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An automated on-line method for simultaneous analysis of drugs by high-performance
liquid chromatography/mass spectrometry with backflush column switching

Arinobu, Tetsuya
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Existing methods for the detection of the drugs in biological samples usually
involve time-consuming multi-step pretreatment. To avoid such sample pretreatments, special HPLC columns,
which enabled direct injection of crude biological samﬁles, were developed; we applied them to compounds
of forensic toxicological interest. In this study, we have established an automated on-line method for
ultra-fast determination of haloperidol and its metabolites, which is widely used as an_antipsychotic
drug and frequently encountered in the fields of forensic and clinical toxicology, in biological samples,
by HPLC-MS/MS with backflush column-switching using one of special HPLC columns and a monolithic

separation column.
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Fig. 1 Schematic diagrams of a backflush
column-switching system constructed in this study
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Table 1. € itaui imization for Nebulizer gas (NEB) of haloperidol by flow injection analysis(FIA).
N"BRY F—LD MS/MS FHTiZiiT 5 RKiERkHE% ep——
— Sicp value Monitor ion (m/z - *miz)
aﬂﬁ L/ TC. (Table 1~4 )o & @%ﬁl:%’j % , N 7 376.00—165.00 376.10—123.00 376109500  376.10—74.90
i T siee0 2747 20620 10320
A —5—0)%@“:%?—?0 e Fig. 31213, %%%0) ; 2nd 74380 56800 28487 13340
60 Is 88813 68540 3173 16387
N ° — 2nd 86593 66360 32447 15780
7 '57'7 P AV D RAARY }‘/V%H“Ta T e T e 64620 31793 15553
so B 2nd 89327 69187 34473 16053
100 Ist 90073 oo 33780 16267
2nd 93980 712293 34700 16713
(a) CPHP o Ist 90440 70640 33947 16520
I 2nd PQJE? 68967 33947 17287
Ist 98960 76453 37480 18593
OH B 120 2nd 93307 9613 35853 16793
HN 0 s 92173 71540 34847 17020
: 2nd 92993 70360 35447 m
140 s 85667 65760 33267 16233
2nd 897!3{ 69133 34327 16607
Optimal value 120 12.0 12.0 120
Cl I
(b) Reduced Haloperidol Table 2. G for curtain gas (CUR) of haloperidol by flow injection analysis (FLA).
Max intensity (eps) .
Step value Monitor ion (m/z—-m/z)
(@) 376.00—165.00 376.10=12300  376.10-9500 376107490
I OH ) [ 91533 68980 Y 16760
- — 60 d 90000 68693 34467 16940
F C C HZC HQCHZ N W 89843 68540 34073 16853
0 " 86153 66920 32047 16073
Ist 76927 59680 28987 14713
(O 2nd 88893 67507 33507 16047
- ™ 93640 72340 35133 16587
Cl 120 = — i 35920 17440
- ™ 91127 68787 34813 16573
. o T 89527 66280 32927 16407
(c) Haloperidol ’1': 3060 1627 24873 1913
140 =z 56527 " 4a160 20420 10627
O H 150 i 59893 46053 23273 10840
i OH - nd 58480 40260 20380 10407
F-< >—CHCH20HZCH2‘N e

Table 3. Quantitative optimization for ion source voltage @) of haloperidol by flow injection analysis

(F1A).
e Max intensity (cps)
C' Step value (V) Monitor ion (m/2- *m/z)
376.00—16500  376.0—123.00  376.10-49500  376.10-74.90
Ist 87527 6153 29393 15987
(d) IS 4000 2nd 94793 747 36060 16520
as00 s 85500 & 32587 16280
2nd 35727 66553 33347 15240
0 "0 s 70453 s 27240 12807
" OH 7 2nd 98120 23360 690 1w
cl _@_ C- CHZCHQC H2 -N Optimal value 40000 45000 4500.0 40000
Table 4. Q s (TEM) of haloparidol by flow injection analysis (FIA).
C | Max intensity (cps)
Step value (C) Monitor ion (m/z—m/7)
. 37600 16500 3761012300 36109500 376107490
Fig. 2. Molecular strictures of the investigated " is 188153 156113 70820 Mg
2nd 243593 192687 91353 413
COmpounds- 430 _!Sl » 276127 202153 103113 49120
2nd 288460 221927 110847 54173
. — = o Is 307973 226720 110587 55147
Fig. 3 RT LD iz, {':Eﬂ:%%% (5 ‘//\7’E) 40 nd 297533 231860 Thos7 52660
Optimal value Tas00 1500 4500 3500

DHERRF 0.2 DL, ~aY F—L Lt Z2o/H
MTHHZELR N ORY F—NLBIUCPHP Rt
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Table 5. Q ion for (CAD) of h idol by flow injection analysis (FIA).
Max intensity (cps) I
Step value 7 SMonitor ion (miz—m/z)
3760016500 3761012300  376.10—9500  376.10~74.90
st 243207 g 38853 37633
0 2nd T 181193 91047 39560
Ist 286260 216207 106033 47653
30 2nd 288207 222407 10773 48760
Ist 149533 259933 134673 o
“0 2nd 31513 264760 12247 57987
I8 4187 317953 156267 78680
0 T 374160 205533 145527 71813
Ist 163593 362013 167247 93113
60 2nd 165600 367780 167907 91400
Ist 452960 373120 168300 95107
0 nd 138767 366347 171080 96240
[ 170600 345380 T 18ase0 97150
80 nd 472027 379240 169253 9627
st 199927 Q1573 175713 110080
o0 2nd 166560 386200 171100 100607
Optimal value 9.0 ) 90 80 90

MRM i & W BBREfToL 25, RERII 1
~RY F—/Ti% 8.14167 ng/mL, BB 2 Y F
—/Vid 8.1-4167 ng/mL, CPHP i 16.3-8333 ng/ml
DR TEREEZ T L (Table 6),
—/V O ERBE XM T 50 ng/mL LAk & OFEH
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Fig. 3. Product ion mass spectra for (a) CPHP, (b)
Reduced Haloperidol, (c) Haloperidol, and (d) IS in the

positive ionization mode.
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Fig. 4 LC-UV chromatogram at 280 nm for monitoring
mainly proteins (upper panel), and MRM chromato

for CPHP (2™ panel), reduced haloperidol (3™ panel),
haloperidol (4% panel), and IS (5* panel).

Table 6
Calibration equations and quantitation ranges of

haloperidol and its metabolites® (#n=5)

Quantitation Correlation
Calibration equation range coefficient
(=ax+b) (ng/ml) )
a b
Haloperidol 5.85%x10% -2.13%107 8.1-4167 0.9944
Reduced haloperidol 2.48x 10" 5.88x% 10 8.1-4167 0.9987
CPHP 2.75x 10 1.47x 10 16.3-8333 0.9976

3y is the ratio of peak area of haloperidol or its metabolites to
that of I.S., and x is the concentration (ng/ml) of haloperidol or

its metabolites.
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