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8 % Type lla 7154 T AHE EF 8x1e] X85S 3] AE22= 2 glass beads?] 7)
Aol Sol 24 SEWIE 1HZTEA AUL AYuwa (LDL) AAL 2ERE Az}
AZY AAAESS FTIR, 'H-NMR § Q48472 2asigdon g @¥ozsy 159
LDL $%5¢ nﬂv}a}oﬂw 29ER SEWY BAL 71F W LIS wet 6.6x105~
3.9x10°* mol/g ©1¥le™ LDL FFY = <FA3 AAR7} vlxe] controlo] vlajA] Aes]
=A Jehgct. —':5,-3] glass beadsel|l dextran sulfate (DS)E& 134 3A|7] Glass-TEOS-DS:=
LDL gol 48% 713 27 Baslel &96oz LDLE AAT + 988 Fasign.

Abstract : In order to utilize the LDL binders for the treatment of the type Ila familial
hypercholesterolemia (FH) patients, polymeric low density lipoprotein (LDL) binders were
prepared by grafting negatively charged sulfonate groups to cellulose and glass beads. The
resulting LDL binders were characterized by FTIR, IH-NMR, and elemental analysis and
their lipid binding capacity was assessed from human serum. The content of introduced sulfo-
nate groups was 6.6 X 1075~3.9 x 10™* mol/g, depending on substrates and modification meth-
ods. The LDL adsorption to sulfonated binders, in general increased as compared with un-
treated controls. Especially, dextran sulfate-grafted glass beads (Glass-TEOQS-DS) have
shown to decrease LDL level upto 48% among various LDL binders. This result indicates
that LDL is selectively and effectively eliminated by a Glass-TEOS-DS, which can be applied
for LDL apheresis.

Keywords . polymeric LDL binders, sur face modification, LDL apheresis.
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Slct. o] % LDLe 71 B2 F# 28 E0] &
Hol eBR EF ZFHAHEXE Z4A17] 9
siAl= LDLA & ZHAAIACKE gt

) nEHAHE 5 B9 Yo Ao
8%, HEXE, Adcd 2 HF FEHo
DA o2 AAIE D k. Aej gyl 7|2 g
= dolo gRHE FUEHE AFHZLT THiA A
P FH2HE FS 283k LDLY F7
& e Zoja FEQYE Aol8y, &5, 79
e BFs5tn LDL EH2HEX7F 190 mg/dL
o] Aol 3izlol| Al bile acid sequestrants,? nicoti-
nic acid’$} & oFE9] Foof o] 3y E WY,
2 g8sh= Aot} 9o WHowE 87t FA] &
£ AL, 53] 7154 type lla 3485 xp=
Ay or AtdlAS HASEA FEQ
< HYIrh. Aedgols EH AHE HE
2 84S 28T ths ol & AFE A%
ggoz uAA7le EFugy,t LDL tis
=& 2R3 LT cutoffR & e BEULE
B4E APt o3y 3NEyS LDL#
HEL o]E4 Y= sulfated polysaccharide,8
heparin, 10 antibody!! & o] g&s}e] AMeizjoz
HAAZl= LDL 2e]HtEro] @o] dvH1 9l
t}. 974 Q) 4 © = partial bypass'?2€} por-
tacaval shunt¥130] &z Qo TEH AHE
Pzo] A8 AedE Tol4ol FHA A &
ol meE o

B dPoAs nEHAHE 8F &9 EE
sty Ao LDLE &2, AAAL & <
= oZ{7}x]e] LDL AAAE A z3igu. 7|22
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A 5, AEZ= (AE9:AVICEL, microcr-
ystalline) = Z3lokEAl AF o2 50ColA 7Y
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Azt Ao, o]F Cell2 F7)8Ido.
Glass beadsy= SigmaAle] A|Z (Type I, 75-
150 micron}2o 2, g 4k} g @4k} 3:1
ERgdlon 447 o4 AP U FREE
Qe AHY T A2 AL} Hexa-
methylene diisocyanate (HMDI) £} toluene diiso-
cyanate (TDI)&= Z+z} AldrichAle] 13 AJ9FS
& F3te] A £31 . Aminopropyl - tri-
ethoxysilane ( APS), isocyanatopropyl-triethoxy
-silane (IPS) ¥ tetra-ethyl-orthosilicate (TE-
0S)= Z+Z+ AldrichA}, United Chemical Tech-
nologyAl @ SigmaAle] AEFS IU2 AMESIA
t}. Poly(vinyl alcohol) (PVA, x5 :124,000~
186,000)2} poly(allyl amine) hydrochloride
[PALA, £x:10,000(10K) & 55,000(55K)]
= AldrichAl9] AEo2 PALAS HCIE @712
A AT & A5} 3L poly(ethylene oxide) [PEO,
B218F:1,000(1K)]= ¢¥& Wako Pure Chemi-
calAtel 13 AloFe 24zr Sl AHgshanh
1,3-propane sultone (PST)#} poly(styrene sul-
fonic acid) (PSSA):= AldrichA}9] A|=E, dex-
tran sulfate (DS)$} heparin (Hep)< SigmaA}e]
AZL a2 ALE3IET. £uliQl stannous octo-
ate?} dibutyltin dilaurates= Z}z} SigmaAle} Al
drichAle] 13 A|ekS 22 ARG oH 1 9
9] §uiEL 13 AloFE U= ARS3it

LDL MAA2) AZx.

AEZOZXE 71AZ & AAAY AZ.

Cell-PALA-S039] #Z : Fig. 1& Cell-PALA
-50:9) AzxHAYE vEPd B4 Toltt. A 50°C
ol A 48417k Bt YA AERQ= 5 g&
dimethyl sulfoxide (DMSQ)¢j] £2}A17]22 HMDI
21.78 g (0.13 mol)3} stannous octoateE 0.25
mL H7FE £ 60°ColA 2417 BEGAIZITH €
A AAES DMSOS8} ethyl etherz z}zt Aj&3
T A2oA 2447 F FF Hxst Cell-
HMDIZ A zslgct. PALAIOK (== 55K) 1 g
& 100 mL2] DMSOe) &3A17 th3 oHA A 2§
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Cell-HMDI 5 g#} dibutyltin dilaurate 2.5 mL
T B7FE F 50°ColAM 2447 vESAIATH A4
E< DMSO9} vlghe 2 zHzh Mgt 3 Al Qo)
24X B9 AFARAA Cell-PALAE A =3}
Ak, BoiR Cell-PALA 5 g& DMSOo|| E414]
7132 PST 10 g (0.082 mol) & d7}3 142 60°C ol
A 24A12F F2F ¥H8A1Z] 3 DMSO9} opajE o
A& Cell-PALA-SO,S & 235}3c).
Cell-PEO-PALA-SO;9 A= : TDI-PEO-TDI
o] Az AL Fig. 20 Yehd ZxY Wz PEOLK
5 g (0.005 mol)@} TDI 5 g (0.025 mol) & z}z}
100 mLg} 50 mLe] #lRo] &8)4171 t}g 60,
Ha 71Rste] TDI golo] PEO £aS 443
A3tA1Z] & stannous octoate 2.5 mLE 7}s})
3L 50T 24417 FoF WHEAIZ T ¥HE %o
B8NS ethyl etherol FHAIZ & 24417+ 59
Aol Mgy #ste] TDI-PEO-TDIZ §H43)
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dibutyltin- | (”TH; Cle
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Cell-PALA-S0,-1

Fig. 1. The synthetic procedures of Cell-PALA-SO,.

#2/of A19Y¥ 35 19953 5¢

ich. Al&slAl, Qojx TDI-PEO-TDIE wixlo|
=01l F83] HRAR) WEZO= 5 gi} stan-
nous octoate 2.5 mL £ 718 T} 2447} vt
EAIZ] § WA ethyl etherg 2+2+ 4 Hatm 2
FAx3]  Cell-PEO-NCOE A z3&}tth. Cell-
PEO-PALA-S0;& Cell-PEO-NCO 5 g-& DMSO
200 mLej 4+ A7) & Cell-PALA-S0,9] A=
WY 5Y Ao E PALAIOK (%= 55K)¢)
PSTE =318 o 7 72} & A|# 4] A 23R
Glass beadsE 71A= & AAA A=,
PVA-80:;¢8 A= : PVA 5 g (3.23x 1075 mol)

CH,

N NCO

$ +HO(CHCH.0), H
NCO

(TDD) (PEOIK)

stannous octoate

A4
LOCN—TDI—PEO—TDI-NCO

cellulose

Y

L Cell-TDI-PEO-TDI-NCO

PALA

l dibutyltin dilaurate

L Cell-PEO-PALA ]

PST

\

L Cell-PEO-PALA-SO,

Fig. 2. The synthetic procedures of Cell-PEO-
PALA-SO;.
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Bl ol dF-#F2-22Y-AAF-HIE

< 854 200 mLe) DMSOe] =0l K,CO,
15.7 g (0.114 mol)S 713t Ho| FeE THE
t& PST 27.7 g (0.227 mol)-& 718te] 20417
o whgAIATE. AJHEE isopropanolell A, o
FHale] Bo| moln ol FAY (Spectra CE
membrane, £A1% cutoff =3,500) o] &3l &
A3 & $AYPxd PVA-SOE U

Glass-APS-PVA-S0;3;% Glass-IPS-PVA-SO;
9 Ax: Ax2)H glass beadsE APS/EF4 £
M (5%,v/v)ol Wi F&eilx] 24417 F<t andt
A7) g g3t oM EOZ A3t Glass-
APSE Azsld. 2913 Glass-APSE DMSO
o 2471 & HMDIE 718t 40ColA 2.5
A)1ZF 9reAlA Glass-APS-HMDIE A &3
7)ol oju] Az2E PVA-SOE A2olA 24AI17k
HI2-A|A  Glass-APS-PVA-SO & A8
APS t)4l IPSE A%, Glass-IPS-NCOE A=
3 T2 Glass-APS-PVA-SO,;9} #& o=
Glass-IPS-PVA-SO; & A Z3137 .

Sol-gel'dol & AMAAL] A=,

Glass beads9} ¥FgA|7)312} 3= &2 (Hep,
PSSA 2 DS)& TEOSe} dA% ¥]&=Z 0156 M
HCl g0l Iolu A7 € wi7bA] axhsisd
t}. A2 H glass beadsE o] &Rl 48Xt T
ot Aol AZAIA A7t Glass-TEOS-Hep,
Glass-TEOS-PSSA 2 Glass-TEOS-DSE A=
sgich.

F3 ¥4.

FTIR ¥4 : 34" PVA-S0:9 3szxAde
Fourier transform infrared spectrometer (FTIR,
Mattson Alpha Centauri) 2 #A3lgt}.

'H-NMR ¥4 : $49 PVA-S0O,& DMSO-ds
o] =91 ¥ proton nuclear magnetic resonance
spectrometer ({H-NMR, Varian Gemini 300 MHz)
2 Ao

B £ 500177 =" AEES] 8 S ™
28247 (Leco Model CS-344)E ©] 83t A
Farainy.
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NCO~7¢ ¥3¥4: A8 01 go HFY n-
dibuthyl o}91& 7}ste] oF 20& F<t vE&AI F
olgkg o}l & 0.01 N HCl g0 JHHsiy
t}. o|w) X]A]2FL bromocresol green (2F 2-3 W
)& AHEsigien golo] blue (€ZE])dA
green (F4)o% ¥ w)& end pointE 3l
Al89 29 g ¥ NCO719 mol+E F3.

NH:719) #2384 : A|§ 0.1 goll 0.01 N HCl &
Ag 715t opglZ]e} WHEAIRl ths pHE 3.02
2 23 ¥ & golde mukg HCld
0.01 N NaOH &g 7}staA Aat 9433
(potentiometric back titration)dted A|52] T
g3 NH,719] mol+& 73+

S03719] ¥4 : Methylene blue (MB) £
9] Fxol W& 664 nm oA UV FF= ¥
& Yell e dFT4E HET A8 0.1 g& 5.0X
105 M2} MB &9 5 mLell 117 J3 A7) ¥
AR 2 A5 A4S P U AdAS FH
gt} FEEE 2T o2A SO01E FFA

e §4,

F30994 © 9 EF9 LDL AAAE phos-
phate buffered saline (PBS, 0.85%, pH=7.4)%
2 equilibrationA]7] & HE %7} 25 g/dL
7} F= & 2A3grh. Polystyrene tube (20 mL)
o Algel EH-& 5 mL F3 F 7)o PBS 3
A3} LDL AAA &4 250 pLL.g H71siuct. A
&34 37 CollA AYEA TEWA 0L F&
g3 ohg 2500 rpmoE 1087 LA = 4
202 Falo v)FAY AQoNE S ZHE X2H
A ste] BAMsich. H4g 23] o)) AT
3 Hags 7.

x| AR Apy .1

2 928 (TC)S 34 | AALW

| A E- AH 22 7R85l free choles-
terol 2 ®W3lA)7] th2 cholesterol oxidase (COD)
£ ZgA71A HO.71 A=) o) & dye (EMST
-aminoantipyrine)$} ¥F-A|71 & 600 nmolA &
BEE FA8AC
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EIYMEI=(TE) S 473 | Askasry

ENZEANNEE A Ralete] 47 glycolg
ohelish 2e YA EAWES Folof vl Y
asich.

lipase
triglyceride+3H,0 ————— Glycerol +3RCOOH

glycerol kinase
glycerol+ ATP——— Glycerol-3-phosphate+ ADP

Glycerol-3-phosphate oxidase
Glycerol-3-phosphate+0,
dihydroxyacetone phosphate + H,0,

peroxidase
H,0,+ 4-aminophenazone + 4-chlorophenol ———
quinoid chromogen+ 2H,0+HCI

HDL F#2HE9 &% : dextran sulfate, MgClL
AWy (+3xry)

#Holl dextran sulfate®} Mg& 7}siA HDL
o]9lo] Al S 84 EFAZ vhEo] IHAR
¥ 3 FalzH EdA 9 i YA aLNks
AlZl o FHEE 2389

VLDL % LDL A8 &9 A4 -39 Frie-
dewald 4o gJalj X A4kt VLDL=TG/5,
LDL=TC-(HDL+VLDL)

2= 2 a3

H d3o] BHL type [la 7}1E4 I AHE
85 AR XS E Y3 Hed-g LDL AAA
& Azde=o Yrk. AE2 9= L glass beads
o} Ze 7)& sulfater} sulfonate”]& =Yg
o84 o]g9] ol LDLY JHslE | o
Ao GFE & 271 Fol29 7 o3 SA3)
£ | ouge] R PR o] 3o o5
Al LDL& &3, AAs = Aot

g F7Me) §4. Fig. 3& PVA-SO,9|
FTIR ~"9EYE Yepd 202 FAER PVA
o] OH~)7} 3400~3500 cmlollA] Y& Ho|=zE

#2| A199 A3x 19954 549

Boju =¥ PSTo §4 Ho)a vy ¢
A SO,717} 242k 1190 2 1041 cmlollA] Ubeh
¢ Ao 2 REH §4& glsldnt. 'H-NMR 23
EYog HEE 35~4.5 ppmo] 22 PVA9)
-CH,- 2@ -CH-7] 283 1.5 ppmollA PST&)
7Hgel &3 -CH,719] protong &E 4 A4
tH(Fig. 4). =% 9484 Fx PVA-SO,9 3
TRAFS 7.78 wt% 2 UERd=H ol PVAY
457 270 F 3l SOv2 XNBHASE 9
o] g},

Cell-NCO 9 AZx. HEZO=E 7|HZ AR
3 3¢ AEE Q229 hydroxy7|9} HMDIQ] %
Z o|&AoMdlo]E (NCO)719ke] ¥he-& FaliA
SHENE FAHEA s T2 F Ut v
T U= NCO7|7} Al "th. APS$e] nhgol A

95
9

80

<

Transmittance (%)

3500 3000 25002000 1500 1000 500
Wavenumber(em ')

Fig. 3. IR spectrum of PVA-SQO,.

_J_-_N_JWLJ .

| LARASARSASS ARSRLARAAEASAALRAAES ad T
9 8 7 6 5 4 3 2 1 0

Fig. 4. 1H-NMR spectrum of PVA-SO;.
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f2)3HY OH79F APSel = 3709 ethoxy&
YhSAl7|H Setoll= APS9) ofqlz)7t gAl et
o] o172} HMDIE ®HE-AlA NCO71E E=UA
Zov w3 IPSee] ¥hgoxe NCO77F AH
TUSA ®r}. Table 12 Z AFo] =998 NCO
719] #FE vepd Aolrt. Cell-HMDIY 7Z ¢
60°ColAl 241 wHgE A7} 71 =& NCO
TFE BRon 24)7te] AustHA NCO9 g
o] st Ae zEkZEE NCO719 7hay
bridgingel] 7118 A o2 AlgETHS o7 Al8F
Glass-1PSe} NCO o) 714 24 ol:= &
F¥e OH #&o] the 7|20 vls| B7] w&o]
™ Glass-APS9] 79 g9} Aurt g A
S B AX7] g 2ol iAoz 2 gho] wol
Ak £ PEOE =142 A 7 w2 NCO
7) @& Yepliet ol ©x TDI-PEO-TDIE
TG T AER R0 IBTEARY) wEl
PEO fr=A19) Auia m@alegel 711k Ya7gol
2 A3l REE F UM Re IHZESES B
QAo FFHHr).

Cell-PALA S AZ. NCO7)7} =4€ 7120
PALAEZ I8lZEAY|A PALA9 Ak&uie] QL
£ 3hte o177 ¥hEsl ZEE st UnA|
o}gl7) = SEABIEEE 1 kol wet LDL A
Aol Zetx7] W2el 2ot B2 4 oply|zt
8= Aol vlgAstt. Fig. 5% Cell-HMDI-
PALAS] Wb A|Zkoll e oRlv)e] g W3ls
Yepd Aol Table 2= Zt AE 59 ofdl g
< AT Rolth. EYE o FFL 50°THA
24417 ¥HSAl HUiX & Btk tixl2 PALAS
Bago] F7hgel wreba opRlz| e 2=

Table 1. NCO Content of the Modified Substrate

Sample NCO Content (mol/g)
Cell-HMDI 1.66 x10~*
Cell-TDI-PEO1K-TDI 9.00x10°°
Glass-APS-HMDI 1.30x 1073
Glass-IPS 1.74x 1072
330

E&o) F7ete AL AT Aoz ojRAL PA-
LA55K7} PALA10K 2t} o}Rl7|7} go} ujulg
ofglo] @o) gollr] wjolty. E3 71F @
NCO7] @82 B34 Cell-PEO1K-PALA7}
T F& opwly] FFE Hol: e ol H&
3 vl9} Zo] PEOE ZUAFoZA AERZQ=
ol Bzpgurd e dolad ol ubgsie
JAFANRE A Lo PEOY AkE 54 712
gte] ke NCO7|7F PALA9LS] FFo| golsf
A7) gEo Aggr).

Cell-PALA-SO; AXx. Table 32 o}gl7|7}
EYPE AEE €45 o1 8¥Y ITE U
Epd Aojch. iAWY wE £&EA)9 @efo)
6.6 x1075~3.9x107* mol/g& Bt} 3§ PA-
LAS) Ealgfo] F7184% 128]1 spacerE S
4o 4% PEO7F =8  A97t €841
ol FUpsinh. olEidt A A&F Cell-
PALAS] 399 2 olf2 AYE 4 Stk

»
T
1

N1, conent (10 moVem?®)
w
T
1

0 10 20 30 40 50
Reacton time (hrs)

Fig. 5. The NH, content vs. reaction time for Cell-
HMDI-PALA.

Table 2. NH, Content of the Modified Cellulose

Sample NH, Content (mol/g)
Cell-PALA10OK 5.66x107°
Cell-PALASSK 9.90x10°°
Cell-PEO1K-PALA10K 4.39%x107°
Cell-PEO1K-PALAS5K 4.59x10°°

Polymer(Korea) Vol. 19, No. 3, May 1995
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Table 3. SO; Content of Various LDL Binders

Table 5. The Content (%) of Residual Lipid after
Adsorption by Glass-TEOS-DS

Sample SO, Content (mol/g)
Cell-PALA10K-SO;- I 6.60x10°°
Cell-PALABS5K-SOs- 11 8.31x107°

Cell-PEO1K-PALA10K-SO, 3.65x10~*
Cell-PEO1K-PALA55K-S0; 3.86x10°*

Amont of Sample (mg) TC TG HDL LDLVLDL

500 88 83 98 83 82
1000 68 66 92 57 66
2000 67 65 96 48 66

Table 4. The Content(%) of Residual Lipid* after
Adsorption by Binders

Binder TC TG HDL LDLVLDL
Cellulose 87 78 45 100 80
Cell-PALA10K-S0; 92 89 86 93 91
PVA-50, 82 78 100 50 77

Glass-APS-PVA-SO, 98 95 87 100 95
Glass-IPS-PVA-SO, 100 100 87 100 100
Glass-TEOS-PSSA 76 68 53 85 68
Glass-TEOS-Hep 94 95 100 90 93

*TC : total cholesterol, TG : triglyceride, HDL : high density
lipoprotein, LDL : low density lipoprotein, VLDL : very low
density lipoprotein.

LDL AAAE] g7}, 2 QoA A2E 10959
LDL AAA = AR YL A3l in vitro
ol Al ZHg AFAFEL HIHYTE ASEY 44
HejstadoA] AAIgeh Table 40 o714
Wyoz AxE LDL AAAF 6F] s g
275 eplSlt. ControlZ ARG AEZ 0 2=
VLDL9] gto] tha 43l ov LDLE A8 &3
2] 933 o470 PALA10K-S0,& 38l Z EAIX]
28 HDL, VLDL®} LDLo] FAlo] ZHAaslEov
HDL9] gle] o] o] 7adle LDL AAAZSY &
A= 71 5 gt ol PALAS & F4BI7L
90% ol o] FoIXX| Yo E HolRle 10% 9]
%ol &4 oplz]7} LDL3} 7713 whdE doR
7] o2 AyzEn.

Sol-gelel] 2] PSSAE glass beads?] FIH
o] 1AEE Glass-TEOS-PSSAE ¥A] HDL,
LDL® VLDLe] ©l€ & #4AE uehith
HDL& LDL9 @ J8S stu Agohigo)
Akl B2 o] tAret Aol Bdsr] uf
2o HDLQ Z4E= LDL AAAZAY 9r &

#Falo] A19P A3z 19959 54

ukzkA|7Ic}. o) Bla) Glass-TEOS-Hepi}t PVA-
SO,= HDLeJ 7h47h A3gls whdell LDL (90
2 95%)3 VLDL (93 2 77%)9] o] ZH4dle
& LDL AA a9t sle Aoz o el 13
1} PVA-SOy7) =2 LDL AA 535 JERY S0l
T ©o]E glass EHo] F/4A% A7l Glass-APS-
PVA-S0,% Glass-IPS-PVA~-SO;= LDLe] A&
FAEA] e Ao AL, ol glass BW
o £Y® PVA-SO, %7} LDLE F2A)7]719
FEA &7) Eog B

Table 5= & Aol Hzd o8 AAA F
V4 & LDL MAZHRE JePA Glass-TEOS-
DSe] 23 Adoltt. AEQ] Ve HIHA
A AN A3} LDLe) X7}t 88%4A 48% 7}
% zelm VLDLE x| 82%9lA 66% 7}k
A ol ¥hd HDLY $X= 98%9l4 92%
2 A9 Wirt glgol ERIFHY ofF Y%
LDL AA &az7} ASE BT 5 A4H-

) zt 7149 Ao Br Be £EA|E
1A3A717] A% P Y glassE o] &3 sol-gel
Hel Nzl 9@ 5424 233 $xe] YL o
43 LDL AAY H7i7t A Foll Ut

2 &

Type lla 7454 nEA~6E 85 B39 A
EE 93le Ed9 A9 &38 2o]24 LDL
AAANE 7R HPoz Az 2 EAHES
FAsta w3 A9 FAFE Friste oL
2& A3E 4.

AE2 0 R 9 glass beadsE 7|2 & 3l Tt
ol sulfate/sulfonate?]7} Y= M= Fej2] LDL
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BrF-olAF-¥F2-HEY-AAF-AI8

AAAE A7tz WY 2 AZs[H. AHEH
A3A = HMDI, TDI, APS ¥ IPSE IZXE
H NCO7= 60ColA 2417 HEgA] HuAE B
Hom 1 gFe AF Wy o wel 9.0x10°~
1.7x10°3 mol/gelth. BE #E71E EHA]
7] 9J&ted A" PALAE 50°CelA 24417 x|t
397 1o JTELS BYe 1
4.4x105~9.9x10"° mol/golic}. 53 &
SEY gFe JHE o] met 6.6X
1075~3.9% 10 mol/g& BFT}. AZH A7 A
AA & 7F3 2438 LDL A|AH 942 HA AL
sol-gelyol] o}3f glass beadsol dextran sulfate
& 31%3}A7] Glass-TEOS-DSZ HDL9 g2 A
o] Wisigle] LDLO) @Rt 48% 7HA] AU

ol 4] ABR2RE type lla 7154 ¥ 28|
2 ¥F9 ANEE S Agcy&ozE AxdH
LDL AAA, €8] Glass-TEOS-DSx= Zd#lAH|
£& %o TR LDLUE Aelyoz F3, A
A = & Rez 7jgdch

2 o ol
i o

o
a

A9 2 B dATE 19949 #BE)eA 7
A FA) (2N12022) 2 o] FojFH o ojof HAI=
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