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Analytical Program by Gas Chromatography-Mass Spectrometry
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Abstract — Systematic toxicological analysis (STA) means the process for general unknown screening of drugs and toxic
compounds in biological fluids. In order to establish STA, in previous study we investigated pattern of drugs & poisons in
autopsy cases during 2007~2009 in Korea, and finally selected 62 drugs as target drugs for STA. In this study, rapid and
simple drug identification and quantitative analytical program by gas chromatography-mass spectrometry(GC-MS) was
developed. The in-house program, “DrugMan”, consisted of modified chemstation data analysis menu and newly developed
macro modules. Total 55 drugs among 62 target drugs were applied to this program, they were 14 antidepressants, 8 anti-
histamines, 5 sedatives/hypnotics, 5 narcotic analgesics, 3 antipsychotic drugs, and etc. For calibration curves, fifty five
drugs were divided into four groups of range considering their therapeutic or toxic concentrations in blood specimen, i.e.
0.05~1 mg/l, 0.1~1mg/, 0.1~5mg/l or 0.5~10 mg/l. Standards spiked hloods were extracted by solid-phase extraction
(SPE) with trimipramine-Ds as internal standard. Parameters such as retention times, 3 mass fragment ions, and calibration
curves for each drug were registered to DrugMan. A series of identification, semi quantitation of target drugs and reporting
the results were performed automatically. Calibration curves for most drugs were linear with correlation coefficients
exceeding 0.98. Sensitivity rate of DrugMan was 0.90 (90%) for 55 drugs at the level of 0.5 mg//. For standard spiked bloods
at the level of 0.5 mg// for 29 drugs, semi quantitative concentrations were ranged 0.36~0.64 mg/l by DrugMan. If more
drugs are registered to database in DrugMan in further study, it will be useful tools for STA in forensic toxicology.
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oF=1 HEAIAH| ALSSE 5552 o= 3% %«1 TA
= Table I YERH QT Amitriptyline 5 3652 °F&E-2

CerilliantAF(Austin, TX, USA), benztropine 13—4—4 FES
Sigma-AldrichAHSt. MO, USAA T3t
bupivacaine, cloperastine % carbinoxamine=- FlukaA}St.
Louis, MO, USA)l|A|, cyproheptadine- Aldrich*} (Milwaukee,
WI, USA)ollA 18k 2 itopride 2! tiropramide= =i A
ofsAtellM A2t s ol ARSIt o8 EEES
74z vebER 19 10 mgll FE= Alxsto] FFEgow Ab
3o FAAZA] 20°CN] Raeigith U EEed =
Egn|Zepy] 542218 (Trimipramine-Dy, 100 mg/, Cerilliant)
E vEER 3Asto] 5mgl sEE ZASH A& ARSI
A8 AAele A ad3E A (ASPEC XL 4™, Gilson)
9 F}E 2] % (Bond Elut-Certify®, 130 mg/3 m/, Varian)Z AH-&
siglom, ek 5 5o Al ARSSE /718w B 7]El Al
ok 19 T 598 ARSI

Louis,

MEHAME | F=&

ool 55% oFEe] B4 WAFENE AgSIgon F
3

Fope Aude] Fokch. obgo] AEA $eE FRP
Ag do) 1l G LY R PHEFRE 30 WE 7

ata, 0.1 M MAFeHE A (pH 6.0) 5mis Wil &3} 3 5
7F 23} Fall3k & 94522500 rpm, 10 min)ake] AFA H
(~5mlys Fato] WwdFE7dA] ol A=elnt. 7HE A= vg
£ 2ml, 0.1 M QAN (pH 6.0) 2 miE E3AA 4314
71 3 AEE 1mimin® £$52 A48t 57 1ml, 0.2 M

e BRAA AHG T A Tha

acetic acid 2 m/E
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Table I - Drug and Manufacturing Co lists

No Drug* Manufacture Co
1 Amitriptyline Cerilliant
2 Benztropine Sigma-Aldrich
3 Bromhexine Sigma-Aldrich
4 Buflomedil Sigma-Aldrich
5 Bupivacaine Fluka
6 Bupropion Cerilliant
7 Buspirone Sigma-Aldrich
8 Carbinoxamine Fluka
9 Chlorpheniramine Cerilliant

10 Chlorpromazine Cerilliant

11 Citalopram Cerilliant

12 Clomipramine Cerilliant

13 Cloperastine Fluka

14 Clozapine Cerilliant

15 Codeine Cerilliant

16 Cyproheptadine Aldrich

17 Desipramine Cerilliant

18 Dextromethorphan Cerilliant

19 Dihydrocodeine Cerilliant

20 Diphenhydramine Cerilliant

21 Diphenylpyraline Sigma-Aldrich

22 Doxylamine Cerilliant

23 Ephedrine Cerilliant

24 Fluoxetine Cerilliant

25 Hydroxyzine Sigma-Aldrich

26 Imipramine Cerilliant

27 Ttopride NP RN

28 Ketamine Cerilliant

29 Levomepromazine Cerilliant

30 Lidocaine Cerilliant

31 Methylephedrine Cerilliant

32 Metoclopramide Sigma-Aldrich

33 Midazolam Cerilliant

34 Mirtazapine Cerilliant

35 Norfluoxetine Cerilliant

36 Nortriptyline Cerilliant

37 Oxycodone Cerilliant

38 Paroxetine Cerilliant

39 Pethidine Cerilliant

40 Phendimetrazine Sigma-Aldrich

41 Pheniramine Cerilliant

42 Phentermine Cerilliant

43 Prilocaine Sigma-Aldrich

44 Procyclidine Sigma-Aldrich

45 Propranolol Cerilliant

46 Sertraline Cerilliant

47 Sibutramine Cerilliant

43 Tiropramide U A ok 3] A}

49 Tramadol Cerilliant

50 Trazodone Cerilliant

51 Trihexyphenidyl Sigma-Aldrich

52 Trimetazidine Sigma-Aldrich

53 Triprolidine sigma-Aldrich

54 Venlafaxine Cerilliant

55 Zolpidem Cerilliant

*Drug name: in alphabetical order.
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ammonia-ethylacetate 3 miE E3lo] HFZH o7 A7 o=
WEE AT 45°C F87dolA] Ah TRAE 5T $ dojxl
ZEAte] HgkE 100 WE 718tod GC-MSE #A4AIE2 sh9ltt.
wA717) 8 20E ArPe) wa) FAdskolstl, GC-MSE
Agilent?}2] HP 5973 MSDE AM3I911L, AHS HP-5MS(0.25
mm ID, 0.25 pm film thickness, 30 M)E AR5l E418}SIch
AY 25= 80°CollA 137 WE-211 300°C7HA] 4 20°CH
¥ & 1587 fA813 21, A5 & splitless modeZ 5890
GColl 1 W FY 3ttt EI full-scan modeS AR5 31 MS
range:= 40~5500% A3},

okgo| sfol 9l ZIo|MZE 28t DrugMan == AMA|

AAE 5ol 20080l Ao ApA| et ofE A e
visual basice 7|92 3+ UF2] Ho|EjHjo]
|X= ‘1.%74 *“01]
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of JE mA= E‘ﬂi‘_qo}ﬂhﬂﬂ] oHE T 9%—«1 oHg AkE
Aoz HMSES A Aolt}, Y A getu|EEA 49
F oFE°] GC-MS #49 w2 Z= fAAZ} =2 Zakaq
E(fragment) ©l&5& SF3R L, Au|s|AtelA] AlF et
chemstation data analysis Wiroll QAAFA F2 2zl thsl ¥
A 4 2 data processing®] O] FAAA =S slo] AAAR F
49F FEs sl A = BT Gt & ATelA=
DrugMan®| 2= 35 7|HEO R slo] oRsi HE A|AHle] AL
5= ok 5562 AHslo] ol oFas 05mgle] FEE ¥

A B 7§ FEste] Qlojxis AwrkE RS 2 o
el $4 GCMS H4le] Whe EE fAA1KL, 7o =
THIE ol eg ik et 7t ot A

tloJH o]~z 53
%kv‘i’—*ﬁ* AHERS o o] 2 T HE o] 5 AHs)

I, % T8 olE 14&0]%(quant1ﬁer ion)© % sk,
2 27H o] o IS 01?_} Zo| 2 (qualifier ion)© % 4
SRt 1 2ol AN oFedEE %a SEolo] Mt 55%
okEof Tl 7lto] T F-AJo] 7]—_01.1:§ AAA BT

kv

HzM 5y
AP SN met 5559 R A 4150 1}
o] 2SIl &, 1155(0.05, 0.25, 0.5, 0.75, 1 mg/), 271

£(0.1, 0.25, 0.5, 0.75, 1 mg/l), 37E(0.1, 1.5, 2.5, 3.5, 5 mg/))
2 47805, 2.5, 5, 7.5, 10 mg/)CE EF3I5TE TAE PHA
1mlel] 7881 2 10 mg/! in MeOH)S #3412] W$lof w)

2 Qg Aleka R EEED 30w B F 2 Eslalo]

HAEEH(LOD) H FETHI(LOQ)
55% oFEo] gk A& W Al 1nMel Fato]
TRt =, HETAE 9N ratioZh 3:1 o de]aL, FAARE

o] ¥FEAY} At o] FeE AEEIiaL, gl LOD
o) 21g FEAUA FAB ] Wlrt Aol Atels
< o 20% olfe] FEE st

QIZt =2 (sensitivity rate)
DrugMane] 24| 4 M85 Fow ddshs 595 &
ohiy] glate] WAEES ANLSIIch 55 obmel EEENS
0.05 2 05mgl EE=E FARE Holo] Ao BT Hrle &
—‘?‘—4“’?1 2L 0.1 M QAtekeols ar dEdh Wil o)
FZ51] DrugMan 22735 A gsiglem 254 AR 75
(°W°1‘Jr 0% Wdsks ok )5 Ak ofge] Ao
we Ve ES AREIE? AlEs 3314 nkE Al3ste] 3

ke TRtk

ol

p
tp+fn

Sensitivity rate =

tp: AA H7FSE ¥ 9FE Jl4(known true positive test
samples)

fn: o] 2k 7l9~(false negative samples)

HE= (Accuracy or Bias) ¥ MU T (Precision)

T obe T AEN) w2 oFE 2958 Al e
= ARksiltt. Aot TR doel 7 258E 0.5 mgl
9] wr g sty dsEst W Zo] FZ30] DrugManel
A ArtelE w2l gk A% 7% F50.5 mgh2ke]
Aol Hlws3ltt. 38] WHEAldsto] Hatpks Teigivh Y

=3 2 & 05mgle] sE= 7kl
3U3F Aslo] WS ska GC-MS ATk AR 4
° , ol Al el digk o
Yl(intra-day) 2 U< Hinter-day) UEE o014 CV(%)
Z ehhAeh®

Al Al=0olle] HE

2 el 74 FE WA AN s F Eo] HEEHUH
AA| ARE o E & 23S A8l AEd "—IE%
o] tha}ed DrugMan =130l dojA 7to] Azkglka} ¥
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A Dol HEE ok T 8 E ke THOE HENE
7b wom, Aekd 5407 o] ARE = GAAAAE ok
< sHo= AR Rtk o5 ofE TR e EEE
o YA GC-MS o] AgtehA] o2 759 of= & AT
oM Aleletar HEA o ® 5552 s AEIth(Table D).
olE> A 23 14F, Fe|nElRIA 8F, g
Al 55, pleRIEA 55, S 3F, avEAl 3T,
AGEA 3&, ISR 5A| 35, v]TA 24 35 4 7|e} oF

=

=1

EF 7Fos TAEAH(Table D).

ofF XIS #M A 10| M =2 (DrugMan)2 2/st mi2t
O/g

AHE okE 55%° gt GC-MS 44 EFH-A A
(standard retention time), 37F4] & T} IHE
= 49 AFolR), A WY, A 71e7], vau sk Y A
WAFEE el E4 DrugManell 9elalelon], olu ¢l
tlo]El= Table TI9} QKT 2 EA4Z2700A 55 o 6.31
- (ephedrine)oll A 22.205(tiropramide)7FA] 3893 AEF
A=t okl AR R met thA HskEE = )
ovg x| st FFEAANEE UFEEEEY A
AIZEO 2 Usr 3k &, AlH-X Al ZH(relative retention time)©|
AFsA 0% ARRE SR slo] AR WskE BAlekES Siith.

AR 7k okRe] A Bk B B4%E W9Ye) GC-
MSe] 7% 5-& 1Este] 419 o= vl 2Mdsigion
T8 AR W9 3 oREC] S= Table 1194 20] 1775(0.05~
1mg/l, 42), 215(0.1~1 mg/l, 9), 315(0.1~5mgl, 1) & 471
=(0.5~10 mg/, 3|t A 24 A} tivkre] o= A
WAFEEYF 098 oPdollom, 53] 2052] ok ko] 0.99
ooz £o AMAS HITh A phendimetrazineS rPato)
0.8872A] A ok T M W AAAS Kol FY AET}
Zos 7107 ALgEITHTable ID).

2,
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N
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1E5HH|(LOD) ¥ MEEHHI(LOQ)

&

%5t el we dojxl 558 kel gk HEeHA U Y
FHAE Table IIell 29kaqlct. & A Z 7oA itoprides}
trazodone®] LOD %! LOQE &5 0.5 mg/o]lom, thyi oF
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o
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£¢] LOD+= 0.01~0.05 mg/ Hele|$la, LOQE 0.05~0.1 mg/!
H o] ATH Table 1ID).

DrugMano| RIZI=E, Mat= & MU=
e w3 A8 9 28RS AR 9ls]

=~
= é;ﬁ—‘—}i A A

gt YEEE 295t A Azel Hgste] A o)
st

QIZAEE -55% 222 05mgl 552 A5 o FA]
of H7}3t 3 F%3lo] DrugMan Z2 1300 283k A3} 495
9] oFE-g o= HEsL 652 o Qlsk=t] Adst
Ak A= Aof wEl eSS AXLEIS Wl 0.90(90%)°]
UCH(Table IV). o= FASAOE & wf URFARI Felr< 95%
o= 3 vIxloy oS4 (false negative)© &2 WH-5F 652 oF=
% cloperastine®} codeinee GC-MS #A1A| f-A]A|7ko] 242F
12072 9 12.05%-© % dihydrocodeine?] 41117181 120653}
AR AL, U s EoA GC-MSS] #+-3-4do] dihydrocodeine
o] 71 oA Zr IR eA olF oFag 7M7) EEste] <l
2181A] Zelal 25 dihydrocodeine© 2 Alsl] o™ trihexy-
phenidyl®] 9% 11.38%° A triprolidine®] F<A17+(11.37
M vEded F9FTeld GC-MS WHeAdol 2
triprolidine © =27t Q124)5t0] o]5/d 0 & W-g-al3ith(Table I &
V). 3HAIRE o] 3%9] 954 oFHa T8 MehIRIE olF
< sk R o gl Thsetlorn e FEA] Al
= Qe Aoz #dE Y. 37 itopride, phentermine 2
trazodone®] 3%+ T2 ZefIRIE ool tfgt ¥ WA o]
U o g iAol a] S 07 QIAEI=d], o] 5559
o Aol TRl whet oFagte] I EdE Qlsto] Al

Hom Ayl volxl Zlow F4Eglon ofF ofzl thet &

A B FEXY AEsS] F2a88 =9 5 9
T7F e Aow AFREUTE FHE 0.05 mg/lellAE 9l
=73 oF= 65 olgloll 7FE] oFas Ak Hste] B
13%9] ko] 8 o® Rt 0.81(81%)2] TIHEES HS)
CHdata was not shown). ©]5 752 &2 bromhexine,
buspirone, ephedrine, hydroxyzine, paroxetine, propranonol
4l tiropramide® LODZ} 0.05 mg/l ©]42 2 tha ¥ vehd
ko] TH(Table III).

Hatz 9 HUE -29%°] ks FAIE el 0.5 mg/l
% 3718t DrugMan L2902 Askols o dote
2 U= Table Vo 23Ut} 7} oF&E 0.5 mgls ol A
DrugMane] &J3t 7to] &7k 0.36~0.64 mg/l=A 715340.5
mg/)ell tigk Mg FASILS wl £28% oIUIITH(Table V).
0] k=2 £10% ©lWe] A EE B UAT chlorpro-
mazine, dihydrocodeine, diphenhydramine % imipramine®] 4
T Rzl YTt £20% oVdo® vlwA A vkttt g
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Table II - The standard retention times, three qualifier ions and calibration curves for 55 drugs

No

Drug

Category

Standard retention

Mass fragment ions (m/z)

Calibration curves

Qualifier

Qualifier

i i uantifier Range
time (min) Q ion on 1 ion 2 (m g/gL) Slope Intercept 1

1 Amitriptyline FEA 10.76 58 202 215 0.05-1 2172  -044  0.980

2 Benztropine 712 8 A 11.69 140 83 124 0.05-1 487  -007 0985

3 Bromhexine =% 11.98 70 264 293 0.05-1  0.87 0.04 0991

4  Buflomedil o2 HEA 11.94 84 97 195 015 701 -1.02 0982

5 Bupivacaine m}E] A 1151 140 84 56 0.05-1 1965 -138  0.955

6 Bupropion FEA 7.87 44 100 57 0.05-1 1.64 0.15  0.947

7 Buspirone 24 7| 20.72 177 277 265 0.05-1 429  -008 0987

8 Carbinoxamine 3] A EFul A 10.49 58 71 167 0.05-1 2193  -005 0.997

9 Chlorpheniramine 3} A~ &}l 7| 10.16 203 58 167 0051 952  -066 0.967
10  Chlorpromazine B} Al v oF 12.58 58 86 318 0.05-1 5.39 -0.34 0991
11 Citalopram 399 4 12.03 58 238 324 0.05-1 1079  -072  0.967
12 Clomipramine 097 12.10 269 58 85 0051 289 -004 0978
13 Cloperastine REE 12.07 98 85 165 011 1272  -059 0991
14 Clozapine 34 AW ok 15.27 243 256 192 0051 148 -010  0.957
15  Codeine mhokAd 71 E A 12.05 299 229 162 0051 728 003 0.983
16  Cyproheptadine 53] 2~ Bl A 11.89 287 215 96 0.05-1 488  -0.08 0999
17  Desipramine® -2 A 11.34 234 195 208 011 107 -002 0991
18 Dextromethorphan % & )| 10.86 59 271 150 0.05-1  2.07 -0.13 0979
19 Dihydrocodeine ulokA] 2 & A 12.06 301 164 42 0.05-1 1208 -054 0966
20 Diphenhydramine &3] A~E}7l ) 9.40 58 73 165 0.05-1 2608 -111  0.967
21 Diphenylpyraline  3}3] ~ g}l A 10.65 99 114 165 0.05-1 449 0.03  0.999
22 Doxylamine 3}5) ~Epal A 9.69 58 71 167 0.05-1 17.84  -092  0.967
23 Ephedrine WA TR A 6.31 58 77 105 0.05-1 474 005 0961
24  Fluoxetine 097 9.34 44 104 309 0051 602 -040 0974
25  Hydroxyzine A A 14.98 201 165 281 0.05-1 134 -010 0958
26  Imipramine -2 A 11.23 234 58 85 0051 361 020 0976
27 Ttopride o w24 A 17.82 58 165 358 05-10 950  -258  0.997
28 Ketamine wp A 9.43 180 209 152 0.05-1 459  -008  0.998
29 Levomepromazine 7 %A 12.71 58 328 185 0051 436  -037 0970
30 Lidocaine = mbE A 9.50 86 58 234 0.05-1 1495 -065 0.965
31 Methylephedrine — w7FAl 7 T 57 6.66 72 77 73 0051 935 -039  0.99
32 Metoclopramide R EA 13.22 86 99 184 0.1-1 7.03 -044  0.968
33 Midazolam FHAA 13.13 310 325 297 0.05-1 983 -018 0985
34 Mirtazapine 32 4 11.42 195 208 265 0.05-1 1456 044  0.994
35 Norfluoxetine” PR 9.24 134 104 143 011 013 0.00  0.992
36 Nortriptyline” PR 11.19 44 202 265 0.05-1 1048  -061  0.992
37  Oxycodone nhokA] 71 2 A 12.83 315 230 258 011 300 -030 0964
38  Paroxetine -2 A 12.98 44 192 329 011 039 0.01 0986
39  Pethidine ulokA] 2 & A 8.77 71 247 172 0.05-1 268 0.07 0978
40 Phendimetrazine 2] £-9] A | 6.86 57 85 42 0051 1912  -1.85  0.887
41 Pheniramine 35] ~Epal A 9.14 169 58 72 0051 1973  -073  0.968
42  Phentermine 218.0) A A 4.73 58 91 134 0.05-1 2231  -153 0944
43 Prilocaine = 2n}b2 ) 9.23 86 44 106 0.5-10 1846  -038  0.997
44 Procyclidine 12 2 A 11.03 84 204 55 011 17.87 -1.40 0970
45  Propranolol 3 718 okok 10.89 72 115 144 011 011 -001  0.995
46  Sertraline FEA 11.93 274 159 262 0.05-1 327 011 0.99
47  Sibutramine ] Wk 24 9.32 114 72 58 0.05-1 261 0.07 0932
48  Tiropramide 27 A 22.20 86 105 - 0051 1209 -053  0.985
49  Tramadol whokAd 7 2 A 9.88 58 263 135 0051 2277  -111  0.993
50 Trazodone P 21.72 205 278 176 0510 255 -156  0.994
51 Trihexyphenidyl — m}712x 24 11.38 98 218 55 0.05-1 237 006 0965
52  Trimetazidine G ek 10.09 181 85 56 0.05-1 642 -0.15 0983
53  Triprolidine 315] ~EFTI A 11.37 208 193 278 0.05-1 888  -016 0997
54  Venlafaxine 304 10.54 58 134 179 0051 2290 -1L14 0991
55  Zolpidem A 5w A 14.65 235 219 307 011 1137 -083  0.953
56 Trimipramine-D,” - 11.20 61 249 297 -

a) Metabolite of Imipramine; b) metabolite of Fluoxetine; ¢) metabolite of Amitriptyline; d) internal standard.
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Table III - LODs and LOQs of 55 drugs in blood

No Drug LOD (mg/l) LOQ (mg/l)
1 Amitriptyline 0.01 0.05
2 Benztropine 0.01 0.05
3 Bromhexine 0.05 0.05
4 Buflomedil 0.05 0.1
5 Bupivacaine 0.01 0.05
6 Bupropion 0.01 0.05
7 Buspirone 0.05 0.05
8 Carbinoxamine 0.01 0.05
9 Chlorpheniramine 0.01 0.05

10 Chlorpromazine 0.01 0.05

11 Citalopram 0.01 0.05

12 Clomipramine 0.01 0.05

13 Cloperastine 0.01 0.1

14 Clozapine 0.01 0.05

15 Codeine 0.01 0.05

16 Cyproheptadine 0.01 0.05

17 Desipramine 0.01 0.1

18 Dextromethorphan 0.01 0.05

19 Dihydrocodeine 0.01 0.05

20 Diphenhydramine 0.01 0.05

21 Diphenylpyraline 0.01 0.05

22 Doxylamine 0.01 0.05

23 Ephedrine 0.05 0.05

24 Fluoxetine 0.01 0.05

25 Hydroxyzine 0.05 0.05

26 Imipramine 0.01 0.05

27 Itopride 0.5 0.5

28 Ketamine 0.01 0.05

29 Levomepromazine 0.01 0.05

30 Lidocaine 0.01 0.05

31 Methylephedrine 0.01 0.05

32 Metoclopramide 0.01 0.1

33 Midazolam 0.01 0.05

34 Mirtazapine 0.01 0.05

35 Norfluoxetine 0.05 0.1

36 Nortriptyline 0.01 0.05

37 Oxycodone 0.05 0.1

38 Paroxetine 0.1 0.1

39 Pethidine 0.01 0.05

40 Phendimetrazine 0.01 0.05

41 Pheniramine 0.01 0.05

42 Phentermine 0.01 0.05

43 Prilocaine 0.01 0.5

44 Procyclidine 0.01 0.05

45 Propranolol 0.1 0.1

46 Sertraline 0.01 0.05

47 Sibutramine 0.01 0.05

48 Tiropramide 0.05 0.05

49 Tramadol 0.01 0.05

50 Trazodone 0.5 0.5

51 Trihexyphenidyl 0.01 0.05

52 Trimetazidine 0.01 0.05

53 Triprolidine 0.01 0.05

54 Venlafaxine 0.01 0.05

55 Zolpidem 0.01 0.05

A 29F oF=el gk AUE=E Arlsiaitiy UXnter-day)

o=
A
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Table IV - Drug identification by DrugMan for 55 standards spiked

blood at the level of 0.5 mg/!

No Drug Result
1 Amitriptyline Pos?
2 Benztropine Pos
3 Bromhexine Pos
4 Buflomedil Pos
5 Bupivacaine Pos
6 Bupropion Pos
7 Buspirone Pos
8 Carbinoxamine Pos
9 Chlorpheniramine Pos

10 Chlorpromazine Pos

11 Citalopram Pos

12 Clomipramine Pos

13 Cloperastine Neg”

14 Clozapine Pos

15 Codeine Neg

16 Cyproheptadine Pos

17 Desipramine Pos

18 Dextromethorphan Pos

19 Dihydrocodeine Pos

20 Diphenhydramine Pos

21 Diphenylpyraline Pos

22 Doxylamine Pos

23 Ephedrine Pos

24 Fluoxetine Pos

25 Hydroxyzine Pos

26 Imipramine Pos

27 Ttopride Neg

28 Ketamine Pos

29 Levomepromazine Pos

30 Lidocaine Pos

31 Methylephedrine Pos

32 Metoclopramide Pos

33 Midazolam Pos

34 Mirtazapine Pos

35 Norfluoxetine Pos

36 Nortriptyline Pos

37 Oxycodone Pos

38 Paroxetine Pos

39 Pethidine Pos

40 Phendimetrazine Pos

41 Pheniramine Pos

42 Phentermine Neg

43 Prilocaine Pos

44 Procyclidine Pos

45 Propranolol Pos

46 Sertraline Pos

47 Sibutramine Pos

48 Tiropramide Pos

49 Tramadol Pos

50 Trazodone Neg

51 Trihexyphenidyl Neg

52 Trimetazidine Pos

53 Triprolidine Pos

54 Venlafaxine Pos

55 Zolpidem Pos

DPos: classified as positive by DrugMan
YNeg: classified as negative by DrugMan
tp
tp+fn
tp: known true positive test samples (n=>55)

Sensitivity rate =

fn: false negative samples (n=6)
55/(55+6)=0.90 (sensitivity rate, 90%)
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Table V - Accuracies and precisions of DrugMan for 29 standards Abundance
spiked blood at the level of 0.5 mg/l
TIC: hn36566b43.D
Result 1100000 8 259'48'35
No Dru; ] Precision (%)”
g Accuracy (% )d) 0 1000000
Intra-day  Inter-day 900000 ‘
1 Amitriptyline 6 54 24 800000 \ \
2 Benztropine -4 5.2 3.5 700000
3 Bupivacaine 2 9.8 45 5
4 Chlorpheniramine 4 9.0 52 600000 | ‘
5 Chlorpromazine 28 4.9 24 500000 \
6 Citalopram 2 75 2.7 400000
7  Clomipramine -8 7.4 32 400000 6.48 1719
8 Dextromethorphan 0 6.5 2.6 6.95 410 4520 .
9 Dihydrocodeine 28 182 7.2 200000 _ & é)# ‘
10  Diphenhydramine -22 11.0 2.7 1000000 4 & 4%% L% 1377
11  Doxylamine -14 11.7 3.1 " — i
12 Fluoxetine 6 10.1 31 - 400 6.00 800 10.00 12,00 14.00 16.00 18.00 20.00 22.00 24.00
13 Imipramine 20 6.6 3.2 e
14 Ketamine 0 18.2 15 Fig. 1 —Total ion chromatogram of blood specimen by GC-MS.
15 Levomepromazine -8 6.4 3.1 a) One m/ of blood was extracted by SPE and analyzed to GC-
16  Lidocaine -8 13.4 41 MS. b) Retention time of internal standard (trimipramine-D,)
17 Metoclopramide 16 17.4 11.9 was 11.20 min under our analytical condition.
18 Midazolam -6 14.8 11.8
19 Mirtazapine 2 10.8 4.9
20 Norfluoxetine & 178 52 WEEEAY NS A F B AwnpE Y
ortriptyline . K SPEy = NEDS
99 Pethidine 16 123 3.0 chemstation menu® AE3IAT) 15 ool Al=o] T3t 555
23 Pheniramine -6 15.4 3.2 obEol tigh A 4l gheko] Fig. 33} o] &9 th
24 Prilocaine > 185 5.0 DrugManel] )8 #4145 WALAL @elo | 2~ebnlAlQl
25  Sertraline 18 44 1.9 ] ) ] ~
26 Tramadol 14 13.3 6.5 diphenhydramine ¥ doxylamine®] &J .2 HE= 3o, 7F
;g $r‘ihle>fcyphenidyl }?) 13? 2; o] A 61:7)\—_9_ 747} 0.11 2 0.10 mgo] it} Fe. 4= Aol A
enlafaxine - . .
Rafes] =) 1:1 o
29 Zolpidem 12 153 9.7 eFEe] AEHR s Sirhstel vk Slofoy.
- - . . s} 0
DAccuracy (or Bias)=(M,-Nominal value)x 100/Nominal value. ehi 2 Aol 4E ¥ diphenhydramine 3! doxylamine®]
M,: Mean of measured value by DrugMan (n=3); Nominal value AR S 9 ].oq W g 72k S 717 2Ad5ke] slepia s
—0 5 mg/l. e _
YFor estimation of precision, four blood samples which were Al A} 7 ok B 0.13 mg/e|3{t}. DrugManol] 9Jgh 3t

spiked with 0.5 mg/l of 29 standards were extracted and analyzed
by GC-MS. The extraction procedure was repeated independently
on three successive days.

5 7F9 oF5o] 153~185%% Ui A VERtoL 0|52
ALt T o2 B 15% oUWt Table V). o]& 29% °F
=2 Al F7kete] eI witell oFERRe] 1ol
43],04 Oa”j okgll 744511: u] x%ulJ} Lﬂcﬂxﬂo 74j zx%
b=

DrugMan Z273E 0|8 & A202] HE

DrugMan ._Lil‘je E];-ﬂ }\]_JE_‘_Oﬂ XIXJ 7(‘]_9_/\]7;] ok% 74/\14
gl 7lo] Aee AlFEelth Alss @ el F2EE W
A1) FAID 36566P— ARSI, "o 1 miE FHste] A
=3 vke} o] FE T GC-MS 42 3 A¥) Fig. 19} 2
< ARrETHES A3 D} Fig. 10714 %%i%x‘ o] FAARE
stolsl & Fig. 29} 72| DrugMan 21385 T-%53510] U

flo

o] =z @QE% A4Fe+S W diphenhydramine=-
-15.4%, doxylamine> 23.1% ©]31tH(data was not shown).

7k A ZeE 739 42471 (GC-MS)E o8-8t oFE2] 2}
AN W AR T2 s el g Aee HT G
A o]Fo]A] 3L Qlrt. Kadokami 5108 oF 7000150] dah= 3}
2] wlofeo)lAE RhEe] 7 Hs A Tl EAeks
njEke] @ AEAS gyjror BASuAF A|E3 v glon,
Ishida 5'"& 30%2] 14% %01] thg dlojEjulo] A8 yHE
ARAe] 7Fsetes AL JPF(NAGINATA™) slo] 21
Al w82l AelA @%ﬂ ARE ®arskolch. Egt Kudo &
1219%] NAGINATA®] o2 F712 ijslo] & 15652] oF
o] dlolewlo|A~E Shrslo] A ARl Agste] oFEE

ol 831 BT 5 9SS AL
2 Qe 55%0) RS AMste] 41 A 714 9 3

o] A 715& 7 ZRaRE Mdstgon, Al fALe)

Ao S AS3IL ) BAHES W) PSS B
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Drug Manager.

Drug Manager...

Group Drug Find Margin Sort Save ChemMenu About

ChemMenu  About

k:Hm Drug Find Margin Sort Save

~— [ s 7
ol o)l ER BB 2@ @) 7 of | (of| (i N/ 2 T
1§ add | Del | Gr Ren| _AtM | Area M| Sorth)| Sor(P)| Saver | Export| Mau(s)| Mo Gr Add| GrDel | Gr Ren| _FitM [area M| Sorth)| Son(R)| _SaveF | Export
[Semi_quantitation DRUG [semi_quantitation - DRUG
Find ISTD | Find Drug | New | Add | Revise | Delete | Find ISTD | Find Drug | New | Add l Revise | Delete |
I%vumeprumazlne A gxh))’/‘drnhcnddelne A
idocaine imipramine- xp enhydramine b | i
methylephedrine Drug Name [fimiPramine-d3 diphenyipyraling Drug Name |d0#viamine
mgdmc]nlpramide I
midazolam ephedrine
miratazapine 11.200 v fluoxetine 9,689 v
norfluoxetine Rt @i fluoxetine2 Rt i
noririptyline T 0 hydraxyzine 51079
oxycodone RRt imipramine RRt R
paroxetine ltopride
pﬁmiddine etamine
ghzgirgﬁ;zzm Rt Margin 02 + min %fg?ﬁ;”maz'"e Rt Margin 02 + min
phentermine =00 methylephedrine ]
prilocaine Min Area metoclopramide Min Area
procyclidine midazolam E
prnpai'_mlnl mirr'altazapine
sertraline norfluoxetine
iburamine lon 1(Q) | 5 100 % Rortriptyline lon 1(Q) | %8 100 %
tiropramide oxycodone
tramadol E 249 paroxetine 7
trizudn?‘e 1dol ool 2 pethidine < m22 g
trihexyphenidyl 297 phendimetrazine
trimetazidine lon 3 % pheniramine lon 3 167 o
phentermine
friprolidine prilocaine
venlafaxine IS ~ Yes  No procyclidine 1S  Yes & No
zolpidem L propanalal ™
Q
Dr.Conc. Dr.Area IS Conc. IS Area Ratio
.- ... A" 0.05 35940 5 51485 | 0755
(o 7.8471x -0,9214 L I I I
(‘2 9665
u wiz| 0% [ 1Baam 54862
10,65
259 Lia[ 080 [ soe712 66132 [ 760
B Laa| 07 [ oosaa 62778 [ 10
WEE———— 1.00 [ 910%3 43378 [ e
0050 0250 0500 0.750 1.000 L8 l_ ,— ,— ,—
+ Data File : |C*¥MSDChem#drugman#DruglistZ.xls File Select... New File... + Data File : MSDChem#drugman#DrugListZ.xls File Select.. New File...

Fig. 2 — Data export to DrugMan for drug identification and semi quantitative analysis.
a) At first in order to adjust standard retention time of 55 drug, retention time of internal standard was confirmed. b) Automatically retention
time of drugs were revised following their reference retention time. c) Revised data was exported to Data Chemstation menu and drug
identification and semi quantitative analysis were performed by DrugMan simultaneously.

Semi_quantitation_BrFS. txt
Auto Searoh Report

Samplc Neme:36668 quan blood 3

-
- D-t
# Operat;
- Wethod Fi le:DRUGSIO
-

£ 10:0:Rdat fdrucmenifno0600bc3.0

M
Aoq On:19 Oot 2010 11:56

Semi_quantitati merS txt

# Bricf mode Soreening Result for Som_quuuxunon @roup with PS op!

on

brary Searoh in C: IDAhbueMuley?n 1

poak  Drughams ion  Ref. RT. poak Gorr.  Rooult
# AT height aree

1 amitriptyline 56 10.76  10.76%6 170 209 U

202 10,76 10.7878 2 a2 UA

215 10.76  10.7435 UA

* Library Search is not performed(no ‘+' |nn)
080450 /al.

Reoult - 0.02
2 benztropine 140 11.63  11.7080 23 0 UA
11069 116885 269 151 UA
124 11.69  11.6878 72 %€ UA
* Library searoh 2ok perlalued(no ‘+' ion)
* Qu 0.0143428u/aL.
S bromhexine 1.8 11.9828 o5 75 UA
11088 11.3860 ] 23 U
1.98 9598 75 UA
ibrary Soaroh io not por formed(no '+ ion)
t : -0.0356352ug/mL
4 buflomedil 1184 119510 219 20 UA
7 11.84  11.9510 sa2 se: :
AP T 51
Mat-Qual (Rt:11.9423) with <3-methyl-2- —(2—|h=n°y|)u.unnx.l> is 12
Quan. Result : 0.157451ug/nL
5 bupivacaine 140 11.51  11.4860 20 102 UA
84 1151 11.5135 148 81 UA
58 11.51  11.5135 242 41 UA
* Library Searoh is not performed(no '+’ ion)
Result : 0.071747 fug/al
© bupropion — N
7.8559 B 18 UaA
7 UA
. L-buu Seuoh h is oot uellon-ed(no ‘+' ion)
7 buspirone 20.7275 53 77 UA
20.7188 20 = U
20727 o7 78 UA
b oh is not performed(no “+' ion)
A s i
& ocarbinoxamine 58 10.43  10.4510 108 s1 UA
71 1049 10.5247 e 813+
167 10.49 7 28 UA
* Met-Qual (Rt:10. 4&97) with <OH_URSULFI.RDII> is 22
* Quan t 34787¢-005uo/al.
9 ohlorpheniremine 208 10.18  10.1680 a9 51 UA
58 10.16  10.1397 40 61 UA
167 10.16 10,1387 108 UA
* Library Scarch is not performed(no '+' ion)
- t © 0.0884836uo/al.
10 chlorpromazine 58 12.58  12.8811 7 182 UA
120 1z.728 & 28 UA
818 12.88  12.56%8 & U
* Library Searoh is not perh:n-ed(nn ‘+' ion)
Quan. Result : 0.0834448ug/nL
11 oitalopram 58 12.05  12.0288 58 7 U

1 BOIT|

Fig. 3 — Custom report for sample by DrugMan.
a) Less than one minute custom report was produced by DrugMan. b) Total 55 drugs were listed in the report.
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258 12.08  12.0478 2 ua
s24  12.08  12.0385 34 UA
* Library Searoh is not peunmea(no ‘+' ion)
* Guan. Result : 0.088031Sug/ml
12 olomipramine 269 12.10  12.0910 s3 55 UA
s 1210 120900 7 58 UA
264+
. ua a1 (Rt 130848) with <Tetracossns. 1-broms- 88 1-8ro> is
jan. Result : 0.0142088uo/mL
13 oloperestine 98 12.07  12.0848 169 58 UA
12.0848 e 20 4
2.0
058) with Qlonadsosns (cAs) s3 onadeos> s
o oabrsa 00 mL
14 olozapine 243 15 15.2701 24 B uaA
25 15 15.2849 = 41 UA
192 15.27  15.2781 28 UA
* Library Search is not nerlmned(no ‘' ion)
* Quan. Result : 0.0719983ug/mL.
15 oodeine 299 12.05  12.0385 E] 2 uaA
= 1205 12038 » 12 UA
162 12.05 12,056 8 U
* Library Seuroh is not pevvnmea(no ‘+' ion)
* Guan. Result : 0.00218857ug/nL
16 oyprohoptadine 27 1.8 110008 18 183 UA
11.8985 &0 65 UA
S 11.8985 123 182 UA
earoh is not performed(no ‘+' ion)
t : 0.017485u0/mL
17 desipremine 284 1134 11.%288 0 68 UuA
195 11.34  11.%848 7 58 U
11.34 .s385 23 111 UA
* Library Searoh is not performed(no “+' ion)
* Quan. Result : 0.0333217ug/mlL
18 dextromethorphan 5o 1028 10.038 4 7 uA
271 10,88  10.8578 s3 -
T loes  loeare 54 UA
* Library Search is not p:rlun-ed(no +' mn)
* Quan. Result : 0.0856386ua/mL
19 dihydrooodeine 201 12.08  12.0848 48 71 UA
164 12.08  12.0478 1 8 UA
42 12.08 ND
* Library Searoh is not performed(no "+’ ion)
Result : 0.0461297ug/al
20 diphenhydramine 2 g4 9.0 29879 /71T 4
78 9.40 = I
e S 538 1417
* Mat-Oual (Rt:9.39595) with <SRoradeosnols soid methyl 63 in
* Quan. Result : 0.111081ug/ml
21 diphenylpyraline 99 10.65  10.8472 229 01 U.A
114 10,65  10.8560 57 55 U
165 E 10,6385 UlA

22 doxylamine

23 ophedrine

* Quan.

] 5¢
* Library Searoh i3 not performed(no “+' ion)
* Quan. R * -0.00336898ug/m_

.81 8159 43
a

81 8.3071

6.31 62984 27
* Library Scaroh is not pevlnmea(no +' ion)

Result : -0.0120283ug/mL.
2 BoIX

12731
2018

17559 +
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1 +
h <Ethanamine. N.N-dimethyl-2-[1-> is 64

56
85
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20 diphenhydramine 58 9.40 9.4310 29879 35711 + LHo:h;].
73 940  9.3960 796 1026+ AT
165  9.40  9.3960 930 1417+ o o N
e es it O 08 g xadecernote actd. methyl ¢ 6. A AR oS oo % DrugMans 485t A7} 1

21 dipheny Ipyral ine S loes e pe w1 UA I ofufjel] ok2e] A 9l Tto] ARko] 7hseilor® 3% o
165 10.65 10,6385 68 5 UA - e e
= Library Search is not performed(no '+' ion) 1‘%’% Q—y%% EHO]E% HﬂO]__E/\ DrugManoﬂ 0‘4@16‘]—0% %%?_h:]"ﬂ
* Quan. Result : -0.00336998ug/mL

. EA S| A o 98 Ao iyl
22 doxylamine 58 9.69  9.6935 12731 1759  + i = .
Y 71969 97022 12016 %00+ gl iy e 2 A A

167 9.69 9.7022 3192 4171
* Mat-Qual (Rt: 9 70222) with <Ethanamine, N,N- dlmethyl 2-[1
* Quan. Result : 0.101491ug/mL

Fig. 4 — Enlargement for the drug positive part from Fig. 3.
Diphenhydramine and doxylamine were detected and semi
quantitated in blood sample (ID 36566) by DrugMan.
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