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Abstract:

Low density lipoprotein cholesterol (LDL~-c) is associated with the risk of atherosclerosis and coronary heart disease.
Currently the clinical chemistry laboratory estimates of LDL-c using the Friedewald calculation requires a fasting sample and
triglyceride to be lower than 400 mg/dl. With the kit reagent from Roche Diagnostic, Thailand, we evaluated the determination

of direct LDL-c by homogeneous enzymatic assay performed by using the Hitachi 917 automatic analyzer.
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The results from this study showed the direct result of the LDL~-c method had a good accuracy and precision with “with-
in run” percentage CV were 0.50 and 0.69 for the low and high values and between run percentage CV of 1.19 and 0.84 in
low and high values, respectively. The comparison of LDL~-c by Friedewald calculation and homogeneous enzymatic assay,
showed a good correlation (r=0.993, y=1.033x+12.715)

The direct LDL~c is a reasonably specific, accurate, precise method which is recommended to replace the Friedewald
calculation. However, the method only approximates LDL-c and is subject to well estabished limitations, but request only

LDL~c is cheaper than the Friedewald calculation.
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1. nueheENINETNFUUAMaMHEeaTlamEmNa
ﬁ@’lla”luﬂ%u‘ﬂgiﬂilﬁlLLW‘VIET%%'I\WI‘S'JQ LDL-c ﬁ'ﬁm‘sammmi
'rJE;'Nl?!’aEI 10-12 %L'JINQ f\hmuﬁg\i%u 148 918 Lﬂu‘lﬁﬂ 68 98
oeiRds 55 1 worwdi 80 8 DgLnde 56 1
2. 10309ATENBATUNA Hitachi 917 FeuUsenau
TUaENEasEsanI N AN UDINATNATOUAN
UG ENUATEINIOI LU THANNUINGA TS
Friedewald"
LDL-c (mg/dl) = Cholesterol (mg/dl)-HDL-c (mg/
dl)-Tg/5 (mg/dl)
3. ﬁﬂﬁﬁmﬁ%%ﬂgﬂ Cholesterol, Triglyceride, HDL-c
plus 2" generation 18z LDL-c plus 2" generation 28
vitmlszlawenTuadnaussnalneiia dail
3.1 MIATINIATIEN Cholesterol®
3.1.1 genhenaiSag
~ reagentl Usznauaie PIPES' buffer 75
mmol/1, pH 6.8; Mg®* 10 mmol/1, sodiumcholate 0.2 mmol/
1, 4-aminophenazone = 0.15 mmol/l, phenol = 4.2 mmol/I,
fatty alcohol polyglycol ether: 19; cholesterol esterase = 0.5
U/ml, cholesterol oxidase = 0.15 U/ml; peroxidase = 0.25
U/ml; stabilizers; preservative a) PIPES = Piperazine-1,4-
bis(2-ethane sulfonic acid)
3.1.2 ¥anm9 Enzymatic colorimetric test
ﬁqalminLﬁaleiy%'mﬁlﬁmfwm R1 (cholesterol reagent)
ﬂﬁﬁ%mL’%N%Wiywmﬂgl,aul%ﬁ cholesterol esterase Lay

cholesterol oxidase tHU#IA cholesterol

cholesterol
cholesterol esters + HyO =}  cholesterol + RCOOH

esterase

cholesterol
cholesterol + O, =——— cholest-4-en-3-one + H,0,

oxidase

peroxidase
2H,0, + 4-aminophenazone + phenol —

4-(p-benzoquinone-monoimino )-phenazone + 4 H,O

3.2 MINTINIATZN Triglyceride!”

3.2.1 gonhnaiSagd

- reagent 1 Usznaume PIPES® buffer: 50
mmol/1, pH 6.8, Mg2*40 mmol/1, sodiumcholate 0.20 mmol/
I, ATP = 1.4 mmol/l, 4-aminophenazone = 0.13 mmol/1,
4 -chlorophenol 4.7 mmol/l, potassium hexacyanoferrate
(I1) 1 mol/l, fatty alcohol polyglycol ether: 0.65%, lipo-
protein lipase = 5.0 U/ml, glycerokinase = 0.19 U/ml, glycerol
phosphate oxidase = 2.5 U/ml peroxidase = 0.10 U/ml;
preservative a) PIPES = Piperazine-N,N’bis (2-ethane
sulfonic acid)

3.2.2 #anNM9 Enzymatic colorimetric test
dadsasanadialasumaduine R1 (buffer/4-chloro-
phenol/enzymes) ﬂﬁﬁ%mtﬁﬂﬁu uﬁfgll

LPL

triglycerides + 3H,0 =———f olycerol + 3SRCOOH

GK
glycerol + ATP m——f glycerol-3-phosphate + ADP
Mg2+

GPO
glycerol-3-phosphate + O, — dihydroxyacetone phosphate + H,O,

oxidase

peroxidase
H,0, + 4-aminophenazone + 4-ChlOropheno] m———

4-(p-benzoquinone-monoimino)-phenazone + 2H, O + HCI
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3.3 M39TI9NATIEN HDL-c*®

3.3.1 gorhemnaiSag

- reagent 1 Usznauae MOPS buffer 19.1
mmol/l, pH 7.0, dextran sulfate 0.5 g/1, magnesium sulfate
heptahydrate > 8.11 mmol/1, HSDA: 0.96 mmol/l, ascor-
bate oxidase = 50 [lkat/l, peroxidase =167 |lkat/l; preser—
vative

- reagent 2 ﬂ‘i::ﬂa‘UG;l’JEI PIPES ~ buffer: 9.9
mmol/l, pH 7.0; PEG-cholesterol esterase = 3.33 [kat/I,
PEG-cholesterol oxidase = 127 [lkat/I, peroxidase = 333 Llkat/
1, 4-amino-antipyrine 2.46 mmol/1; preservative

MOPS~ = 3-morpholinopropanesulfonic acid

PIPES = piperazine-1,4-bis (2-ethanesul-
fonic acid)

3.3.2 Wanm9 Enzymatic colorimetric test
5\1%1'\161‘3)‘\]Lﬁalg%’um‘élﬁuﬁ’ﬁm R1 IG\EJ"?; magnesium sulfate
e dextran sulphate ﬁﬂ‘v? LDL, VLDL tta¢ chylomicrons
WasuuansiBwauiiansaaraemhle uarlamuinsen
U PEG-modified enzyme ladunhendhiiaas Fuiiu PEG-
modified enzyme/4-phenazone/buffer ﬂﬁﬁ%ﬂﬁ\‘lﬁ:mﬁ mﬁu
TasAnaaLaas cholesterol lu HDL-c azgniasizulos
Laulﬁmj cholesterol esterase LLe¥ cholesterol oxidase ﬂ?U@:ﬁ’U
PEG m'awy:azﬁiu (Uszanaisasas 40)

PEG-cholesterol esterase
HDL-cholesterol esters + HyO = HDL-cholesterol +
RCOOH

PEG-cholesterol oxidase

HDL-cholesterol+ O,  mm—f A*-cholestenone + H,0,

peroxidase
2H,0, + 4-aminophenazone + HSDA™ + H'+ HyO e
purple-blue pigment + 5H,0
HSDA = Sodium N-(2-hydroxy-3-
sulfopropyl) - 38,5 -dimethoxyaniline
3.4 M3979NATEN LDL-c mediialasnse™
3.4.1 genhenadiSag
- reagent 1 ﬂs:ﬂawiyw MOPS (3-morpho-
linopropane sulfonic acid) buffer: 20.1 mmol/1, pH 6.5, HSDA

0.96 mmol/I, ascorbate oxidase = 50 [lkat/l, peroxidase: =
167 Ukat/I; preservative

- reagent 2 Usznauae MOPS (3-morpho-
linopropane sulfonic acid) buffer: 20.1 mmol/l, pH 6.8,
MgSO4.7H20: 8.11mmol/l, 4-aminoantipyrine: 2.46
mmol/l, cholesterol esterase = 50 [lkat/I, cholesterol oxidase
= 33.3 kat/I, peroxidase = 333 |lkat/I

3.4.2 BanNN3 Homogeneous enzymatic
colorimetric assay Lﬁ'aéﬁéqmsaa15§un1itau§1m R1 ﬂﬁﬁ%ﬂ’l
ety dail

Detergent

LDL-cholesterol esters + H)O ===t Cholesterol + free fatty acid

cholesterol esterase

cholesterol esters A¢gN break down (fu free

cholesterol NV free fatty acid 108 cholesterol esterase
cholesterol oxidase

LDL-cholesterol+ O, et A _ cholestenONE + H,0,

TugnnziifioanBiau Aaladaasasdzgn
E]aﬂ%lﬂgi(ﬂﬂ cholesterol oxidase lUtffu  A*~cholestenone
fiu H,0,

peroxidase

2H,0, + 4-aminoantipyrine + HSDA™ + H,0+ H' s
purple-blue pigment + 5H,0

HSDA' = Sodium N-(2-hydroxy-3-sulfo-
propyl)-3,5-dimethoxyaniline
Iuamazﬁﬁ peroxidase, hydrogen peroxidase
ﬁt,ﬁﬂ?i’u%ﬁwﬂﬁﬁ%mﬁ’u 4-aminoantipyrine L8z HSDA LN®
fsdnnhEy Fenueaesdasiulagaseiuaawgy
284 cholesterol Wazanx503Ala
4. §INATIIUNID calibrator LALANTAIVANAMNIN
Precinorm a2 Precipath 2aqu3snlsylouanluading
Usendlneanng
ANB1ANINYNA BILAZAN LI UEIBBITENTA9IR
3Lﬂﬁ$ﬁ( cholesterol, triglyceride, HDL~-c (L2 LDL-c G;I)ﬂacﬁ‘alﬂ
TAgH59 LBNNHAMSATINIATIZN LDL-c ﬁleﬁymnmsslggm
MUNUYBY Friedewald uazddinlaansundnmiSauiiau
HamsaTIenzy loglalusunsumaad SPSS
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1. mimaaummgnmwaq (accuracy) YDAWNDNIT
NAFBU cholesterol, triglyceride, HDL-c e8¢ LDL-c (;l’)fﬁ%‘
Falogoss Tagla@snasguuasaInIuaNA UAIWEDs
vsenlsrlawanluating Uszindlnesiia wunuanmsnsa
3Lﬂswzﬁaé€lu°ﬁwéwﬁﬁmum (assigned value) é’\im‘mﬁ 2

2. msmaaummuﬁusﬁ (precision) YANNANIT
NOEaU cholesterol, triglyceride, HDL-c LDL-c GTaaﬁﬁﬁ“nmm
W8z LDL-c aneAdTalaonse

2.1 MFIATIENNNGIBELAEITUNIIEAS

Twdudennu (within-run) ﬁgqéwﬁwLtazéﬂgwmwamimaau
cholesterol, triglyceride, HDL-c wae LDL-c G;’iﬂeagﬁ'ilﬂiﬂﬁlﬂiﬁ
59419 LDL-c 1laa1nnsmuiaannuansnaasuaad
cholesterol, triglyceride, HDL-c wuiwﬁmmuﬁuﬁwﬁﬁéw

Fulszansanuulsusiu (%CV) g 5 Taefidudszans

anuulsusu (%CV) wlﬂmmﬁmmmumamiw 510
Tooase Gamsi 3

2.2 Mmsenzunniasdeiuluwnaziu
(between-run) ﬁgﬁéwﬁwLLazéwgwamamsmaau cholesterol,
triglyceride, HDL-¢ tt8¢ LDL-c aeAsSalasnse SImM
LDL-c Alaanmsminamnuamsnaaausad cholesterol,

! = ' 0O o ! g a Q(
triglyceride, HDL-c wuNNaNUUNUNaNAIFNUIEEND

anuulsUsiu (%Cv) oo 5 Tnsdidusandanaususiu
(%CV) f‘ﬂeﬁymﬂ'i%ﬁﬂmmﬁéﬂ@%iﬁ%"iﬂ‘[mmﬂ FanTa7 4

3. HAMSANEIMINTIAIATIZN LDL-c MNEI0e
P 148 M8 wunismnadinmis 120 fadnuae
LOARAT ﬂ'uﬁmwummgm (SD) 62.45 fiaansunaLadans
WALAIAIATIAABY NN 25-324 HaAnTuABIATANS
TuaiefimInTa LDL-c Medsinas wun famae 136
fiadnsunaedans mieuuwanasgiu 64.95 dadnsu
ABIATANT UATMMEAFIGADYIIVIN 4-350 HaanTuae
103505 Taedl cholesterol fiAtady 199 HadninNnoiadans
AuENULNAsTIU 68.59 Haan3NaaLBans uazammge
NYABYILVTN 88-415 NAANTUABLATANT MINATDU trigly-
ceride fiAmae 121 Tadn3una1ndans éuﬁmmummgm
57.40 HdANFUADIATANT UALAMNFAGIGADHITININ 36-
387 f9AnSNABIATANT warMINAFEY HDL-c AAmae
55.3 fiaansunangans mdeauuanaIgIu 16.46 faansu
ABLATANT WOLANGAIIABYILVIN 11.8-102.7 Fadn3y
ADLAFANT FaNTNT 5

4. MENOFDUANNFNRUS ithiamsasadnzn
LDL-c mgiamunuazisinnsanmasaumanudunus
Toelalusunsumeadd SPSS wunilamuduwusiudien
FuUsranaanduwusWIDM r=0.993 UAZANMIONDHLES
WuASY y=1.033x+12.715 dagulil 1 iathinmadaum
amwuanaslagly paired t-test fiszduiaadn 0.05 wun
A LDL-c filannismunuaisialagasiuanaieiy
aéwqﬁﬁfﬂﬁwﬁ'ﬁquaaa (p<0.05) Tag A masanuuanma
2aIEAMNAUAZITINlAIASIMAY ~16.62+8.05 LA
Tug\di 2

S5t

PNHANMIATIVIATIZN LDL-c ‘[mmﬂggmﬁwmm
289 Friedewald 1144 uanmnajﬂaa@?mamamnaahaLﬁmwa
Ao asnauan 10-12 $lme  wazilen triglyceride UoBnNM
400 fadnINADLATANS ‘wmnmmﬂnmmuuumua”maaalm
289 LDL-¢ ﬂuaan‘ummaﬂmmuuumua”manalmaq
ﬂ"liGl‘éT«DLﬂiW::‘Vi cholesterol, triglyceride 8¢ HDL-c aﬂﬁntl
FNNNAMTANHINUT MYBINMINATBU cholesterol, trigly -
ceride uay HDL-c Tvanugnaasaglugeiimmua
FamnT9N 3 u,avﬁmml,uiuéﬂﬁ fienduszansamuuysusiu
uaﬂﬂiw‘;aﬂav 5 mwum within-run 8¢ beween-run (’NmiN
i 3 uBL 4 MUMFY UAZWANMIATITILATIEW LDL-c 0
53anstlumemugnassag lunamimvuadan i 2
wazdenuunusi eduUszansanuudsisiu (%Cv)
shAMAEeunaasiia within-run LAY between run GaM T
3 W8 4 TAHNMSATIIATIEN LDL-c ﬁmmaﬁ’uwwﬂﬁﬁuaé
AUNBNITATIA cholesterol, triglyceride Loz HDL-c 'Y'l’ﬂ‘l';laﬂ
fhusiananalwiiie random error lasnnnmn

wamiﬁm:mnﬂ@j%’uu%miﬁwmu 148 918 9015
ptnanay 10-12 s uaziien triglyceride UBHNN 400
fiaansunaleBans wudenaasaesszaulasiuaie g
FINTR 5 UazliihNaNsAIAIATIEN LDL-c anedd
mnaazisialasnsilaslalusunsuadd SPSs wumilm
u,mﬂﬁiwﬁuasiwﬁﬁfﬂﬁwﬁtymmﬁﬁ (p<0.05) Taganasns
JEmunaezissalasnsumniu 120 uaz 136 daaniu
ABLATANT MNAIGU LALHAMIATITIATIENMEIDIAALAT
fiengan wasiiaisrasenuuanisaisdasisimy
~16.62+8.05 ¢a3Uil 2 aenalsieunanmsdnm LDL-c
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M1991 2 Namsﬁﬂmmwgﬂmm (accuracy) YNKNANIINAFAUY cholesterol, triglyceride, HDL-c tt8% LDL-c @8
I5Ialaense (N=20)

NINAFIY Control Assigned value (mg/dl) Assayed value (mg/dl)
Mean SD range Mean SD range
Cholesterol Precinorm 85.5 4.3 76.9-94.1 85.7 1.8 82.1-89.3
Precipath 175 9 157-193 176 2.9 170.2-181.8
Triglyceride Precinorm 112 6 100-124 109 1.4 106.2-111.8
Precipath 205 10 185-225 203 2.9 197.2-208.8
HDL-c precipath HDL/LDL 36.6 2.9 30.8-42.4 37.3 0.55 36.23 - 38.43
LDL-c precipath HDL/LDL 201 16 169-233 197 6.45 184.1-209.9

M9 3 MAaNISANHIAMNEINTI (precision) %H@ within-run NNIINAFAU cholesterol, triglyceride, HDL-c,
LDL-c #28735015A1%304 Uag LDL-c mMeoinlaansd

N=20 Cholesterol Triglyceride HDL-c LDL-c¢ (mg/dl) LDL-c (mg/dl)

(mg/dl) (mg/dl) (mg/dl) A5aun F5inlaansa

low high low high low high low high low high

Mean 151 412 121 161 53.5 93.8 66 294 81 305
SD 1.25 2.29 0.93 0.99 0.59 0.67 1.05 2.06 0.41 2.09
%CV 0.83 0.56 0.61 0.77 1.09 0.72 1.61 0.70 0.50 0.69

MINN 4 HaNISANIANMNENANTY (precision) 2HA between-run YANNIINAFDU cholesterol, triglyceride, HDL-c,
LDL-c M#33n15auIas uag LDL-c Me31ainlaanse

N=20 Cholesterol Triglyceride HDL-c¢ LDL-c¢ (mg/dl) LDL-d (mg/dl)
(mg/d1) (mg/d1) (mg/d1) A8 35 0laansa
low high low high low high low high low high
Mean 152 414 120 160 50.8 88.1 69 302 80 307
SD 2.58 4.5 2.1 2.02 1.14 1.72 2.34 4.69 0.95 2.58

%CV 1.70 1.09 1.75 1.26 2.24 1.96 3.39 1.565 1.19 0.84
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NINeFauY 35 N mean SD range
LDL-c (mg/dl) Friedewald formula 148 120 62.45 25-324
Homogeneous enzymatic assay 148 136 64.95 4-350
Cholesterol (mg/dl) Homogeneous enzymatic assay 148 199 68.59 88-415
Triglyceride (mg/dl) Homogeneous enzymatic assay 148 121 57.40 36-387
HDL-c (mg/dl) Homogeneous enzymatic assay 148 55.3 16.46 11.8-102.7
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