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ABSTRACT: Zolpidem isthe prototype of aclass of sedative hyp-
notic drugs that are derivatives of imidazopyridine and is sold in
the United States under the trade name Ambien®. Over afour-year
period, zolpidem was identified in eight cases investigated by the
Office of the Chief Medical Examiner, State of Maryland. Zolpidem
was identified by gas chromatography-nitrogen-phosphorus detec-
tion (GC-NPD) following an alkaline extraction and was confirmed
by full-scan electron impact gas chromatography/mass spectrome-
try. Zolpidem was quantitated by GC-NPD in all specimens
received. Five of the cases presented were deaths due to drug intoxi-
cation. In three of these cases, zolpidem was an incidental finding
because the drug fatalities resulted from other drugs. In the other
two cases of drug intoxication, zolpidem was present in elevated
concentrations and was a contributing, but not exclusive cause of
the drug intoxication. The remaining three cases were deaths that
were not caused by drugs. The blood zolpidem concentrations in
these cases were therapeutic (0.28, 0.12 and 0.19 mg/L, respec-
tively). In six of the eight cases where both blood and urine were
analyzed, the blood concentration was higher than the urine concen-
tration. The distribution of zolpidem into the liver and kidney failed
to identify any sequestration of the drug into either specimen.
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Zolpidem is a non-benzodiazepine sedative-hypnotic agent
which nonetheless possesses some structural similarities to this
class of drugs. The structure is shown in Fig. 1. Whereas benzodi-
azepines bind nonspecifically to the three known benzodiazepine
receptor subtypes (BZ,, BZ,, BZ5), zolpidem binds specifically
to the BZ, receptor which is responsible for sedative activity. This
receptor appears in the cerebellum and in the cerebral cortex. It is
sold in the United States under the trade name Ambien®. It is used
as a sedative prior to surgery and as a treatment for insomnia
Minimal impairment of psychomotor functions is noted in both
healthy and sleep-deprived individuals when given in doses rang-
ing from 5 to 20 mg. Zolpidem has also compared favorably to
many benzodiazepines in reduced memory loss (1,2).

Zolpidem is rapidly absorbed following oral administration, but
undergoes a significant first-pass effect: the bioavailability is
approximately 70% after 5 to 20 mg doses. A steady-state maxi-
mum plasma concentration of approximately 0.2 mg/L is usually
seen and corresponds to the peak plasma concentration after a
single dose. The elimination half-life of the drug is approximately
2 h. Like benzodiazepines, zolpidem is highly protein bound, with
a free fraction less than 0.15. It is also extensively metabolized,
with less than 1% of a dose appearing in the urine as unchanged
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drug. Metabalic routes include oxidation of the methyl group on
the phenyl ring or the imidazopyridine group to produce carboxylic
acids and hydroxylation of the imidazopyridine group (1,2).

The following are data collected on the distribution of zolpidem
in eight cases presented to the Office of the Chief Medical Exam-
iner over a three-year period.

Experimental

Zolpidem Extraction—To a 5 mL standard, fluid or tissue
homogenate were added 2 mL 0.1 N sodium hydroxide, 100 pL
of 100 mg/L ethyl morphine (internal standard solution) and 20
mL n-butyl chloride. After mechanical rotation and centrifugation,
the n-butyl chloride layer was separated and extracted with 3 mL
1 N sulfuric acid. The acid layer was removed, akalinized with
0.5 mL ammonium hydroxide and extracted with 5 mL methylene
chloride. The methylene chloride was transferred to a conical cen-
trifuge tube and evaporated to dryness at 40°C. The residue was
reconstituted in 0.1 mL isopropanol and transferred to an autosam-
pler vial for gas chromatographic analysis. Quantitation was based
on the area ratio of analyte to the internal standard in comparison
to four fortified standards at concentrations ranging from 0.2 to
4.0 mg/L. Appropriate dilution of specimens with distilled water
was performed to ensure quantitation within the limits of the stan-
dard curve.

Instrumentation—Zol pidem analysis was performed on a Hew-
lett Packard 5890 gas chromatograph with a nitrogen-phosphorus
detector (GC-NPD) and a Hewlett Packard 7673A automatic sam-
pler. The column used was a cross-linked HP-5 fused silica capil-
lary column (25 m X 0.32 mm inside diameter X 0.17 pm film
thickness). Helium was the carrier gas flowing at 1 mL/min. The
oven temperature began at 100°C for 1 min, increased at 30°C/min
to 200°C, increased at 10°C/min to 260°C, and increased at
20°C/min to 300°C, holding for 8 min. Splitless injection mode
was utilized.

Drug confirmation was performed using aHewlett-Packard 5890
Series 2 gas chromatograph equipped with a 5972 mass selective
detector. Similar chromatographic conditions as listed above were
used. The mass spectrometer was operated in the scan electron
impact mode.
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FIG. 1—Structure of zolpidem.



370 JOURNAL OF FORENSIC SCIENCES

Results

Routine testing for volatiles, therapeutic and abused drugs was
performed in all cases. Thisincluded volatile testing for methanal,
ethanol, acetone and isopropanol by head space gas chromatogra-
phy, acid/neutral drug testing by GC-NPD, akaline drug testing
by GC-NPD, morphine by radioimmunoassay and acetaminophen,
ethchlorvynol and salicylate by colorimetry. Table 1 liststhe blood
acohol and drug results in the presented cases. In each case, the
presence of each drug was confirmed by full-scan gas chromatog-
raphy/mass spectrometry. The mass spectrum of zolpidem has a
base peak of m/z = 235, with other prominent ions at m/z =
307 (molecular ion) and 219. Table 2 provides the distribution of
zolpidem in the postmortem specimensreceived in each case. Table
3 gives the fina disposition of each case.

TABLE 1—Results of alcohol and drug testing in the presented cases.

Case Voldtiles, g/dL Drugs, mg/L*

1 n.d. diphenhydramine: 0.5
hydromorphone: 0.16
zolpidem: 2.2

2 ethanol 0.02 pentobarbital: 670

isopropanol 0.13 zolpidem: 0.83

3 ethanol 0.02 sertraline: 0.9
desmethylsertraline: 3.7
zolpidem: 0.28

4 n.d. morphine: 0.75
zolpidem: 0.18

5 n.d. amitriptyline: 18
fluoxetine: 24
nortriptyline: 21
norfluoxetine: 1.7
zolpidem: 0.22

6 n.d. zolpidem: 0.58

7 n.d. diphenhydramine: 9.2
zolpidem: 3.2

8t n.d. zolpidem: 0.19
secobarbital: 23

n.d. = None detected.

* All quantitative values reported were measured in heart blood except
case 5 where liver results are reported.

T Carboxyhemoglobin saturation value was 3%.

TABLE 2—Distribution of zolpidem in the presented cases.

Concentrations (mg/L or mg/kg)
Specimen 1 2 3 4 5 6 7 8

Heart blood 22 08 028 018 ... 058 32 019
Periph. blood 25 ... ... 44 012 071 36 s
Bile ... 020 014 020 o0.08 017 ... 007
Urine 12 009 015 008 ... 006 06 S
Liver 28 25 047 027 022 056 34 016
Kidney 66 050 030 034 010 033 09 0.08

TABLE 3—Final case disposition.

Case Cause of Desth Manner of Death
1 drug intoxication suicide

2 drug intoxication suicide

3 drowning undetermined

4 morphine intoxication undetermined

5 drug intoxication undetermined

6 multiple injuries suicide

7 drug intoxication suicide

8 thermal injuries undetermined

Discussion

A variety of methods for the identification and quantitation of
zolpidem have been published. Liquid chromatography using
either ultraviolet of fluorescence detection has been employed
(3-6). Multiple gas chromatographic methods for zol pidem quanti-
tation have also been published (7—10). For the presented cases,
a routine alkaline extraction followed by a back-extraction into
acid and reextraction after alkalinization was performed. A concen-
trated extract was then injected into the gas chromatograph with
a HP-5 column and a nitrogen-phosphorus detector. Under these
conditions, no derivatization was necessary. The limit of quantita-
tion was 0.05 mg/L while the upper limit of linearity was 8.0 mg/L.
The relative retention time of zolpidem to internal standard was
1.27. Not surprising, the drug elutes from the column in a region
close to other benzodiazepines; it elutes after diazepam and chlor-
diazepoxide, but prior to alprazolam.

Thetissue distribution datain Table 2 illustrates multiple points.
In six of the eight cases, both blood and urine were analyzed.
In each case, the blood concentration was higher than the urine
concentration. Thisis consistent with the extensive metabolism of
the drug and indicates that blood would be the preferred specimen
for screening as opposed to urine. No attempts were made to iden-
tify or quantitate any of the metabolites of zolpidem. The distribu-
tion of zolpidem into the liver and kidney failed to identify any
sequestration of the drug into either specimen. This is expected,
since the volume of distribution of zolpidem is less than 1 L/kg.
Since the brain is not routinely collected for toxicologic analysis,
no study of the distribution of the drug into the brain was made.
Moreover, in the four cases where central and periphera blood
specimens were quantitated, three provided similar results, while
the other case (#4) showed widely different concentrations between
the specimens. A review of the case failed to account for this
difference.

There have been several reports of fatalitiesinvolving zolpidem.
In one case, death was attributed to hypothermia following zolpi-
dem ingestion; a blood zolpidem concentration of 0.52 mg/L was
found in this case (11). Tracqui et al. (12) reported a suicidal
intoxication of zolpidem and acepromazine with blood, urine and
bile concentrations of zolpidem of 3.29, 2.54 and 1.27 mg/L,
respectively. Meeker et al. (13) published acasereport of amultiple
drug intoxication of zolpidem, hydrocodone and morphine. Zolpi-
dem concentrations were as follows: heart blood: 2.91 mg/L;
peripheral blood: 1.40 mg/L; urine: 2.13 mg/L; and liver: 4.74
mg/kg. In addition, 172 mg of zolpidem was found in the gastric
contents. A combined ethanol and zolpidem fatality was reported
by Khodasevitch and Volgram (14). A blood zolpidem concentra-
tion of 0.9 mg/L was combined with a 0.25 g/dL blood ethanol
concentration. In this case, the liver concentration was 42 mg/kg
and the kidney concentration was 4.8 mg/kg, respectively. Lichten-
walner and Tully (15) reported a blood zolpidem concentration of
7.9 mg/L in an elderly woman who drowned in her bathtub.

Five of the cases presented were deaths due to drug intoxication.
In cases 2, 4 and 5, zolpidem was an incidental finding because
the drug fatalities resulted from other drugs. In cases 1 and 7,
zolpidem was present in elevated concentrations and was a contrib-
uting, but not exclusive cause of the drug intoxication. The remain-
ing three cases were deaths that were not caused by drugs. The
blood zolpidem concentrations in these cases were therapeutic
(0.28, 0.12 and 0.19 mg/L, respectively).
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