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=Abstract—

The sorption and desorption properties of four different solid adsorbents were evaluated for

enrichment of highly polarizable flurazepam (FZ) from biglogical samples. Graphitized Carbon

Black (GCB) gave the highest adsorption coefficient. And among the organic solvents exami-

ned, acetonitrile gave the highest desorption coefficient.

Using the GCB column, the optimum elution volume were evaluated from the breakthrough

curve. The usefulness of GCB as the solid matrix for the solid-pahse extraction of FZ from

serum in the concentration range of 5~50pg/m! was examined.
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0. #8 % HEk

1) HH 3 BN

1) Flurazepam (Jong Kun Dang, Korea)

2) Nitrazepam (Jong Kun Dang, Korea)(LI# NZ
& BY)

3) Methanol, Acetonitrile (Kokusan, Japan)

Acetone, Ethylacetate, Methylene chloride(Ameri-
can scientific groduect, U.S.A) LIk HPLC grade

4) 3£ 2%k FHE ol 29-(Milli Q water system
ARE)E pH 1002 =4

5) Carbopak B(60/80 mesh, Supelco Inc., U.5.A)
5 GCB2 A&

6) XAD-2 (60/80 mesh, Supelco Inc., U.5.A)

7y XAD-7 (60/80¢ mesh, Supelco Ime., U.S.A)

8) Thermosorb (80/100 mesh, Union
U.S.A)

4E5o BEME methanol, acetone, methylene
chloridefi o 2 32 Mt ¥ (Soxhlet 43 A18) 2
A7 F< vacuumTeold #4353 AZFFOR lampz
JE Y

2. X®BEM

1) High-performance liquid chromatograph: Wa-

ter Associates Model 441,

carbide,

USK Injector, solvent

delivery system 6000(U.S.A).

2) Centrifuge: Kubota KR~20000T (Japan)

3) Shaker: Water bath shaker (4)<e]3}%})

4) Freeze-dryer: Yamato freeze dryer Model DC35
K206 (Japan)

5) Ther-mix: Corning hot plate Pe-101(U.8.A)

3. EAN

1) FZiEixegys | FZ 60mg$ methanol 1.2mle] =
ol o}& 1u15 Eyele] methanol ImlE sla] Fist
A e {60ug/ml).

2) NZER®EHE - NZ 60mg2 methanol 1,2mld] =
¢ 2 1% Ersted methanol 1miE 7lat  FH8es}
A 2} (50pg/ml),

4. HPLC RE§H
HPLC% A4t FZ3 EEstger HPLC HiE#E

R i

Column ; p Bondapak C;3 (300%3.9mm LD.)

Mobile phase . acetonitrile/methanol/water/acetic
acid=32:19:28:1

Flow rate : 0.9ml/min

Detector : UV at 254nm

Sample size : 5ul

5. RBAHE

1) A3 AR (Static  adsorption
K, : solid water system) HliE

GCB, XAD-7, XAD-2, Thermosorbq g FZdj
A BERLS pH 109 ®Hol&4E Ad HES
F .
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methanolg f08le (GCB ; 1004l ; XAD-2, XAD-7:
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C
KA:—C%
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2) Wi s M (Dynamic adsorption coeflicient,
Ky ; solid-water system) iz

GCB, XAD-2, XAD-75% Thermosorbg Ffko] 4
mm ¢l polyethylene column{Supelco Co, USA)el
200mgHd & &% AAWsA FBALS. a7l FZ 90
ppm pH 10 EXA#HRK 5miE $4A4A A< o] o /g
amlE Eshel NHERHEI NZE 7.5pm #HA W
3 o g mEsEMEtE T Q& AAel 2 %Mol =
g A3 k9 methanold (GCB, XAD-7: 100p1 ;
Thermoserb : 200zl ; XAD-2 . 1ml) nsld B A
EmlE HPLCZ ¥Aslglch WHFRHE Dt el T
iy

3) RE{F B (Solid-organic liquid system) EIE

Bromam=a 449 GCB& A55hef FZof W&
methanol, acetone, acetonitrile, methylene chloride,
ethylacetate 57+A HBRELH BHELT BESA
t}. Screw capped-vialel GCB 5imge 4> & H#
wittol FZ Soppme| = =8 AET &K smlE
¥zt

g7 EBREESd BRETES =A@ H12k
2C). =4 44 B4 84 £ 84 7+, 500
ppm, 20min, 10°C, 4.5ml).
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&8 A8+

5ulE& HPLCZ ¥4 8.
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C
KD—- C:

_ g of FZ per m! of organic liquid phase
zg of FZ per g of GCB phase

4) Breakthrough curve (GCB-water system) HIE

FZ 5mgg methanol Imlol ¥U¥F 10.& H3ted
pH 10 "ol £ 1mlE fuste] FZ BMAEELE A
&3+ v (50pg/ ml=50ppm).

Stainless-steel column{50x2mm LD.)& 75mg2]
GCB=. 74374 e o8 injectors UV detector
Aolo] A4 oA ML UV 254nmel A on-
line monitoring3} 4 t.

(O HPLC#:#:

Column : 75mg GCB packed into a HPLC stainless
steel column (50X 2mm L.D.}

Mobile phase : acetonitrile at 0.5ml/min for eluti-

on & pH 10 water at 3ml/min for adsorption

Detector : UV 254nm at 0,5 AUFS &g 0,005
AUFS

& wEE fRR

Mobile phaseql acetonitrilee] €. sml/ming e
2 %= GCB columnel 50ppm®] FZ pH 10 ¥e|
& HMEES 10,2550 9 10014 F934 0.5
AUFSe| A UV responses &743te] MBRE RS
4},

@ Breakthrough curve {EHL

HPLCH pH 10 2o] 242 F#A7 HPLCHel 50
ppm FZ @ pH 10 K#¥# 100415 HAS pH 10
¥ro] £4-% mobile phase® A4 3mi/minZ 20873 %
A4 714 0.005AUFSe] A FZ#] breakthrough curve
5 =789 . Mobile phase® acctonitrilez AH
3= 0.5ml/ming} fEez FFAAsEA 0.5AUFS
A GCB columne 2 %Y #&iHs+ FZs elution
curved 339,

5) Serums®] FZER

pfe] 2mme) micro-glass clumno] GCB 50mg2
A sA FM3 o methanol, Fel L, methanol,
acetone, methylene chlorideMio 2 W% o+5 MWE
Feoh A 300°C(IR lamp® A4 )2 98 74 &43%
A,

Serum® 6N-NaQHE 2 71sls] pH 0o % &8
¢t pH 10 gol &5 2mlE HA 3 GCB column
o 5347 THERER BEx FZyt AsE serum
10018 GCB columsei loading Al # v+,

pH 10 Bo] 24 3mlz AAFAAZ 254 A (aspi-
rator MEETFeIA). Petroleum ether 3mlE =47
o AzAzch Acetonitrile2 WEMA AL HHE 2
mle therml-vacuum g% Fol A FHLAAF HNHBE
#apEt NZ7} 7.5ppme] A $=2 100414 methanol
+ m#

5.4 HPLCZ #4std FZg ZEAA EHfES
Waistd . EfEe BT 19 pH 10 serumspe]
FZ =% 5~b0mg/io) o},

H. WER X %

1. &R el
Methanolsl i@ Ee NZe| WEEE 7.5qg/
mlz 3= FZ9 Mt 2.5~100pg/ml7t =4 ¥
HPLCZ Z#isted 4d& &% EBEHFERE Y=0.04308
> —0.00179(Y : peak height ratio; FZ2} #@E)e|=
AMFERE r=0,99890] $l o+ (Fig. 2).
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Fig. 2. Calibration curve of Flurazepam.
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Fig. 3. Typical chromatogram of FZ and NZ.

AH2-5] HPLCE#H-TFAA 28 NZ2t FZ9 retenti-
on timed #4% 5,29 7.0minc]®, HPLC chromat-
ogram Fig. 33 2},

2. EHMEFHREW RE (solid-water system)

FZo| B wiim-tlRE 2 55 Fde] e =4
FTEET @ D2 mEoe e HES FIs A%
5 A Ao® SRRt Fikol ARsolop dl,
o9z HAE AH Aol Ho] £asz e F5 B
HEo] B HMEEiitk(liquid-liquid extraction)
Hale] REAA mFe] ksl dHYo] = FW
% & i B (SPE)Yg o] &-3519 o1,

& A4 FZzA A pH 0o = g3 AL Fisl
ML trialkylamino groupg 713 pKaysl 8.16
0.05¢1 B EFAols] @ Eoirtt. Henderson-
Hasselbach 7ERel od] pH 59+ +& 09.9%7 pH
7 W 93.61%7} o] 2851 pH 10 =& 1.42%
7t ol &g e Ag & 4 Atk sieba pH 1064
<= FZ7} A28 free base= EA 57t v Lo GCBA FZ
7t Ao BEFNEZ pH 1008 A5,

Henderson-Hasselbach #8254

B A4 :pKa

_ % o es A48 EAEE
=plog T LA LA T

g7l A4 pKa

_ o) &3t drtelel EAsE
THHOE R SR gt TaEs

BEH=A d4 99 A4dz ¢t chemically
bonded silicaql RP-Ci3-& pH 100] 4] 7152 a)sho] 2
dAREE A 9. 2zEz pHARY AL
FH#HE BEWTS sytrene divinylbenzene T2 % 73
XAD-241 methacrylate polymerql XAD-7%9, zxg] =z
etk 5719 EFHM<] GCB ¥ Thermosorb 59 v
7HA BNl A WEAE va, geEsdd. o
A= Table 19 d4A= Qr},

XAD-2% hydrophobic 8|4 $3&¢ 44 T4+
@< 0 XAD-72 $3 F422 hydrophilic 3o
TEE F F58h. XAD-29 XAD-Tof o @ pHst
solvent®] o §o] o 7= % g, 3,

A4 steg w344 XAD-29] FHEMo WL
A XAD-29] A7t ANYA EFAYRAFge] 2
Aol A8 Lx5io] 288 FZe BERYY ==
ol gtm AR,

GCBx RMELM#(Fig. 09 Hige] #H—3x
specific surface area?} A& er} 2] benzene =

o 992 429 JhF ez F49 J8Y FEEE

Table 1. Static Adsorption Coefficients in  solid
Sorbent-water Systems
Conditions: solid sorbents, B0mg; pH 10
water bml; FZ, 250ug. Shaken for 8hr at
hoom temperature, n=3

Solid sorbents Adsorption coefficient

GCB 1,000 |
XAD-7 18.78:+:1. 28
XAD-2 4.10+2.93

Thermosorb 2.93%4. 20

e




Fig. 4. Structures of graphites.
A, Total siructure of graphite.
B. One of resonance structures of graphite.
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GCBY A4L 44 R#pE=Z AHes Bl 4
3 EMQE 3 EEkEE Bol et Ao

GCB Zeld] B#Es T dvAdE FEl2z HiE
&01 & -NO,, -Cl 4 -phenyl7s}, -benzene® F ¥
Tk HRLEWE BERe S oA ®Est #E
2 Az ek FZL -Cl, -F9} benzene =27} 37
v ARz glel "iae] arz GCBs EEmes
7stA wags el ek o 4=l sl

Thermosorb Hfn, 840 £dy FzEA
2 g9 Age Bo N9 sp* F4LR o] FojA L
gtel AAE & EFd 9 RREEAEZET £ 3
. &= & Aolo) 4L dwE Wes, = 2¢L
2502 van der waalsffio) o},

oy Faet Td wmAA 59 FAYel 3
A a2 el AA gIH(NR Brt &bt A4
t}2 ¢}, Thermosorbe] ol e s ukS4e| A
o1} £ o] FAHR F @t W

XAD-2, XAD-73# Thermosorbs FZ3i= Fig. 5o}
vehy gl v, Table 19 A2 4d GCBY WAMRM
7 2MAE BEFRCH T XAD-72th o 504 1%

A= poIystyrenedivinylbenzene'.
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Fig. 5. Structures of adsorbents,
A, XAD-2 B. XAD-7 C. Thermosorb

o \#FAHC) F5& s+

wteld GCB7/F FZo fEDEEEA Az A4
mERL T 4 7 Add.

3. AU EKEM W= (solid-water system)

Serumerd] FZE ZEERHE T dynamic mode2
WA 7 2 474X 9] EEM) a4 dynamic mode
= BESEE WEds, = A5E Table 24 #7
& ot

o A g 2, GCBe| REFRE 713 2 4 2.3
A AAg v Fe] GCB# serume 238 FZ& 4
B v RAve WEEYE 2o 5 g

Table 2, Dynamic Adsorption Coefficients in solid
Sorbenis-water Systems Conditions; solid
sorbents, 200mg packed into columns of
4mml.D.; pll 10 water, 3ml; FZ, 150pg;
gravity flow.

Adsorption coeflicient

Solid sorbents

GCB 1, 000
XAD-7 299
XAD-2 0.12
Thermosorb 21.87

. 4. Hiﬁl{ ﬂft(sbld—organic liquid system)
GCB#HEe ®Ed LAt e HlEm-t GCBRE
of W4l BN BEE BiHgd. FZo] £3iH



Table 3. Static Desorption coeflicients in GCB-
Lipuid Systems Conditions: GCB, 50mg;
liquid, 5ml; FZ, 250ug. n=3

Liquid system Desorption coefficient

Methanol 2,031£3.70
Acetonitrile 32,058+1.23
Methylene chloride 1,740+4.75
Ethyl acetate 4,63913. 46
Acetone 801+2.88

=2 GCBol W9 FZ& Adz BT = 9+ &H
RS BESI = JoA, BESNST 255 Htn
el WA N § Eiyo Bl Hingel.

5714 2] Bl 9§ GCBelA FZ2! BEHK
WERZFEE Table 301 dA5 4 g,

o] A3} acetonitrilee] SFuHlHZ REABI 2
ethylacetate¥ v} 7 2] galo] 4 RFHot 222 ¢ F
i3 e 8

5. Breakthrough curve P%F

Serumpyo] FZo| ©&E W= £44 S84
% AAs=:4 GCBol EES FZr} breakthrough =
7l AAA B AA5E £ HAFel vl ¢
7198 FZe] )% £2] breakthrough studyS # -},

GCEet ®i#d FZo mifEke Z437] $5te] o
2 %2 (10~100g]) S0ppm FZE acetonitrilez &2

9 -
s+ e
-
Pl
o
w— 6
bt
bt fe 0.6719 X~ 4.36
@
A + - o
» 4 / (r= 0.9987)
T
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z+ /O
N 3 k
T T L] L] T
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Weight L ug

Fig. 6. Calibration curve of FZ for the breakthr-
ough volume study.
Conditions: GCB column, 75mg GCB packed
into S.S. colummr (50x2mmlID}; mobile
phase 0.5ml/min. CH,CN; UV monitering
254nm at 0,5 AUFS

0.75]
0.50
&
=1
prs
o~
o
@
o
o
1=
5 0.25
-
Q
"
=
]
=
) \J\
0.00
| N S
o 2
Volume (ml}

Fig. 7. Acetonitrile elution curve.

AA 9o pBEE chromatogram-2 Fig. 67 Fig. 7
of rehf gct,

Fig. 8& 60mle] &L FHAAE GCBH
FZo] breakthrough® A $%& ReFx g},

o] Ast2 GCBo| ®BHEE FZ9 Eo ¥ breakth-
rough volumeo} 60mL ©] 498 <gkch,

A9 A2 75mge] GCBel F%9 50ppme] FZ &
2347 = 2. 1mle] acetonitriles] HgFH=Z 50
mg?] GCBel& 1,4ml9] acetonitrilec]d F2d FZ
® &4 A& 494

Al43 GCB column? plate number: 6,9000) =
broadening factor+ 1.15 ol 812 A9 broadeninge)

®Ea

Table 4. Resulis of Breakthrough Studies on GCB
Column Conditions: GCB, 75mg (5cm x
2mmI.D.); 50ppm FZ, 100x1; elution, CHy
CN 0.5m}/min. pH 10 water 3ml/min,

Passage of water

Without After
Column efficiency(n) 5, 000 6, 900
Recovery (%) 95.7+2.53
Elution volume(ml) 2.10 1.7041.03
Broadening factor

1.15 1.04
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Fig. 8. Breakthrough curve of FZ adsorbed on GCB
during the water passage-through.

el @& Ao HAH G, £ recoveryt 95%
ooz GCB columne] H#5 FZ: A9 o 54+
¥ F osldeE AE g

#9 A#E2 of GCB columng w4 T go H&
columng-& & o iolti(Table 4).

6. Serumth? FZ+ i

W5 B Gy Aeld 444 pH
10514 7% negative charge® = AHe Zo =
FHEA AAA Hor A BHFe AR gech

pH 10 ®ej 22 AFsts AL serumps 44
F71E F2 e e84 HHlERAE AAANA A8
of 8% #o]r petroleum ether: JFEEH: §7] 43
¥322 AAs Astd AR Ao

Liquid-liquid extractionol 23t FZ4 MEsSrHioh 9),
o] A7 W FLHE-EI g, FE, 4 Ed
G o8] Aol 43 #HAWFE Azte] wWe| 4HlH
o] FZ9] 4+l 5 237 w437 S22 A= 4y
o wlzy Helgd ¥ A9 SPE ¥ile] o £&40]
ghar AbgE

FZ7t 2717 pH 1022 &34%  serum 100pl% 50

FZ

g

noo.014 NZ
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Fig. 9. Typical chromatogram of serum spiked

with FZ.

mg® GCB columns] leadingA# A A =5t H4%
chromatogram& Fig. 9s} 7t}

G4 B AP e serump FZ4 EA 9L
W G EAe] AR HAHAA A AAH FIg
B ojeigE 74 geds AL ¢ 4 JAd.

FZg 5~50pg/mle] ¥ 22 A8 serum& 5%
R EBERL 85.2% o Folfl2(Table 5) % W%
€ AAgdA AAE & AAAY L8710 0%
FpFel ez AEH ird A4 Fusids,

Table 5, Recoveries of Known Amounts of Flura-
zepam Added to Human Serum Conditions:
serum, 100zl; GCB, 50mg packed into 2mm
LD. glass column; cetonitrile eluate, 2ml,

Amount added Amount found Recovery
{pg/ml) (pg/ml) (%)
5.0 4.4 88.3
10.0 8.9 89.1
20.0 17.6 87.9
40.0 34.9 87.4
50.0 42.6 85.2

V. &% &

HFA4e] & #4974 flurazepam-g model compound
2 o9 AN BFRER T %, BREnEe
Hla, =453,

1. FZe 9% GCB, XAD-7, XAD-2, Thermosorb
8 BBFNEAA A static modes] A& FZ9| -Cl, -F,



bengene ringel| o3 BEMoz WFNH) 43 GCB
b Sl R BEhe F3 XAD-73d 0ol K
HFER 2o,

2. BHRERE WEdAE GCBst d4dE 743
2 WHFRES Yehle o2 GCBE WFRIZ AM&3)
ok

3. FZo| o|§ methanol, acetone, acetonitrile,
methylene chloride, ethylacetate®] BRFHEHE HE
3t acetonitriled] 713 & IRFEHERE A1 Aoz F
A deh A4 sz A9y

4. GCBel| =& FZ4 breakthrough studyAd s} FZ
o] W3 E2| breakthrough volumno] 60ml o] A4l 8-
<& sket.

5. FZE serume]| & -£24A 85.2% ©] 49 recovery
44+
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