9] WD




.$ 3. Lipoprotein methods (cont.)

* 98 ultra- -centrifugation mm'm‘mu’ll,tuu"llunu
fndauaslusiu waslusiy Feannsaldnis
dunen Lp usazainlanne

* 98 electrophoresis a’lﬁmlu'lmmvﬂﬁ‘mmLMﬂWN
nuaag Lp

¢ ’Jﬁ‘Vl’NLﬂ&I ﬂ’]ﬁﬁlﬂmﬂ&l‘i_lﬁm’]\‘l"llu’]ﬂ ﬂ‘é‘u@ LLAS
TUAUD apollpoproteln um.luuan"lun'mmn
Imﬂ"lm antlbodles 7 specific Aa apo LL@’J‘VI'ﬂM
anmﬁqummnmvnﬂu LLﬂﬂﬂ@ﬂ@’mﬂu

w . 'aﬁwm chromatography anAgAUIALAzLTE]
WANAINNY N1 molcular sieving method w38
. 4 affinity method s lduan Lp. 4dAGNE ¢
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.Q Reference methods
7’

s ¢ Quantitative method for lipoprotein +42%
w ultracentrifugation

.s ¢ Quantitative method for lipoprotein 428
"
Py
w
Py
v

electrophoresis lThenaANNRALNFUD

LP aasauly apduilalnsuasdin

I 8 & aa o I
N9 Ry LP dailundan iwsievinla
2N
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7

an 1V, Lipid and Lipoprotein
e distribution

& in the populati

— population

Py

o
Py
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\3
av . FLALAURY lipoproteins LLANFAIGNUTEUING
FIEURZUI LNFIEHNTTULTDSINY LNA

.s WANGNINY JUINH estrogen FIN97

W NN LU
P

-

\

¢

. WUANNSEAU HDL-c gaNINEHTIe WAy

seAUARY TG total cholesterol AN
P8l

© 2222

e22
-

~
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.Q * g2A1URY cholesterol Az laLANFAINU
7’
P
e S
s . VNLWﬁ“II']EIl,Lﬂg‘MQ.’N ’JEIZEQ“II‘N ANRY LDL-c
2
pe
"~
P
\ 4

angas lugunmlszanaussau

HARTIHNY estrogen aMA

(~3 U
total cholesterol war TG NFIATNAIE

* WHAAT HDL-c ARUINNAIN UARIANLATFIE

RSYNUG UnauNasuNalszaL R
HDL-c NlNAAAS
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&
L% o lutantanszmuUUag cholesterol, TG, LDL-c &

s ﬁvmumm'nzlmﬁmwuﬁuav"l,mmnmq
FELUAINLNA

~

s ¢ LDL-c lutAndiauaznaledAd lnatAReni
. w o

WONIBILATTUNUS

(=74

Q/

¢ Lﬂﬂ“ﬁ’]ﬂﬂl’]ﬂ’JﬂL‘Qﬁﬂjwuﬁ A1 HDL-c aAAY

Y] (Y
a\

.Q 20% AN HDL-c LA eunilas

D )

B ¢ 521 HDL-c Aamf1adludne a99inliinaana
pe ldeasani1stilulsa CHD
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117999 ng19ad9lsA CHD

* WU91 WNA cholesterol gaLAeasialsA CHD
Tag AnHIRIKITNIsNRURNLS=T NS

al oa [~ P 'Y
. AWLULALTEAURIWITNIN LNAANT [N
naly NuUluNuUfmaIsn [9NszAYU LDL-c
A1 aanuAuldlsA CHD &N

- srunuawludszinaAnisglsy ninu
ladudmninan HalAn1sua9 CHD g4
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s .
Q nmsangansvedlsa CHD 193510 Ine

&

W - n1siFaUguazNuaITategnAadlunig
&~ ARAMNLALIAILALENTE LAZARDATAR

e ° "luauum

. * ALANANNAULAUA

w ¢ mg3ANgad Total cholesterol , HDL-c, TG,
Q LDL -C L&I@‘W‘Llﬂ'}']&l&lﬂﬂﬂﬁlﬂ”lﬂ%“l.l%‘ﬂ‘l:}’]u,ﬁl
L‘IJ.‘L!"]

* AAANNLALNLAZITARY NANANTENUAD
.s metabolism a4 lipoproteins
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' 1 1
.’ DINITIUNIZANABNITHNFDNINAR
.s . dIWAN saturated fatty acids RAMNLALINRLS
WNandsuaanaanansuaInnIbaiylungs

% unsaturated fatty
N

W2+ anawsnanladu sunsnannNNLdssa
~ TsA CHD uazuziFeanld

* ANWITNH LUNY WAz cholesterol AN

+ U NITUANRRTNLUNISRANNULNALLRSAE
* SNEUINUNAIN LUHNITRANN1RINIY
ANNAND

v
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w ) [
.5 V. Disease Prevention,

Diagnosis and

Treatment




)

Py

" . Atherosclerosis
AN

we ¢ Hyperlipoproteinemias

i ¢ Lp (a) elevation

w
. S
.Q Hypoproteinemias

-
P
P




)

o
\ 2
a~
‘é ALUR AN

& y

B NUGNSTNNALUNR 1D

¢ IsAaNNAANNANNNALUNAURITEAL

lanuluiaan 138091 dyslipidemia

.Q - AAIARBN / NFNUDIUITLUANAR 15D

w & .
5 . uangENUANNMsLulsnau 9

&
7




1. atherosclerosis

o
o
:é . medtasefiusiug uaznsinangnia
-
o
v

¢ AULUANITANLAUALAY ) UDIAU LY
UTLINANBIUILADFSTINITANE LTNANRY
Tduruludszinaatusni Wagann

- nstdagurndInni1ssudszniulag

s |

MTSUUNDNTESALURY cholesterol N
ANNANNUENULSAKA LA

e INNAMNSZNATEITLUNITASINIVATEAL
cholesterol ‘lutaanluaslunidzin
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p 2
.’ 1. atherosclerosis cont.

15 @ (1 a v o Y o
.s ¢+ wingIAR L UALUARABUALIAY JULA
A )
w ) o & a

s + ilulanstnanasudia

. L‘Wﬁ‘lﬂﬂ’jﬂ ‘le,ﬂuolu’ﬂ’]ﬂﬂ\‘]ﬂ’j’]“ﬁ’]ﬂ 10 1

< LW%‘%%@H‘H'M hormone estrogen °lu'3£|l,'%‘ﬂ.l
.Q wuﬁmm‘nquaammmmmma‘ﬂeﬂlm

. laringiavunlszanifAauszau hormone
s ammmwﬂuuiammamm‘leﬂwne] N
N s
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p
& anudaninauadlaguluiaan

W ¢ daulunl Aalututin cholesterol ester

. ¢ 1/1Lmvusmmwuwa@mLa@muma6] 7
L3ENIN fatty streaks

.s ¢ ’Q’]ﬂﬂ’]iﬁﬂ‘]&l’]"ﬁutuﬂﬂl’ﬂﬂﬁw W‘LI’JI’]L‘Z%/‘IJ
w LADAMN fatty streaks Lﬂﬂ‘i.l‘l/lﬂﬁ‘w ‘Vl&lﬂ"lil

anndn 15 Haula w”lu”lmvuwﬂu
o
AN
\ 4

ALURAUBRINITANE

o mwﬂnm fattx streaks An15LURULLAS
Luaumﬂmnmu AUNTINUIAULLIUN DY

(plaques) »




.’ arunainavaglaguluiaan cont.

&

S
S
*

v

¢ plaque NARAUALHIRELLTARTAU )
* ANTREANTDIRTHING )

¢ UNISINHNINUIULTRRUUNIEAN LG NLIF LAY
saalsA

* macrophage Waz platelets AINNTLUALARAYN
NTEAU LUNITNEHILNALKA

¢ LDL °luﬂﬁ°LLaL@am WA cholesterol X1
UL ULTARTILANINWIUN plague
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' o\ =Y Q/ =)
& arunainavaglaguluiaan cont.

Wasuulaghl

¢ macrophage X scavenger receptor N1 oxidized
v o Yy @ ~
s LDL Lga| i budansustily foam cells
a~v .

% + &9 LDL AzQn oxidized WNlUAITIANLULADA

74 foam cells aztNIEAAULINTRALSALNANL
endothelial layer 2249 arterial wall

. * AyYAURY plaque mmmﬂ"lummuﬁ] M luvaan
LADALALIAY mwﬂmmamwﬁgﬁluamummmu
s ANAY asuldle mqm\mamnumqmumm
. LRADA
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é Plague
7’

* NALFNOLAUIABA (arteries) UBILUUYTE

.s 21 158N91 “peripheral vascular disease
(PVD)”

. ¢ \NaUTUMIla 158097 “ coronary artery
disease : CAD”

.s * LNAUTNUNADALADANANAY L5819

s cerebrovascular disease (CVD)
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)
8 o

vy 3 v .
% + AulINaINITIALKUNan (angina)

* Balaaataan (myocardial infarction)

CVvD

av o, AULTNAINISIAULAD A LUANBILAN (stroke)
Y Y = @ =
¢ Lﬂﬂﬂﬂﬂolurﬂﬂ’ﬂﬂ ’PJ'VQL?J'N’PJNW']M i9a

.I ¢ ‘W]ﬂﬂ&lﬂ\‘]‘l/l&lLﬂ’ﬂﬂﬂﬂﬂ’)‘l«!‘l«!%ﬂ’)ﬂﬂﬂﬂ’]ﬁ

wela auldazmel
.5
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- 9% a 2 |
s IsANINNUENTTHN UAZAINAIINABN LT UAUYR

|

s o lunnisazauuadlanuwluaunaz lani i

asarzyinutnlidns

.s o vnlaguazanlanI119 azLsanqn

“ Xanthomas” g9azUauanaaAINinlng

.5 NNWUGNTTN ANESURI N UVLTIAZNL
[~ [~ 1 o aa @ o v 1 p=.)

it usinlasiunonidavinlvglaisaoe a4
1 1 3$ P PN PN v U

.s AZUIUANINARUUNAMNAAUNR LALiU LA
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.’m?ﬂzml'l*’zm”uﬁwuﬁwﬂ@mﬁ'@mﬁmwﬁuﬁué’ N

* NNSHSZALANNLANAUUDY LDL-c 91 NINAU
.s NISHSZALUAINNLANTY HDL-c RARAS

* N9amszAL LDL-c NANdIAnylunisdasny uay
.s Snu1lsA CHD @IA1ANN©] 1% LDL-c AaAAd AL
MlannnNLdessalsn aterosclerosis 1A 2%

U GO -V = Yo (- al
Q ArldtulsAMala HalATUNIFSNHILNARA LDL-C
. 1451n31 100 mg/dL (2.6 mmol/L) Az b AU LT b
SRINISTNEY LAZLNMASS BIATILURATUIALDS

.s plaques
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Il

I o [t
Aud Nl lusiugailunss

* NUa1MT U UgS

¢ FUUUS

¢ mﬁﬂﬂﬂﬁﬂ@ﬂﬁﬂﬁﬁﬂﬂﬂ 1/1%@

o aaflunwsziiulsnau g Aluadaludiugeluy
1AaA LY

LN,

ANAULAUAFN,

hyperthyroidism,

lsAaau

- Tsandssaugasinuinlng,

- Tspny,

- Tsale was

 alcoholism

148




oY, o v o Jdo
.’ ﬂ751/5§5?’71] HDL-¢c A1 UANUEUNUTNY

s ¢ nSsAANLRaesalsAYnlA

"
Py
e

o wanuldlugnisonumragnsnEnNaztiuse Al
HDL-c @

+ Fegelainsunudaiaanun1gINTEAL HDL-C
AugaanANNLanssalsale

.Q ¢ NsATIA LDL-c 2 A5 AAUAUR 1 uas 8

w °l°1i”lumsﬂNmmmw"lﬁ”lumﬁsnmLwaamumu
. "lmuu"lum'a ALANRIIGA LN

v




' =~
.g &1 cholestyramine 130 cholestipol

|

s * 219U cholesterol LUNIILAURIUNG

e Mluldanansogadala

.3 + gpadTMeligINIsoanTN LA

W Sadaaasafiasuill g luen
pe

"
P
v

¢ NAUNLALNURIENVINIUNDINN
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V.
.Q é/1 Niacin

.s * INNSDAA LDL-c LANARANIN

e ¢ funTaLia HDL-c
s (1 p= I~ a I v
A+ Tlugrsntlunesany

.IQ * MIUALNNTZAL glucose intolerance LA

"
P
v

* MLULNA  hyperuricemia
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p 2 :
.g ﬂT?%ﬂQ?J HMG-CoA reductase inhibitors

w ¢ |ovastatin simvastatin A& pravastatin
. ¢ daN90am LDL-c 20-40%

W2 ¢ AUMNNI9&S19 cholesterol TuLiaalng
~ UINN19VN9IUURY enzyme HMG CoA
W reduetase LASIATLWNINAN

Q ¢ &1 probucol 1]a9nunN9 oxidation AR
lipid WAaWINNITU bUNWLTLEAR

s macrophage

v




y
.Q 2. Hyperlipoproteinemia
.s + TaannnanANRalnAuasladly
we ‘Aan Tazvald dndiaue anain

P . AMNAINITD b UNTATI9 b NUE AL NG
7
a
2’
an
v

« ANNATHNISD L UNITUURS LU U
waUnm

.« ANMNAINITO L UNISHRARAE LU U
waUnm
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. . . o ! G|
$ Dyslipidemias avuiNaaniilu 2 dszinn

W ¢ Hyperlipoproteinemia AalsANLAAAINNGH
- (- =" p=) I [~
. sraubuNugIluaen dewiivaaniily

* Hyper cholesterolemia

.s  Hypertriglyceridemia

.Q
"

« Combined hyperlipidemia %ﬂﬁ‘ﬁﬂ
cholesterol Ltag TG gd’lmaam

¢ Hypolipoproteinemia AalsANtNAAINNISH
.s seAUbaNULlULADAMN
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p 2
Hypercholesterolemia
.$ yp

¥
Py
"

P

P~ | . Q o 1 PN Qs Qv
¢ UANMNFNNUERENLNATANULISAMI LA

» 19ANIINUANTTNNYINLIA cholesterol g9 E4

L1381N21 familial hypercholesterolemia (FH)

Homozygotes FH LiNeia 1 :1,000,000
Uszgnslan @aqsEAU cholesterol luUlARAZS
019 800-1,000 mg/dL (20 — 26 mmol/L) NNWL
aulaiaInisialanaludegu

Heterozytotes wWulatiaeandn Fardluwuw 5
autosomal codominant disorder ﬂu”lm”lun@:uﬁ
a5zAL cholesterol 300 — 600 mg /dL (8 — 15
mmol/L)
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5
P

g
o~
v

$ Hypercholesterolemia

. mﬂ"lu”l,mumﬁeﬂmﬂu”lil’qzﬁmme
Tsaviala flaany 20 - 50 1l

- Uszunne 5% aasauldNiaInis CAD
a1guasnd1 50 1l
P a YR~
- a1n15au 9 Nlsngliniu azw

* xanthomas ﬁ'am"lla:l/u cholesterol
AANTARINUG LA

* WU arcus 41NN cholesterol LNz
ag UL ULABRAADINIIAT
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¢ Homozygotes LA heterozygotes YU cholesterol
g9 TN LDL-c g9 S9:ms

@ Hypercholesterolemia cont.
.s o lunauisuusn auldadie cholesterol luitas
w Uni

.s ¢ WHUM LDL receptors A4lu@1N150L@N cholesterol
NLAANNAIWNG LUNGLERR ba

' Q‘ * 1 waanadIn1g cholesterol lANNRLTARULAL
AS198D5INY

-
Py
P

* VN LALGRANNITEING cholesterol LNNNINAUNA
BALHANUNIS LNAINITOUN cholesterol LANLERALAY
N9eUIUNIT receptor-mediated mechanism Ta
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.3 11550147
7’
AN
7’

.s * NAN homozygotes AAISNENLALNITNTD

* o1 ldsnenlaaamnszay cholesterol 1dla

lunau Heterozygotes

W aassaniagiulaNuaanainiaany

.Q 138191 LDL pheresis ARMENUAYWbALSA

\

s e Ningasuadtdgaanainsienis
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n155N 141
AN

|

— Aaasnuszaulasiulyisn

o aulanlald FH RAlandid@eesia CHD

~ & muﬂuﬂﬁmmm@m e liidranie i
w uwuﬂmmuﬂu

AN+ aanfIRINEFNILEND WA

\

&

@ Y I~ & a o @
+ snwlagldaaniluasinsaiiadnilu




' H [ l od °
.Q ypertriglyceridemia o1vig)91n

W ¢ ANuERLNENIWUgNssH (5andn familial
. hypertriglyceridemia
W * Secondary causes L1 hormones HAUNRAIN

- AURDU

- AANUNINLA

. FIAN pituitary 1158

- RINTFALLNKIU %52

- Tsalm
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Q Hypertriglyceridemia cont.

* 1sALUTNIU

.s . 9NN1521A insulin bigN1sald glucose
L UWARIY

.s * glucose nnuﬂﬂmw“lu pentose pathway
m"l‘nummm fatty acids AN

.Q + Ismlm

2 - lalgungatuaislaanalug 1w TG
Py A ludszay TG feruluiaan
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.Q Hypertriglyceridemia cont.

.s * n192 hypertriglyceridemia tAA/INAIN LA

ol auldmilulen CHD daulunifiszau TG g9
Q Uunas wasfszAL HDL-c 6N

ANANLTENINNITASN hAasNIFAIan VLDL
lunszuaiaan

w * LWAAINNITANE hypertriglyceridemia NI9AD B
$ lailaiily independent risk factor a9 CHD
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p o
gezmiaayd TG
55

&

.s - ACTH uwag thyrotropin epinephrine Wag

* YADSINUNA YT UANFIULN LU

* Insulin LLAag glucagon AINAUDDY

* growth hormone NN pituitary

norepinephrine A1n szUUUTza N

¢ m%‘lﬁuuﬁmzé’ﬂﬁa%ﬁq hormone-
sensitive lipase 0 adepose tissue

Py

.s * FINALRHNNISIANSZAUUDY serum TG

v




Q Severe hypertriglyceridemia

¢ > 1000 mg/dL u,mvvl,mﬂummmmiﬁﬂ CHD up
s * MlusengRadn® Aa A lueuaaUanLdL

(pancreatitis)

Q + 1n@ LPL aglu chylemicron uaz VLDL vinuiia
. eiaeladull  fatty acids NU LEaA LEL L UWAI9Y

¢ @NUANIRIINNITUIA enzyme lipoprotein lipase

(LPL) w3aa1m apo C Il @ai§lu cofactor 1a4
enzyme LPL

¢ pulaNwIm LPL %5@ apo C-ll NezAUURY

s chylomicron uag VLDL gelulaanunazanainng
. 12-14 49la4
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)

P

N155AYT hvpertriclyceridemia
W Vp gy

. * MSAIUANDIUITIAN TG A1 LA

.s * A5l

* Primarily fibric acid derivatives Tuaulan

.Q Nﬂ’)’]&llﬂﬂﬂﬁl’ﬂ CHD A%
w

- d TG gesaNny
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V.
Combined hyperlipoproteinemia
P ’

24

W ¢ Aulaning TG uaz cholesterol galuraan

4

AN ¢ aulanguiliinnnaudsegesialsa CHD

qQ
¢ AUUANIANWUENTTH NLFENIN familial

\

.s combined hyperlipoproteinemia (FCH)
w
Py
e
P
v

. wasNWulaasie Aa familial
dysbetalipoproteinemia (type Il
hyperlipoproteinemia ?ﬁaﬂ@'@'ﬁ’maﬂlﬁﬂﬁuﬁ'})

¢ FINUIMHNsEAUURIcholesterol-rich VLDL

WAL chylomicron remnant @3
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.3 Combined hyperlipoproteinemia cont

W2 ¢ @1anl apo E 2/2 §aumE AWlaNnE
AN - 92AL cholesterol 200 — 300 mg/dL WAz
W - TG 300-600 mg/dL

. deauld Type Il # azdl retio U
cholesterol 11 VLDL / total serum TG
41NN 0.30

- FINTALENAUlaNgNUaanaIn FCH
au e
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.
.Q Lp (a) elevation

L
.s * wnnddsanas Lp(a) ﬂﬂ@utﬂuﬂ@@ﬁl

R@eaalunisiinlsa

.3 « Coronary heart disease (CHD) ,

.Q - Myocardial infarction LA

 Cerebrovascular disease

o
Py
7
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.5

ngsneuNeanszay Lp (a) 14tA8A

.s + anldan LDL lasinanazldan Lp(a) wsidn
s 52AU LDL-C AZAARIAININ

.Q (1 a o o =" Y a
14 ‘I/ﬂﬂLﬂﬂﬁﬁﬂﬁ?ﬂﬁﬁ\lﬂﬂ%‘”@’ltﬂ@ulﬂ T

.s estrogen d1N190Aa/m Lp(a) {01

+ Niacin aA9819087 Lp(a) bA e bakusd b kd
wnludan1g1a9laiuaun gsaunae




.5 4. Hypolipoproteinemia
w

» * szaUURdlANUIUIRRAMN T9 L1
[~1 o =
W2 aaniily 2 duUm A

. - Hypobeta lipoproteinemia WuU?MN LDL-c
i Tasfldwuauialnfaag lipoprotein
.Q aueq Sulidanudniusiulsa CHD as
ldaanalans

.s * Hypoalphalipoproteinemia

v




w e Nu91 HDL s lunssudiaan Nszay HDL-
.s c Yaani 35 mg/dL (0.9 mmol/L)

+ lawudndszal TG g9

% * Md3a alpha wszdinlauanaos

& electrophoresis HDL Aaz@gif alpha region
% + auldinguilidassialsa CHD 1ty auld Tsa
. Tangier disease N HDL-c 1 -2 mg/dL
w (0.03 —0.05 mmol/L) wazdszmal cholesterol
.s 50 -80 mg/dL (1.3 -2.1 mmol/L)
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AARANITULNTHAUBN hyperlipidemia ANAN MU
a i Y @ v o

YA serum LNBUT | UALEUIINAY

¢ Type | Increase chylomicron ; serum : creamy

layer, infranateclear or slightly turbid

¢ Type Il a increase LDL ; serum :clear, posible
Increase in yellow orange tint

¢ Type Il b increase LDL,VLDL; serum :clear to
slightly turbid

¢ Type lll increase IDL and remnants ; serum : turbid
to opaque with thin cream layer occasionally present

¢ Type |V increase VLDL; serum : turbid to opaque

¢ Type V increase VLDL chylomicron; serum : cream
layer infranate turbid to opaque
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.Q ¥i1 ELECTROPHORESIS 1

- +

¢ Normal i

¢ Typel I ‘ ‘

Heavy chylomicron

I Heavy LDL

¢ Type lla ;

* Type IIb Heavy LDL, VLDL

Heavy IDL remnants

* Type III

* TypelV /[ | I I Heavy VLDL
¢ Type V
MY J k !\ Heavy chylomicron, VLDL
/
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y 2
.5 Case study 1
7’

. 52-year-old male went to his doctor for a physical.

The patient was24 pounds overweight and had been a
district manager for an automobile 1nsurance
company for the last 10 years. He had missed his last
two appointments to the physician because of
business . The urinalysis dipstick was not remarkable.
His blood pressure was elevated. The blood chemistry

results list in case study Table I were obtained.
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.
.Q Table I. Laboratory results

Analyte Patient Value Reference Range
Na* 151 1.35-143 mEq/L
K+ 4.5 3.0-5.0 mEq/L
Cl 106 98-103 mEq/L
CO, content 13 22-27 mEq/L

Total protein 5.7 6.5-8.0 mEq/L

176




Analyte Patient Value = Reference Range

Albumin 1.6 3.5-5.0 g/dL
Calcium 7.9 9.0-10.5 g/dL
Cholesterol 210 140-200 mg/dL
Uric acid 6.2 3.5-7.9 mg/dL
Creatinine 2.5 0.5-1.2 mg/dL
BUN 95 7-25 mg/dL
Glucose 88 75-105 mg/dL
Total bilirubin 1.2 0.2-1.0 mg/dL
Alkaline phosphatast 27 7-59 1U/L
Lactate dehydrogenase 202 90-190 IU/L
Aspartate transaminase 39 8-10 IU/L

Amylase 152 76-375 1U/L
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Q Question

. Given the abnormal tests, what additional information

would you like to have?

. If this patient had triglycerides of 100 mg/dL (1.1
mmol/L) and an HDL cholesterol of 23 mg/dL (0.6
mmol/L, what would be his calculated LDL-cholesterol
value?

. If, on the other hand, his triglycerides were 476 mg/dL
(5.4 mmol/L), with an HDL cholesterol of 23 mg/dL
(0.6 mmol/L), what would be his calculated

LDL-cholesterol value?
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.
.s Case Study 11

30-year-old male was brought to the ER
with chest pain after a softball game. He was
placed in the coronary care unit when his ECG
showed erratic waves in the ST region. A
family history revealed that his father died of a
heart attack when he was 45 years old. The
patient had always been athletic in high school
and college, so he had not concerned himself
with a routine physical. The l|aboratory tests
listed in Case Study Table 2. were run.
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.
.Q Table II. Laboratory results

ws Analyte Patient Value
.w Na* 139
. K+ 4.1
Cl 101
.Q CO, content 29
6.9

% Total protein
&

v

Reference Range
1.35-143 mEq/L
3.0-5.0 mEq/L
98-103 mEq/L
22-27 mE(q/L

6.5-8.0 mEq/L
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Analyte Patient Value Reference Range

Albumin R 3.5-5.0 g/dL
Calcium 9.3 9.0-10.5 g/dL
Cholesterol 278 140-200 mg/dL
Uric acid 5.9 3.5-7.9 mg/dL
Creatinine 1.1 0.5-1.2 mg/dL
BUN 20 7-25  mg/dL
Glucose 97 75-105 mg/dL
Total bilirubin 0.8 0.2-1.0 mg/dL
Alkaline phosphatast 20 7-59 1U/L
Lactate dehydrogenase 175 90-190 IU/L
Aspartate transaminase 35 8-10 IU/L

Amylase 98 76-37S 1U/L
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.@ Question

. Given the symptoms and the family history,

W
.s what additional tests should be

recommended?

.s 2. If his follow-up total cholesterol remains in
w
P
| =
Py
v

the same range after he has been released

from the hospital, and his triglycerides and

HDL cholesterol are within the normal range,
what course of treatment should be

recommended?
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V.
$ Case study 111

w A 43-year-old white man was diagnosed with hyper -
sllpldemla at age 13 years when his father died of a
myocardial infarction at age 34 years. The man’s
grandfather had died at age 43 years, also of a
myocardial infarction, Currently, the man is active and
.sasymptomatic with regard to CHD. He is taking 40 mg
w of Mevacor (lovastatin), two times per day (maximum
dose). He has previously taken niacin, but could not
. tolerate it because of flushing and gastrointestinal
distress,nor could he tolerate Questran(cholestyramine.
Resm) His physical exam is remarkable for bilateral
sAchllles tendon thickening/xanthomas and a right
t i d b r u i t
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o
.s Laboratory Results

Triglycerides, 91 mg/dL
Total cholesterol, 269 mg/dL
HDL cholesterol, 47 mg/dL
LDL cholesterol, 204 mg/dL

Aspartate aminotransferase (AST), 34 U/L
Alanine aminotransferase (ALT), 36 U/L

Alkaline phosphatase (ACP), 53 U/L

Electrolytes and fasting glucose, normal
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Q Question

. What is his diagnosis?

. Does he need further work up?

. What other laboratory tests should be
done?

. Does he need further drug treatment,

and, if so, what?
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.
s Case study 1V

A 60-year-old female came to her
physician because A she was having
urination troubles. Her previous history
included hypertension and episodes of
edema. The physician ordered various
laboratory tests on blood drawn in his

office. The results are shown in Case
s S tudy T abl e Y,
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Case study Table IV. Laboratory results

Analyte Patient Value Reference Range
Na* 149 1.35-143 mEq/L
K+ 4.5 3.0-5.0 mEq/L
CI 120 98-103 mEq/L
CO, content 12 22-27 mEqg/L

Total protein 5.7 6.5-8.0 mEq/L
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Analyte Patient Value Reference Range

Albumin 2.3 3.5-5.0 g/dL
Calcium 7.6 9.0-10.5 g/dL
Cholesterol 201 140-200 mg/dL
Uric acid 15.4 3.5-7.9 mg/dL
Creatinine 4.5 0.5-1.2 mg/dL
BUN 87 7-25 mg/dL
Glucose 88 75-10S mg/dL
Total bilirubin 1.3 0.2-1.0 mg/dL
Alkaline phosphatast 327 7-59 IU/L
Lactate dehydrogenase 200 90-190 IU/L
Aspartate transaminase 45 8-10 IU/L

Amylase 380 76-375 1U/L
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Question

1. What are the abnormal results in this case?

2. Why do you think the triglycerides are

abnormal?
3. What is the primary disease exhibited

by this patient’s laboratory data?
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.
.s Case study V

A 49-year-old woman was referred for a
lipid evaluation by her dermatologist after
developing a papular rash over her trunk and
arms. The rash consisted of multiple red raised
lesions with yellow centers. She had no
previous history of such a rash, and had no
family history of lipid disorders or CHD. She is
postmenopausal, on standard estrogen
replacement therapy, and other-wise healthy .
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g Laboratory Results

Serum, grossly lipemic

s Triglycerides, 6200 mg/dL
. Total cholesterol, 458 mg/dL

Fasting glucose, 160 mg/dL
Liver function tests and electrolytes, normal
. What is the cause of her rash and what is the
rash ?
.g 2. Is her oral estrogen contributing?
Is her glucose contributing?
3. What treatments are warranted and what is her
. most acute risk?
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.
.s Case study VI

Three patients are seen in clinic:

. The first patient is a 40-year-old man with
hyper-tension, and who also smokes, but has
not been previously diagnosed with CHD. His
father developed CHD at age 53 years. He is
fasting, and the results of his lipids include a
total cholesterol concentration of 210 mg/dL,
triglycerides of 150 mg/dl, and an HDL
cholesterol value of 45 mg/dl. He has a fasting
glucose level of 98 mg/dL.
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. The second patient is a 60-year-old woman
with no family history of CHD who is
normotensive, and does not smoke, with a total
cholesterol concentration of 220 mg/dL,
triglycerides of 85 mg/dL, and an HDL
cholesterol Value of 80 mg/dL. Her fasting
glucose level iIs 85 mg/dL
. The third patient is a 49-year-old man with no
personal of family history of CHD, and who is
not hypertensive and does not smoke. His
fasting total cholesterol level is 260 mg/dL.
His triglycerides are 505 mg/dL his HDL
cholesterol is 25 mg/dL, and his glucose level
| S 1 3 4 m g / d L

193



-
.Q For each of the three patients seen in clinic

w ¢ What is the LDL cholesterol level, as calculate

.s by using the Friedewald calculation ?

w ¢ Which , if any ,of the patients should have their
s LDL cholesterol measured, rather than

. calculated ? Why ?

"
P
v

¢ How many known CHD risk factors does each
have ?

¢ Based on what is known, are these patients
recommended for lipid therapy (diet or drug),
and , if so, on what basis ?
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