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SUMMARY

An emergency drug screening system for the separation and identification of
toxic drugs, MULTI-HPLC, is presented. Chromatographic peaks, which were im-
possible to identify with a conventional high-performance liquid chromatographic
UYV detection system, became distinguishable by the spectral search and retention
prediction of the data-processing program MCASYST. Sixty-five toxic drugs, fre-
quently identified in drug poisonings in Japan, were selected as references in the drug
library. Retention time, optimum detection wavelength, detection limit and recov-
eries from serum and urine were listed. Possible applications of the system are demon-
strated, using gastric contents, sera and urines in cases of multiple drug ingestion.
Quantitative analysis was sufficiently sensitive and precise to permit clinical diagnosis
with increased accuracy.

INTRODUCTION

The rapid and accurate analysis of the cause of a poisoning case is difficult and
requires a competent, intensive investigator, especially in cases of multiple drug inges-
tion!-2. However, recent progress in liquid chromatography may permit the automa-
tion of a systematic procedure3~>. We report here a newly developed, sophisticated
drug-screening system, MULTI-HPLC, a reversed-phase high-performance liquid
chromatographic (HPLC) assay for toxic drugs in biological samples by multi-wave-
length UV detection and an automated identification system, and its clinical ap-
plications.

Sixty-five toxic drugs, frequently identified in drug poisoning cases in Japan®,
were selected as reference drugs; these should cover ca. 95% of drug poisoning cases.
According to their pharmacological effect, they were classified as antipsychoactive,
antianxiety, anticonvulsant and antidepressant drugs. They were also classified accor-
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ding to their structures as barbiturates, benzodiazepines, butyrophenones and pheno-
thiazines. In the MULTI-HPLC system these drugs, which have various physico-
chemical properties, can be analysed simultaneously with a single sample injection.

EXPERIMENTAL

Liquid chromatography

The HPLC system consisted of a Model 880-PU pump and a Multi-320 multi-
channel UV detector (Jasco, Tokyo, Japan). The column was a Jasco FineSil C,gS
(250 mm X 4.6 mm I.D.) maintained at 50°C. The mobile phases were mixtures of 10
mM perchloric acid, 10 mM sodium perchlorate and acetonitrile and the flow-rate
was 1 ml/ min.

The data handling was performed with a NEC9801Vm, personal computer and
data processor (DP-L320, Jasco), whose functions include data acquisition by the
multi-channel UV detector, data processing, generation of three-dimensional chro-
matograms and contour chromatograms and peak deconvolution. A microcomputer-
assisted separation system (MCASYST) was also used with the MULTI-HPLC sys-
tem. The components of MCASYST are illustrated schematically in Fig. 1.

Spectrum search function. The multi-wavelength UV detector yields a specific
absorption spectrum for each drug. Even when some drugs show similar or identical
retention times, comparison of spectra with reference spectra, provided by a stored
database drug library, helps to identify the compounds.

Retention prediction program. This is based on the statistically and experimen-
tally determined equation

log &' = (—0.0178X + 1.2003)log P. — (0.0034X + 0.4562)

where X is the volume fraction of the organic solvent, k' is the capacity factor of the
solute, and P, is a physico-chemical parameter of the solute. If X and log k' are
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Fig. 1. Algorithm of automated identification in MCASYST.
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determined, then log P, for a toxic substance can be predicted and its identity sear-
ched for in the stored data file®.

Materials

All pure drugs used were kindly donated by Shionogi (Osaka, Japan), Fujisawa
(Osaka, Japan), Sankyo (Tokyo, Japan), Roche (Tokyo, Japan), Upjohn (Tokyo,
Japan), Takeda (Osaka, Japan) and Yoshitomi (Osaka, Japan). The standard sam-
ples were dissolved in acetonitrile at a concentration of 100 ug/ml.

Human body fluids, such as gastric contents, sera and urines from poisoned
patients, were collected at the Critical Care Medical Centre (CCMC), Nippon Medi-
cal School, Tokyo, Japan. Volumes of 100 ul of biological samples and 200 ul of
acetonitrile were shaken and then centrifuged at 9600 g for 20 min. After centrifuga-
tion, the extracts were passed through an Ekikurodisk cartridge (Gelman Science,
Tokyo, Japan).

RESULTS AND DISCUSSION

Recovery

To test the efficiency and reproducibility of the extraction procedure, absolute
recoveries from plasma and urine samples were determined. The recoveries of the 65
drugs registered in the standard drug library are listed in Table 1. Drugs, that have a
low solubility in acetonitrile could not be quantitatively recovered from serum.

Optimum detection wavelength

The spectra of the 65 drugs obtained with the multi-wavelength UV detector
were similar to those measured by a double-beam UV spectrometer. The optimum
detection wavelength was at the maximum UV absorption of the spectrum of each
drug.

Linearity

A linear response with the multi-wavelength UV detector at the optimum detec-
tion wavelength of each drug was obtained except some poorly soluble drugs. The
relationship between concentration and peak area was linear up to 500 ug/ml for the
65 standard drugs.

Detection limit

The detection limit was dependent on the quality and age of the column used.
Limits of detection based on a signal-to-noise ratio of 3:1 and using new, high-quality
columns are listed in Table I.

Clinical applications

Possible applications of the system to gastric contents, sera and urines in drug
poisoning cases were demonstrated. In drug poisoning cases the patients had sus-
tained depression or schizophrenia and received psychiatric treatment. In suicidal
attempts the patients had ingested large amounts of prescribed drugs. No informa-
tion about the toxic compounds taken by the patients was available at the time of the
HPLC analysis, because the patients were often in a comatose state on arrival at the
CCMC.



88 V8 98 594 6C1°C 9£8°0 0589 96Tl wedazepay
- €8 £8 00°TL Y44 197°C Y60 88¢'8 [4Xy! wejozexdry
3 96 86 P8 11 0£C 861°C 6680 £91°L 90°¢!] wedozesn]
M 1331 I€1 ¥S'1l 0ce SITT £68°0 618°L Iyl wedazenum|y
a (1181 011 £9°CS ore 680°C 0180 0sv9 611 wedazerq
T 06 08 €201 ST 00'C ¥8L0 1809 et wejoze)sy
M L8 86 00'6 §9¢ 1S0°C ¥8L°0 8809 ve'll wedozejowin
M 66 201 9¢°S 0€T 606'1 169°0 906t SP'8 wedozexQ
Jas] 96 96 68°Y 01T 0L8'1 §99°0 619’ 66'8 IpuyIN[n
s 911 €01 Ie'e SI¢ 6+8°1 1590 SLvy 9L'8 suidazeureqe)
0s1 16 ¥o'€l 01¢ £98°'1 099°0 69¢'Y 168 [€31q1eq0dg
9s LS 6LV 0I1¢ 9L £95°0 959°¢ SY'L wolkuayq
16 16 6t'8 01¢ 9IL’'L £€96°0 969°¢ SY'L [enqleqoury
SOl 68 9¢'s SLT L£99°1 1£5°0 P6¢'¢ €L wedszeniN
9L 06 STl 01¢ 069°1 950 €15°¢ wL [eNgIeqoiusg
101 101 e 574 98p'l 11¢°0 SLS'C ws aprxodazelpIo[y)
[49 (14 68v [11%4 88¢°'1 8LV°0 900°¢ Iv9 UOUBZIULIONY D)
£9 S6 (41874 (174 98¢’1 SPE0 €1TT 1489 wejozexQ
(14 LL (4983 (174 81¢'1 00£°0 661 6LV WEe[OZEXO[D)
78 8 e 1974 vl 18¢°0 90¥y'C 549 uneoRudYq
101 €Il sy SEC 08Z°1 YLTO 1881 19 wedszewolg
101 L0 6¢°'1 01¢ vot'1 0£E°0 8¢€1'T (4159 Spluezusyy
96 6 £€9°L (1] ¥4 10€°1 68C°0 6’1 ILy BoIN[AIR[BAOIY
9L 9L 17¢ 01T 1L 6970 9¢8'1 LS’y fengieqousyg
£e 1€ 65’y 0t¢ 8911 10C°0 88671 vi'y poe orfotjesiKio0y
001 86 81 3 14 €IL°0 001°0— P6L0 L8'T apuidng
001 SEl S6'¢ 01¢ PEL'O L80°0— 6180 16'C [ellqiegq
001 LT 81 01T eILo 001°0— Y6L'0 L8'C suidge))
001 [44! 18°C (574 080 §ST0— 966°0 6v'C usydouruejoy
(wau)
wniag au) Y13uaj2avMm
(8u) muy u0119313p () awi

(24) A420003y uo2215q WnuIxXe ’d 8o Jy 8o1 E uonu1IY UDU UOWIO))
"Pa1aA0d 8q pnoys saseo Furuostod Fnup Jo 9,66 A[rewnxorddy ‘paysi| are ueder ui pazenosus Apusnboij Jsows sgnIp 91x0) 69 YL
AUVdAIT ONNIAd MAVANVLS NI A39d.1S1D3d SADNVLSANS A0 LST1

=]
- 1974VL



137

HPLC-UV FOR SIMULTANEOUS TOXICOLOGICAL DRUG ANALYSES

£6
vL
96
L8
98
001
701
el
9¢1
811
Sl
[44
76
ov1
16

£8
v6

601
L01
96
L01
08
001
08
001
$6
[44!
96

89
06
601
[4

98
bl
011
96
16

L6
811
6¢1
4
ell
oy
$6
S1l1
4]
L
08
08
¥6
61
601
LO1
s01
£01
£6
001
08
$6
16
141!
96
[44
89
€8
901
96

69°LT
984
86°1¢
8601
c8'e
80°€T
8L°6
w69
c16l
£€Col
LTS

0s°L
(A
14
88't
80°¢T
69t
00°0¥
0877t

13 A4
L89T
1341 (4
00°0S
00°SL
1341 (4
769

811
1L°§T
8L6

896

Sy'0C
£e's

0001
vl

1114
01T
01t
01t
44
§sT
S1T
01T
ST
1314
01T
01T
01t
01¢
0Tt
974
1]¥4
01t
01¢
1374
01T
0S¢
(1314
01¢
012
01t
01¢
01T
01z
01¢
01¢
0t
0I¢
/44
0Lt
01¢

orl'e
orLC
€0b'T
69v'CT
668°1
£68°C
671°C
190°C
116C
139 44
LEOT
800°C
988'1
OLL'T
1T
€571
ST0'1
$88°0
126C
SI18T
£79°C
LS9T
889°C
9
(434
16¥°C
L6v'T
00§°T
805°C
102°C
6LE£T
¥ee
8yt
LSY'T
S¥TT
85T

P0s°1
o'l
810°1
190°1
¥89°0
¥860
9€8°0
16L°0
£ct’l
150°1
SLL'O
9SL'0
9L9°0
6650
697°0
LSTO0
901°0
€100
09¢°1
687’1
£91°1
S8I'1
90C°1
€91°1
911’1
9L0°L
6L0°1
801
L8O'T
¥88°0
100°1
$96'0
1860
£50°1
€160
1260

056°1¢
I8¢°L1
eI ol
eIsTI
£33 4
8£9°6
0589
1819
966°TT
9sT'11
£96'S
00L'S
8tLY
696'¢
9681
908°1
SLT'T
1€0°1
£16°CT
SLY 61
0sS vl
61¢°S1
£90'91
£95°¥1
950°€1
00611
00071
690°C1
¢ITTl
0s9°L
62001
1£T°6
695°6
P6C' 11
18178
yre8

[4Ar4Y
1¥°6C
97’81
00T
£e6
Ll
9¢°T1
6¥'11
69°LE
19°61
YUl
Lol
81’6
S6'L
LSy
6v'y

STE

978t
9L'TE
88T
19
0¢°LT
06'vC
6y
¥9°0C
080T
16°0T
4t
¥8'¢el
PoLl
LE91
1691
L9'61
69'v1
S6'vl

uPBYIOWopU]
sunduoowolg
uapuadig
wejozny
suozadrury,
surzeuaydiog
wedazenop)
suLIssUeI
auidajoz
uredazerpny,j
wedszeuo))
apumjauaydificoy
[ouepajo[d
[engaeqoydoy
fenqreqloy
wejozexo[ey
auoIpeyom ],
suopnuLd
supeidrwol)
suzewoidioy)
surweideso])
suzewoidawoas]
surmerdiui],
auyfidmrury
1ApruaydAxsyu,
sureadiuy
aurzAx0IpAH
sunjfydunzoN
sunfjordepy
surweididie)
suneadisa(y
QUIZBYIWOIJ
[opusdwog
WeJoZeL ],
surzekouadolg
[optiodorey



138 M. HAYASHIDA et al.

Ty Ty T L o e B Ty T T
Re-t I‘?J S 1e 15 28 25 38 35
Time ¢ min )

Fig. 2. Real-time display in case 1.

Using the functions of the MCASYST, the analytical procedures for identifing
the unknown peaks in a sample chromatogram were the same as described previous-
ly’. The chromatogram of the extract of gastric contents in case 1 is shown in Figs. 2
and 3. Fig. 2 shows a real-time display during MULTI-HPLC analysis. The analyst
can obtain a three-dimensional chromatogram of the unknown sample at the time of
the analysis. Fig. 3A is a three-dimensional chromatogram, Fig. 3B is a contour map
and Fig. 3C is a conventional chromatogram, obtained at 225 nm. Fig. 4 shows the
printed output for peak 6 (at 16.71 min) in case 1. The UV search assigned it to
promethazine with a coefficient of 0.99 (the definition is given in previous papers>*).
Fig. 5 shows the UV spectra for peak 6. The upper spectrum in the measured one and
the lower spectrum that of the promethazine standard in the UV spectral database.
The retention search also indicated this compound as the first candidate with a coefhi-
cient® of 0.837. The final result from both searches in the system shown in Table II
indicated that promethazine was the best candidate.

The results from the MCASYST system, including coefficients for retention
prediction (RPC) and spectral search (SSC), concentrations, and the lists of drugs
prescribed, are shown in Tables II-1V for cases 1-3, respectively. In cases 1-3, more
than six drugs in gastric contents were identified by the MCASYST system.

The results for serum and urine in case 3 are also shown in Table IV. Possible
applications of the MCASYST system were obtained using biological samples. Gas-
tric samples are most useful in determining the kind of drugs that have been taken by
a patient. It is difficult to distinguish the compounds in the spectral search of serum
and urine samples, as they may have been metabolized. However, there appears to be
no interference with peak identification from common serum or urine components.

Recently, cases of “‘polydrug overdose’ or “multiple drug ingestion” have in-
creased®®. We have been making strong efforts to analyse these cases by conventional
HPLC-UY systems, whereas rapid and accurate analysis by the MULTI-HPLC sys-
tem is useful for “first-aid” treatment of poisoning in emergencies. However, in-



HPLC-UV FOR SIMULTANEOUS TOXICOLOGICAL DRUG ANALYSES 139

2
A
1
el.... Wy
208 Qi
= {4
; 4§Egh

2eeJ

2584
(nm)é

350 3
9.82

#oSe C
GASTRIC CONTENTS

20
Time ¢ min )

Fig. 3. (A) Three-dimensional chromatogram, (B) contour plot map chromatogram and (C) chromato-
gram at 225 nm for case 1. Peaks: |=pentobarbital; 2=_glutethimide; 3=diazepam; 4= flurazepam;
5=flunitrazepam; 6 = promethazine; 7= chlorpromazine.

formation that was obtained from the patients about toxic compounds after their
recovery from a comatose state was dubious in the most poisoning cases. The patients
often said that they had injested “the prescribed drugs”, which were not known in
detail. Not only the number but also the name of the tablets taken remained un-
certain. In clinical scenes, it should not be necessary for information obtained from
patients to be required for scientific confirmation, and indeed it would be dangerous.
In the cases examined here the results are different from the lists of prescribed drugs,
which means that other drugs must have been taken in addition to the prescribed
drugs. In some cases the patient must have ingested a few kinds of drugs and not all
the drugs that had been prescribed. The possibility that the drugs ingested by the
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PEAK No.6 Te=16.71
" UV SPECTRAL SEARCH
No.  COMPOUND " UCoRRELATION
1 PROMETHAZINE 0.99 T
2 ACETAMINOPHEN 0.95
3 PHENACETIN 0.95
4 LEVOMEPROMAZINE 0.93
5  HALOXAZOLAM 0.93
RETENTION SEARCH _(ERROR<203)
No.  COMPOUND log Pe CORRELATION
1" PROMETHAZINE 2.324 0.837
2 ALPRAZOLAM 2.261 0.688
3 HALOPERIDOL 2.258 0.663
4 BROMPERIDOL 2.348 0.647
5 PERFENAZINE 2.354 0.595
SYSTEM OUTPUT CORRELATION __ BARGRAPH
1 PROMETHAZINE 0.913 I

Fig. 4. MCASYST output of spectral search and retention prediction for peak 6 in case 1.

patients are different from those prescribed is demonstrated in the text. The results by
the MULTI-HPLC system were also confirmed by thin-layer chromatography in

each case.

Although the MULTI-HPLC system in its present form leaves many problems
to be solved in practice, the concept has opened up a new dimension in emergency

toxicology.

TABLE II

RESULTS OF PEAK IDENTIFICATION AND QUANTITATIVE ANALYSIS OF GASTRIC CON-

TENTS IN CASE 1

Case 1 =55-year-old female, schizophrenia. RPC = retention prediction coefficient; SSC = spectral search

coeflicient.

Drugs prescribed Drug measured  RPC SSC Concentration (ug/mi)
Lofepramine Pentobarbital 0.992 0.99 70.62
Maprotyline Glutethimide 0.974 0.99 820.63
Haloperidol Diazepam 0.880 0.99 11.55
Cloxazolam Flunitrazepam  0.896 0.98 6.23
Biperiden Flurazepam 0.818 0.99 216.33
Haloxazolam Promethazine 0.837 0.99 256.26
Flurazepam Chlorpromazine 0.770 0.99 159.89
Pentobarbital

Glutethimide

Chlorpromazine

Promethazine
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Fig. 5. (Top) spectrum of the compound in peak 6 and (bottom) speétrum of promethazine in the spectral
library.

CONCLUSIONS

The computer-assisted MULTI-HPLC drug-screening system with simulta-
neous, multi-wavelength UV detection was developed for automated identification of
toxic drugs. Chromatographic peaks that were impossible to identify by conventional
HPLC became distinguishable by the spectral analysis and retention predicition of
the data-processing program MCASYST and the accuracy of identification was satis-
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TABLE I

RESULTS OF PEAK IDENTIFICATION AND QUANTITATIVE ANALYSIS OF GASTRIC CON-
TENTS IN CASE 2

Case 2=34-year-old male, depression. RPC = retention prediction coefficient; SSC = spectral search
coefficient.

Drugs prescribed Drugs measured RPC SSC Concentration (ug/mi)
Sulpiride Acetylsalicylic acid  0.840 0.96 345.76
Cloxazolam Phenobarbital 0.738 0.99 1549.78
Trihexyphenidyl Ethenzamide 0.997 0.95 893.62
Diazepam Diazepam 0.932 0.99 217.42
Phenobarbital Promethazine 0.837 0.99 797.84
Promethazine Hydroxyzine 0914 0.95 34.38
Chlorpromazine Chlorpromazine 0.827 0.99 754.65
Estazolam

Haloxazolam

TABLE IV

RESULTS OF PEAK IDENTIFICATION AND QUANTITATIVE ANALYSIS OF GASTRIC CON-
TENTS, SERUM AND URINE IN CASE 3

Case 3= 57-year-old male, depression. RPC= retention prediction coefficient; SSC = spectral search coeffi-
cient.

Drugs prescribed Drugs measured RPC SSC Concentration (ug/ml)
Ergotamine tartrate Gastric contents
Phenobarbital Phenobarbital 0.629 0.99 19.10
Estazolam Nitrazepam 0.644 0.99 246.7
Hydrochlorothiazide  Amitriptyline 0.730 0.99 296.9
Dipyridamole Serum
Phenobarbital 0.843 0.99 11.15
Nitrazepam 0.857 - 1.08
Urine
Phenobarbital 0.911 0.99 21.13
Nitrazepam 0.912 0.91 0.21
Amitriptyline 0.927 - 1.48

factory. Using the computerized procedure, analysis is speedy and almost automati-
cally processed, avoiding “trial-and-error” condition searches. The samples can be
analysed after a single injection into the MULTI-HPLC system. Quantitative analysis
proved to be very sensitive and precise, permitting clinical diagnosis with increased
accuracy. The MULTI-HPLC drug screening system is considered to be clinically
practical and beneficial.
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