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ABSTRACT: A rapid and sensitive liquid chromatography/elec-
trospray ionization mass spectrometry (LC/MS) procedure has been
developed for the analysis of biofluids containing flunitrazepam and
its metabolites. Specimens were spiked with deuterated analogs of
the analytes. Urine specimens were enzymatically hydrolyzed and
blood specimens were untreated. Extractions were carried out using
CleanScreen DAU SPE cartridges. The drugs were separated on a
C18 column using a methanol -water-ammonium hydroxide (60:40:
0.03 v/v) mobile phase. After determination of base peaksusing full
scan mass spectrometry, the mass spectrometry method was opti-
mized to operate in selected-ion monitoring (SIM) mode for the
base peak of each anayte. Positive findings were confirmed by
LC/MS/MS using the same mobile phase and column.

Thisanalytical procedure allowsfor the detection of low levels of
flunitrazepam and metabolites in biofluids. It is useful for ascer-
taining the role of flunitrazepam in cases of drug-facilitated sexual
assault.
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Flunitrazepam (Rohypnol®) is a potent benzodiazepine manu-
factured by Hoffman-LaRoche. While it is not approved for clini-
cal use in the United States, it is prescribed for its sedative and
anesthetic properties in more than 80 countries worldwide. The
tablets are available in low milligram dosages that have recently
been redesigned as gray-green, oval-shaped tablets containing a
strong blue dye that releases when dissolved in drinks (1). Older
forms of white, circular tablets (without the dye) are still available
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as street drugs in the United States. It is currently a Schedule 1V
drug under the Controlled Substances Act of 1974 but isuniquein
that it carries Schedule | penalties for its possession (2).

Benzodiazepines, including flunitrazepam, are abused world-
widefor their strong sedative effects. While flunitrazepam is about
seven to 10 times more potent than diazepam, it is four to eight
times|less potent than triazolam (3). In the United States, the largest
occurrence of flunitrazepam abuse has been in Floridaand in those
states bordering Mexico.

In recent years, flunitrazepam has been used to facilitate sexual
assaults and other crimes (4). This has resulted in the media label-
ing it one of the date rape drugs of the 1990s. Not surprisingly,
there have been dramatic increases in requests for flunitrazepam
screens in sexual assault cases. Investigators who have kept track
of such cases recognize that flunitrazepam has been found in rela-
tively few instances of drug-facilitated sexual assaults (4,5). In
fact, there have been more cases of the use of other benzodi-
azepines to commit this crime than there have been cases of fluni-
trazepam-related drug-facilitated sexual assault (4). Nonetheless, it
should betested for in cases of suspected drug-facilitated sexual as-
sault, particularly when the investigation fails to provide clues to
other likely candidates.

Drug-Facilitated Sexual Assault

There are many difficulties that investigators face in cases of
drug-facilitated rape (6). M ost of these problems can be directly re-
lated to the drug or drugs used to commit the crime. Many of the
drugs used, including flunitrazepam, are considered low-dose CNS
depressants. Thus, only a small amount of the drug is needed to
produce sedation. This sedation isintensified when the drug iscon-
sumed with alcoholic beverages, as is often the scenario.

The drugs may cause the victim to lose consciousness for along
period (6). Thus, they may not know they were assaulted or may be
uncertain of the events that occurred just hours before. Sometimes
they wake up during the assault but cannot remember thislater. The
victim typically experiences confusion. Thesefactorsareimportant
in that they cause adelay in the reporting of the crime and result in
acritical loss of timein the collection of biological specimens for
toxicological analysis.

Because of this delay, many of the drugs used to facilitate a sex-
ual assault may be eliminated from the blood to undetectable lev-
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els by the time the specimen is collected. Urine specimens provide
alonger window for detection compared to blood, but are not rou-
tinely collected in rape examinations.

Following ora ingestion, flunitrazepam is rapidly absorbed (7).
Blood levels peak one to two hours after ingestion and may never
exceed 10 ng/mL (8). The effects may be felt within 20 min of in-
gestion and may last up to 24 h (9). These effects include profound
sedation, dizziness, confusion, anterograde amnesia, and impaired
psychomotor function.

Flunitrazepam is rapidly biotransformed into norflunitrazepam
and 7-aminoflunitrazepam. Phase Il conjugates of these metabo-
lites are also formed resulting in long half-lives (10). These long
half-lives allow for detection of its ingestion up to two days in
blood and up to four daysin urine when sufficiently sensitive tech-
niques are employed (6).

This procedure was developed to provide a means of screening,
confirming, and/or quantitating biological specimens for low lev-
els of flunitrazepam and its common metabolites. The procedure
has proven useful for ascertaining therole of flunitrazepam in cases
of drug-facilitated sexual assaults.

Materialsand M ethods
Materials

Reference standards of flunitrazepam, norflunitrazepam, and 7-
aminoflunitrazepam were purchased from Radian International
LLC (Austin, TX) as 1 mg/mL methanolic solutions. From these, a
100 pg/mL working standard of flunitrazepam and metabolites
was prepared in deionized water. Additionally, d,-flunitrazepam,
ds-norflunitrazepam, and d,-7-aminoflunitrazepam were obtained
from Radian International LLC as 100 pg/mL methanolic solu-
tions, and a1 wg/mL working standard of the three compoundswas
prepared in deionized water.

All reagents were analytical grade, and solvents were of HPLC
grade or better. Reagents and solvents were obtained from com-
mercial sources. B-glucuronidase (Helix promatia—Type H1) was
purchased from Sigma Chemical Company (St. Louis, MO).
CleanScreen® DAU solid phase extraction cartridges (200 mg)
were obtained from United Chemica Technologies, Inc. (Bristol,
PA).

Extraction

Five milliliters of urine and 2 mL of blood were spiked with the
working standard of deuterated anal ogsto give final concentrations
of 5ng/mL of each analog. Urine specimens were adjusted to a pH
of 5.2with 1 mL of 1.1 M sodium acetate buffer and enzymatically
hydrolyzed with B-glucuronidase for four hours at 37°C prior to
extraction. Following hydrolysis, the urine specimens were diluted
with 3 mL of 100 mM phosphate buffer (pH 6) prior to extraction.

Blood specimens were not hydrolyzed but were diluted with 7
mL of the phosphate buffer and centrifuged for 10 min at 3000
RPM before extraction.

All specimens were extracted by a modified solid-phase extrac-
tion procedure (12) on a Zymark (Hopkinton, MA) RapidTrace
robotic system. CleanScreen DAU cartridges were rinsed with elu-
tion solvent (1 mL), methanol (3 mL), deionized water (3 mL), and
buffer (2 mL) before application of the specimen at 1 mL/min. The
cartridges were then washed with deionized water (2 mL) followed
by a 20% acetonitrile:80% 100mM phosphate buffer (pH 6) solu-
tion (2 mL) and dried with nitrogen (40 psi) for 1 min. Thiswasfol-
lowed by ahexanerinse (2 mL) and another minute of drying of the

cartridge. Additional water rinse (2 mL) and drying stepswere then
performed to remove al traces of phosphate buffer from the car-
tridge. The analytes were eluted with 2.5 mL of 98% ethyl ac-
etate/ 2% ammonium hydroxide and taken to dryness at 40°C. The
residue was reconstituted in 20 p.L of mobile phase.

Instrumental Analysis

Analyses of the extracts were carried out using aFinnigan MAT
L CQ mass spectrometer (San Jose, CA) equipped with a Finnigan
MAT P4000 HPL C pump and an AS3000 autosampler. The mobile
phase was 60:40 methanol /water with 0.03% ammonium hydroxide
at aflow rate of 0.3 mL/min through an Alltech AltimaC18 column
(15cm X 2.1 mm X 5 pm). Injections (10 wL) were performed us-
ing the autosampler. Atmospheric pressureionization took placein
an electrospray interface with the following parameters: capillary
temperature (200°C), source voltage (3.50 kV), source current (ap-
proximately 100 wA), sheath gas flow (75 psi), capillary voltage
(3.0V), tube lens offset (45 V), and octapole RF amp (490).

After analysis of single drug solutions by full-scan electrospray
ionization mass spectrometry, it was apparent that the protonated
molecular ion (M+H) of each analyte was the base peak—often
with minimal additional fragmentation. Thisfinding lead to the de-
velopment of a LC/MS procedure using SIM of the protonated
molecular ion (M+H) of each analyte of interest (7-aminofluni-
trazepam = m/z 284, d—7-aminoflunitrazepam = m/z 291, nor-
flunitrazepam = m/z 300, ds-norflunitrazepam = m/z 304, fluni-
trazepam = m/z 314, d,-flunitrazepam = m/z 321). Figures 1 and
2 are examples of results obtained from specimens of urine and
blood, respectively, spiked to 5 ng/mL of each of the analytes.

When desired, quantitative estimations were achieved by com-
parison of theintegrated area(s) of the detected analyte(s) to there-
spective deuterated analog. Alternatively, calibration curves of
each analyte have been constructed.

Any indication of flunitrazepam or one of its metabolites was
confirmed with extraction of a separate aliquot and analysis by
LC/MS/MS(ESI). Thiswas carried out by monitoring the full scan
(m/z 100-325) daughter ions of the M+H parent ion using the
same parameters listed above and a relative collision energy of
14% (Figs 3to 5).

Validation

Validation of this analytical procedure included studies on re-
covery, linearity, accuracy, precision, and sensitivity (Table 1).
Blood and urine specimens spiked at 5 and 30 ng/mL were ana-
lyzed for the recovery study (four of each at both levels). Recover-
ies were determined by comparison of areas of the extracted ana-
lytes to areas of equal amounts of deuterated analogs of the
analytes added after the extraction. While the recovery of 7-
aminoflunitrazepam was less than 65% for both blood and urine,
the sensitivity of the instrumental assay compensates for thislower
recovery. For comparison purposes, extracted samples were also
analyzed by LC/UV. The procedure allowed for detection of fluni-
trazepam and its metabolites by LC/UV, but interferences from
biological specimens resulted in detection limits about 100 times
higher than those observed using the LC/M S method.

Blood and urine specimens (four of each) spiked at 5 ng/mL
were analyzed for the precision and accuracy studies. This was
done three different days to determine day-to-day variances.

Linearity was very good for each of the anaytes in both blood
and urine. This was determined by constructing multi-level (5-7
levels) calibration curves within the ranges listed in Table 1.
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FIG. 1—5 ng/mL SIM chromatogram from spiked urine.
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FIG. 2—5 ng/mL SIM chromatogram from spiked blood.
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FIG. 3—MSMS spectrum of flunitrazepam.



1138 JOURNAL OF FORENSIC SCIENCES

RT: 0.03-4.48 SM: 7G
100

NL:

1.62E4
m/z=
284.0-321.5

[N

g 3
Hl\?nlu

Relative Abundance
o
bi

NL:

1.62E4
miz=
284.0-321.5

100+

1031 073 122 153 201 271
= o~

L e e

1 2 3

Time (min)

S#: 94 RT:3.27 AV: 1 NL: 5.22E4
T: + ¢ Full ms2 300.00 [ 100.00 - 330.00]

100
98—

Relative Abundance
- - - - - N N N n N w w w w w D 3 »H H (4] [ °d [ o [ (]
N - (=] @ o N A O (-] o N » [ [+ o N H o @ o N ﬁ D -3} o N S o o™ o N g

o Db e e D B b B B e b B Do e P D b Do Do T P b e Do e e b o Lo Do Do e by L

254

272

269

(=]

100

FIG. 4—MSMS spectrum of norflunitrazepam.




LEBEAU ET AL. » ANALYSIS OF BIOFLUIDS 1139

RT: 0.02-3.04 SM: 9G

Relative Abundance

100+
90—
80—
70—
60
50—
40—
30—
20—
10—

NL:

7.83E4
m/z=
263.7-264.5

100

NL:

4.71E4
m/z=
255.7-256.5

266 2.94

100+

] 1.65
|0.16 043 0.96 /\ 2.31
1.65
/ \
J 214
1.65

NL:

2.26E4
m/z=
226.7-227.5

10—

NL:

3.76E4
m/z=
162.7-163.5

1.03 217

100+

NL:
3.05E5
TIC

/

026 047 082 120 / 2.35 2.83

Y,

LI L |
1.0 1.5
Time (min)

LI L I B A |

0.5

2.0

LR B B R

25 3.0

S#: 48 RT: 1.65 AV: 1 NL: 1.42E5
T: + ¢ Full ms2 284.50 [ 100.00 - 330.00]

100
98

96|
94—

92—
90

88

86%
84;
82%
80—;

78
76—

747

Relative Abundance
HoO
[} o

- - = a a NN NN W W W W A A A A
H O o N A O ®©® O N B O ® O N B O © O N & O X
o Dot e v T P e s T D Do D B T Do e Do e D e b Prea e

N

123

135

264

256

163

284

227

236

148

| 265

266 |

315

-
(=3
o

FIG. 5—MSMS spectrum of 7-aminoflunitrazepam.
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TABLE 1—Validation results.

Flunitrazepam

Norflunitrazepam 7-Aminoflunitrazepam

Blood Urine Blood Urine Blood Urine
Limit of Detection 0.5 ng/mL 0.1 ng/mL 1.0 ng/mL 0.1 ng/mL 0.5 ng/mL 0.2 ng/mL
Linearity (ng/mL) 2-200 1-200 5-200 1-200 2-200 1-200
(r>=0.99) (r*> = 0.99) 2=0.99) (r> = 0.99) (r>=0.99) (r>=0.99)
Recovery

5ng/mL 57% 95% 61% 124% 24% 62%

30 ng/mL 74% 96% 65% 101% 26% 57%
Accuracy (5ng/mL) 3704 49+ 04 4.2 * 0.6 50+0.2 38*0.1 52+ 05
Precision (% CV)

Within-Day 11.2% 5.2% 12.2% 0.6% 7.0% 8.8%

Day-to-Day 11.5% 7.7% 15.9% 4.6% 9.6% 11.1%
Discussion Conclusions

While it is common to rely on commercially available im-
munoassays for benzodiazepine screening, most tend to lack the
sensitivity needed to detect flunitrazepam or its metabolites in
specimens following single-dose administration. This is particu-
larly true when there is a delay in specimen collection (11). Rely-
ing on such methodologies to determine if an individual was
drugged by flunitrazepam may lead to false-negative results (7).

Other commonly used methods for flunitrazepam and its
metabolites also have limitations. Gas chromatography (GC) with
an electron-capture detector (ECD) is quite sensitive for fluni-
trazepam and norflunitrazepam, but not for 7-aminoflunitrazepam.
GC-MS procedures are also sensitive, but require derivatization of
7-aminoflunitrazepam for detection. HPLC with UV detection
lacks sufficient sensitivity to be of use in most investigations of
drug-facilitated sexual assault.

LC/MS coupled with solid phase extraction allows for a sensi-
tive and selective analysis of biological specimens for fluni-
trazepam and its major metaboliteswithout derivatization. The sen-
sitivity of the procedure alows for an extended window of
detection of flunitrazepam exposure, an issue particularly impor-
tant to cases of drug-facilitated rape. The use of deuterated internal
standards alow for rapid quantitative estimates of the amount of
each analyte present.

The procedure’ s large sample volume (5 mL for urine) is higher
than what others have reported (7,8,11), however, thisvolume isto
further enhance the sensitivity of the procedure. Thisis usually not
aconcern when the analyst is provided 100 mL of urine.

While many benzodiazepines/metabolites exhibit improved sen-
sitivity by the use of negative ion mass spectrometry, this was not
the case with flunitrazepam and its metabolites. 7-Aminofluni-
trazepam, in particular, was not detected in negative ion mode.
These results are in agreement with observations by other authors
(13).

The final agueous wash in the solid phase extraction proved to
be crucial to obtaining the observed detection limits of the proce-
dure. Without this step, some adduct formation onto the analytes
occurred with phosphate buffer cations (M+Na*) and methanol
(from the mobile phase). For instance, the predominant ion for the
7-aminoflunitrazepam was M +Na* without the extraction’s final
agueous wash step. The response of SIM and MS/M S experiments
of the instrumental procedure was drastically hampered by these
adducts. Additionally, once phosphate was introduced into the sys-
tem, it was very difficult to remove, often requiring shutdown of
the system in order to flush it out.

Although the media has label ed flunitrazepam a commonly used
drug to commit rape, there have been few proven cases of itsuse as
such (4). Thisis consistent with our findings. While some may ar-
gue that the small percentage of positive flunitrazepam findings
precludes itsinclusion in the analytical scheme of drug-facilitated
rape cases, the genera public’s understanding of its effects neces-
sitatesitsinclusion.

This procedure allows for semi-automated analysis of biological
specimensfor the presence of flunitrazepam and its metabolites uti-
lizing the power of LC/MS and LC/MS/MS with electrospray ion-
ization. The sensitivity of the procedure allows for the detection of
these analytes into the subnanogram per milliliter range. This
proves useful for investigationsinto claims of drug-facilitated sex-
ual assault, even when there is considerable delay in the reporting
and collection of specimens.

Acknowledgments

We are grateful for the assistance of Bruce McCord, Ph.D.,
Shauna Darby, Ph.D., and Supakunya Edmonson for their analyti-
cal assistance and insight in this project.

References

1. Cahoun SR, Wesson DR, Galoway G, Smith DE. “Roofie” abuse in
Florida—findings of the Haight Ashbury free clinics investigative team.
Haight Ashbury Free Clinics, Inc. San Francisco (CA). March 1998.

2. Drug-Induced Rape Prevention and Punishment Act of 1996: Hearing on
H.R. 4137. 104th Cong., 1996.

3. Hobbs WR, Rall TW, Verdoorn TA. Hypnotics and sedatives; ethanol.
In: Hardman JG, Limbird LE, Molinoff PB, Ruddon RW, and Gilman
AG, editors. Goodman & Gilman’s the pharmacological basis of thera-
peutics. 9th Ed. New Y ork: McGraw-Hill, 1996;362-96.

4. ElSohly MA, Salamone SJ. Prevalence of drugs used in cases of alleged
sexual assault. JAnal Toxicol 1999;23:141-6.

5. LeBeau MA. Toxicological investigations of drug-facilitated sexua as-
sault. Forensic Sci Communications 1999;1(1).

6. LeBeau M, Andollo W, Hearn WL, Baselt R, Cone E, Finkle B, et al.
Recommendations for toxicological investigations of drug-facilitated
sexual assaults. JForensic Sci 1999;44(1):227-30.

7. Huttel M, Bang U, Flachs H. Plasma concentrations of flunitrazepam
(Rohypnol) following oral and sublingual administration. Int J Clin
Pharmacol Ther Toxicol 1986;24:221-3.

8. DeSilva JAF, Bekersky |. Determination of clonazepam and fluni-
trazepam in blood by electron-capture gas-liquid chromatography. J
Chromatogr 1974;99:447-60.

9. MattilaMAK, Lui HM. Flunitrazepam: areview of its pharmacological
properties and therapeutic use. Drugs 1980;20:353-74.

10. Kangas L, Kanto J, Pakkanen A. A pharmacokinetic and pharmacody-
namic study of flunitrazepam. Int J Clin Pharmacol 1982;20:585-8.



11.

12.

13.

Salamone SJ, Honasoge S, Brenner C, McNally AJ, Passarelli J, Goc-
Szkutnicka D, et al. Flunitrazepam excretion patterns using the
Abuscreen OnTrak and OnLine immunoassays. comparison with GC-
MS. JAna Toxicol 1996;21:341-5.

Benzodiazepinesin urinefor GC or GC/M S confirmations using 200 mg
CleanScreen® extraction columns. Applications Manual. United Chem-
ical Technology, Bristol, Pennsylvania.

Bogusz MJ, Maier RD, Kruger KD, Fruchtnicht W. Determination of
flunitrazepam and its metabolites by high-performance liquid chro-

LEBEAU ET AL. » ANALYSIS OF BIOFLUIDS 1141

matography-atmospheric pressure chemical ionization mass spectrome-
try. J Chromatogr B 1998;713:361-9.

Additional information and reprint requests:
Marc LeBeau

Chemistry Unit

FBI Laboratory

Federal Bureau of Investigation
Washington, DC 20535



