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Evaluation of Lipid Screeming Methods for Hyperlipoproteinemia

Sook Joe Hur, M.DD. and Young Hoe Moon, M.D.

Department of Clinical Pathology, Eul-J§ General Hospital

Combination of rapid and reliable methods for the recognition of most common types of

hyperlipaproteinemia according to D.5. Fredeickson seen in routine eclinical laboratory are

described.

4 Determination include for this kind of phenotyiping, determination of cholesterol, trig-

lycerides, total lipids and an elestrophoretic analysis of lipoprotein use agarose-gel as a

medium with good differentiation obtained.
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thyroidism 5) 22 FEte @ BHe 444 o
oj B2 [EREe] 3 A" =pgdd] 43 29
vV —fy B AZAeR Fo g s B4l
F2 HgA F bAn 9lie F8) 4 &4 el aleohol
F A% 23 f9AE sl 2 AgHeE WYY
7 &7} 8l 2 {exogenous hyperlipemia 2t §+), = &
sHEE wel A4 delde

3] <~:19824 24 234

A 2{endogenous

hyperlipemia) © gl ¢},

= i 2}zl o) 4 plasma 32 Lipoprotein 5=
= uh-g-dbol| A 8] A3 E= A dgkE A 5
o B89 sbrsEd by e weld REpEEe
o gke] 2] =l Afrt d=t

Hyperlipoproteinemia gt Lipoprotein 5 &l
gy Fxob Fohat 4§ #$e Lipoprotein &
TAGHL e HdEe] 432258 AAA WE 2 o
Ad Ao A5 delde, Al slE BR
& &2 Cholesterol, Triglyceride 2} Phospholipid
7t w7 St o] -&e] BEEESUYAEA & Zdd e
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#]z}= ¢]u] D.S. Frederickson & 54« =}
=5 MWe] Hyperlipoproteinemia Fell 4 {42 2R
7hak £3t type & BEERHLE Fo =Za 4T
Wl & FHF el 44 SHYLRY EERAMES §
Aol 4 AetxA e TEUE ¢+ 3, $EE A
waj oz Aelo] BB Heirbal #e FEERAMES &
FLFa = ot wal s Tyl vele] Aol By
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1) @3 AHE2 &% (Huang Bik)

FRmie 33444 Jehde EHE 2siat
Routine testel] @5tA]l €14,

(1) B FE:ulEz4 300mlE& R T4 acetic
anhydride 600 ml2} £k BMEEAE 100 ml-& A4
#] fnslz anhydrous sodium-sulfate 20 gm & E5
gh 4 Lol 4 HE fE dde] 4°Caol Radice},

(2) # &kl Tl 2§ gle] 4]2F 5ml, #
2 0. 1mle Egsbd 15°C, 3006 €245 F
spectrophotometes o]l 4 #E 670 nme] 4 BAERE

ol k.,
2) Triglyceride &73

Tab apbE T gle kita) dE Apsld S
R

3) &%|@el &% (Chabrol 3} Charonnat |
B

1 & =&
1) Phosphoric acid
3 Vanillin(0. 6 gm% 7 i)
@ FH4it
@) PR
(2} 7 ZF:A8Es w44 2mls) €4 0.1ml
4 E 4k o} boiling waterbath o4 104H b4
i oebg Wt gich. o 2ol ERF Al 0.1mlE M
the] Eiber F 37°C, 150 Bz F 42
ef, ZElx 10%rF3¢ 53T mme] A HMEEE Herst.
¢]sd Blank = 0,1ml &4k, 2mlql4k, T8z 0.5ml
Vanillin o & Etfsle] 288},

4) EERARIEBHIR AEE

e 77 medium ¢ Ageted FA} AAE
Apgarcse-gel & medium 2% 2H&dle, §3F] pre-gs}
f-fraction Apel 8] Fel7} 7 =2 LAt

(1) # M olilo] RAG Yoi g $uAAA 23
& gele7)} EDTA & 7hsled 43 #zes o
4+ "abg 4£°Ce] Esfapggheg,

(2) 183 % XE A7 g5 A£s+E Chamber
X i) tank 7} 20% 20 cm =7 o] L buffer well 4}o]
o] platform el 13em?=»| 2] W2tz BF Hillef
—ERE(F 10°C) 8 o ot wxEEA Sl o il
medium 3} buffer $}2] 4e|d] = Watmans No. 3 o
=z & apgabed A FE o3 EA ghel, Power Supply
= D.C. 400 voltage, 200mA 7} 2 ghilc}l, media
plate 2 slide glass(2x7,5em, Z0xE0cm)z} &
v}, Agarose & s}y3td BDHA| ¥o| F2 1.2%5
0.05M, Veronal Buffer(PHE.6)o] 8 AHLd
Staining soluticn 2 Sudan Black Staining Soluticn
(0.4gm x} Ethanol 120 ml,
Water 80 ml) & +}1&3)l=] Densitometer = Gelman
Ine.7} F+}.

(3) B2|HFE : Agarcse 1,2% gel medivm plate
2 ohEe] [REEE ¢F 2om A ele] templet B slit 2
abE 2 o 7lell v]T] Felg (10 gl serum 3}t 10 gl aga-
rose gel(2.4%)EHs 3) FAE Ad=h ol F
5lit «) = Indicator (serum-agarose £ 3] =} 1% Brom
phenol blue 8] THH )& A2k

Medium 3} buffer 4}e| & filter paper 2 3} sla
o 4] 7b-2 20 voltage per cm 2 =] 8le] S0~554
M d-5427% o 5em(Indicator LR A)AE o F
sl e}

A7 ol %5 medivm & 50% Methanol o o 155 3
2] A7) it G0°Cell A F4]7 vh-f Sudan Black o 4=
el FA17F g45ha tap water o 4 w4 v Al
A7 #A=FF Densitometer 578 nm o4 Scanning &
o LlE ol B— RAY =i aAzaAd« 7 E
W8 Arehie] &8 (WA ¢F:FHT=11:5:
4)d] 28499 Photometers] 590 nm o4 WEEE
239,

Zinc acetate 4 gm,

L7 #

ARs 2 w4 s dE 2ERHA(SD)E
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Table 1. Standard deviation of the present electrophoresis is methcd(50 runs cn the pooled serum)

heta-lipop. pre-beta-lipop. alpha-lipop.

6112, 29 18+1.6% 21+2. 0%

Table ». Normal values of the present lipeportein electrpheresis methed(Z0 different sera with a ncrmal
content cholesterol, triglyceride and total lipid)

—— - - e e e ——— == SRS
Relative peak area
beta-lipop. pre-beta lipop. alpha-lipop.
58+9.6% 19+8.0% 23+B.6%
#4061+ 84 mgh 133470 mgfa 161 =59 mgh
# of total lipid
Table 3, Types of hyperlipoproteinemia & parameters for their classification
Type I | ¥
Lipids as % of total lipids: cholesterol >31% 23~31% <23%
triglyceride <205 20~35% >35%
Cholesterol /Trigycerides >1.5 0.7~1.5 0.3~0.7

Table 4. Phenotyping of hyperlipopreteinemia by grantitative agarcse-gel electrephcresis

—_— e —— L
Type normal® I | I\
alpha-lipop. 16157 mg% normal normal normal
pre-beta-lipop. 133+70 mg% normal elevated elevated
beta-lipop. 40684 mg % elevated upper-elevated  normal
beta/pre-beta =2 0.7~2 0.7

# Lipids of lipoprotein fraction as mgs of total lipids and mean-+5.1,

- LP. v « \
. ...r r'q
5.: ’ E‘i ‘l
TYPE-1. H:-']:rer!h:‘mprﬂteinemia TYPE-I. Hyperlipoproteinemia
Totallipid 860 mg % Total Lipid 800 mg%
Cholesterol 327(38%) Cholestercl 185{21%)
Triglyceride 101(11.7%) Triglyceride 204(22, 8%)
C/T 3.2(>>1.5) C/T 0.9(0.7~1.5)
Alpha-LP 160(18.5%) Alpha-LP 60(15%)
Pre-3-LP 130(15.1%) Beta-LP
Beta-LP 570(66.4%) P"'ﬁ'LP]EEmEEm
Beta/Pre-g 4.4(>2) Beta/Pre-§ +1
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Table 5, Relation of the concentration of agarcse and agarcse-agar mixture to the migraticn distance

of lipep. in 0.05 m barbital buffer

— — N
Distance from Origin to peak of
Type of Lipid Gel Type & Concent.
Alpha Pre-beta Beta B.pre-beta
Normal subject Agarose MM
1.2% 125 52 32 20
1. 0% 117 58 a7 21
0.8% 125 65 35 30
0. 6% 123 T2 34 38
Agarose-Agar
g:2 122 73 35 38
Type- Agarose
0.8% 128 50 27 23
0.6% 125 T4 41 33
Agarose-Agar
8:2 128 75 42 33

wAverage values from Eight Pattern for Each Variable arenoted.

Tzl §4 =4 Pooled Serum 2 44 50
233l g2 lipoprotein £ & vl meted I 14 A
Adtgden SDoF Alx Agdde ok Foh E HA
4] i 0N E AAdEde & ASFE E 20
vhely o ¢]e] 3 4k = Cholesterol 130~250 mg?,
Triglveeride 27~190mgz%, total lipid 400~200 mg
% 2 'ebykcl

Hyperlipoproteinemia o] 4 7}3F E&t type(Type
I.1,N)% Parameter 24 #33d AJd4EAA+%
Ed s Estd 5 39 eyt wpel e

TYPE-Iy. Hyperlipoproteinmia
Total lipid 1260 mg%
Cholesterc] 152(12.1%)
Triglyceride 535{42.6%)
C/T 0.3(0.3~0.7)
Alpha-LP 75(5,9%)
Pre-3-LP 1020(81.1%)
Reta-LP 155(13.0%)
Beta/Pre-5 0, 2(<20.7)

Hyperlipoproteinemia 2] Phenotyping § Agarose
gel electrophoresis g}od Jfeld 9 & YRS R
o] 5 Parameter 2 w]m3bel E 4ol 4 vhebyd vlbs)ate)
shEskel, o)d 43 e f pre-p band = total lipid
gl mg%E Jebfla o -4 ffpred e REEEH
MfEe) BFel] o2 rhalel e sledE Heln glch

1ot g #EE

Plasma o] &= $-2]-8«] Ee¢lild Cholesterol &) 2%
7% 7} lipoprotein e 2 Foigles, ¢|F Athero-
sclerosis 2] o441 22 fpfdte}la o= LDL-
Cholesterol ¢] ¢ 2/3 M55t g}, LDL =g 42
LDL-receptor gene 2] Adre] sl A5 F71EH4
Hao qabg e Lo Fold HAF of & Ak 2o
A Surface receptor 7} §4| 2 ulFelx] =2 LDL gk
£ Cholestercl rate 2] #Helz} & Hog 23154
t}, o §5% Hyperlipoproteinemia 2| heterozygote
2| 74 receptor 7} 1/2%F 4ERIATREELZ] ool o]o
s cbihi LDL ule] Catabolism 22 #el7l5@o®
LDL gk FE® Adl ule 5l Frheiet

LDL-receptor & #:@el &= oel7b= £4, 5 Hor-
mone, Metabolic factor 7} B30z 4Rz dE
girt. <l E5H FHAAFEE receptor 44EF F704
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Fogd s FiaFel gle A4 Chelestercl
Catabalism 22 Mz]7} 3 slej}b 3b4rb ela, 34
A7l e ol dkaeabe)
(Cholestyramine o] v} Cholestipol 5)-& ¢} receptcr
A4 e a2, = Choleterol s} bile 2] 2 ¢
27 zhd] A 8] HEME delge® Cholesterol 52
7} #xicl, Enzyme »}-£u HMG Co. A-reductaze &
Cholesterol 4 4 & $744H —=nfhe® LDL-recepter
44 & apFabe o] 2 <) gk Cholesterol A 2| & a4
eb. gt 2 Compactin & 288 hEIL=g4 oA
4] # Cholesterol &EE < 45}

/42| =% Hypercholesterolemia 5 o 27) ¢l 4
—Frffye] Al Tephe] of 8l 7ha] Hef 2] hyperlipemia
& aes|m olch, Type [ hyperlipoproteinemia &
dl % Eol¥w Tyl M2 hyperchelesterolemia
= [iksld 4 metabolic & hormonal disturbance =}
Fol ¢ Secondary type [ & €27+ dl7f g o
#| ¢l = Hypothyroidism, Obstructive liver disease,
Nephrotic syndrome, Dysproteinemia 5¢| HHEHES

A7lck, )@ resin

ol ek, —&fy #e Familial Hyperchelesterclemia
T A wE Aol

oldfl 2] S a4 febyk epelte] LDL 3E=2F F2
2 g olsl WTd o] AR ddd dTA
E 2wl Jensen Mz Type I family 1215F
o 4 50 (32, 5%)7} Coronary heart disease & ¢ 2
#| = Normal cholesterclemia family 1508154 A+
ek 2H(1.3%)5ke] LEEEL dogidn RIS
glcl, &= Slack §& Type [+]A4 Ischemic heart
disease vba o] =iz glgiel, F 20pE LLTFd4 &
5.4%9l el 308LLE €08 LITFel e 51.4%E =F
10 571gHE Mela glrh, el of ol EalHE 4
7l A ghel] walshr] o Boll o] F E7)4
7 2l A s e Ed Cord bloed o) 4 iE88E M3
sl bl AR wEm o] e MEERA) MNE
2 Bidss] Add zagazd &g gl =
gl o] % Fal o2 Fol gl ASEA FAgeEs
hyperlipoproteinmia § screening ¥ <5 il& HiEkE
% wlar 4w Al A Byt

Cholerterol 34 -& wl=xa zgsta 5] 434
ol 4517 7H SuE wielstn Bekslo] ofs 7l
= o] vy & 9§54 A routine test = o] Hil7| F
= ouby e ® wabg o whgat e "2rbRl A S48
gyl o
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Fig. 1. Comparigcn cf the Colcrimetric determin-
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Fig. 2, Compariscn with eXtraction methed (Foleh)
Determination of total lipids.

B EES 4 43430 AH 2R RRESH B
= 4 FEE b3 07 nme] 4 Peak 2 vjelvpa =
ihs 2ol wEr qkFA| 3k Apelrb weEpde
serum x reagent £¢i F 0°Cel42] giSEL
1048+ ool ol2m, 15CH A 0, 424
£ 10¢d Hazd] o2 X7 Frighe] oz B
FEEEA 1R 553 sdd Bgel =wA f
$2E+ 15C7 713 2 L2 S22 W
H:Hyefl Cord blood H#-F =7« Primary type &
screening &t §# ApgEtr] = -fo] bilirvhin g o
i sl M| ERMECGAE AY gz, 2.5mg
%o]4pell 4| Cholesterol 373714 o8k 42 g xk.
4 bilirubin 1 mgf%e} 3.6meR4 Srlgoz vy
of Fojof Gk AME ¥ AFys fo 48HE
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Fig. 3. Total surface(dots) under the peaks{den-
sitometry) of a lipoprotein pattern after
increasingly long staining with Sudan
Black E.

extraction W =48] «] i Fig, 1«04 F2 4 (43t
A7k 0.970) 8 5 ol

Total lipid &3« 4 i 2 KRl Folch 7} A
At el () abe ¢ me 4 Fe 2414 el
i ups ko] (AbgAl4s, 0.984) FL& ASE Eeln
sl

Triglyceride 33 & £8) A5 ELf o= $7
o] B-a} 51 et

Lipoprotein electrophoresis = AR§5 ¢ o 8 713
media 7} 3] pre-7 band sl S.band 7} FF F-2 =&
agarose gel media § AFEels & #H3pge), o]
agarose-gel & media 2 4}fea)el] coffal g ek
o] 8lot. =

(@ Pre-3 2} # band 4fe] 7t b5 2 sl

@ Media plate & ql=t FA3ol4 AgLtest =
v gl As A gke Hp 2 oglass plate(2) =20 em)
o wlEe] 1470 e]4H8] FHAF A G475 2o
& A3k A AbrbgsEL

@ o e Fol mABAe] ok k). 50%
Ethanol o] v} 8] 24kef] A2 5o Cellulose ace.
tate A}&-4] &= Barium oxide 3} Ffale] Eeolde
tank ¢f 4] czonee| 2|8 AbslzE-4 led ek W
# 24 Fastich

@ Pre-3 oz Sf 12-250 =He]  Apelef] Absiald] 7}
vl @y obF A el glch

B Agarose & x| oel4 lipoprotein 2% 2] B
o e vhdg] Abe]z} SlA]l el Hgdl dHFE
F AFR-she media § qbEelef e},

& Buffer solution 2| Ionic strength =7« wfzl
A Band 2] o]-Fof] elgke] 2R T (o, W] eo]Fo]

w2n Helse Aes =) ¢3¢ =224 Ionie
Strength B =) glef o} &)},

T Buffer | albumin & 37}y 42l ¥+ Band
A Ha 2eks] B4R AlAdd (el el
+= metal 3}z ghebed lipoprotein & Alshg a3
o).

@ Hae] ol dFFE(2 2.5gm¥E) agarcse =
Zhatel els & band & R} sharp #A] qkEch =
9 agarose & M rilal g3 o B4 AA S
7} Voltage 2} mA § 2 = six) g2 band 7} F
¢}z 7 Crescent shape & Jelyd=f.

@ %3 pre-fs} fband, a-band 7} Frederickson
v2we odel b2 &5 hyperlipcpreteinemia 8| §-
F-3 2%} lipoprotein 2| screening o] o} F 8.8 =},

T2 Frederickson 54« =gt hyperlipcprote-
inemia #] phenotyping o] -4 &ty el A
= a4 o F4) routine test§«|A] hyperlipemia 2]
lipocprotein screening of ¥} w23 F& dbfE ¢
Gatcte e o} F Faet deolch. F o2l A4 G
il b= A go] o uba abell A 8] Apgeel| riab oWl Ea
Fo wdlelglm Al EEs He =z -Fel agarcse
2 media = 489 o =+ fracticn, Hé] pre-fsf
f-band § Hlsle b F2 FHWUolEI st
alef, ahoz o]4be] AaAlg wbgFel AREEE =
o] 4 Zv] F2 A4 stede] Wil 2Tl
ob7l o 58] vhetel 4 2] hyperlipcproteinemia 8] g
Wl Esl 2odal typee] =B LEE delud]r] f]zld
A & o FEpaa] g
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