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Analyses of flunitrazepam, cocaine, opiates, and their metabolites by

on-line sample concentration techniques in capillary electrophoresis

Student : Chiung-Wei Huang Advisor : You-Zung Hsieh*

Department of Applied Chemistry, National Chiao Tung University

Abstract

Flunitrazepam, cocaine, and opiates are usually used abuse drugs recently. We have developed a
on-line sample concentration techniques in capillary electrophoresis for determination of flunitrazepam,
cocaine, opiates, and their metabolites. Wsing capillary electrophoresis has good separation efficiency
and on-line sample concentration techniques have-good sensitivity, to improve detection limit.

In case of flunitrazepam and it’s metabolites; We use sweeping technique. The optimal conditions for
separation were achieved at pH 9.5 using a25 mM borate buffer, 30%(v/v) menthol, 50 mM CTAB, a
300 sec injection time and -25 KV separation voltage. Using sweeping technique, the values of LOD
that we obtained were in the range of 5.6 ~ 13.4 ppb. The values of the RSD% for the retention time and
the peak area were also < 4.1% and the stacking efficiency were up to 110 times. After solid-phase
extraction, we succeeded using this method in urine sample.

In cocaine and opiates, we use CSEIl-sweeping-MEKC technique. The optimal conditions for
separation were achieved at HCB pH 4.0, 100 mM citric acid/disodium hydrogen phosphate buffer and
10%(v/v) acetonitrile; BGS 50 mM citric acid/disodium hydrogen phosphate buffer and 150 mM SDS;
sample solution 1 mM, pH 2.2 citric acid/disodium hydrogen phosphate buffer; electrokinetic injection
10 KV, 300 s; -20 KV separation voltage. Using CSEI- sweeping-MEKC technique, the values of LOD
that we obtained were in the range of 0.13 ppb ~ 0.43 ppb. The values of the RSD% for the retention
time and the peak area were also < 4.78% and the stacking efficiency were up to 2200 times. After

solid-phase extraction, we succeeded using this method in urine sample.



LR ERE A REY 0 RIS BRI ASN) B2 Gl
Shd o REANAEIE RSA LT EHDH AR X 4T - BrafRl

o g EeF IR OTERRGE AN RS o Rd i Aedcis 2
HEELPFP2 HrhE5am~ BRI TRk 2 a5 {4un
HeEL -

}i‘:é%“??%iﬁ;iﬁi R RS et bR g B R SRR e A
$oXT EEFARR VG - Hamed B Y b E AT o BulR

HEEHA DT 0 o FERHE R F - B P B g

RN S ﬁ%k?ﬁﬁvﬁé’fsyﬁ’r%gﬁﬁp;%ﬁi%o

-

2
£

I el R B LAl el (C e MM IR M p 28 e N
FRATRE 0 FRG L S BAe R B g g s E JIe ) A B iR

EEMLL -

B iR MR g aF SR SRt B4 (NSC 92-2113-M-009-031, NSC 93 -2113 -M-
009-022)



# B
®l P

O R 0 P UPURUUPUPRURR 2
111 3 B g AR 7 5 2
L 2 B B I s it a e e e abre s 3

(IR e O 5

N

ROk PTG R i s 6

2.1 %} ,&‘ﬁ:}i,ﬁf& H o T B 6
201 B F A i i i 7

B 2 s G OO 8
IR T s et 8
2.1.1.3 5 73 it bl 1870 KE 02 49 B B 9

2.1.2 #F 4 3 B RHF 10

212133 o sHEFRiAA Lk e, 10
212218+ F o BEHF R R L BRI, 10
2123 ¢ B G BRI RS R, 11
2124 F i st ;'iéf{‘ﬁ%s‘i;‘ii%f{'ﬁé? T e —— 11
2125 #F EF M 2R > BEFEIRT RGFE 13
21264+ EF B 23 2 BEFRIRT REGEE 13

2.1.3 % Ir g B B3 R 3 & RHF o 14
2147 PRk BE B3 REE B EFRSART R 15
215 * MAERSHFZEFI IR RHF. 15

v



= "flq’r*ﬂ?“x P L)% ﬂ'ﬂ’t ‘37’? CUPDLSEIPAN Lo W 2 i ,—l_i,ﬁﬂigé.j'j}% ........ 30

B L A A T e 30
3.2 B F JRHET 2 i, 33
33 R B B B i 34
B ZRZE e 35
3D AP B Br s 35
B0 R T I e 36
3.6.1 ATL M B (I3 Mo 36
3.6.2 F ST~ 15 0 E FVEIL e 36
363 & A E B RARZ A 36
3.6.4 7 I IR HE A HLIE I 2 RITE o, 37
3641373 pH B2 B8 37
3642 AR F I A FIERZ B B 38
3643 ¥k 7 AR R CTAB 2 325 e, 38
3644 B3R 7B IR T EEZ B 38
3645 B &E®"F 3 RHEFIRBE @5 R 2 B 38
3.6.4.6 H - id B B R i e e 39
3647 # 5 8 ?ﬁéi{ﬁi’f:% Z AR R e 39
3648 LML ITE TEFI W i 39
B.6.5 ZEAE 2. 1 B i 40
3.6.6 FRife RS2 FIAR F B Fho 40
3.6.6.1 FAP B B 2 W T E i 40
3.7 I B BT 20 ettt 41
BTLEWRRZIE PH B2 B 41
SBT2BWEFA R P R 2 B 41
373 WA R E 2 FER CTAB 2Z B2 5 42
BTAZTARZTE DR T B2 B 43
BT HEFF 3 PRI ERETR R e, 43
B.7.6 45 i B PE B oottt ettt 44



BT o B EECE 2 A B F s 44
3TB L IIEAFTE TR W Hroieeeeeeeeeeeeeeeeeeeees e 45
3,729 BEAZ 2 15 IRttt et 45
B.7.10 Aife B 52 B BIET B T3 e 46

I TR 46
eI BRESERM I R ERRSR RGNS iR G
BB o ettt 63
R PO 63
B2 T T ettt ettt 64
B3 75 75 Tttt ettt ettt ettt 64
B8 B0 BT 5ottt 65
R = 3 65
4.6 B JEHRE™ 2 oo 66
BT TR IE B oottt 66

4102 F S ~ 152 M TVETE s 67
4103 v ék 2 AP A EPFEBER 2 2 Fe W, 68
4.10.4 F T B HEA HEIE 2 2RI s 68

40041 FETREER R P PH B2 B oo, 68
40042 % B R B3 FER SDS 2 B % e 69
41043 FETREGEAREE AR ¢ F 2L B 69
40044 % BEBR R D AT ER 2 B Do 69

41046 F TLH A5 E TR R & Hriooeeroeeceeeeeeeee e 70
.00.5 5 20 1 Bl eovoeoeeeeeeeeee e ee et 70
8.10.6 Fite &2 FUAP E B T 70
£.10.6.1 B4R E B2 B JTE oo 71
O 71
A1LL E B3 % 3 PH G52 B oo 71



AN2%F B R T EDFER SDS 2 F e, 72
AN3BETAEFRRFEIRC F2ZHE s 72
114 % BEER R AT ERZ B oo 73
A015 S B FE F oot 74
4116 48 & EHEITH 2 A B s 74
4017 FBEATE ZRBRD @ B 75
AA1.8 35 A 2o T8I eseees e es e 76

D12 2 oottt 77

VII



% P & =

Table 3-1 Regression equations, r, LOQ, LOD, migration times, and values of
RSD for flunitrazepam and its major metabolite during separation

using the normal MEKC and sweeping-MEKC

TECNNIQUES. ..t 36
Table 3-2 Recoveries for 7-aminoflunitrazepam, flunitrazepam and

N-desmethylflunitrazepam............ccoceeiiiiiiniii e 37
Table 4-1 Stacking efficiency in term of peak height..............cccccoovninene, 78

Table 4-2 Regression equations, r?, LOQ, LOD, migration times, and values of

RSD for cocaine and opiates during separation using

CSEI-sweeping-MEKC technique.........cccocvvviiiiiiieiiiiiiee e 79
Table 4-3 Identified compound,and purity, of three suspect powders........... 80
Table 4-4 Recoveries for cocaine and OPIates...........ccccevvvvveeeiiiieeeiiiiieeeenn, 81

VIl



B P &% T =

Figure 1-1 The profiles of EOF and double-layer charge distribution at a

negatively charged capillary wall..............cooiiii, 7
Figure 2-1 Schematic diagrams of the FASS model.............ccooveevinnninnn. 18
Figure 2-2 Schematic diagrams of the LVSS mode.........cccceeviiiiiiiiiiinnnnne, 19
Figure 2-3 Schematic diagrams of the pH-Mediate stacking model............. 20

Figure 2-4 Schematic diagram of a stacking mechanism by sweeping with
anionic micelles MOde.........ccvvvviiiiiiie i, 21

Figure 2-5 Schematic diagram of a stacking mechanism by sweeping with
cationic micelles model...........ccoooiiiii 22

Figure 2-6 Evolution of micelles:and neutral analyte molecules during

SUVLCTCT o] T o PO, e S SR 23
Figure 2-7 Schematic diagram of the CSEl-sweep-MEKC mode................ 24
Figure 2-8 Schematic diagram of the' ASEI-sweep-MEKC mode................ 25
Figure 2-9 Schematic diagram of the dynamic pH junction model.............. 26

Figure 2-10 Schematic diagrams of the dynamic pH junction-sweeping

MOEL. ..o 27
Figure 2-11 Evolution of analyte zones in LVSS-sweeping-MEKC............ 28
Figure 2-12 The choice of on-line concentration techniques...................... 29

Figure 3-1 The major mechanisms of flunitrazepam metabolism in humans50
Figure 3-2 Schematic diagram of sweeping using a CTAB micellar phase..51
Figure 3-3 Effect that the pH of the buffer solution has on CE separation...52
Figure 3-4 Variation of the mobility of flunitrazepam and its major metabolite
as a function of the buffer electrolyte pH..........ccccccooiiiiiinen, 53
Figure 3-5 Effect that ion strength of buffer solution has on CE separation..54
Figure 3-6 Variation of the mobility of flunitrazepam and its major metabolite

as a function of the buffer electrolyte concentration.................. 55

IX



Figure 3-7 Effect that CTAB concentration in buffer solution has on CE
SEPAIALION. ......uvieee ettt 56

Figure 3-8 Effect that the percentage of methanol in the buffer solution has on

CE SEPAratiON.....cccuviiie ettt 57
Figure 3-9 Effect that the sample matrix (borate buffer) concentration has on

CE SEPAratiON. ...ccvvveeeiciiie et e 58
Figure 3-10 Effect that the injection time has on CE separation................... 59
Figure 3-11 A comparison between the sweeping-MEKC method and that of

normal hydrodynamic sample injection.............cccccceevvivieeeennnen. 60
Figure 3-12 Sweep-MEKC electropherogram of suspect’s powders............ 61
Figure 3-13 Sweep-MEKC electropherogram of extraction urine............... 62
Figure 4-1 The structure of cocaine and opioid drugs.........cccceevvvveveeiiinnnnn. 82

Figure 4-2 Effect that the pH of the buffer solution has on CE separation...83
Figure 4-3 Effect that SDS concentration.inbackground buffer solution.....84
Figure 4-4 Effect that the percentage of acetonitrile in the high conductivity

buffer SOIULION. . k. A i e 85
Figure 4-5 Effect that ion strength of background buffer solution............... 86
Figure 4-6 Effect that the Injection time............ccccooviiiii i 87

Figure 4-7 A comparison between the CSEI-sweeping-MEKC, sweeping-
MEKC method and normal MEKC............ccccco i, 88
Figure 4-8 CSEI-sweeping-MEKC electropherogram of suspect’s
00111V 1= PRSP 89
Figure 4-9 On-line UV spectrum of morphine, herion, cocaine and three
SUSPECE'S POWAETS. ...ceeiiieiieeiiiiiiee ettt aee e 90

Figure 4-10CSEI-sweeping-MEKC electropherogram of extraction urine



