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2 o: AAAF 28l 7} FgA 4185 E haloperidol(HAL)Y] ¥ 35 Rwlo] 7absgic).
o] o5 2|3}e] gas chromatography/mitrogen-phosphorus detection(GC/NPD)S- o] £-3}9] 0w, bro-
moperidol& WH-EFEA R AR 1, AliaAdae] w024 diethylether® &80l 8 L83l
kA 2E2H S ARl o] el QoA FHEEL 15 ng/mLollA] 67.5+1.9%0)% 1, 1~40 ng/
mL H $fellA] AFRAIS 209999 FL AxAAE °é‘ii£l“4 AL 2mL AR o AEIAE 05
ng/mLelgiet. AAIEDS ate] AW HALS ¥43517] 913k o] WhH& # &3}, Haloperidol
decanoate(HDYE A A1 BAZ slz}e] {1 §F 4131 & 2—,—9} 453 2] HAL level 8- A8 A3} 4557 o
HAL®] g7} 25/ B} 29.6% A ehdrl. 4] A5 whde e 72519 2o delygs Jehy
oh. 2922 B ol ubye W4 HALS] vleki A st wue el o] 41 4 9l Aolth,

Abstract: Analytical method of haloperidol (HAL) in serum which has been widely used in therapy of
schizophrenic disorders is developed. Gas chromatography/nitrogen-phosphorus detection (GC/NPD) was
used for this study. Bromoperido} was used as an internal standard and diethylether as a solvent of three-
step extraction. The extraction yield in this procedure was 67.5+1.9% at 15 ng/ml. A good linear
response in the range of 1~40 ng/mL was obtained with correlation coefficient of r*=0.999. Detection lim-
it was 0.5 ng/mL when 2 mL of serum was used. This method was applied for the analysis of HAL in
serum of schizophrenic patients. After HAL decanoate (HD) was intaken as intramuscular route, HAL levels
were determined at second week and forth week. From the result, the concentration of HAL at forth week
appeared to 29.6% lower than those at second week. The present method showed low detection limit and
high selectivity. Therefore it can be applied for the trace analysis of HAL in serum and the monitoring.
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Fig. 1. Chemical structure of haloperidol decanoate, halo-
peridol and reduced haloperidol.
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2.1. 717] N Alek

A8k 7]17] 2+ flame ionization detector(FID)
9} nitrogen phosphorous detector 2|3 split/
splitless injection portZ} 3% HP 6890 series I
gas chromatograph(Hewlett-Packard, Avondale,
U.S.A)¢ll HP 3365 chemstationd <1Z3ste] AL-5}
dret AH-E columne HP-5(30 m%0.32 mm LD,
0.25 pm df, Hewlett-Packard, Avondale, U.S.A.)0]
Wi, T 7A=x3P7] 918t vacuum evaporator
(Buchi, Flawil, Switzerland)®} ¥uk 754*7}*("{%1
Abizkz, AE, A7DE AHEld 2E SR
HPLCH9] dlethy]ether(Fxsher, New Jersey, U.S.
ADE AHR3Idw, pH 24 BAHog AYgg 2M
NaOH(Tedia, Ohio, U.S.A.)%} 0.2 M HCI(&2FE
54 2| AL Osaka, Japan) 8-94& 7pz Alg-sigl o
o, 358N A 2@ FFAE T e
methanol(Merck, Darmstadt, Germany)-& A}-4-8}
At & adpellA] AMEE HALS WH-EFEAE A}
48} bromoperidol greFol ek ofspet A A
et 2R F whol AMg-slgi ).

22. BEEY XN
HAL3} R EFEAE AHE-31= bromoperidol2)
¥F A&+ methanol 10 mLell 10 mge] FAS

Analytical Science & Technology



GC/NPDE o]-83F Al dZ 5kz}2] ®3 Haloperidol &8k 4] 163

A 8H8) Ao} 1000 ppm e ZAF ¥, HALS 77t
1 ppm, 0.1 ppm =283 bromoperidol2- 1 ppm 22
3|4 gk F 4°Cel] YA} B3s}e] AlE-3ledc)
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o7} glekar Alekgt 179 (=} 69, o312} 1173)8 o
Ao 2 HD %o ¥ 259 4572 HHg A3} v}
& 3000 rpmelA] 108 5k Al geisle] Helyl %
AL -70°C deep freezeroll Bi}éle] A}8-8}9d
ol & #AEL Hg AF-E 66.5 kg(47-94 kg), H
FAREeEE 1.5141.45 mg/kg(0.35~6.45 mg/kg)o]

TA &,

o B

et

24. AR HERN2IY

Glass vialell bromoperidol 50 ng¥} HAL 58
2, 5, 10, 20, 40, 18] 377 80 ng& A7+ ¥ F, A4
7vB ARSEhe] b AZ:AF) oleld A 2
mLE 9]¢ EF HALe| Arhsl Ad} F-A15 742}
d Flel Alg AAelE 3t A8 A2z
W Zi= bromoperidold WHEFEEZZ diethy-
letherg F&8u& AM3te] 3A] F29& 0%
stoch 394 &2 WA A8 F/F 2mlS
Hriste] AgE A Ela, A7 2t emul-
sion?} YA EE Fa £ 2 M NaOH £ 200 pL
£ At gt (pH>10)8ksd ek, olel A
diethylether 6 mL-& H7}3F o-& 10& 59k Hals}
A A AF F, 58 B2k A Fel sl 13 &34
o} FZHqe) 0.2M HCl €4 2.5 mL& #7}sted 2+
7k 5% E3F ARA 7|2 428 F diethylether
o EeES AAE dFEsidnh

8N o) vha] 2 M NaOH 49 300 uL2} diethy-
lether 6 mL& H7}sle] 108 ot AT, 58
¢ AAEEEe 3 F2EIGY S S
vacuum evaporator®t A4 & Alg-ste] 2bH 3] Hut
A A7) th&, methanol 200 pL& A 7}sto] L2l 4]
A F, thA] AnE AHEEle] 4050 LR
olef A Az} A §le] A& gas chromatograph/

%—% z_ﬂ':ﬂy
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E:rum‘z mL

Add 0.05 g of 1.S. (bromoperidol)
Add 2 mL of distilled water

Add 0.2 mL of 2 M NaOH
Extract with 6 mL of diethylether

y Shake (vigorously for 10 sec) and centrifuge (5 min)

Ergam‘c layer
T Add 25 mL of 0.2 N HC

Shake (5 min) and centrifuge (5 min)
Discard diethylether layer

Add 0.3 mLof 2 M NaOH

Extract with 6 mL of diethylether
Shake (10 min} and centrifuge (5 min)

—
Organic layer

Dry by vacuum evaporator and N gentle stream

Residue

Add 200 L of methanol

Concentrate to 40-50 #L. under N» gentle stream
{ GC/NPD analysis system l

Fig. 2. Schematic flow diagram of haloperidol analysis.
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2.5. AN 3y, 8|=E A HaEls

3 2 mLel LS. 50 ng=} HAL 2, 5, 10, 20, 40 L
2|3 80 ng& FH7Ist 919 Algd Ay o8 5
25 A S zabskodc) ol ek LS. gt
AAQl HARE o] &3t o, g AYE 9
8l &S0 HALe| 5, 15ng/mlLe] ¥ E& AHrgh
¥ HALe] AlzdAzldes) 3|55 v)E 5&48}
Ak B AEE Halixdis A HALe] 25, 5,
15 ng/mLe| %2 715 £ o1F A8 Eo| Dﬂﬂ 2
FA-E AL 28 ok "4 2 mLE Abge)
o Z&HAE 2AbE

2.6. GC BN A

Capillary column gas chromatograph/nitrogen-
phosphorous detector®] ¥4 Z71¢ll4] column &%
= 100°CellA 287 fFAA F 27 20°C2
300°C7HAl AsAA 1087 #=417c). Split in-
jectord] X+ 300°C, NPD detector® 2%
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310°Ce]%l 2w, carrier gas?] He9 flow rates= 1.5
mL/min®] 32, split ratiox= 5: 1]tk

3. g ¥ g

B o Fol| A= capillary column gas chromatogr-
aph/nitrogen-phosphorous detector® ©]-&3te] ¥
2 HALS fr=A3t A glel 5 F A4 #4438
oot dnbd e g GC #4& 317 ¢slix e fr=As
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3l 9l 8ol ng, N3 PE 343 33HE
Aeld oz Aer) 22 NPDE AHSSE R g
Axe] F Az FAgle]l A BMe] rhsskad
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A7t EA]of) vehde], ng leveloll A 2\ Ad el EA71
ool FgEs} ozl EAMAe] Baggw,
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levelollX A|Z3]] Foll 2] 24l gle F2
columnjell o] Balg st HFEr} Hojz=
EAo] A=} N Sajat, Aol
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Fig. 3. Typical chromatograms obtained from (a) blank serum, (b) blank serum spiked with 5.0 ng/mL haloperidol and
25.0 ng/mL LS. (c) a patient serum with 3.1 ng/mL haloperidol.
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GC/NPDE o] &3+ HAl¥

ZE& gas chromatograph/nitrogen-phosphorous
detector 24 A&t} #4237 HALF LS. $14
o ofufgt whal BA® EASA] -5-S Falshal e
o, HAL 25895 Arigt €3 dA AA8ds
gtz e 9L AL $AM% AAE Fig 3ol viet
Wsict.

3.1. HAL BE8Y9| XMY, 3|8, sy 3 &
e

1~40 ng/mL *H¢lel % HALe oidt x4 =
AL Azp ARAS F=0999% & A UrEHH
vk %2 HAL 9] 85557 4-20 ng/mL2]
& B o e Amias) odcki L~1"JLL
oleh o) Azpz 2 o B Age] ¥l 4A
AZoNY HFE FEFE £ F¥ 5}‘4 £ el
XA 24 A= 20 ng/mLECE EE levelell 4] A
el BAR Qe Aeer) "ol whde 2
9l glass packed column GC/NPDHPs} /=
0.9972] At#AE ebd capillary column GC/
NPDH Mol ulslod -2 A& viebc),

5, 15 ng/mLoll tigh 3|82 7}7F 69.7+3.8, 67.5

+1.99% 2 viehdil o] A We] FEaAE el
2w njaA Ee B5ER M5k of Ash

S. Ulrich" o] ¥.18t 63%2] 3582 viehdl uby
wr} okt £ 35858 Byvk

2.5, 5, 15 ng/mLell g A 2APE TR 8.22,
516, B 6.24%ZAH(Table 1} 7]Eo] H=l
HPLC GCH % $-A18li et

o8], €A 2 mLg AHEEke] e A Heg
Ax 0.5 ng/mLIS/N=2 or 3)2 }ehyt=d|, o|7-&
HPLC/UVH 2] 2.0 ng/mL3t glass packed
column GC/NPD® 9] 1.0 ng/mLxc} A vie}
wrool, 7122 capillary column GC/NPD¥ ™9} 0.4
ng/mL 9ok ohar A B4 =) qlv)

Table 1. Precision and accuracy of determination of halo-
peridol in human serum (n=5)

A% B

% 2= Haloperidol #2354 165

Table 2. Serum level of haloperidol in schizophrenic pa-
tients

Added concentration Found concentration RSD
(ng/mL) (mean +sd) (ng/mL) (%)

2.5 2.5640.21 8.22

5.0 4.724+0.24 5.06

15.0 14.584:0.91 6.24

Vol. 11, No. 3, 1998

No. HD* Body Dosage/ Serum level of
dosage weight  body haloperidol (ng/mL)
(mg) (kg)  (mg/kg) Second Forth
week week
1 60 92 0.65 S, 0.94
2 32 53 0.60 1.21 0.84
3 50 80 0.63 1.27 0.89
4 20 58 .35 0.53 0.38
5 50 47 1.06 - 1.10
6 150 94 1.60 3.47 2.48
7 200 74 2.70 - 5.13
8 100 65 1.54 2.80 2.13
9 120 70 1.71 - 2.51
10 400 62 6.45 14.14 10.76
i 150 51 2.94 4.12 1.78
12 25 63 0.40 0.61 0.57
13 50 67 0.75 1.55 1.09
14 35 60 0.58 - 0.39
15 100 55 1.82 4.21 -
16 75 75 1.00 - 1.25
17 40 77 0.52 1.02 0.74

*HD: Haloperidol decanoate, "-: Serum sample was not col-
lected.

3.2. HAEYE X1 @S HAL B4

o] gy B 2AE HH 208 i HY
A 2lA Ax gl WARE Fhxloll A 13] L&FAL F
Y HAL ¥48 Alxsledc) A4S $hajol ol
ol 4] " Fo] HAL levels F-oakdl| wleste] Fr]s}
= oFAFS JehlARE, Aeled whe} wiskrl glslch
1732 thabel] dake vixe A%, Y, . 4%

o

Bg ol R AFErtal dubel Aziabe) o oke] F
& Al E Sl oF Ao wﬂ‘ﬂ 314’ HD
£of & 259} 474¢] AF HAL level & v as)] -2

A} 47A = 27/ L) Fel 8]l 33-& 29.6% f,}
43k AS Vel o] A3H= Eyles” ¢} Lee!

o] od-ste] Bwgk Az}
(Table 2).

wbe A hebd)

4.d B

B gdTFo|A GC/NPD z7ee Agsy #Ax
HAL¥ 1S7F A2 & ¥2]¥ GC chromatgram$
Qe % glglond, BAR)AE HALS LS. 9130
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ojuwgt Wl EA L EAEHA] Wshel. GC g A%
glass wareoll F-2% A} capillary columntell+] £
e FAZ Asld 49 oego] Bau=de
B, 2 dFodE Fitolu Falol 93t A8 <A
o] Al +AE FAsct ae|q 7|8 I
so} Bu® GC/NPD £ %] 744 =4dge)
F2| tdstedl, & dTolAE 0.9999] & A S
vehligich, w3k Felso] fHelvbr® 71E2] glass
packed column& ©]43 GC/NPD¥e|v}, HPLCH
2o} A Aq] slo)mE Jehd azrteade A8
el 1 eE, #r74e] A9l gas chroma-
tograph/nitrogen-phosphorous detectorg ©]2-&h
HAL ¥4 o4& A&3A9} 52 Ae8A L 77,
FEH3} spgo] Daglome HAL AT Fou} A
W FodE b xR A 8A ARdolA] vlgke] f&
o FEE RUHIH S 880] & 7oz sy
Sl

# g 8

1. W. H. Chang, S. K. Lin, M. W. Jann, Y. W. Francis
Lam, T. Y. Chen, C. T. Chen, W. H. Hu and E. K.
Yeh, Biol. Psychiatr., 26, 239-249 (1989).

2. D. W. Eyles, H. A. Whiteford, T. J. Stedman and S.
M. Pond, Psychopharmacol., 106, 268-274 (1992).

3. J. S. Froemming, Y. W. Francis Lam, M. W. Jam
and C. M. Davis, Clin. Pharmacokinet., 17(6), 396-
423 (1989).

4. Y. W. Lee, B. H. Yang and E. K. Chung, J. Korean
Neuropsychiatr. Assoc., 29(1), 79-87 (1990).

5. K. Yokogawa, E. Nakashima, F. Ichimura and T. Ya-
mana, Chem. Pharm. Bull, 33 (10), 4581-4586
(1985).

6. R. H. Lenox, P. A. Newhouse, W. L. Creelman and

10.
11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.
22.

T. M. Whitaker, J. Clin. Psychiatr., 53(2), 47-51
(1992).

. Y. S. Kim, H. S. Jung and B. H. Yang, Mental

Health Res., 7, 1-7 (1988).

. E. R. Korpi, B. H. Phelps, H. Granger, W. H. Chang,

M. Linnoila, J. L. Meek, and R. J. Wyatt, Clin.
Chem., 29(4), 624-628 (1983).

. N. D. Eddington and D. Young, J. Pharm. Sci,

77(6), 541-543 (1988).

D. Parkinson, J. Chromatogr., 341, 465-472 (1985).
K. Miyazaki, T. Arita, I. Oka, T. Koyama and 1
Yamashita, J. Chromatogr., 233, 449-453 (1981).

P. 1. Jatlow, R. Miller and M. Swigar, J. Chro-
matogr., 227, 233-238 (1982).

o] 27, wIrddsist Aeka)A],
(1995).

S. Ulrich, F. P. Meyer, S. Neuhof, and W. Knorr, J.
Chromatogr. B, 665, 289-296 (1995).

D. R. Abernethy, D. J. Greenblatt, H. R. Ochs, C. R.
Willis, O. D. Miller, and R. 1. Shader, J. Chro-
matogr., 423, 380-382 (1987).

G. Bianchetti, and P. L. Morselli, J. Chromatogr.,
153, 203-209 (1978).

R. F. Tyndale and T. Inaba, J. Chromatogr., 529,
182-188 (1990).

J. Fang, G. B. Baker and R. T. Counts, J. Chro-
matogr. B Biomed. Appl., 12, 283-288 (1996).

M. A. Moulin, R. Camsonne, J. P. Davy, E. Poilpre,
P. Morel, D. Debruyne, and M. C. Bigot, J. Chro-
matogr., 178, 324-329 (1979).

P. A. Szczepanik, J. Chromatogr., 339, 321-330
(1985).

S. G. Dahl, Clin. Pharmacokinet., 11, 36-61 (1986).
S. Guthrie, E. A. Lane and M. Linnoila,
“Psychopharmacology”, 3rd Ed., p. 1323-1335, H.
Y. Meltzer, Ed., Raven Press, New York, U. S. A,,
1987.

6(1), 39-43

Analytical Science & Technology





