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Application of dynamic light scattering to
LDL measurement —Attempt for quantitative
evaluation of small, dense LDL-
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Recently, the strong correlation between the amount of the small, dense low density
lipoprotein (sdLDL) and coronary diseases is widely acknowledged. Therefore, the quan-
titative evaluation of the fraction of sdLDL in total LDL has become clinically important.
However, conventional methods for the evaluation of lipoprotein amounts are complicated,
time-consuming, laborious, and difficult to apply to many samples. To answer this demand
and to overcome problems of present techniques, a technique was developed to measure the
fraction of sdLDL using dynamic light scattering (DLS) principle. This technique is simple
and does not requires long measurement time. Thus it is useful in clinical practices.

The fraction of the sdLDL can be calculated if the size distribution of LDL can be
estimated by the DLS. However, it has been known that the size distribution obtained by
DLS is neither stable nor repeatable if the distribution is wide or multi-modal. To solve this
problem, a technique was newly dei'eloped to obtain the fraction of sdLDL without estimating
the unreliable size distribution in DLS. With this technique, the fraction is calculated directly
from the intensity fluctuation of scattered light obtained in the DLS measurement.

Three mathematical solutions for sdLDL fraction were derived in closed forms based
on different assumptions. Method #1 gives the solution for the fraction estimation when
the particle size distribution is assumed as a linear sum of the Dirac’s delta functions. This
method requires the mean sizes of small and large scatterers the fraction of which is of in-
terest. Method #2 gives the solution for the fraction when the size distribution is assumed
as a linear sum of Gaussian functions. This method requires both mean sizes and standard
deviations of the small and large scatterers. Method #3 gives the solution for the fraction
when the size distribution is assumed as a linear sum of rectangular functions. This method

requires the size ranges of the small and large scatterers. In practical applications with LDL,
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the information of the LDL subclasses is often given in the condition of the method #3.

The existénce of undesired larger particles in scatterers causes setious errors in the scat-
tering measurement. To suppress this effect, the autocorrelation function of the scattered
light intensity fluctuation was processed before applying the mathematical solutions. The
autocorrelation function was curve-fitted with a two-exponentials model and the component
of distinct large scatterers was eliminated. The effectiveness of this pre-processing was con-
firmed in the experiment using the latex standard particles with the diameters similar to LDL.

First, the effectiveness of the proposed techniques was examined using the solutions of
known fractions. Test solutions were prepared by mixing the solutions of the latex standard
particles with two different sizes, 21 nm and 28 nm. The fractions estimated by all the three
methods (#1~#3) agreed well with the given fractions.

Then the applicability of the proposed techniques to the estimation of the sdLDL fraction
was tested. The sdLDL and the large LDL (ILDL) were separated from the human serum
by sequential ultracentrifugation, and the test samples with known fractions were prepared.
The sdL.DL fractions were estimated by the methods #1, #2, and #3. Satisfactory correlation
between the given and the estimated fractions were obtained with the methods #1, #2, and #3.
The estimated fractions were always smaller than the given fractions. This seemed to be the
stronger effect of larger particles on the scattered intensity than the smaller particle. However,
this discrepancy can be compensated by calibrating the estimated values by a predetermined
factor since the correlation is high and stable. In practice, the sdLDL and ILDL are commonly
characterized by their size ranges. Therefore, it was found that the method #3 is suitable for
the estimation of sdLDL fraction.

In surnmary, a new technique was developed to quantify the clinically significant sdLDL
in the total LDL. This technique is based on the principle of the dynamic light scattering.
However, it does not require the process of the unreliable size distribution estimation which
has been required in conventional techniques. The feasibility and the usefulness of the pro-
posed techniques were verified in the experiments with the sdLLDL in the human serum. This
technique makes point-of-care testing of the sdLDL possible, which has been awaited long in

clinical practice.
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Application of dynamic light scattering to
LDL measurement —Attempt for quantitative
evaluation of small, dense LDL-
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LDL(low density lipoprotein) DT &, /N TLLE DK Z VN sdLDL(small, dense LDL) i3, /L&
BEOBVEEAD S, BRREICET2EEENEREN TS, sdLDL ZEHIT 5 5L LT,
R ZICBREODERBREKENANLONTER. LHL, ChoDFENEMTERELET
%. % T T,sdLDL OEEFEZHELDERMTITO C L 2HET L, BIAVEEEL (dynamic light
scattering, DLS) ZJ5H LTe FEEER U . DLS &, BB TT SV VBB L TV 2 hFHE» 5
DEEGEE DD b E (RMNEE) ZEHIL, NTFRONMESHERDLAETHS. TOFRIX
HBRABSICEVERTITA S T e b, BENDEERM TO sdLDL DERFMOLIRLHEFT
%%.Ch%T,DLS Z/5H U7 LDL sHRloMEMIZH 5. L L, 2 bid DLS O—#HAET
WESHEZBZEDTHD, BONINESHOBREDEERICHENS > T, ZEHICRE>T
B F T, fOREDORMIBER T H » 7B 5% 5 T L7z <, DLS #llTH 5N 5 B BRI
B{&h bE#E sdLDL DFEIE%ERD 5 HiERFFIICER L.

WEELERRICE T ¥, BOHEBRIEM 5 sdLDL DERLLERDZZBONE, ERWICEH U,
H—DF1E Method #1) Tld, ZHEHELARDKIEDFH% ZNFh delta function DE DRIAZAIZIE—

EBERETB. TOAETIE, sdLDL OERZEB X UZF NS0 LDL (large LDL, 1LDL) D45
WARIBIE L T 5. BELYGAEY 5 ¥ 0 5 DHBERD b EASEAO TR ERE T, ©
NOE=ZEOPENBEZEWT sdLDL OEEHERDZ T LN TE 5. B DN (Method #2) T
3, CREEBROHNBED R TN ENHY ADH LRET S. COAETI, sdLDL & ILDL £h
FNOEHE L BREZOWMAVBEIC K. BRI L HCHBERE b D15 A—&h
5, sdLDL DERHNEBL NS, E=DH1E (Method #3) T, “BEEAORESHERZENEN
WK ERET 5. D% D, sdLDL & ILDL OREZHFASEE Thhid, B THEBEEN 5, B
sdLDL DEBHARD B LB TES. |

RER L7z F T, sdLDL OEBLE RS B DI, fERED L 3 ic HCHBERL AR DA%
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BWME O A THET 20ENZWV. 1277 U DREI, 16k L Bfic 8 SR BR O ANEE
L CKAET B, T, BECEEBBOFRIEE DM LR R - 7. DLS §HAlE, SRRTF D OBELE
MEHREREAL TS, Liedio> T, THMIREER FOBRSE R L RN FOREZBIRIITIS. O
RIBEIC LT % 728, BHAIE M- B CAEREREEL &, REFIENIST 3R EA—T 74 v T4 VT
HICK DRET A EZER Ul MERBORER T2 AL, T ORI & > TBCHEBIRAD
SHAEERZRKELMLTESRC LKL B,

COXSARBFEOBNEEEND 50, ERARF 2T o 7. EBR T, £9°sdLDL &
ILDL ORI, 21 nm & 28 nm D5 7 v & ZBWR FRERA Liz. 2 h b ORFOBSHE
BAZILTRTHREER L, REFEICLD 21 nm MFDRELZHE L. Z0ORR, SE0F
EIRTIEHBNWT, GATESLLEHEEI MBS, BEA—BERL, 8FEOFMMLI MR
T,

RiT, ERRIT LDL ZAV, REFHEIC K % sdLDL BEEHMETOERHEERE L. £7°, BED
EBEZFE->Te FEMNDS sdLDL & DL 208 L 7. ThoRBADEIRICEATR T LICE
D, sdLDL EEHIMORE 2 ZBEER Lz, ch b DEBM LA Eh SIS E0Ea
THRABERIC N U, RE=FEZHEA L. ZOBR, ZFETRTICBVT, #ELLERILIXEX
FFEBICH L 95% M EOBVAEEAER U, 2L, #E L BRI, 5XEBEID 20~
30% /hEL EBERMNR O N, UL, COMERIE, #IEREAWEEER X b +oHLnTsET
HBHTLLHEREIN:. ZRBOFEERKRLIZBE, WNRNTFONBHEREEREL TAHE=ZDFE
(Method #3) Y, HHEHE LBV C LA 5, BUEAMNTH S LB/ T 5Nk,

C DX SITARN T, sdLDL DEEFE % E L, DLS O H SAHEEY b E#E sdLDL &
BHERDZRE, FUBIRL LTHZICEHLTWAS. £lecoRXEd Lic,sdLDL DEEL:
DEFERFICHRL, TOEMEEEIL TV 5.

ChEETBIC, BERNICKBH27% sdLDL DEBSER#ERTE L L b, BT LU
LDL ZFWEBRE R L B L, TOEMEA S CIKERTREREEIE L. chbDRRIE, 7
S A= PV DERK FOBEBHMEICH - 2FERRHRTIEDTHD, OV TIRERKE
ITEHDECRPBEICEMRTZILCARTILDRHS. Lo TEERR, LBEEARREEL (I D
%ﬂ%i‘ﬁ%éh%ﬁ%h‘%% LDLEDHB.
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