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Abstract : The efficiencies of four different solid absorbents were evaluated for the simul-
teneous solid-phase extraction of six f-blockers from biological sample. Chromosorb 107
using methano! as the eluting solvent gave the highest solid-phase extraction yield. From
the breakthrough studies of fi-blockers, the excellent sorption and desorption properties of
the Chromosorb 107 column were verified. The usefulness of Chromosorb 107 / methanol was
examined for the simultaneous solid-phase extraction of the f-blockers from serum in the

cencentration range of 2~8ppm.
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T, %3 doping 2328 F& 4FHLE FY}r
el A= choFd T2E 71 B-blockers#} ot thAHE
58 FAlol Agslal A £4% 5 lolof ¥
o}

Fels, e, APA, B4R B SAE Z2e
gas chromatography(GC)¥& =83l t}akyt g-
blockers & A #3}A 2A13}7] #lsl4= B-blockerss]
hydroxyl, amino & amide”]| ] ¥4 =28 FAo)
He 7572 A&shedt Tt odel st FBAo)
2 #3542 A5 70 & APl GC ¥ gas
chromatography -mass spectrometry(GC-MS) ¥4
3 #o] $-%F tert.-butyldimethylsilyl(TBDMS) #
= 43} 9k2-& B-blockersell = 8-8}o] ¥ 13} u} 9}’

A A& F v f-blockers & HA13}7l A
Y5 = AR HelAd oy {180 FF3e] F
2 o] 8-5) 71 gl e, Bond-elut C,, C,,, CN %2 %7}
AERAE o] &3 2AFFZ4 (solid-phase extrac-
tion) % A-4% 37 oIk % g} §7) Sl 3 H
o} F2to] Zhgisle] AE3) e’ A FEHE A
23 ujol = Ao Fatale} 82 |2 E A
7] 918l ALE PHERE FERAIEe F3 2 93 5o
Feld A zabr g Elojof gich B Ao
pHY 238-& wx| ok F34E<2 Chromosorb 102,
Chomosorb 107, Thermosorb, Carbopak B2} t}ofdt
AEEo] N F3Ap Y SAAFTE 2t B
g gl

B o] ol 4= B-blockers FollA] 713 e ol
atenolol, betaxolol, metoprolol, oxprenolol, penbut-
olol, propranololell W&t o] & & &) 54354
Ag =4l #HH FAAE AAT F HAAE
2 g-8hod matrix o4 33} & A FEsdch

24 H

& % Al2k: Atenolol, betaxolol - HCI, metoprol-
ol - 1/2 tartrate, oxprenolol - HC], penbutolol - 1/2
H,S0,, propranolol - HCI8} 655 f#-blockers~= Sig-
ma (St. Louis, US.A.)2%€ <% 3 madazepam
(M2)-2& F&ge 2 32e Al F= 9k Acetone, meth-
anol, methylene chloride(James Burrough, UK)+
HPLC3F A1e¥e] 3L toluene, diethl ether(Junsei, Jap-
an), petroleum ether(Tedia, U.S.A.),ethyl acetate

A4 -

A=A

(American Burdick & Jackson, US.A.) ¥ EFA|ef
o]le}. Tetrahydrofuran(THF) 2} X428 A<kl
N -methyl-N- (tert.-butyldimethylsilyl ) trifluoroac-
etamide ( MTBSTFA ) =Pierce(Rockford, IL, U.S.
A) RS AHshoh AHE B 23 AAR (Milli
Q water system, US.A.) &o]&5¢ch 60~80mesh
2] Chromosorb 102, Chromosorb 107, Carbopak B
(Supelco Inc., U.S.A.} 2} 40~60mesh®] Thermorsor-
b(Union Carbide, US.A.) 4352 3 FAAE 2
Alg oA zALsA o

ok@Belnl WHAIR : B-BlockersE F2lotnl 3y
24| methanolel 10mg/m/9} ¥ 57} 58 £ §
99 % zAlgch MZE 10mg/ m/2) ¥ 57} 5l
& methanolel] -§-#18led - EE YA o2 ALg3ly
t}. go] 28 pH 12.02.8 =3l ¥ 0.2, 0.4, 20ppm
52 S22 E5YYE Hr)sle] f-blockers E§
FEEFEAL 2AsHh 100 HA N 2, 4, 8ppm ¥
=7t 5] =% B-blockers 3 RF 89S M7 ¥,
pH 12.09) E-& 7}3led 10v] #1415 f-blockers ¥ 3
A1 8F z=A3tgch

GC #4ZF .GC XL 93] flame ionization
detector(FID) ¢} split injector?} 3 Pye Unic-
am GCV gas chromatographel J & WA}e] DB-1
fused silica capillary column(13m X 0.25mm i.d., 0.2
m di)& QA ] ALEstd ) 0.5~0.8u Al BE split
mode(30:1)2 F¢std o™ column 2EE= 210
(Zmin)el| A} 280°C7FA} 7C /min A4A17ck. FIDs}
injector+= Zb7} 300°C, 280°C & A AlZich A8
4] AJell 3= on-column injector2} FID~7} A&l HP
3394A integrator?} @d7=% Shimadzu GC 9A Gas
chromatograph® A}-£-3}¢lc}. Deactivated fused sil-
ica tubing(1lmx0.25mm i. d.)e] A7 ¥ DB-1 fused
silica capillary column(15m X 0.25mm i. d., 0.2um d;)
ol 0.4l A1 EE on-column FY g ¥ 1000C (0.5 min)
ol A 40C/minZ 220C7HA) A5A17) F 7C/ mins
280C7HA] SRS TETY fAskAk A&7 F
Ao &£xi= 7tzh 300cet Aee® §AA1FHC
MZe| H¥t B-blockerse] ul= wAu|§E 7Zekdel 3t
)} vl st RE AeA A shlc)

IASE MY 2 324 (200mg) 7 71D s FH
5] 9l polypropylene F373 (4mm i. d.)& &%
4 Eyela A-3S aspirator(Japan)eil AR 12712} 4]
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A A A B2 HE v)ZF §-Blockerse] FA|2AAF Zell A2" FEA S0 EA

BE F2ld A28 = s 242 (Supeleo,
Inc, USA.)el gAstadct. 2estel s 7 &2 A9
E-% methanol, pH 12.0, methanol, acetone, methyl-
ene chloride, methanol $~4 2 A3 sl32 pH 12.09] &
2 F¥7ct o371 20ppm EjF EETE (Imd)
g M) Fa#A B-blockers & 541 FEAA F F
E4(3m/d) ¢} petroleum ether(lm/) A% 34| A
AHstdel. g5 §F F32% p-blockersE meth-
anol(3mH) 2 &&A|7| o] &-Fdo WHREEA
MZe] ofo] 20ppme] HXE 7}alil F4 NasSOE
AzAZC) ImlE 38k 34 A2 (N, 60C)A1 71
THF (10;4) 9+ MTBSTFA(20p)) 8 71]F F 7123}
oJ(60°C, 14]ZF) TBDMS #2313 F GC #4133l
t}. f-Blockers®] A HHog EFPFFLNE 1o
A 10pg A Mk MZE Sug¥ H7HeE F A 2417
3 e w e 2 TBDMS #5A4184)7 F GC #4
stod Zlak4 g 2hAd sl

Breakthrough Curve %! Flution Curve £3 @ 4}£-&
high performance liquid chromatography(HPLC)
7]7}3= U6K injector 6000A solvent delivery system
7} 440 adsorbance detector?} 33t Waters Assoc.
Model ALC 20001glv}. HPLC$- stainless steel col-
umn{dem X 2mm i. d.)oll 70mge] Chromosorb 107%&
71 &bA 4% ¥ injector?} UV detector Alo]si
212 odz{sl3, HPLCHE ¥ %-& methanold o554
©. 8 Ab-&-3lo] 275nmell 4] B-blockerse] UV response
£ on-line monitoring®}gltl. Methanol-& Chrom-
osorb 17 column W& & #4(0.4ml/min)o.&
£ 372)7)H A 20ppm f-blockers £33 ZETEAS
50, 100, 150pl4 3918} 3L &7 225+ f-blockers2]
UV response(1.0 AUFS) & & & slo] ekl 2HAd 3]
ot} %14 Chromosorb 107 columng &2 332
7} % %94% 20 ppm f-blockers &£§ FF5TE
(100ud) & 818t E& 207 %744171H 4 (3.0m!
/min), oreakthrough curve(0.01 AUFS)E& <dsit}
0] A methanol& #3}ed(0.4m//min) Chrom-
osorb 107 column® E£5-€ FA3 B-blockers7} 54|
o 225 & elution curve(1.0 AUFS)E 3¢}

HH Z2| p-blockers M2} /2] A (3mm i. d.)ell
Chromosorb 107(50mg)2 7|4 3lA] 43 F 1443

Z#A2E &3] HPLCE %, methanol, acetone,
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methylene chloride, methanol 2.2 A #%s}l3 pH
1209 &2 HYPAA od7led A4 YA R (2~
8ppm) 1miE A A13] loadingAl%! % HPLC% ¥ (6m
NE AAste @9A7) 2 A petroleum ether(3m
HNE AARY F A2zAZ ) Methanol(2md) 2 & 25
B-blockers & 4&3%le] L 4298 MZ #HE ¥
=7} 0.5ppme} HEE 713 & F Na,SO,2 A4
7L Sz A2 3 THF (S5ul) ¢} MTBSTFA(5ul)
E 71 A 4bgA| 71360, 147 GCR #4935}
drk T whe g 0.2, 04ppme] EFEET LY
+ AAesa GC BAslgc) g 2og s
F8-4-E 0164 1.0ug HA Ml MZ& 0.5ug% %
7}t F TBDMS #2437 2 GC B ste] Hy
Ag 2pdslsdot

3.d9 o g

2 AdoA 248 67 B-blockers?l 23 hy-
droxyl7] 2} amide?] & o]|v] ¥ 3% TBDMS & 54
3} A2 AN Tl A LAY fEA R
A F GC F44sted-& o 0.1 4] 1.0ug B9} )
oAl A 10ug Wil A 2}z 0.999 o) Ake] AAAAI 48 7}
= dxAde] A S AL o U

HE3HEe JYEEFER =R B-blockerse
aryloxypropanol®] 3% F3£F zt1 Qv k37| 2
F obul F- =4 (pK,=0.4~96)0| 118 fejolqgl 1 g
< ¥°l7] 984 20ppm EFFEESE82] pHE 120
o2 2AY F 7 FAA B4 F2AAZch e
#oll A Carbopak B £l ol &= 7 o] 725 =] @
qk2.1} Chromosorb 107, Chromosorb 102, Thermos-
orb =4 2 B3} o] o] &= ofo] FrEE A
< gl F2AEY gl B EE methanol2
EEA17 § F5ES AAele] 2F FaA S naE
FE S M2 vlastdei(Table 1).

Atz oz HWFAo] & GEE & B FEA
T 7 EA/AFFERS) wSA Carbopak B
B-blockerselt &l A= 7} 5o Fxe2 vy} o
2]} methanol &&A] 6.6~56.7%2] 7}3 Y& 350§
+ W A2 urtEE Fate g e g e Al
3 =28k X3t Ao g A8l

Fajo] 2 ARl el FHARAI Yo A58 =
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Table 1. Simultaneous solid -phase extraction of -blockers

Mean recovery = SD of §-blockers(%s)*

B-blockers
Chromosorb Chromosorb Thermosorb Carbopak B
107 102

Oxprenolol 91.0+1.1 776+1.7 75.2+08 23606
Metoprolol 94.1+03 83.1+1.5 78.3+0.5 450+02
Penbutolol 904+1.4 75.0+18 58.0x1.0 56.7+0.9
Propranolol 92.8x2.7 763110 73.3+2.8 6.6+0.5
Betaxolol 904112 85.6+1.8 77.3+23 105+0.2
Atenolol 91.4+2.0 86.9+0.6 55.7+20 50.8+14

*Solid adsorbent {200mg) packed into column (4mm i. d.) : 20ppm f-blockers (1m/) : gravity flow : methanol

elution (4m/) : n=3.

@l B8 714 acrylic ester 283 2" Chrom-
osorb 1072 B-blockersel]l ;X% ¥L Faleja)
& methanol 8-&4] 90% o149 713 &L 588
Wit f-blockers EE9 A aAF2FHA 2
4] Chromosorb 107-8 A1 % 3}¢]c}.

Chromosorb 1070{ tH#t breakthrough ZEA}: A1 %

Chromosorb 107 22AF 2 F24| & Y3 g &

YA B A4 deole f-blockersE §2317] A
o] Chromosorb 107 E 2. 2 ¥¥f |59 d} L E-& 2}
gtz A, el 244 e EA-E Al A o) 3
c}. ¥32%] B-blockers”} Chromosorb 107 columnel] 4]
breakthrough® 7] A7}x] 444 d&)E28 A7 4|
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Fig. 1. Breakthrough curve (A) and methanol elution curve (B) for the f-blocker mixture.
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71 B4 3 715 B2 Al §%3E A3
7] ¢l&sted 20ppm B-blockers EF T E8- (100ul)
2 q]3 ¥ 535+ B& 2087 on-line monitor-
ingdte] breakthrough curve(Fig. 1-A)-& T3t}
60m/e] Be¢] | p-blockers”} 70mg2} Chrom-
osorb 107 3t o)) Z33HA] F3tsle] gl7) djFoll break-
through® # @3 58 ¥ F1 k.

0.4m//ming] ¥& §%°F methanold F344]7)
W 244% elution curve( Fig. 1-B)el4] Chrom-
osorb 107¢1 &3tsl B-blockers7} 719 tailing §t
o] 15m/ o]l $25 U ¢ F AUrk

Chromosorb 107 Z& o F2HY p-blockersE 23
o)z 2247 A$o BE B F $EAAHE
A5 Yefa oz v watdeH(Table 2). & 3
71 %ol $.8)2] Chromosorb 107 & 2] & -§<] 168
ol 4 2212 Z7}8} 3 broadening factor+ 3.60141 2.4
2 7b4% 721-& B-blockers”} Chromosorb 107 & el
%2 bandi 7sH F3E F Bo) B3y ¥
2] band broadeninge] doiv}z] ANSE FHHA &
c}. =3 0.7m/] *-L methanol 822 f-blockers
7} 94% o)4k HEd&E Beod F3 aurk

Table 2. Results of the simultaneous breakthrough
studies of fi-blockers on Chromosorb 107 column

Passage of water®

Without After
Column efficiency(n) 168 221
Broadening factor 3.6 24
Recovery(“s) NA 94.4
Elution volume(m!/) 0.8 0.7

*Chromosorb 107(70mg) packed into column (5em X
2mm i.d.) : 20ppm f-blockers(100x/) : methanol elu-
tion (0.4m!/ min) : distilled water passage (3m//
min) @ n=%

NA =not applicable.

WA = p-blockers2| 114&H | Chromosorb 107 &
A7 #oll f-blockers HHA|HEE loadingdlil £}
petroleum ether 412 A slo] 44, 2|44 4
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Fig. 2. Typical chromatogram of serum spikedwith f-
blockers.
1=oxprenolol. 2=metoprolol. 3=penbutolol.
4=propranolol. 5=betaxolol. 6=atenolol.
IS=medazepam as internal standard
Cross-linked methylsilicone DB-1 fused silica
capillary  column(15m X 0.25mm i. d.) connec-
ted to a deactivated fused silica tubing(lmx
0.25mm 1. d.) as the guard column, tempera-
ture programmed from 100C{(0.5min) to
220°C at 40°C /min and 280 at 7°C / min, 0.4y

! injected in on-column mode.

A 82 A A3 ¥ methanolZ £23tgv). £29&
Hyaled d2 AY3Q GC LY (Fig. 2)> ¥
o) ohE JEEE A 2ASFEE o AR §-
blockerse] &R eol whalldlz] & B F1
alch.

B-Blockersx= AW wbfl A gHgo] ekl we} 90%
742 dEteg 244F2 et YA matrix %S
zA}el7]) #1814 pH 120 BAEE FUT w2 ®
B3t cH( Thble 3). 83.2~99.5%2] H& ET&& B
Q] HAlsel vl sl YAHAEQ Aol FE FLEs
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Tuble 3. Effects of serum matrix on the solid-phase extraction of fi-blockers

Mean recovery * SD of f-blockers(%)*

ii-blockers
Amount added to water® Amount added to serum’
0.2ug 0.4pug 0.2ug 0.4ug
Oxprenolol 99.3+£3.2 995+3.2 75.7+3.1 62.2+3.0
Metoprolol 94.6+3.0 95.6+1.6 40.0x+2.5 59.2+1.2
Penbutolol 91.3+4.8 83.2+£4.3 34.0x2.6 55.9+2.3
Fropranolol 86.1+2.3 842432 62.81+2.7 69.6+2.1
Betaxolol 89.4+4.3 88.8+2.4 59.9+2.1 78.1+5.0
Atenolol 97.6+5.0 98.9+1.1 59.2£18 66.3+2.4

“Chromosorb 107(50mg) packed into glass column (3mm i. d.) : methanol elute(2m/) : n=3.
"pH 1.0 water (1m/) :
‘serum(100u/) diluted with pH 12.0 water(900u/).

Table 4. Linear regression analysis for the calibration graph of the solid -phase extracted fi-blockers from serum

Regression line Correlation
f-blockers . ) coefficient
m b T

Oxprenolol 0.0371 0.0386 0.9996
Metoprolol 0.0365 0.0362 0.9975
Penbutolol 0.0575 0.0375 0.9961
Propranolol 0.0389 0.0163 0.9980
Betaxolol 0.0458 0.0208 0.9995
Atenolol 0.0316 0.0314 0.0999

*Serum(100u/) diluted with pH 12.0 water(0.9m/) :
Chromosorb 107(50mg) packed into glass column (3mm i. d.) :
methanol elute(2m/) : n=3

m = slope = relative weight response = mean peak area ratio

of f-blocker X weight of L. 8./ weight of $-blocker

‘b =y -intercept

wlth 22wt Aol A8 p-blockers FE2F Hm A Ae] 20004 7.6% W)=t hREe] A 5.
WAdu) abole] Az APBAL ARG W 2~ 0% olstdom 2 ¥ ul2Fe) f-blockersE s}
Sppm X HglolA 09961el4 099999) A#AS A A 4 gk

(Tuble 4)8 2+ A2 AR EE AdrhFig 3).
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Fig. 3. Calibration curve for the solid -phase extracted
(&) oxprenolol, () metoprolol, (%) penbutolol,
(7)) propranolol, (2) betaxolol, and(w) aten-

olol from serum.

47 B

Chromosorb 107/ methanolg 183t 2 2A45%
w o Al AL oo @AAEE AA st -
blockerse] ¥21%2& 7%4 3x2 HPLC on-
column Al&% 2] precolumn®. B4 Ao o] &
g 4 9% AR gy =¥ IAFE F
TBDMS #5424 GC #AsHs & whil & A
& % v)x| 2| f-blockers® &3] 2z Y3l vl &
oz o) 2" 53l ek

#Ate @
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