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ABSTRACT 

A high-performance liquid chromatographic assay with diode-array detection has been developed for the toxicological screening of 

the newly developed non-benzodiazepine hypnotics and anxiolytics zopiclone, zolpidem, suriclone and alpidem. After single-step 

liquid-liquid extraction of plasma at pH 9.5 using chloroform-2-propanol-ti-heptane (60:14:26. v/v), the substances are separated on a 

Nova-Pak C,, 4-pm column (300 mm x 3.9 mm, I.D.), with methanol-tetrahydrofuranpH 2.6 phosphate buffer (65:5:30, v/v) as the 

mobile phase (flow-rate 0.8 ml/min). Full ultraviolet spectra from 200 to 400 nm are recorded on-line during the entire analysis and may 

be automatically compared to spectra stored in a library. The retention times of the four drugs are 4.05 min (zopiclone), 4.66 min 

(zolpidem), 6.74 min (suriclone) and 10.97 min (alpidem). The analysis is performed in 15 min. The method is simple, rapid and highly 

specific. It is the first assay to be described for convenient screening of cyclopyrrolones and imidazopyridines. 

INTRODUCTION 

Zopiclone (ZOP) and zolpidem (ZOL) are two 
non-benzodiazepine (non-BZD) hypnosedative 
drugs with, respectively, cyclopyrrolone and imi- 
dazopyridine structure (Fig. l), which have been 
shown in insomniac patients to exhibit rapid on- 
set of action, short elimination half-life (cu. 5.5 
and 2.0 h, respectively) and few associated side- 
effects [ 1,2]. Suriclone (SUR) and alpidem (ALP), 
the anxiolytic counterparts of ZOP and ZOL 
(Fig. l), are claimed to be of equivalent potency 
to BZDs for the long-term therapy of anxiety, 
with significant reduction of the side-effects (day- 
time sedation, dependence potential and with- 
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drawal phenomena) encountered with those 
drugs [3-61. 

Several analytical methods, using either high- 
performance liquid chromatography (HPLC) or 
gas chromatography (GC), have been proposed 
for the individual determination of ZOP [7-121, 
ZOL [13-171 and ALP [18]. Up to now, however, 
no screening method was available for rapid 
identification of cyclopyrrolones and imidazopy- 
ridines in human biofluids, which was particular- 
ly awkward, considering (1) that the prescription 
of these drugs is continuously gaining in impor- 
tance and (2) that numerous acute intoxications 
with ZOP, ZOL and ALP have been already de- 
scribed [15,19-221. In particular, the present im- 
munoassays that are employed worldwide for 
toxicological screening of biological samples in 
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Fig. 1. Structures of zopiclone, zolpidem, suriclone and alpidem 

forensic or emergency-room situations are un- 
able to detect these new compounds. 

This paper presents a simple, rapid and highly 
selective method for screening of ZOP, ZOL, 
SUR and ALP in human plasma, by means of 
HPLC with diode-array detection (DAD). 

EXPERIMENTAL 

Matevials 
ZOP (free base, MW = 388.82), ZOL (free 

base, MW = 307.40), SUR (free base, MW = 
477.98) and ALP (free base, MW = 404.34) were 
kindly donated by their manufacturers, namely 
Theraplix Labs., Paris, France (ZOP), Rhone- 
Poulenc Rorer Labs., Vitry-Alfortville, France 
(SUR) and Synthelabo Labs., Paris, France 
(ZOL and ALP). Methanol, tetrahydrofuran, 
chloroform, 2-propanol and n-heptane were 
HPLC grade (Merck, Darmstadt, Germany). All 
other chemicals and reagents were analytical 
grade and purchased from Merck and Prolabo 
(Paris, France). 

Stock solutions of each drug tested were pre- 

ALPIDEM 

pared in methanol at a concentration of 100.0 
pg/ml. All drugs could be stored at 4°C in the 
dark without significant decay for at least two 
months, except for ZOP that showed relative in- 
stability and had to be prepared weekly. For each 
compound, working solutions at concentrations 
of 10.0, 1.0 and 0.1 ,ng/ml were prepared daily by 
appropriate methanolic dilutions. 

The pH 9.5 buffer solution was prepared using 
a satured ammonium chloride solution, diluted 
25% with deionized water and adjusted to the 
desired pH by appropriate addition of 25% dilut- 
ed ammonia solution. The pH 2.6 buffer was pre- 
pared with a 10 A2 M potassium dihydrogenphos- 
phate solution, adjusted to the desired pH by ap- 
propriate addition of concentrated orthophos- 
phoric acid. 

Chromatography 
The HPLC system consisted of a quaternary 

low-pressure pump (Waters 600-E, Milford, MA, 
USA) and a 200-~1 loop volume automatic sam- 
ple injection module (Waters 715 Ultra Wisp), 
which were connected to a UVVIS diode-array 
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spectrophotometer (Waters 991) with a wave- 
length range of 190-800 nm and maximal spec- 
tral resolution of 1.3 nm. 

The system was monitored by a computer 
(PowerMate SX Plus, NEC, Boxborough, MA, 
USA) with software (Water PDA) allowing the 
creation of a personal database, and automatic 
comparison of current analytical data (retention 
times and UV spectra) with references previously 
stored in the library. Drug identification was car- 
ried out, first using a time window parameter that 
restricts the library search to a definite slice 
around the retention time of an unknown peak, 
then by point-to-point comparison of the un- 
known spectrum to spectra of all reference com- 
pounds contained within this time window, and 
calculation in each case of a fit value (degree of 
similarity) ranging from 0 to 1000. Time window 
and fit threshold were set at *0.5 min and 9001 
1000, respectively. 

A Nova-Pak Cl8 (Waters) 4-pm column (300 
mm x 3.9 mm I.D.) was used at the constant 
temperature of 30°C. The elution was achieved 
isocratically (flow-rate 0.8 ml/min, average oper- 
ating pressure 15.97 MPa) with a mobile phase of 
methanol-tetrahydrofuran-pH 2.6 phosphate 
buffer (65:5:30. v/v); before analysis, this mobile 
phase was degassed and filtered through 0.45-pm 
filters (Durapore GVWP 047, Bedford, MA, 
USA) with a Pyrex filter holder (Millipore, Bed- 
ford, MA, USA). The equilibration time of the 
system was 30 min before analysis; at the end of 
each chromatographic session, the column was 
washed with deionized water (0.8 ml/min for 1 h) 
then methanol (0.8 ml/min for 1 h). 

Procedure 

To 2.0 ml of plasma in a 15-ml Pyrex centri- 
fuge tube were added 2.0 ml of the pH 9.5 ammo- 
nium chloride buffer and 5.0 ml of the extracting 
solvent (chloroform-2-propanol-n-heptane, 
60: 14:26, v/v). The mixture was gently shaken on 
a horizontal agitator for 10 min, then centrifuged 
at 2800 g for 10 min. The lower organic phase 
was removed and evaporated to dryness at 45°C 
in a rotary evaporator (Speed Vat concentrator 
A290, Savant Instruments, Hicksville, NY, 

USA). The residue was dissolved in 100 ,ul of the 
mobile phase, from which 50 ~1 were injected into 
the chromatographic system. 

The eluent was monitored at 210 nm, while full 
UV spectra (200-400 nm) were recorded on-line 
during the whole chromatographic run. The 
spectral resolution and the sampling interval (de- 
lay between acquisition of two successive spectra) 
were set at 1.3 nm and 1.0 s, respectively. 

RESULTS AND DISCUSSION 

Fig. 2 shows the chromatogram obtained fol- 
lowing extraction of a blank plasma spiked to 
contain the four drugs tested at the concentration 
of 1 .O pg/ml each. The separation was judged ad- 
equate, with retention times of 4.05, 4.66, 6.74 
and 10.97 min for ZOP, ZOL, SUR and ALP, 
respectively [capacity factor (k’): 0.36, 0.56, 1.26, 
2.68, respectively]. The typical UV spectra of the 
four drugs are represented in Fig. 3. Owing to the 
diode-array detection the method was found to 
be extremely selective, since no interference (i.e. 
identity based on retention time and UV spec- 
trum) was noticed between any of the four drugs 
tested and more than 300 pharmaceuticals and 
drugs of abuse that were assayed under the same 
chromatographic conditions; the most likely 
troublemakers are listed in Table 1: when com- 
pared to the drugs tested, none of these com- 
pounds was found to present fit values above the 
cut-off chosen for identification (900/ 1000). 

Fig. 4 represents the chromatogram obtained 
from the post-mortem blood sample of a 28-year- 
old female in a fatality involving zolpidem, ace- 
promazine and desmethyldiazepam [23], showing 
that the method also proved to be reliable, with- 
out any modification, in screening of haemolysed 
blood. 

Chloroform-2-propanol-n-heptane (60: 14:26, 
v/v) was chosen as the extraction solvent since it 
is little prone to emulsion formation and was 
found to allow good recoveries not only for the 
four drugs tested, but also for a great variety of 
pharmaceuticals and drugs of abuse [24-261; this 
non-selectivity of the extraction step is of prime 
necessity, since the present technique is intended 
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TABLE I 

COMPOUNDS POSSIBLY CAUSING CONFUSION WITH ZOPICLONE, ZOLPIDEM. SURICLONE OR ALPIDEM 

Time window: f0.5 min: only compounds with tit values above 800/1000 have been listed 

Compound Reference 

drug 
‘a 
(min) 

Fit value 

(VPY.FUS drug tested) 

Zopiclone 

(fn = 4.05 min) 

Zolpidem 

(fR = 4.66 min) 

Suriclone 

(/s = 6.74 min) 

Alpidem 

(/n = 10.97 min) 

p-Nitrophenol 3.66 827 

Ketotifen 4.40 827 

Tiaprofenic acid 4.34 812 

Vincristine 5.06 832 

Ketotifen 4.40 811 

Sultopride 4.23 809 

Pyrimethamine 5.00 802 

Nimodipine 6.36 808 

_ 

to be incorporated, in the end, into a general 
HPLC-DAD method with single-step liquid- 
liquid extraction for rapid screening of 300-400 
toxicologically relevant compounds in human 
biofluids. Absolute recoveries were determined 
for ZOP, ZOL, SUR and ALP by extracting and 
assaying blank plasma samples loaded with the 
drugs at the concentrations of 0.1 and 1 .O pg/ml, 
and by comparing the representative peak areas 
of these extracted samples with those of unex- 
tracted methanolic standards at the same concen- 
trations; these experiments were carried out in 
triplicate for each drug at each concentration. 
Results are given in Table II. 

The HPLC analysis is performed in 15 min, 
and the entire screening procedure (including sin- 
gle-step extraction, evaporation and chromato- 
graphic run) may be achieved in less than 120 
min, making our method convenient not only for 
forensic determinations, but also for emergency- 
room cases. 

The lower limits of detection were determined 
for each drug by extracting and assaying pure 
plasma samples spiked with decreasing concen- 
trations of the compound tested, until a reponse 
equivalent to three times the background noise 
was obtained; for this determination, each drug 
was monitored (1) at 210 nm and (2) at its wave- 

TABLE II 

ABSOLUTE RECOVERIES AND DETECTION LIMITS FOR ZOPICLONE, ZOLPIDEM, SURICLONE AND ALPIDEM 

Compound Absolute recovery” (n/o) 

0.1 Lcg;ml 1 .O pg/mI 

Detection limits” (ng/ml) 

At 210 nm At i._,Xh 

Zopiclone 76.5 f 4.4 83.8 f 5.0 24.5 k 5.9 24.8 zk 4.6 

Zolpidem 86.9 f 3.7 86.0 f 5.7 24.6 f 4.8 23.1 z!z 5.7 

Suriclone 84.5 f 9.1 92.3 * 5.1 32.3 f 6.7 33.9 f 6.4 

Alpidem 80.8 * 5.5 84.1 f 5.7 34.8 +z 5.1 19.2 f 3.2 

’ All results are the mean f S.D. of three separate experiments. 

h Wavelength of maximal absorbance (ZOP = 305 nm; ZOL = 207 nm; SUR = 214 nm; ALP = 247 nm) 
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length of maximal absorbance, i.e. 305, 207, 214 
and 247 nm for ZOP, ZOL, SUR and ALP, re- 
spectively. Results are given in Table II. Consid- 
ering that therapeutic plasma levels of ZOP, ZOL 
and ALP are reported to be 60-70, 139 and 53 
ng/ml, respectively (mean values of peak plasma 
concentrations after intake of one 7.5-, one lo- 
and one 50-mg tablet, respectively) [1,27,28], 
these results make our method convenient for si- 
multaneous identification of the three drugs pres- 
ently marketed, at least at therapeutic levels, and 
a fortiori in poisoning cases. 

The intra-laboratory day-to-day variation of 
the retention times (tR) was investigated for the 
four drugs by carrying out weekly analyses of the 
1.0 pg/ml methanolic standards over a period of 
four months. The coefficients of variation of the 
retention times were found to be 2.1% (ZOP), 
2.0% (ZOL), 3.9% (SUR) and 4.9% (ALP). 

Since the UV spectra of one compound and its 
metabolites frequently exhibit great similarities, 
drug screening by HPLC-DAD may be of value 
for substances that are present in blood mainly in 
the form of metabolites. This is the case for al- 
pidem, whose three circulating metabolites are 
responsible for majority of the pharmacological 
activity [l&29]. As an example, Fig. 5 shows the 
chromatogram of a 47-year-old female’s plasma, 
taken 4 h after suicidal ingestion of an undeter- 
mined amount of alpidem; alpidem metabolites 
(tR = 4.37, 5.96, and 6.38 min) were clearly iden- 
tified owing to the similarity of their UV spectra 
with that of the parent drug (see inset). 

CONCLUSION 

The present method is the first described for 
convenient screening of the newly developed 
non-BZD drugs ZOP, ZOL, SUR and ALP. Ow- 
ing to single-step liquid-liquid extraction and 
photodiode-array detection, it is particularly sim- 
ple, rapid and highly specific. It proved to be use- 
ful in both forensic (Fig. 4) and clinical (Fig. 5) 
cases. 
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