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Preface 

Since the first benzodiazepines were introduced to the market in 1960, 
there has been an evolution of these drugs toward lower dosage, shorter action, 
and faster clearance. As a consequence, this new generation of benzodiaz­
epines eluded detection in many laboratories. Benzodiazepines can be abused 
in several different ways. These drugs are often given in conjunction with 
alcohol to enhance the desired effect, thus requiring lower doses. This situation 
has created added challenges to the toxicologist. U se of normal screening and 
confirmation methods may not detect the lower levels of these drugs, and in 
some cases the laboratory may not have capability in the methodologies to 
detect a particular drug. 

Another recent challenge for the toxicologist is the detection of y-hydroxy­
butyric acid (GHB). The use of this drug is widespread and it is easily 
obtained or prepared in clandestine laboratories. Similar to the low-dosed 
benzodiazepines (LDBs) the effect is also potentiated by alcohol. Its detection 
is difficult owing to the rapid clearance and the low concentrations that appear 
in urine or serum. Detection methods for GHB are not common, but labora­
tories are now developing new methods as its popularity is highlighted. 

The purpose of Benzodiazepines and GHB: Detection and Pharmacology is 
to provide some background on the pharmacology and metabolism of LDB 
and GHB and to help the toxicologist develop methodologies that will enable 
better detection of these drugs in various body fluids, as weil as in hair. The 
first chapter provides background on the LDBs by dealing with the pharmacol­
ogy and metabolism of these drugs. Chapter 2 deals with immunoassay detection 
of LDBs, reviewing the current state of testing and providing methodologies 
that will increase the sensitivity of immunoassay reagents. Chapters 3 and 4 
focus on methods for the detection of Rohypnol® and other LDBs by mass 
spectrometry. Chapter 5 addresses the detection of benzodiazepines in hair. 
Chapter 6 addresses the pharmacology and detection of GHB, and finally 

V 



vi Preface 

Chapter 7 presents a case study examining the prevalence of drugs used in 
cases of alleged sexual assault. 

Benzodiazepines and GHB: Detection and Pharmacology would not have 
been possible without the cooperation of all the authors. I wish to thank each 
of them for their efforts. I would like to thank Dr. Stephen Karch and Humana 
Press for the opportunity to be involved with such an endeavor. 

Salvatore J. Salamone, PhD 



Contents 

Preface .................................................................................................... v 

Contributors .......................................................................................... xi 

CHAPTER} 

Pharmacology of Flunitrazepam and Other Benzodiazepines 

Rudolf Brenneisen and Lionel Raymond ................................................. I 

I. Introduction .......................................................................................................... I 

2. Chemistry ............................................................................................................. 2 

3. Pharmacokinetics ................................................................................................. 4 

3.1. Absorption, Distribution, and Plasma Levels ............................................. 4 

3.2. Half-Life vs Duration of Action .................................................................. 7 

3.3. Metabolism and Excretion ........................................................................... 7 

4. Pharmacodynamics .............................................................................................. 8 

4.1. Sites of Action .............................................................................................. 8 

4.2. Acute Effect ............................................................................................... 10 

4.3. Chronic Administration and Abusc Liability ........................................... 11 

4.4. Pharmacokinetics vs Pharmacodynamics ................................................. 12 

4.5. Rohypno1®: The Debate ............................................................................ 13 

References .............................................................................................................. 14 

vii 



viii Contents 

CHAPTER 2 

Immunoassay Detection of Benzodiazepines 

Tarnara N. St. Claire and Salvatore ]. Salamone ................................... 17 

1. Introduction ........................................................................................................ 17 
2. Optimal Enzyme Activity .................................................................................. 19 

2.1. Conditions .................................................................................................. 19 
2.2. Activity ....................................................................................................... 20 

3. Cutoff ................................................................................................................. 22 
4. Immunoassays .................................................................................................... 22 
5. Methods .............................................................................................................. 28 

5 .1. Manual ß-Glucuronidase Treatment ......................................................... 28 
5.2. Automated ß-Glucuronidase Treatment ................................................... 28 

5.2.1. Online with the Hitachi 717 ............................................................ 28 
5.2.2. Online with the COBAS INTEGRA 700 ....................................... 29 
5.2.3. A General Scheme ........................................................................... 29 

6. Conclusion ......................................................................................................... 29 
References .............................................................................................................. 30 

CHAPTER 3 

Analysis of Flunitrazepam and Its Metabolites 
in Biological Specimens 

Mahmoud A. ElSohly and Shixia F eng ................................................... 33 

1. Introduction ........................................................................................................ 33 
2. Methods of Analysis .......................................................................................... 35 

2.1. Screening Methods .................................................................................... 35 
2.2. HPLC Analysis .......................................................................................... 37 

2.2.1. Interna! Standards ........................................................................... 37 
2.2.2. Extraction ........................................................................................ 38 
2.2.3. HPLC Conditions ............................................................................ 41 
2.2.4. Detection .......................................................................................... 42 

2.3. GC/MS Methods ........................................................................................ 43 
3. Conclusion ......................................................................................................... 48 
Referenccs .............................................................................................................. 49 



ix Contents 

CHAPTER 4 
Analysis of Selected Low-Dose Benzodiazepines 

by Mass Spectrometry 

Dennis ]. Crouch and Matthew H. Slawson ........................................... 53 

1. Introduction ........................................................................................................ 53 
2. Alprazolam ......................................................................................................... 55 

2.1. Background ................................................................................................ 55 
2.2. Method 1 .................................................................................................... 57 

2.2.1. Extraction ........................................................................................ 57 
2.2.2. GC/MS Conditions .......................................................................... 58 
2.2.3. Method Performance ....................................................................... 58 

2.3. Method 2 .................................................................................................... 59 
2.3.1. Extraction ........................................................................................ 60 
2.3.2. HPLC/MS/MS Conditions .............................................................. 60 
2.3.3. Method Performance ....................................................................... 60 

3. Midazolam .......................................................................................................... 63 
3.1. Background ................................................................................................ 63 
3.2. Method 1 .................................................................................................... 63 

3.2.1. Extraction ........................................................................................ 63 
3.2.2. GC/MS Conditions .......................................................................... 64 
3.2.3. Method Performance ....................................................................... 64 

3.3. Method 2 .................................................................................................... 64 
3.3.1. Extraction ........................................................................................ 64 
3.3.2. HPLC/MS Conditions ..................................................................... 64 
3.3.3. Method Performance ....................................................................... 65 

3.4. Method 3 .................................................................................................... 65 
3.4.1. Extraction ........................................................................................ 65 
3.4.2. HPLC/MS Conditions ..................................................................... 65 
3.4.3. Method Performance ....................................................................... 65 

3.5. Additional Techniques ............................................................................... 65 
4. Lorazepam .......................................................................................................... 66 

4.1. Background ................................................................................................ 66 
4.2. Method ........................................................................................................ 66 

4.2.1. Extraction ........................................................................................ 66 
4.2.2. GC/MS Conditions .......................................................................... 67 
4.2.3. Method Performance ....................................................................... 67 

4.3. Additional Techniques ............................................................................... 67 
5. Triazolam ........................................................................................................... 68 

5.1. Background ................................................................................................ 68 
5.2. Method I .................................................................................................... 70 

5.2.1. Extraction ........................................................................................ 70 
5.2.2. GC/MS Conditions .......................................................................... 70 
5.2.3. Method Performance ....................................................................... 70 

5.3. Method 2 .................................................................................................... 71 
5.3.1. Extraction ........................................................................................ 71 
5.3.2. GC/MS Conditions .......................................................................... 71 
5.3.3. Method Performance ....................................................................... 71 

References .............................................................................................................. 71 



X Contents 

CHAPTER 5 
Identification of Benzodiazepines in Human Hair: A Review 

Vincent Cirimele and Pascal Kintz .......................................................... 77 

1. Introduction ........................................................................................................ 77 
2. Bio1ogy of Hair .................................................................................................. 78 

2.1. Hair Growth ............................................................................................... 78 
2.2. Types of Hair ............................................................................................. 79 
2.3. Mechanisms of Drug Incorporation into Hair .......................................... 79 
2.4. Effects of Cosmetic Treatments ................................................................ 80 

3. Specimen Collection .......................................................................................... 81 
4. Decontamination Proccdures ............................................................................. 8 I 
5. Extraction ........................................................................................................... 81 
6. Detection ............................................................................................................ 84 
7. Detection of Flunitrazepam and 7-Amino-Flunitrazepam ............................... 90 
8. Conclusions ........................................................................................................ 92 
References .............................................................................................................. 92 

CHAPTER 6 
y-Hydroxybutyric Acid and Its Analogs, y-Butyrolactone 

and 1,4-Butanediol 

Laureen ]. Marinetti ................................................................................. 95 

1. History and Pharmacology of GHB .................................................................. 95 
2. History of Illicit Use of GHB ............................................................................ 98 
3. Clinical Use of GHB in Humans ..................................................................... I 01 
4. History of Illicit Use of GBL and 1 ,4BD ....................................................... I 02 
5. Metabolism of GHB, GBL, and 1,4BD .......................................................... 104 
6. Distribution and Pharmacokinetics of GHB, GBL, and I ,4BD ..................... I 08 
7. GHB Interpretation Issues and Postmortem Production ................................ 110 
8. Analysis for GHB, GBL, and 1,4BD .............................................................. 115 
References ............................................................................................................ 119 

CHAPTER 7 
Analysis of Urine Sampies in Cases of Alleged Sexual Assault: 

Case History 

Mahmoud A. ElSohly, Luen F. Lee, Lynn B. Holzhauer, 
and Salvatore J. Salamone ............................................................. 127 

1. Introduction ...................................................................................................... 127 
2. Receipt of Specimens for Analysis ................................................................. 128 
3. Testing Protocol ............................................................................................... 129 
4. Results and Discussion .................................................................................... 131 
5. Conclusions ...................................................................................................... 142 
References ............................................................................................................ 143 

Index .................................................................................................... 145 



Contributors 

RuooLF BRENNEISEN • Department of Clinical Research, University of Bem, 
Bern, Switzerland 

VINCENT CIRIMELE • Institute of Legal Medicine, University of Strasbourg, 
Strasbourg, France 

DENNIS J. CROUCH • Center for Human Toxicology, University of Utah, 
Salt Lake City, UT 

MAHMOUD A. ELSOHL Y • ElSohly Laboratories, Oxford, MS 

SHrxrA FENG • ElSohly Laboratories, Oxford, MS 

LYNN B. HOLZHAUER • Statistics and Data Management, 
Roche Pharmaceuticals, Nutley, NJ 

PASCAL KINTZ • Institute of Legal Medicine, University of Strasbourg, 
Strasbourg, France 

LuEN F. LEE • Statistics and Data Management, Roche Pharmaceuticals, 
Nutley, NJ 

LAUREEN J. MARINETTI • College of Pharmacy and Allied Health Professions, 
Wayne State University; Wayne County Medical Exarniner's Office, 
Detroit, MI 

LroNEL RA YMOND • Forensie Toxicology Labaratory, University of Miami, 
Miami, FL 

SALVATORE J. SALAMONE • Research and Development, Roche Diagnostics 
Corp., Indianapolis, IN 

MATTHEW H. SLAWSON • Center for Human Toxicology, University of Utah, 
Salt Lake City, UT 

TAMARA N. ST. CLAIRE • Research and Development, 
Roche Diagnostics Corp., Indianapolis, IN 

xi 



Chapter 1 

Pharmacology of Flunitrazepam 
and Other Benzodiazepines 
Rudolf Brenneisen and Lionel Raymond 

J. INTRODUCTION 

Benzodiazepines, therapeutically used as tranquilizers, hypnotics, anticon­
vulsants, and centrally acting muscle relaxants, rank among the most frequently 
prescribed drugs ( 1 ). Since Sternbach's synthesis (2) in 1955 ofthe first benzo­
diazepine by unexpected ring extension of a quinazoline-3-N-oxide derivative, 
a nurober of structurally similar compounds have been marketed by drug com­
panies. Chlordiazepoxide (Librium®) was the first medical benzodiazepine, intro­
duced in 1960, followed in 1963 by diazepam (Valium®) andin 1965 by oxazepam 
(Serax®) (2 ). More than 50 of these drugs are presently marketed for clinical use 
throughout the world; 35 are subject to international control under the 1971 
Convention on Psychotropic Substances. From International Narcotic Con­
trol Board (INCB) statistics, the most significant benzodiazepines in the last 
decade have been diazepam, lorazepam, alprazolam, temazepam, chlordiaze­
poxide, nitrazepam, triazolam, flunitrazepam, and lormetazepam. 

In this chapter dealing with the chemistry, pharmacokinetics, and pharma­
codynamics of benzodiazepines, we focus mainly on flunitrazepam (FN). FN 
was first introduced on the market in 1975, in Switzerland, under the trade name 
of Rohypnol®. It is indicated to treat insomnia and as apreoperative anesthe­
tic. International sales data indicate that, over the past 10 yr, FN has accounted 
for an average of 6-7% of sales of sedative-hypnotics in 20 countries, including 

From: Forensie Science: Benzodiazepines and GHB: Detection and Pharmacology 
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the major European markets, Japan, Australia, South Africa, Brazil, Venezuela, 
and Mexico, among others ( 3 ). lt has estimated worldwide sales of 2.3 million 
doses a day ( 4) but is not approved by the Food and Drug Administration (FDA) 
for use in the United States. 

In recent years, the drug has been smuggled into the United States from 
Mexico and central and southern America for illegal use (3,5,6). The first re­
ported police seizure of FN was on June 15, 1989 in Miami, Florida (5). In 
1983, FN was classified as a Schedule IV drug by the U.N. Convention on Psy­
chotropic Substances. Despite little evidence of abuse, it was the first benzo­
diazepine to be moved in March 1995 to Schedule III by the World Health 
Organization (WHO). This scheduling requires more rigid controls, and was 
based largely on reports that FN was involved in a high incidence of illicit 
activities and that it was widely abused by opioid addicts ( 3, 7). lts ability to 
cause euphoria and a drunk-like "high'' is the likely reason for the increasing 
abuse of FN in recent years at parties, night clubs, and rave dances. Street 
names are numerous and include the following: roofies, rophies, rophynol, ruffies, 
roche, roches, roach, ropes, rib, reyna, the date-rape drug, and the forget pill 
( 5). In the United States it has also become a tool in drug-facilitated rapes. Mix­
ture with alcoholic beverages results in unconsciousness, hypnosis, and amne­
sia ofthe rape victims (3,4). In Europe the abuse ofFN by ingestion, smoking, 
injection, or intranasal application is popular among heroin addicts. The rapid 
onset of sedation ("slowing down", "tobe turned off') can ameliorate symp­
toms of opiate withdrawal, reducing stress, anxiety, or depression and can also 
enhance the effects of alcohol and cannabis ( 3,8). There have been reports of 
abuse of FN in Florida, Texas, and other states ( 5, 9,10 ). 

Those who have used lysergic acid diethylamide (LSD) or marijuana in the 
past or who have a peer or partner who used this drug appear to be at greater 
risk of abuse ( 11 ). Doses and frequency of use vary from 1 to 15 tablets once 
or occasionnally twice a week. Habitual users frequently report ingesting FN 
with alcohol or in combination with cannabis (5). In 1996, Customs regulations 
were changed, making it illegaltobring the medication across the U.S. bor­
der, and some states (like Florida, Oklahoma) have already classified FN as a 
Schedule I drug (5,12). 

2. CHEMISTRY 

The classical benzodiazepines are based on a 5-aryl-1 ,4-benzodiazepine 
structure in which the benzene ring is linked to the 6-7 bond of the 1 ,4-diaz­
epine (Figs. 1 and 2). The aryl substituent at position 5 is usually phenyl (e.g., 
oxazepam) or 2'-halophenyl (e.g., 2-fluorophenyl forflunitrazepam or 2-chloro-
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Fig. 1. General routes of metabolism for 1 ,4-benzodiazepines. 
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phenyl for lorazepam). The more recently introduced benzodiazepines include 
variations such as an imidazole (1 ,3-diazole) ring fused to the 1-2 bond of the 
1 ,4-diazepine, that is, the imidazolobenzodiazepines, for example, midazolam 
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Flunitrazepam (INN); Rohypnol® 

7 -nitro-5-(2' -fluorophenyl)-1,3-dihydro-1-methyl-(2H)-l ,4-benzodiazepine-2-one 

C1JIJ2FN303 

m.wt. 313.3 

CAS-no. 1622-62-4 

pK.a 1.82 [2,21] 

Solubi1ity in water 6.0 j.Lg/m1 (pH 7.4, 37°C} [14] 

Fig. 2. Chemical characteristics and metabolic pathways of flunitrazepam. 

(Fig. 3) or loprazolam. In a similar way, the triazolobenzodiazepines have a 
1,2,4-triazole ring instead of the imidazole. Examples are alprazolam, estaz­
olam and triazolam (Fig. 3). Other structural modifications include annelation 
of heterocyclic rings at the 4-5 bond, for example, haloxazolam, ketazolam, 
and oxazolam (Fig. l) or replacement ofthe benzene ring by a thienyl ring (clo­
tiazepam). Many benzodiazepines are hydrolyzed in acid solutions to form 
the corresponding benzophenone derivatives which can be used for analytical 
purposes. In the free base/acid form, benzodiazepines are generally soluble in 
most organic solvents such as ethyl ether, ethyl acetate, chloroform, and metha­
nol, but are practically insoluble in water ( 1 ). 

3. PHARMACOKINETICS 

3.1. Absorption, Distribution, and Plasma Levels 
FN is administered orally or by intravenous or intramuscular injection in 

doses of 0.5-2 mg. FN is lipophilic at physiological pH and is absorbed very 
quickly and almost completely afteroral administration: FN undergoes first­
pass metabolism in the liver, resulting in a systemic bioavailability of 85-90%. 
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Fig. 3. General routes of metabolism for triazolo- and imidazobenzodiazepines. 

The onset of action is directly linked to the absorptionrate from the gastroin­
Lestinal tract, a fact that holds true for all benzodiazepines ( 13 ). 

The pharmacokinetic parameters of single- and multiple-dose oral FN 
are summarized in Table 1. FN absorption and disposition follow first-order 
kinetics after single- and multiple-doseoral administration ( 14 ). The distribu­
Lion is biphasic and lasts up to 20 h, with an initial half-life of 2-4 h. The rapid 
uptake into the brain is followed by a fairly rapid distribution out of the cen­
Lral compartment. Two-compartment models are in most cases adequate to 
describe the plasma concentration-time profiles of oral FN, whereas three­
compartment models are used for intravenous FN ( 1 5). After a singleoral dose 
of 2 mg, plasma peaks of 8.8 ± 3.0 ng/mL FN occur 1.90 ± 1.38 h after admin­
istration ( 16). A slight accumulation can be observed in plasma after subchronic 
to chronic administration. Steady-state occurs 3-5 d after administration (N­
desmethyl-FN: 5-7 d) with a volume of distribution (V55 ) of2.2-4.1 L/kg. The 
pharmacokinetic data of intravenous FN (mean dose 21 f..lg/kg, n = 12) based 
on a three-compartment open model are shown in Table 2 ( 17). More than 
95% of FN is bound to plasma proteins, with a blood-to-plasma ratio of 0.65-
0.80 ( 14). In a clinical study, where 2 mg ofFN were administered orally, FN 
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Table 1 
Pharmacokinetics of Oral Flunitrazepam (14-16,23,27,30,31) 

Absorption 

Bioavailability 
Plasma peaks 

Fast, up to 100 %; t112 = 0.17-0.5 h (15); 0.14 h (2 mg, 
single dose), 1.14 h (0.5-2 mg, multiple doses) (14) 
85-90%; 10-15% liver first-pass metabolism. 
Cmax = 8.8 ± 3.0 ng/mL (2 mg) (16); 3.4-7.5 ng/mL 
(I 0 mg, blood) (31 ); tmax = 0.5-2 h (1, 2, 4 mg) (1 5); 
1-1.5 h (0.5-1 mg) (32); 1.90 ± 1.38 h (2 mg) ( 16); 
0.5-2 h ( 10 mg, blood) ( 31) 

Plasmaelimination half-life t112 = 20-30 h (FN), 10-16 h (7-amino-FN), 23-33 h 

Distribution 

Plasma protein binding 
Blood-to-plasma ratio 
Plasma clearance 

(N-desmethyl-FN) (30); 18.1 ± 11.8 h (16); 13.5 h 
(2 mg, single dose), 19.2 h (0.5-2 mg, multiple doses) ( 14) 
V= 3.4-5.5 Llkg; V,,= 2.2-4.1 L/kg (30); 
V,, 4.4 L/kg (2 mg, single dose), 6.6 L/kg (0.5-2 mg, 
multiple doses) ( 14); V,,= 162 L/kg (N-desmethyl-FN), 
92 Llkg (7-amino-FN) (15) 
>95% 
0.75 (0.65-0.80) (14) 
CL= 1.7-2.4 mL/minlkg (30); 4.7 mL!min/kg (2 mg, 
single dose ), 4. 7 (0.5-2 mg, multiple doses) ( 14 ); 
60 mL/min (N-desmethyl-FN), 119 (7-amino-FN) (15) 

was observed only in whole blood, whereas 7-amino-FN was present in both 
plasma and blood, with high er concentrations in plasma ( 18 ). The time of detec­
tability in blood is about 4 and 12 h for FN and 7-amino-FN, respectively. 

The therapeutic plasma range of FN is 0.005-0.015 mg/L ( 19). Maxi­
mum therapeutic serum drug Ievels are 0.020 mg/L for FN and 7-amino-FN 
( 1 ). Levels may exceed these during chronic therapy, in the elderly, in those 
with reduced liver or kidney function, and in patients for whom the dose is 
increased following the development of tolerance. Minimum Ievels for toxic­
ity are 0.050 and 0.200 mg/L for FN and 7-amino-FN, respectively (1). In 
forensie samples from drivers under the influence (DUI) of drugs FN can be 
present in serum at concentrations from 0 to 55 ng/mL (20). The Ievels of 7-
amino-FN, N-desmethyl-FN, and 3-hydroxy-FN ranged from 0 to 36, 0 to 36, 
and 0 to 12 ng/mL, respectively. Urine concentrations of 7-amino-FN ranged 
from 103 to 5777 ng/mL in 81 DUI cases collected in South Florida (21). Urine 
specimens from volunteers ingesting 1-4 mg of flunitrazepam orally showed 
positive immunoassay results for up to 60 h, and metabolites could be detected 
by gas chromatography/mass spectrometry (GC/MS) beyond 72 h post-inges­
tion (22). 
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Table 2 
Pharmacokinetics of lntravenous Flunitrazepam (1 7) 

Plasmaelimination half-life 
Distribution 
Plasma clearance 

3.2. Half-Life vs Duration of Action 

t 112 = 25 (FN) 
V= 3.6 Llkg 
CL = 94 mL/min 

7 

Remarkable differences can be observed in the half-lives (t112) ofbenzodi­
azepines; this is in contrast to the pharmacodynamic characteristics, which are 
similar for most benzodiazepines. Pharmacokinetic data can be the rational base 
for therapeutic use ofbenzodiazepines but also for forensie interpretations. Ben­
zodiazepines can be classified according to their duration of action ( 1 ): 

• Short-acting benzodiazepines, half-life <10 h: brotizolam, clotiazepam, loprazo­
lam, lorazepam, lormetazepam, midazolam, oxazepam, temazepam, triazolam. 

• Intermediate-acting benzodiazepines, half-life I 0-24 h: bromazepam, clonazepam, 
delorazepam, estazolam, flunitrazepam, tetrazepam. 

• Long-acting benzodiazepines, half-life >24 h: chlordiazepoxide, clobazam, clora­
zepate, cloxazolam, diazepam, ethyl loflazepate, flurazepam, halazepam, ketazo­
lam, medazepam, nitrazepam, nordazepam, pinazepam, prazepam, oxazolam. 

lt needs to be noted that the duration of action of certain benzodiazepines 
depends not only on the half-life of the drug itself, but also on the rate of metab­
olism, the formation of active metabolites, and the rates of distribution into and 
out of the brain ( 3 ). In some cases the effect disappears long before the elimina­
tion phase is reached, as a result of redistribution of FN into body tissues (23 ). 
Therefore the plasma elimination half-life contributes to, but is not the so1e 
determinant of, the duration of action. Absorption ha1f-life, distribution ha1f­
life, and dose are therefore better pharmacokinetic predictors (24). 

3.3. Metabolism and Excretion 

Benzodiazepines are metabo1ized through a variety of oxidation such as 
hydroxy1ation (a1iphatic and aromatic), desa1ky1ation, or reduction reactions 
(phase I) followed in many cases by acety1ation or g1ucuronidation (phase II) 
prior to excretion ( 1 ). Often, the phase I metabo1ites have some degree of phar­
macological activity, whereas the conjugates have no efficacy. The genera1 routes 
of metabo1ism are shown in Figs. 1-3, based on the reviews in refs. 1 and 25. 
Figure 1 illustrates the metahohe pathways for 1 ,4-benzodiazepines. Nordaze­
pam and oxazepam (g1ucuronide) are common metabolites of severa1 benzodi­
azepines. Figure 2 shows the metabolism of FN, which is representative for 
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other 7 -nitrobenzodiazepines ( e.g., nitrazepam, nimetazepam, clonazepam) also. 
Nitrazepam in addition undergoes ring cleavage to the corresponding amino­
benzophenone. The metabolism of triazolo- and imidazolobenzodiazepines is 
depicted in Fig. 3. lt involves primarily hydroxylation at positions I and 4 as 
well as ring cleavage in the case of alprazolam to form the corresponding meth­
y laminobenzophenone. 

In humans FN is extensively metabolized through a variety of metabolic 
reactions (Fig. 2). These consist of N(I )-desmethylation, C(3)-hydroxylation 
followed by 0-glucuronidation, and reduction of the nitro group to the amine 
with subsequent acetylation. In vitro experiments have shown that the des­
methylation and hydroxylation steps are mediated by the cytochrome P450 iso­
enzymes CYP2Cl9, CYP3A4, and CYP1A2 (26). Various combinations of 
biotransformation reactions are possible, and more than 12 metabolites are 
present in urine. The major ones include 7-amino-FN (10% of an oral dose), 
3-hydroxy-FN (3.5%), 7-acetamido-nor-FN (2.6%), and 3-hydroxy-7-aceta­
mido-FN (2% ). Less than 0.2% of the drug is excreted unchanged ( 1,4,27). 
Several metabolites have pharmacological activity, especially the N-desmethyl­
( 15,28), the 7-acetamido-N-desmethyl-FN, and notably 7-amino-FN, which pos­
sesses anesthetic activities in animals (23 ). Typically, an average of 84% of a 
radiolabeled dose is eliminated in the urine ( 4 ). In a controlled clinical study 
administering singleoral doses of 1 and 4 mg FN, 7-amino-FN was the most 
abundantmetabolitein urine detectable up to 72 h after ingestion. 3-Hydroxy­
FN was detected in only a few samples, whereas other FN metabolites and the 
parent drug could not be found (29). 

4. PHARMACODYNAMICS 

4.1. Sites of Action 

y-Aminobutyric acid (GABA) is the most widely distributed inhibitory 
neurotransmitter in the human brain. GABA owes its pharmacology to at least 
three receptor subtypes: GABAA-c Whereas GABAA is coupled to a chloride 
channel (Fig. 4), GABA8 is coupled to cationic channels (K+, Ca2+) via G-pro­
teins and second-messenger systems, and GABAc are chloride channels with 
totally different pharmacology than GABAA. A chloride channel allows neg­
ativcly charged Cl- ions to enter the neurons and lower the resting membrane 
potential (hyperpolarization), resulting in a less excitable tissue and decreased 
neuronal function. The three GABA receptors have distinct structures, dis­
tinct functions, and different cellular localization and pharmacology. GABAA 
receptors are made of five subunits, and each subunit spans the neuronal mem-
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Fig. 4. General structure of a GABAA receptor. 

branes four times. These subunits are chosen from a family of 6 a, 4 ß, 4 y, I ö, 
1 E, or 1n. This complex stoichiometry can clearly give rise to scveral subtypes 
of GABAA receptors: the mostabundant human CNS receptor type is the al ß2y2 
isoform. Classically, GABAA receptors have modulatory (allosteric) sites for 
the binding of benzodiazepines, barbiturates, and neurosteroids (Fig. 5). 

The functional response of the channel to both GABA and to its modulators 
is dependent on the subunit composition of the receptor complex. Both a- and 
y-subunits are necessary for benzodiazcpine binding to the GABAA receptor. 
Whereas certain aminoacid residues of the a- and y-subunits are critical for the 
binding of benzodiazepines, the y-subunit type can also influence the efficacy 
(EC50) of the benzodiazepines ( 33 ). Molecular studies have revealed interest­
ing differences in the binding selectivity of benzodiazepines to subtypes of 
the GABAA receptor. Theseare the first insights into a possible different phar­
macodynamic of benzodiazepines and will contradict the common notion that 
all benzodiazepines act in a similar manner and are different only through their 
respective pharmacokinetics. Pharmacological analysis has underlined the 
importance of phenylalanine and methionine at positions 77 and 130 on y2-sub­
units: high-affinity binding ofFN and other benzodiazepines such as clonaze­
pam and triazolam requires Met130, whereas high-affinity binding of other 
ligands, such as flumazenil, depends more on Phe77 ( 34 ). Certain amino acid 
residues of the a-subunits are just as critical for FN binding, such as the histi­
dine residue at position I 02 ( 35). Allosteric regulation of FN binding by other 
GABA ligands, such as barbiturates, can depend on the subunit composition 
of the receptor: for example, a 1 y2 receptor binding of FN is inhibited by pento-
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Fig. 5. Modulatory sites associated with the GABAA receptor. 

barbital and etomidate, whereas alß3y3 binding is actually stimulated by the 
same compounds (36). Even more disturbing is the report that FN can behave 
as an inverse agonist (thereby no langer causing sedation but insomnia, not caus­
ing anxiolysis but anxiety) on a6ß2y2 receptors (37). This inverse agonist 
pharmacology could well explain the paradoxical effects ofhyperactivity, insom­
nia, aggression, hallucinations, and anxiety sometimes seen with FN. It is 
these subtle differences that could explain why certain benzodiazepines, such 
as FN, may be more likely tobe abused, or may cause a more powerful amnestic 
effect, a morepotent anxiolysis, or a marked sedative effect. A better under­
standing of the subunit composition and brain region localization of the various 
GABAA subtypeswill undoubtedly shed some light on pharmacodynamic dif­
ferences between benzodiazepines. 

4.2. Acute Effect 

All benzodiazepines share to a certain extent the properties of potentiating 
GABA binding to its receptor and result in a certain degree of central nervaus 
system (CNS) depression. This is clinically exhibited as a sedative, anxiolytic, 
and amnesic effect. High-potency benzodiazepines such as FN can be used as 
hypnotics to induce anesthesia and have a more pronounced anterograde amne­
sia effect. It is this action that is sought in the potential use of FN as a date-rape 
drug. An anterograde amnesia refers to a lack of memorization by the individ­
ual from the time of administration of the drug (parenteral) or after adequate 
absorption of the drug (oral). There is no change in previously memorized events 
(i.e., no retrograde amnesia). Small therapeutic doses ofFN given intravenously 
or orally can clearly result in impaired memory; however, this effect is short 
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lived and seems to decline rapidly within 30 min after administration of the 
drug (23 ). The relatively short time window of the effect may be a reason for 
the small number of drug-facilitated rape associated with FN. Tothat effect, a 
study recently showed that out of 1179 samples collected from all states and 
Puerto Rico over a 26-mo period, only 97 were positive for benzodiazepines, 
including 6 for FN (38). Enhancement of GABAA receptor function has been 
shown to disrupt the formation of memories in the hippocampal formation. 
The excitatory amino acid transmitters glutamate and aspartate are involved 
in p1astic changes in neurons of this cerebra1 structures known as long-term 
potentiations (LTPs) involving the N-methyl-D-aspartate (NMDA) receptor. 
FN suppressed LTP induction and this effect was prevented by preadministra­
tion of the benzodiazepine receptor antagonist flumazenil ( 39 ). 

FN also has significant vasodilatory properties, and the rclaxation of vas­
cular smooth muscle with ensuing drop in blood pressure and reflexe increase 
in heart rate are quite specific to this drug. Diazepam is devoid of such an effect 
(23). Drugs are sometimes abused owing to their vasodilatory properties: the 
draining ofbrain blood due to the pooling in dilated peripheral vessels is com­
monly understood as the reason for the abuse of nitrates ("poppers") and cer­
tain inhalants. It is possible that the cardiosuppressant effects of FN may add 
to the feeling of euphoria addicts report after the use of this drug. In a survey, 
"liking" scores for FN by heroin addicts werehigher than for other benzodiaz­
epines, and a clinical study has suggested that 2 mg of FN produces pleasurable 
feelings in healthy patients, a property not shared with another benzodiaz­
epine, triazolam (40). 

4.3. Chronic Administration and Abuse Liability 

The abuse liability of long-term treatment of benzodiazepines has been 
a concern. The risk of developing dependence using chronic therapeutic doses 
of these anxiolytics/sedatives occurs beyond 3-6 mo of treatment, and an ab­
stinence syndrome is more likely the shorter the half-life of the drug adminis­
tered (lorazepam more than diazepam or chlorazepate, for example). Katz et 
al. (41) have shown that drug-nai've subjects, in cantrast to sedative abusers, 
did not experience significant reinforcing effects and may even have found 
drugs such as flurazepam and lorazepam aversive at moderate doses. Drug­
nai've subjects could not discriminate between placebo and therapeutic doses 
of these benzodiazepincs. Research has therefore shown that the recreational 
use of benzodiazepines is generally associated with subjects having histories of 
alcohol, methadone, or drug abuse. Even under these conditions, these abusers 
chose barbiturates over benzodiazepines ( 42). 
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Fig. 6. Plasma Ievels of oral and intravenous FN vs sedative effects. 

Withdrawal to benzodiazepines is characterized by rebound anxiety or 
insomnia, sometimes associated with headaches, nausea, vomiting, and muscle 
tremors. The symptoms are proportional to the duration of treatment and the 
abruptness of the cessation of use. Despite the lack of obvious dependence, 
benzodiazepines represent a potential of abuse: they are illegally traded as street 
drugs, are low cost, and can give symptoms reminiscent of opiates or alcohol 
to abusers of those drugs. 

4.4. Pharmacokinetics vs Pharmacodynamics 
As shown in Fig. 6, peak plasma concentrations ofFN are reached within 

0.5-2 h after a singleoral dose of 1-4 mg FN, coinciding with the peaksedative 
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effect ( 15 ). The correlation graph of plasma Ievels and the ability to concentrate 
after oral and intravenous administration of 1-4 mg FN is depicted in Fig. 7 
( 43 ). In a recent study linear regression analysis of the relationship between 
plasma Ievels of FN and its effects indicated that there was a significant posi­
tive correlation between peak Ievels at night and impairment of night atten­
tion and explicit memory ( 44 ). Threshold plasma Ievels exceeding 3-4 ng/mL 
FN are necessary to induce sedation, > 7 ng/mL to impair performance, and 
11-17 ng/mL to produce somnolence, strong sedation, and amnesia ( 15). 

4.5. Rohypno[®: The Debate 

Awareness of the use of drugs as "chemical tools" to facilitate sexual 
assault has been highly publicized in the media in the recent years. Particular 
attention has focused on the use of Rohypno]® as a "date-rape" drug. By vir­
tue of its sedative and anterograde amnestic effects, FN has been portrayed as 
a "drug of choice" in such criminal acts. Several studies have failed to confirm 
the widespread use ofthis benzodiazepine in drug-facilitated rape. Hindmarch 
and Brinkmann (45) showed that only six urine specimens out of 1033 samples 
collected from alleged rape victims were positive for FN. More importantly, 
alcohol and cannabinoids were present in close to 40% and 20% of these sam­
ples, respectively. Other benzodiazepines were present in more than 12% of 
the specimens analyzed. A similar study conducted by ElSohly and Salamone 
( 38) essentially yielded the same data, with again six samples positive for FN 



14 Brenneisen and Raymond 

out of 1179 specimens tested. Found much more often was alcoho1, followed 
by Cannabinoids and other benzodiazepines. FN may not be commonly used 
in drug-facilitated rape; however, significant abuse of the drug exists. FN has 
been reported as the most prevalent benzodiazepine confirmed in urine samples 
from DUI drivers in South Florida for several years and has been found in more 
than 10% of all DUI urine analyzed in Miami-Dade County in 1996 (22). 
Rohypnol® is therefore more likely tobe abused for its alcohol-like intoxicat­
ing effects by selected segments of the popu1ation, rather than used as a "date­
rape" drug. 
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Chapter 2 

Immunoassay Detection 
of Benzodiazepines 
Tarnara N. St. Claire and Salvatore J. Salamone 

J. fNTRODUCTION 

Benzodiazepines were first introduced in the 1960s as a safer alternative 
to phenobarbital. In the 1970s and mid-1980s, diazepam (Valium) was the 
most commonly prescribed benzodiazepine. The dose Ievels and excretion pat­
terns of these first generation benzodiazepines produced concentrations in sam­
ples that made drug detection easy by immunoassay ( 1 ). As chemists explored 
structure-activity relationships of this new class of compounds, a new genera­
tion of benzodiazepines was developed that exploited Substituent activation of 
1,4-benzodiazepine (2). These new benzodiazepines therefore were morepotent 
prescribed in lower doses. This new generation of benzodiazepines was also 
fast acting and bad much shorter half-lives with respect to blood concentra­
tions and excretion Ievels. 

The higher doses and Ionger half-lives of the diazepam-related benzodi­
azepines, made it possible to detect this class of drugs by immunoassay screen­
ing. After a single dose of 5 mg of Valium, immunoassay detection is possible 
for up to 2 wk ( 1 ). With the lower dose, faster clearing benzodiazepines, ( alpraz­
olam [3], triazolam [4], lorazepam [5], nitrazepam [6], flunitrazepam [7], and 
clonazepam [8 ]), detection by immunoassay at historical cutoff Ievels was nearly 
impossible. Although most of the currently available immunoassays showed 
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good cross-reactivity for the parent drug of these low-dose benzodiazepines, 
the pharmacokinetics of these drugs aresuchthat very little parent drug appears 
in the urine; these drugs are extensively metabolized and conjugated with glu­
curonic acid (9). These glucuronide conjugates are generally not crossreactive 
with the antibodies used in the instrument-based tests. Owing to the lower Ievels 
of drug that appear in the urine along with extensive glucuronidation, therapeu­
tic doses of these drugs screen negative within a short time from ingestion. 

As toxicologists sought consistency between laboratory results ofknown 
users of benzodiazepines, they explored the use of glucuronidases and lower 
cutoffs to increase immunoassay sensitivity. Manual procedures that were first 
developed added the enzymein vast excess to the urine sample off-line (10-
13 ). The standard practice for many years was addition of glucuronidase from 
Escherichia coli or Helix pomatia, in 50% glycerol, directly to the sample 
without buffering. Incubation times for these hydrolysis procedures ranged 
from 1 hr to overnight. Incubation temperatures ranged from ambient temper­
ature to 3TC. After the hydrolysis procedure, an aliquot of the pretreated sam­
ple was then placed on the clinical chemistry analyzer for analysis. 

Manual procedures have evolved to where the glucuronidase is now added 
along with a buffer to the sample off-line to retain optimal enzyme activity. The 
concentration of enzyme used in these procedures is still high so as to compen­
sate for the inhibitory effects of constituents in the large volume of urine used. 
Thesemanual methods, although effective, require a great deal of enzyme, are 
labor intensive, and are sensitive to matrix effects from the relatively large vol­
ume of urine. 

In the late 1990s, procedures were developed that utilized the automation 
of the clinical analyzer (7,14). By placing the enzymein a reagent or sample 
position on the analyzer, the instrumentwas programmed to deliver the enzyme 
to a cuvette that contained a sample diluted with the first reagent from the immu­
noassay kit. This procedure allowed for reduced consumption of the enzyme 
owing to the buffered environment and the small sample volume. 

The immunoassay manufacturers have also responded to the laboratory's 
needs in several ways. Biosite Diagnostics, in the Triagent product (15), has 
developed antibodies with high cross-reactivity to the glucuronidated benzodi­
azepines. Microgenics has incorporated ß-glucuronidase in the cloned enzyme 
donor immunoassay (CEDIA) immunoassay reagents ( 16). Roche Diagnos­
tics has developed a fluorescent polarization assay on the COBAS INTEGRA 
with a low cutoff (7 ng/mL in urine, 3 ng/mL in serum) and high cross-reactivity 
to the low-dose benzodiazepine drugs ( 17). These reagents and procedures 
dramatically improve sensitivity and, depending on the purpose, may provide 
the toxicologist with the desired performance. 
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The objectives of this chapter are to provide background information on 
the use of ß-glucuronidase treatment to guide the toxicologist on effective use 
of this enzyme. The utility of altering cutoff Ievels is discussed and general 
procedures are provided on how to use the glucuronidase treatment in both 
the manual and automated modes. 

2. OPTIMAL ENZYME AcTIVITY 

2.1. Conditions 
A good understanding of the parameters affecting enzyme activity is 

vital in achieving maximum sensitivity for a benzodiazepine screening assay. 
Previous studies have characterized conditions required to achieve opti­

mal enzyme activity for the hydrolysis with ß-glucuronidase ( 18,19 ). The most 
recent study by Dou et al. (19), determined binding constants of lorazepam­
glucuronide, oxazepam-glucuronide, and temazepam-glucuronide. This study 
showed a difference in binding (Km) and catalytic (Kcat) constants, using enzyme 
from the E. coli source, that were less than an order of magnitude under the 
same reaction conditions. In addition, the catalytic efficiency (KjKm) did not 
differ to a great extent, illustrating that all three benzodiazepine glucuronides 
would react similarly. 

The pH and temperature profile along with optimal incubation times for 
the three glucuronides were also determined by Dou. The pH optimum for 
each ofthe substrateswas shown tobe between pH 6 and pH 7. The pH profile 
of enzyme activity is illustrated in Fig. 1. Dou's temperature study showed 
increased activity with increasing temperature, which is consistent with Meather­
all's 1994 study (18). Most clinical instruments use a 37°C incubation tem­
perature; these studies illustrate that this temperature would be adequate for 
complete hydrolysis. Finally, studies on the incubation time showed the reac­
tion was very rapid and reached a plateau within 15 min (Fig. 2). In applying 
this to the labor-atory, shorter incubation times can be achieved by using higher 
enzyme concentrations. 

ß-glucuronidase has been used in both manual and automated methods. 
The manual methods generally require addition of !arge amounts of enzyme 
to a relatively I arge volume of urine with or without buffer addition to stabi­
lize the pH. The automated methods use a much smaller sample volume and 
are diluted with one of the immunoassay reagents. These conditions require a 
smaller quantity of enzyme. The advantages of using the automated method are: 
the enzyme is stabilized by the reagent diluent and the diluted sample mini­
mizes potential sample matrix effects. In addition, the automated system has 
the advantage of faster throughput and less operator intervention. 
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Sampie + ButTer (Diluent) 

Incubate 200s 

1 
Start Reagent 

Fig. 1. pH profiles from 4.5 to 8.0 for the enzymatic hydrolysis of benzodiaz­
epine conjugates in buffered urine. 

Using the automated system with optimal enzyme conditions, where the 
pH is between 6 and 7, and incubation temperature is 37°C, the enzyme Ievels 
can be adjusted to shorten incubation times. 

2.2. Activity 
The activity of an enzyme is often described as an International Unit 

(U). One International Unit is the amount of enzyme, under standard condi­
tions, that produces I llffiOl of product per minute (min). Assuming optimal 
activity, the required enzyme concentration for complete hydrolysis is mini­
mal. For instance, the automated method described by Beck et al. (14) has a 
sample volume of 18 JlL diluted into an R I reagent of 77 JlL. I U of ß-glucuro­
nidase is added and the mixture is incubated for 3.33 min (200 seconds) at 
37°C on the COBAS MIRA. 

The following exercise illustrates what I U of enzyme can catalyze in the 
above example: 

1 U = 1 x lQ-6 mol/min 
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Fig. 2. The effect of incubation time on hydrolysis of benzodiazepine glucuro­
nides. Note the reaction is very rapid within the first 15 minutes. 

The approximate formula weight of a benzodiazepine-glucuronide (BG) 
is 500 g/mol. 

Therefore 1 U of enzyme will convert: 

1 x I0-6 mo1/min x 500 g/mo1 = 5 x I0-4 g/min or 500,000 ng/min of BG 

Considering that only 18 JlL of sample was used, and the incubation time 
was 3.33 min, the following calculation represents the concentration (ng/mL) 
of glucuronidated benzodiazepine that can be converted in the COBAS appli­
cation given above: 

1000 JlLimL x l/18 JlL x 3.33 min x 500,000 ng/min = 9 X 107 ng/mL 
or 90,000,000 ng/mL 

This calculation demonstrates that merely 1 U of enzyme can convert a vast 
amount of glucuronidated benzodiazepine in a short period of time. Although 
1 U of enzyme is in excess, this amount safely accounts for experimental var­
iations. Most methods, either manual or automated, use far more than 1 U of 
enzyme, in many cases up to 5000 U. This excessive amount of enzyme repre­
sents an obvious undue expense to the laboratory. 

The following generalized equation can be used to calculate the quantity 
of glucuronidated benzodiazepine hydrolyzed in different applications of the 
automated hydrolysis procedure: 

1 I A x B x 5 x 108 = ng/mL of BG hydrolyzed 
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where 
A = f.!L sample per test 
B = minutes of incubation time 

Tausethis equation, the two unknowns must be inserted. The volume of 
sample added to the cuvette is variable A and the incubation time in minutes is 
variable B. If modifying an application, use the sample size (A) that is recom­
mended by the manufacturer. Modifying sample size is an option in achieving 
optimal conditions; however, incubation time (B) is the variable that most labor­
atories adjust to achieve optimal enzyme hydrolysis. In optimizing a particu­
lar hydrolysis procedure, referring to the exercise above, one should aim to 
hydrolyze approximately 9 x 107 ng/mL ofbenzodiazepine-glucuronide (BG). 

3. CuTOFF 

Lowering the cutoff of an immunoassay in combination with sample hydrol­
ysis with ß-glucuronidase can assist in eliminating false-negative results. Con­
sideration must be used in lowering the cutoff so as not to produce a greater 
number of false-positive results. This must be thoroughly controlled with vali­
dation and verification. Including proper controls during calibration will ensure 
that the new cutoff is above the Iimit of detection (LOD) of the assay. 

Ta realize the increased sensitivity with hydrolysis in detecting single 
doses of low-dose benzodiazepines, the method must have a cutoff Ievel that 
is lower than what has been traditionally used. Using a cutoff above 300 ng/mL 
to detect these low-dose benzodiazepines would have limited utility even if 
enzyme hydrolysis is utilized. 

4. fMMUNOASSAYS 

The following is an overview of the performance of the most widely 
used immunoassay screening methods and the effect of hydro Iysis on the sen­
sitivity of the methods. There are several widely marketed commercial prod­
ucts available to screen for benzodiazepines. Most techniques cannot reliably 
detect therapeutic doses of the new generation ofbenzodiazepines. The differ­
ence in performance between methods is mainly due to the different calibra­
tors used and the difference in antibody cross-reactivities. The cross-reactivity 
is related to the antibody's immunoreactivity to the parent drug of each analyte 
as well as each metabolite present. It is important to remernher that quantita­
tive results must be interpreted with caution, as the calibrator may be a differ­
ent drug than the analyte(s) detected. 

The role of the calibrator on the performance of the method is related to 
both the cutoff and the characteristic binding curve of the analyte chosen for 
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Table 7 
lmmunoassay Sensitivity and Cutoff 

Immunoassay LOD Cutoff 

FPIA 40 ng/mL 200 ng/mL 
EMIT 70 ng/mL 300 ng/mL 
CE DIA 6.8 ng/mL 200 ng/mL 
CE DIA 8.3 ng/mL 300 ng/mL 
Online 5 ng/mL 100 ng/mL 
SBENZ 7 ng/mL 7 ng/mL 
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the calibrator. The cutoff of an assay is based on the reactivity of the antibody 
to the drug used to calibrate the method. Each manufacturer claims a recom­
mended cutoff and Iimit of detection based on the calibrator' s performance. 
Table 1 shows the sensitivity (LOD) and cutoff claims for the commercial benzo­
diazepine immunoassays. 

All benzodiazepines (and their metabolites) that are screened will have a 
relative cross-reactivity with respect to the calibrator. The cross-reactivity of 
each benzodiazepine may also vary with concentration, as the binding curve may 
not be parallel to the calibrator' s binding curve. For example, the fluorescence 
polarization immunoassay (FPIA) on the Abbott ADx has a cross-reactivity 
for oxazepam of about 90% at the detection Iimit of 200 ng/mL nordiazepam, 
but at concentrations of oxazepam greater than 1 J..lg/mL, the cross-reactivity 
declines to less than 50% (20). Table 2 demonstrates the cross-reactivities of 
several benzodiazepines for enzyme-multiplied immuno-technique (EMIT) 
and FPIA (TDx) determined by Meatherall ( 18). Values arepostedas the per­
centage of the screening result versus the drug concentration in the sample. 

All automated methods have low cross-reactivity to the glucuronidated 
metabolites. At least 75% of the benzodiazepines that are excreted in urine are 
glucuronide conjugates (21 ). Hydrolysis is generally required for most of the 
commercially available assays to ensure detection of these conjugated benzo­
diazepines. For example, lorazepam is excreted from the body primarily as a 
glucuronide metabolite (22) and cannot be detected by Online, EMIT, or FPIA 
without hydrolysis ( 11 ). 

Hydrolysis can have a varying effect on each commercial method owing 
to the difference in the selectivity of the antibody for the hydrolyzed and glucu­
ronidated analyte. For example, pretreatment does not increase the sensitivity 
of FPIA or EMIT for flurazepam. The cross-reactivity for the glucuronidated flu­
razepam is high in the native systems. This can be explained by similar immu­
noreactivity for flurazepam and its glucuronide. 
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Table2 
Percent Cross-Reactivity of Benzodiazepine Metabo/ites 

Free drug 
Conjugated 

200 500 1000 2000 5000 drug 
ng/mL ng/mL ng/mL ng/mL ng/mL (ng/mL) 

Oxazepam 
EMIT II 96 107 91 100 Aa 0.2-22 
TDx 66 57 46 34 26 0-13 

Temazepam 
EMIT II 156 385 A A A 3 
TDx 58 75 77 70 A 0 

Nordiazepam 
EMITII 200 A A A A 700-3400 
TDx 98 91 102 A A 200-800 

Lorazepam 
EMITII 37 30 23 16 10 0.3-56 
TDx 0 0 6 8 6 0-18 

a-OH-a1prazo1am 
EMIT II 248 >400 A A A 45-833 
TDx 82 84 82 75 A 24-140 

a-OH-triazo1am 
EMIT II 133 211 207 A A 
TDx 30 37 31 21 21 

2-0H-ethylflurazepam 
EMIT II 191 >400 A A A 
TDx 57 75 76 65 A 

N -desalky l-3-0H-flurazepam 
EMIT II 46 41 31 22 17 
TDx 5 23 24 19 13 

"Analyzed value above tbe highest calibrator (i.e., 2000 ng/mL forEMIT li or 2400 ng/mL 
for TDx). From ref. 12. 

Sampie pretreatment with ß-glucuronidase may also extend the window 
of detection for benzodiazepine drugs. In a clinical study using controlled doses 
of flunitrazepam, use of ß-glucuronidase increased the positive rate and pro-
vided a Ionger period of detection after dosing (13). 

With improved sensitivity and a lower cutoff, a loss in specificity may be 
encountered. An appropriate confirmation method can compliment increased 
detection. lt is important that the principal analytes and metabolites are accounted 
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for with the confirmation method, or a sample may be misdiagnosed as a [alse­
negative. This approach can rule out the apparent loss of specificity owing to 
the increased detection of analytes not detected by the less sensitive confirma­
tion methods. 

EMIT II uses oxazepam as the calibrator with a 200 ng/mL cutoff. Calibra­
tion curves are stable for 1 mo. Meatherall found in a 1994 study that the cross­
reactivities of temazepam and nordiazepam were greater than that of the ca1i­
brator for this method ( /2). 

The cross-reactivity for the oxazepam glucuronide is stated as 0.1% (23 ). 
Oxazepam is a principal metabolite for other common benzodiazepines (4). 
The EMIT assay was shown to pick up therapeutic concentrations of alprazolam 
and chlordiazepoxide. The method detected triazolam within the first 12 h of 
dosing, but it did not detect flunitrazepam, nitrazepam, or lorazepam over the 
entire test interval (I I). Hydrolysis and a cutoff lowered to 100 ng/mL improved 
EMIT response to benzodiazepines ( /4). 

FPIA generally reveals a higher number of positive results from sample 
pools used in comparative studies, largely because of the lower Iimit of detection 
( 10). FPIA on the Abbott TDx is calibrated with nordiazepam. The unmodified 
FPIA assay can generally detect therapeutic doses of alprazolam, flurazepam, 
and chlordiazepoxide. Flunitrazepam, oxazepam, lorazepam, nitrazepam, and tri­
azolam require hydrolysis and a lower cutoff to improve detection rates ( 11 ). 

Beck found that hydrolysis increased the FPIA response for all benzodi­
azepines studied. With pretreatment, an oxazepam dose as low as 2.5 mg/dL 
could be detected ( 10). 

Microgenics has developed a new CEDIA reagent kitthat incorporates 
ß-glucuronidase in the reagent. In a study by Meatherall, CEDIA was evalu­
ated by comparing the new CEDIA reagent, the original CEDIA reagent with 
off-line hydrolysis, CEDIA reagent without hydrolysis, EMIT II with off-line 
hydrolysis, and EMIT II without hydrolysis. In this study, without hydrolysis 
the original CEDIA kit failed to detect any positive samples. The new CEDIA 
reagent kit showed greater sensitivity than the original kit.lt was able to iden­
tify a high number of positive samples. The CEDIA kit with the incorporated 
glucuronidase was also shown to detect a 1-mg dose of lorazepam equally as 
weil as the off-line hydrolysis procedure ( 16). 

OnLine from Roche Diagnostics has three available cutoffs: 300 ng/mL, 
200 ng/mL, and 100 ng/mL. The method uses nordiazepam as calibrator. A 
study using 50 random samples collected from drug users showed an 85% 
increase in sensitivity for the Online assay with enzyme hydrolysis ( 14 ). Table 
3 illustrates the increased positive rate with hydrolysis and demonstrates the 
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Tab/e 3 
Camparisan of Different Cutoff Limits 

Using the OnLine System with 
and without Enzyme Hydrolysis 

Online cutoff 
(ng/mL) 

Positive rate(%) 

No hydrolysis With hydrolysis 

100 
200 
300 

68 
58 
48 

90 
84 
68 

The study was done with 50 patient samples that were 
positive for benzodiazepines with routine FPIA screen­
ing ( 14). 

effect of different cutoffs in this study. An additional study (7), in which sub­
jects were administered low doses of flunitrazepam, indicated using an auto­
mated hydrolysis procedure increased the immunoassay values by 20-80%. 
The OnLine glucuronidase applications can be easily adapted to the automated 
clinical analyzers, and Roche Diagnostics has applications for both the COBAS 
INTEGRA and Hitachi systems. 

Table 4 compares the sensitivities of several benzodiazepine screening 
assays by type of drug found by gas chromatography/mass spectroscopy (GC/ 
MS) in patient samples ( 14). Note the increase in positive results with hydrol­
ysis, particularly for the OnLine assay. The high rate of positive values for ana­
lyte concentrations above 300 ng/mL for all assays is also noteworthy. 

The urine-based Cassette COBAS INTEGRA Serum Benzodiazepine assay 
(SBENZ) from Roche Diagnostics is a new fluorescence polarization immuno­
assay using a nordiazepam calibrator with a 7 ng/mL LOD with a reported stan­
dard curve stability of 16 wk. Using a 7 ng/mL cutofflevel, the sensitivity ofthe 
assay is high enough not to require enzyme hydrolysis. Sensitivity was reported 
tobe equal to GC/MS ( 100% ); specificity is reported as 71% vs GC/MS (17). 
This assay was also shown tobe as sensitive as GC/MS in detecting single doses 
of flunitrazepam (24 ). With a 7 ng/mL cutoff Ievel, this method represents the 
most sensitive immunoassay for the screening of benzodiazepines. 

The SBENZ assay also has a serum application with a 3 ng/mL cutoff. 
This cutoff has been shown tobe very effective in detecting low Ievels of low­
dose benzodiazepines ( 14). In one study, single doses of flunitrazepam were 
detected over a 72-h period in serum and the clinical sensitivity was shown to 
be similar to GC/MS ( 14). In addition, a second calibration is not required when 
the matrix is changed from urinetoserum or saliva ( 10). 
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5. METHODS 

5.1. Manual ß-Glucuronidase Treatment 

The following procedure describes the manual glucuronidase treatment 
of a urine sample for the detection of benzodiazepines. The resultant hydro­
lyzed mixture can be applied to any standard analyzer and evaluated by the 
FPIA, EMIT, CEDIA, or Online methods. 

ß-Glucuronidase (ß-D-glucuronide glucuronosohydrolase, EC 3.2.1.31) 
from E. coli can be obtained from Roche. lt is available as a 50% glycerol-water 
solution and is used without any additional treatment. 

To a 1 000-f.lL urine sample, add 50 fJL of a 2M phosphate buffer solution, 
pH 6.0, and vortex-mix thoroughly. To a 200-f.lL aliquot of the buffered urine 
sample, add 4 U of the enzyme preparation. (This should result in Iess than a 
1.1-fold dilution.) Incubate the mixture at ambient temperature for 30 min. Load 
the hydrolysate as sample into the system for analysis. Calibrators and controls 
should be treated in the same manneras the sample for consistency and to account 
for procedural variations. Lowering the cutoff of the immunochemical method, 
closer to the Iimit of detection, will further increase the clinical sensitivity. 

5.2. Automated ß-Glucuronidase Treatment 
Toxicologists have adaptcd the enzyme hydrolysis procedure for the ben­

zodiazepine assay directly to the clinical analyzer. The automated procedure 
affords faster and easier analysis and uses lower Ievels of enzyme. In addition, 
a comparative study between manual and automated hydrolysis revealed that 
the automated method yielded higher clinical sensitivity, which was attributed 
to more effective hydrolysis (8). The following illustrates two proven procedures 
for adapting commercial benzodiazepine reagents to an automated hydrolysis 
procedure followed by the illustration of a general scheme to assist in the broader 
adaptation of benzodiazepine reagents to the programmable clinical chemis­
try analyzer. 

5.2.1. Online with the Hitachi 717 
An optimized procedure that allows ß-glucuronidase treatment with the 

Online reagent on the Hitachi 717 requires no changes to the instrument param­
eters-no additional cycles are required for incubation. The modified program 
utilizes glucuronidase from E. coli without further dilution. ß-Glucuronidase is 
added directly to the benzodiazepine Rl in the amount of 28 fJL of enzyme to 
1 mL of reagent (or 5 mL of enzyme to the total Rl). During the analysis, the 
sample is added to Rl at time zero and the mixture is incubated for 5 min. It is 
recommended that Rl containing enzyme be used within 24 h for best results. 
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5.2.2. Online with the COBAS INTEGRA 700 
ß-Glucuronidase from E. coli is added as a special diluent while pro­

gramming the pipetting parameters. All ofthe test definitions remain the same. 
The unmodified application requires 10 f..iL of diluent (Hp), which follows 
sample dispensing. In the hydrolysis application, the diluent (Hp) volume is 
reduced to 8 f..lL to accommodate 2 f..iL of the special diluent (0.4 U of glucu­
ronidase) that follows. Roche Diagnostics makes the procedure available in 
its Benzodiazepine Optional Applications insert. 

5.2.3. A General Scheme 

Beck presented an automated procedure for EMIT and Online reagents 
on the COBAS MIRA Plus. This automated approach can be applied with any 
set of immunological reagents to any programmable analyzer that has the ability 
to pipet an additional reagent. 

There are several points to consider during optimization. Incubation Time: 
In order to optimize the system, proeure fresh samples and try several differ­
ent incubation times to determine if the hydrolysis has reached completion. In 
general, the time between addition of enzyme and start reagent is greater than 
60 s. This time period is more than sufficient to hydrolyze the conjugated benzo­
diazepines. Enzyme Levels: Initially aim for the addition of 1 U of enzyme. To 
optimize enzyme Ievels, explore increasing enzyme concentration. For exam­
ple, run the samples incubated with 1, 5, and 10 U of ß-glucuronidase. When the 
recovery reaches a plateau, the enzyme Ievel is adequate. Figure 3 illustrates the 
general approach to developing an automated enzyme hydrolysis procedure. 

6. CONCLUS/ON 

Most immunoassay systems Iack sufficient sensitivity to screen for the com­
monly used benzodiazepines. All commercial immunoassay methods appear 
appropriate for screening with the addition of enzymatic hydrolysis. Toxicol­
ogists have the choice of performing manual or automated sample pretreatment 
depending on the desired performance and procedural commitment. Manual 
or automated hydrolysis is not only easily adaptable to assay procedures, but 
pretreatment has also been shown not to interfere with the benzodiazepine assay. 
Drug-free urine that was treated with enzyme showed readings below the lower 
Iimit of detection for both FPIA and EMIT, demonstrating that the hydrolysis 
procedure does not interfere with the assay performance (4). The hydrolysis pro­
cedure was also found not to interfere with other drugs of abuse assays or the 
clinical chemistry creatinine assay ( 4 ). 
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Fig. 3. A general scheme for the adaptation of hydrolysis on a programmable 
clinical analyzer. 
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Chapter 3 

Analysis of Flunitrazepam 
and lts Metabolites 
in Biological Specimens 
MahmoudA. ElSohly and Shixia Feng 

J. fNTRODUCTION 

Flunitrazepam, 5-(2-fluorophenyl)-1 ,3-dihydro-1-methyl-7 -nitro-2H-1 ,4-
benzodiazepin-2-one, also commonly known as Rohypnol or "roofies," belongs 
to a highly potent group of benzodiazepines used mainly as hypnotic, sleep­
ing aid, or preanesthetic agents ( 1-3). The drug is distributed in 80 countries 
throughout the world; however, it has never been approved for medicinal use 
in the United States. It is at present listedas a Schedule IV controlled substance 
under current U.S. statutes. The drug is smuggled into the United States across 
the Mexican border or from South American countries through Miami. lt is 
alleged to have been involved in date-rape cases in the 1990s (4-8). 

The detection of flunitrazepam and its metabolites in biological speci­
mens is difficult as compared to older generation of benzodiazepines. The 
drug is extensively metabolized (9,10) through reduction of the 7-nitro group 
to produce 7-amino-flunitrazepam, followed by N-acetylation, N-1-demethy­
lation, or hydroxylation at the C-3 position, followed by glucuronidation. The 
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Fig. 1. Metabolie pathways for flunitrazepam in humans. 

structures of flunitrazepam and metabolites are shown in Fig. 1. The urine and 
blood concentrations of flunitrazepam and its metabolites are relatively low 
because of the low therapeutic dosage (0.5-2 mg), extensive biotransforma­
tion, and high volume of distribution. 

Numerous methods are currently available for determination of flunitraz­
epam and its metabolites in various biological specimens, such as urine, blood, 
and hair. Immunoassays, thin-layer chromatography, and gas and liquid chro­
matography with various detection methods have been described in the Iitera­
ture ( 11-31 ). This chapter focuses on the recent developments as presented in 
the Iiterature from 1991 through 2000. 
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Many commercial screening kits including enzyme multiple immunoas­
say tests (EMIT, Behring Diagnostic, San Jose, CA), fluorescence polariza­
tion immunoassay (FPIA, Abbott Labs, Abbott Park, IL), OnLine and OnTrak 
Immunoassay (both from Roche Diagnostic, Indianapolis, IN), and Micro­
Plate Enzyme Tmmunoassay (STC Technologies, Bethlehem, PA) have been 
evaluated as potential analysis methods for screening various biological speci­
mens for flunitrazepam and its metabolites. Overall, the sensitivities of these 
screening methods are low and the application of these assays for determina­
tion of flunitrazepam often Ieads to false-negative results. 

Flunitrazepam and its metabolites are reported ( 13) to react weakly with 
EMIT antibody. The cross-reactivity of flunitrazepam is only 60% relative to 
oxazepam at 300 ng/mL, and the cross-reactivity of 7-amino-flunitrazepam, 
the major metabolite in urine or blood, is not reported or not stated at all. Beck 
et al. ( 13) evaluated a procedure using 300 ng/mL as the cutoff value with oxaz­
epam as a standard. In this procedure, 0.2 mL of urine sample was enzymatically 
hydrolyzed with 4 U of ß-glucuronidase from Escherichia coli (ß-D-glucoronide 
glucuronohydrolase, EC 3.2.1.31, from Boehringer Mannheim, Indianapolis, 
IN). Flunitrazepam intake produced a positive response in only one of six sub­
jects during a 12-32-h interval who received a I-mg single dose of flunitraz­
epam. The applicability of EMIT for flunitrazepam was recently reinvestigated 
by Morland and Smith-Kielland ( 14). They reported that 100 out of 122 authen­
tic urine specimens (80%) containing 7 -amino-flunitrazepam had results above 
cutoff (200 ng/mL), and all samples had EMIT results different from zero. The 
sensitivity was improved when a lowered Cutofflevel was used (60 ng/mL). It 
was claimed that the risk of overlooking positive samples with EMIT cutoff at 
60 ng/mL was negligible when an authentic urine control specimen containing 
-60 ng/mL of 7-amino-flunitrazepam was included in the batch. 

Flunitrazepam and its metabolites have also low cross-reactivity in FPIA 
systems, with 50% for flunitrazepam, 19% for 7-amino-flunitrazepam, 30% 
for norflunitrazepam, and 19% for 3-hydroxy-flunitrazepam relative to nordiaz­
epam at 100 ng/mL. Beck et al. ( 13) evaluated two procedures using the FPIA 
method: enzymatically hydrolyzed or unhydrolyzed, both at a cutoff Ievel of 
100 ng/mL with nordiazepam as the standard substance. The procedure using 
hydrolysis step with 4 U of ß-glucuronidase had increased sensitivity. It was 
able to produce three positive response out of six subjects during a 12-24-h 
interval who received a 1-mg single dose of flunitrazepam. In contrast, the 
unhydrolyzed procedure failed to detect any positive samples. 
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Table 1 
Cross-Reactivity of Flunitrazepam 

and lts Metabolites Relative to 100 nglmL 
of Nordiazepam in the OnLine and OnTrak lmmunoassays 

Compounds OnLine OnTrak 

Flunitrazepam 55% 80% 
7-Amino-fluni trazepam 30% 80% 
3-Hydroxy-flunitrazepam 26% 27% 
N orfl uni trazepam 59% 59% 
7 -Amino-3-hydroxy-flunitrazepam 11% 20% 
7 -Amino-norflunitrazepam 10% 50% 

Salamone et al. ( 10) compared the flunitrazepam excretion patterns using 
the Abuscreen OnTrak and OnLine Immunoassays (both from Roche Diagnos­
tic System). The cross-reactivity of flunitrazepam and its metabolites in the 
OnLine and OnTrak immunoassays relative to 50 and 100 ng/mL of nordiaz­
epam, respectively, is shown in Table I. 

The OnLine immunoassay reportedly has a clinicallimit of detection of 
26 ng/mL for urine, both with and without ß-glucuronidase (0.4 U) treatment. 
The OnLine assay was run using a four-point linear curve based on nordiazepam 
(10, 50, 100, and 200 ng/mL) calibrators. The use of ß-glucuronidase treat­
ment improves the detectability of flunitrazepam use. The data showed that 
with the 1-mg dose, the urine concentration was below the clinical I imit of 
detection. Using the enzyme hydrolysis pretreatment for 2.6 min, several sam­
ples showed 1ow concentrations of cross-reactive benzodiazepines with the 
values ranging between 34 and 43 ng/mL and were found between 12 and 48 h. 

The OnTrak assay is a single test qualitative assay with a 100 ng/mL cutoff 
using nordiazepam as a standard without enzyme hydrolysis. Because the OnTrak 
antibody has a higher cross-reactivity to flunitrazepam and metabolites than 
did the OnLine antibody, the OnTrak assay could identify all the OnLine sam­
ples that had values above 30 ng/mL as positive even without enzyme hydro1ysis. 

Recently, Negrusz et al. ( 15) reported the use ofMicro-Plate Enzyme Immu­
noassay (STC Technologies, Beth1ehem, PA) to screen flunitrazepam in hair. 
Although the kit itself is targeted at oxazepam, the assay was very sensitive 
(0.1 ng/mg cutoff) owing to the high cross-reactivity of7-amino-flunitrazepam 
(156% oxazepam equivalent). 

A high1y sensitive and specific radioimmunoassay (RIA) with Iimit of 
detection of <0.1 ng/g for flunitrazepam in blood has been described by West 
et al. ( 32 ). Flunitrazepam was derivatized in position 3 of the benzodiazepine 
ring to a coupling hapten that was coupled to a carrier protein. The flunitraze-
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pam antibody was obtained by immunization of rabbits with this immunogen. 
The antibody showed a very sensitive and specific reaction with flunitrazepam 
and hardly any cross-reactivity to any other I ,4-bezodiazepines including the 
metabolites of flunitrazepam when tested in a heterogeneous, competitive RIA. 
However, because the urinary excretion of unchanged flunitrazepam is <1 %, 
it is not a useful urine drug screening method. 

Recently, Walshe et al. ( 16) reported a very sensitive and selective immu­
noassay for t1unitrazepam and metabolites in urine that is based Oll the ellzyme­
linked immunosorbellt assay (ELISA). In this procedure, sheep alltiflullitraze­
pam antibody was coated Oll 96-well plates. When urine samples are added to 
the wells, flunitrazepam alld its metabolites present in the sample willlink to 
the alltibody of the plates. Further additioll of 7-amino-flunitrazepam linked 
to horseradish peroxidase (HRP) will result in a covalently bound complex (anti­
flunitrazepam antiboby-flunitrazepam r or metabolites ]-7 -amino-flunitraze­
pam-HRP). The degree of antibody-flunitrazepam-HRP binding is therefore 
illversely proportional to the amount of drug in the sample. The assay is specific 
only to flunitrazepam and its metabolites with percentage cross-reactivity of 
100%, 116.8%, 98%, 0.6%, and 56.8% for 7-amino-flunitrazepam, 7-aceta­
mino-flunitrazepam, norflunitrazepam, 3-hydroxy-flunitrazepam, and fluni­
trazepam, respectively. Of 13 other benzodiazepines tested, diazepam was the 
only one that showed a significant degree of cross-reactivity (27.45%). The 
lowest Ievel of 7-amino-flunitrazepam that could be reliably detected was 5 
llg/mL. The urille samples from subjects taken from a 0.5-4-mg dose orally 
were analyzed by ELISA. At a 0.5-mg dose, flunitrazepam and/or cross-reac­
tive metabolites were detected for up to 70 h after ingestion. With doses of 1 
mg or above, the detection window was extended to up to I week. 

2.2. HPLC Analysis 
Numerous high-performanceliquid chromatography (HPLC) procedures 

for determination of benzodiazepines including flunitrazepam and its metabo­
lites have beell reported. Usually, sufficient resolution can be achieved by HPLC; 
moreover, the mild workillg collditiolls are particularly suitable for labile com­
pounds such as flunitrazepam. This section discusses several important issues 
associated with the HPLC method development for analysis of flullitrazepam 
and its metabolites. 

2.2.1. Internal Standards 
The highest precision and accuracy for quantitative chromatographic analy­

sis can be obtained by using intemal standard calibration because the uncertainty 
associated with the injectioll volume is millimized. For the HPLC procedures 
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using ultraviolet (UV), diode array detection (DAD), or fluorescence detec­
tors, the irrtemal standards are differentiated from the analytes by retention time. 
Therefore, structurally similar benzodiazepines have been used as irrtemal 
standards, because these compounds are sufficiently separated from the fluni­
trazepam and/or metabolites and yet close enough to the peaks of interest. For 
HPLC procedures using mass spectrometers as detectors, the mostideal inter­
nal standards are the isotopically labeled analogs of the analytes. These have 
identical physical properties to the actual analytes and therefore variations due 
to extraction efficiency and injection volume can be avoided. Such irrtemal stan­
dards can be differentiated from the analytes by selected ion monitoring. Deuter­
ium-labeled analogs that have been used for HPLC/MS include d1-flunitrazepam 
and d3-7-amino-flunitrazepam. Figure 2 shows the structures o-f theseirrtemal 
standards. 

2.2.2. Extraction 
Flunitrazepam and its metabolites must be separated from biological 

matrices before analysis can be conducted. The reported extraction proce­
dures included liquid-liquid extraction, solid-phase extraction, and immu­
noaffinity extraction. Flunitrazepam is less polar and more Iipophilic than its 
7-amino-, N-desmethyl-, and 3-hydroxy metabolites. When using liquid-liquid 
extraction procedures for urine or blood specimens, greatest recoverics can be 
achieved if pH is adjusted to 9-9.5 using either borate buffer or ammonium 
hydroxide ( 33 ). If extracted at a strong alkaline pH (0.1 M-1.0 M NaOH), the 
recoveries dropped dramatically. This was probably because the nitro group 
undergoes reduction followed by dimerization to form azo and azoxy deriva­
tives (34). Boukhabza et al. (33) reported that diethyl ether-methylene chlo­
ride (2: I, v/v) was better than chloroform for blood samples because it produced 
emulsion-free extracts (86% recovery for flunitrazepam and norflunitrazepam) 
with less interference. Berthault et al. (35) reported the use of diethyl ether­
chloroform (8:2, v/v) to extract theserum samples after the pH was adjusted 
to 9.5 with ammonium hydroxide. The recoveries for flunitrazepam, 7 -amino­
flunitrazepam, 3-hydroxy-flunitrazepam, norflunitrazepam, and 7-amino-nor­
t1unitrazepam were 83%, 30%, 81%, 57%, and 83%, respectively. Difference 
in extraction efficiency could be attributed to the difference in polarity of these 
compounds. The use of other solvents such as methyl t-butyl ether (MTBE) or 
diethyl ether have also been reported ( 36-38 ). For example, Darius and Banditt 
( 36) reported the analysis of flunitrazepam in serum using liquid extraction 
with MTBE and by HPLC/APCI/MS/MS with an ion trap detector. Although 
the method was highly sensitive (Iimit of detection [LOD] = 0.19 ng/mL), no 
extraction recovery data were reported. 
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Fig. 2. Structures of some commonly used internal standards in HPLC analy­
sis of flunitrazepam and metabolites. 

Solid-phase extraction (SPE) methods have been gaining more favor over 
traditionalliquid-liquid extraction over last decade. The advantages of SPE are 
known tobe rapidity, reproducibility, ability to obtain cleaner extracts by using 
different washing solvents, and high recovery (39,40). The retention mecha­
nisms of SPE may be hydrophobic, polar, ionic, or mixed mode. The choice of 
these different types is based on the chemical properties of the analytes as well 
as the matrices. Nonpolar hydrophobic or mixed mode types SPE cartridges 
are often employed in the analysis of flunitrazepam and its metabolites. 
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When using SPE cartridges with a nonpolar sorbent, such as Sep-Pak C 18, 
Bond Elute, and SuperClean C 18, the urine or plasma samples are usually 
adjusted to pH 9.5-11 by the addition of a buffer solutionsuch as ammonium 
carbonate before the sample is passed through the preconditioned SPE cart­
ridges. These nonpolar sorbents with hydrophobic retention characteristics usu­
ally allow only a water-based wash step. The organic modifiers in the wash 
fluid willlead to lower recovery. Flunitrazepam and its metabolites are often 
eluted with organic solvents such as methanol, chloroform, acetonitrile, among 
others, or a mixture of these solvents. He and Parissis ( 41) reported the use of 
Sep-Pak C8 SPE cartridge to extract flunitrazepam and five metabolites, includ­
ing 7 -amino-norflunitrazepam, 7 -acetamido-flunitrazepam, 7 -amino-flunitraz­
epam, norflunitrazepam, and 3-hydroxy-flunitrazepam, from plasma and urine. 
The samples were enzymatically hydrolyzed with ß-glucronidase (EC 3.2.1.31 
G0876) from Sigma (St. Louis, MO) before extraction. The recoveries from 
urine ranged from 64% for 3-hydroxy-flunitrazepam to 99% for norflunitraze­
pam. However, for plasma, in which 77-80% of the absorbed flunitrazepam 
is bound to plasma proteins (42), the recoveries were dramatically increased to 
72-97% if the proteins were removed by precipitation with acetonitrile, as com­
pared to 36-65% without protein precipitation. However, the necessity of the 
enzyme hydrolysis step has been questioned by a recent study ( 43) in which it 
was found that the concentrations of7-arnino-flunitrazepam, the major metabo­
lite in blood and urine, does not change with or without enzyme hydrolysis. In 
fact, protein precipitation appeared to be an unnecessary step for other authors. 
Guichard et al. ( 44) reported an 89% recovery for flunitrazepam from human 
plasma, and Bogusz et al. (45) reported 93, 92, 99, and 96% recoveries for flu­
nitrazepam, 7-arnino-flunitrazepam, norflunitrazepam, and 3-hydroxyflunitraz­
epam, respectively. Both reports did not involve enzyme hydrolysis or protein 
precipitation steps. 

The mixed mode SPE cartridges such as Bond Elute Certify® has been suc­
cessfully used in the determination of flunitrazepam, 7 -amino-flunitrazepam, 
7-acetamido-flunitrazepam, and norflunitrazepam in urine and serum (46). 
Bond Elute Certify®phase contains both nonpolar C8 sorbent and strong cation­
exchange groups. Since flunitrazepam exhibits only weakly basic function (pKa 
= 1.8), a highly acidic wash (pH 1.0) was needed to retain flunitrazepam on 
the SPE column. This cation-exchange property allows methanol and chloro­
form wash steps, which provide an efficient clean-up and result in much cleaner 
extracts and enhanced sensitivity. Elution was then achieved after switching the 
pH on colurnn using chloroform-isopropanol-arnmonia (78:28:2) as elution mix­
ture. The recoveries for flunitrazepam, 7-amino-flunitrazepam, 7-acetamido-
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flunitrazepam, and norflunitrazepam ranged from 90% to 98% both at low 
and high concentrations. 

Dein! et al. (47,48) reported the use of an on-line immunoaffinity column 
(IAC) for extraction of flunitrazepam, 7 -amino-flunitrazepam, 7 -acetamido­
flunitrazepam, and norflunitrazepam in urine or serum. The IAC was packed 
with immunoaffinity sorbent which was prepared from polyclonal antibody 
raised against benzodiazepines and immobilized on glutardialdehyde-activated 
sorbent. The immunoaffinity sorbent had a capacity of 1200 ng of flunitraze­
pam. The apparatus included an IAC column, a preconcentration column, an 
analytical column, three pumps, and a tandem-switching valve. The sample was 
injected into the system and pumped through the IAC for 10 min by the first 
pump. After switching the tandem-switching valve, 90% methanolwas pumped 
through the IAC for 10 min by a second pump, allowing the desorption of the 
analytes that were trapped on the preconcentration column. Finally, after switch­
ing the tandem-switching valve, the analytes were separated on the analytical 
column by the third pump. The recoveries were above 90% for all analytes. 

2.2.3. HPLC Conditions 
Reversed phase analytical columns with C8, C18, and cyano sorbents 

and guard columns with the sametype of sorbent are frequently used for HPLC 
analysis of flunitrazepam and metabolites. Most reported procedures are capa­
ble of separating a number of structurally similar compounds if appropriate 
mobile phases are used. One study reported (33) the use of Nova Pak C18 
(5 fJm, 150 mm x 4.6 mm internal diameter [i.d.]) eluted with acetonitrile­
methanol-6 mM phosphate buffer (23: 13:64, v/v) at flow rate of 1.3 mL!min 
to separate flunitrazepam from 10 other benzodiazepines, including bromaze­
pam, oxazepam, clonazepam, Jorazepam, chlordiazeoxide, alprazolam, loflaze­
pate, tofizopam, clobazam, and diazepam. Another study reported (38) the use 
of Nova Pakphenyl column (5 fJm, 150 mm x 4.6 mm i.d.) toseparate 15 related 
benzodiazepines and selected metabolites including 7 -amino-flunitazepam and 
flunitrazepam with a gradientmobile phase system. Dein] et al. (45) reported 
the use of 250 mm x 4.6 mm i.d. Lichrospher 60 RP-Select B (5 fJm, Muller, 
Fridofing, Germany) toseparate flunitrazepam, 7-amino-flunitrazepam, 7-acet­
amido-flunitrazepam, and norflunitrazepam from 16 other benzodiazepines within 
a runtime of less than 20 min. An isocratic mobile phase systemwas used that 
contains acetonitrile-0.02 M phosphate buffer (pH 2.0, 36:64, v/v) at a flow 
rate of 1.0 mL/min. With slight modification (46), the method was used to sepa­
rate flunitrazepam and metabolites from methaqulone, chinine, and 12 other ben­
zodiazepines. With a ChromSpher C8 column, a gradientmobile phase system 
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containing methanol and 0.125% (v/v) of isopropyl aminein water was used to 
analyze flunitrazepam, 7-amino-norflunitrazepam, 7-amino-flunitrazepam, 7-
acetamido-flunitrazepam, norflunitrazepam, 3-hydroxy-flunitrazepam, and 7-
amino-3-hydroxy-flunitrazepam with triazolam as internal standard (41 ). 

2.2.4. Detection 
UV detection is still the most widely used detection method. From LOD 

of 5-10 ng/mL in many early procedures to LOD of 1 ng/mL, the detection 
sensitivity for flunitrazepam has been largely improved over the last decade. 
Berthault et al. (35) reported the detection offlunitrazepam and four metabo­
lites (7 -amino-flunitrazepam, norflunitrazepam, 7 -amino-norflunitrazepam, and 
3-hydroxy-flunitrazepam) in serum at 242 nm wavelength with a liquid-liquid 
extraction procedure and prazepam as internal standard. The Iimit of detec­
tion ranged from 2.5-5.0 ng/mL and Iimit of quantitation (LOQ) was 10 ng/mL 
for each analyte. An efficient extraction procedure will result in clean extracts 
and clear Chromatographie background, and hence improve the detection sen­
sitivity. Such examples included the use of on-line immunoaffinity extraction 
and Bond Elute Certify®mixed-mode SPE cartridges. In these studies, a wave­
length of 254 nm was used, and the Iimit of detection was 1 ng/mL urine or serum 
for flunitrazepam, 7 -amino-flunitrazepam, 7 -acetamido-flunitrazepam, and nor­
flunitrazepam. These methods showed good precision and accuracy at both ther­
apeutic and toxic concentrations (45-47). 

Questionahle specificity is the weak point of HPLC with UV detection. 
HPLC with DAD is considered as a highly effective screening method. Crite­
rion for identification of the analyte is that the maximum absorption wave­
length in the UV spectrum of the analyte should be the same as that of the 
standard material within a margin determined by the resolution of the photo 
detection system, which for DAD is typically within ± 2 nm. The use of DAD 
gives the advantage of identifying the analyte both by retentiontime and the 
whole UV spectrum. In a reported procedure ( 41) using HPLC/DAD for deter­
mination of flunitrazepam and metabolites, the DAD was carried out at a moni­
taring wavelength of 240 nm and a reference wavelength of 550 nm. The LOD 
for flunitrazepam and five metabolites-7-amino-norflunitrazepam, 7-acetam­
ido-flunitrazepam, 7-amino-flunitrazepam, norflunitrazepam, and 3-hydroxy­
flunitrazepam-ranged from 1.42 to 5.3 ng/mL, and the LOQ ranged from 6.41 
to 16.81 ng/mL in urine. 7 -Acetamido-3-hydroxyflunitrazepam has very weak 
UV absorption at 240 nm; a more sensitive wavelength has to be selected for 
quantitation, that is, 248 nm. 

Recent advances in interfacing of HPLC systems with mass spectrom­
eters has provided a new dimension to therapeutic drug monitoring and foren-
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sie applications. The high sensitivity and specificity of mass spectrometry 
and the separation power of HPLC have made it possible to detect drugs such 
as flunitrazepam and its metabolites in biological specimens at very low con­
centrations. One study by Bogusz et al. (45) reported the use of solid-phase 
extraction and liquid chromatography (LC)-atmospheric pressure chemical ion­
ization (APCI)/MS to determine flunitrazepam, 7-amino-flunitrazepam, norflu­
nitrazepam, and 3-hydroxy-flunitrazepam in blood with d3-flunitrazepam and 
d3 -7 -amino-flunitrazepam as internal Standards. The method used a single quad­
mpole instrument with selected ion monitaring (SIM). The SIM ions were 
selected from full scan LC/ APCIIMS spectra of each analyte that were taken 
at actapole offset value of 40 V in positive ionization which caused distinct 
ion fragmentation by collision-induced dissociation (CID). The following ions 
were monitored: m/z 284 for 7-amino-flunitrazepam and tlunitrazepam, mlz 
287 for d3-7 -amino-tlunitrazepam and d3- tlunitrazepam, m/z 300 for nortluni­
trazepam and 3-hydroxy-tlunitrazepam, mlz 314 for tlunitrazepam, and mlz 317 
for d3-tlunitrazepam. The quantitative analysis of tlunitrazepam, nortlunitraz­
epam, and 3-hydroxy-flunitrazepam was performed against d3-tlunitrazepam as 
internal standard. The Chromatographie conditions included a 125 mm x 3 mm 
Superspher RP C 18 column ( 4 f1m particle size) with an isocratic mobile phase 
system containing acetonitrile-50 mM ammonium formate buffer (pH 3.0, 45:55, 
v/v) at a tlow rate of 0.3 mL!min. Allpeaks were resolved within 3-7 min. 
The Iimits of detection for tlunitrazepam, 7-amino-tlunitrazepam, norflunitraz­
epam, and 3-hydroxy-tlunitrazepam were 0.2, 0.2, 1.0, 1.0 ng/mL, respectively, 
with linearity ranging from 1 to 500 ng/mL.It was reported that the use of APCI 
interface led to a sevenfold increase in sensitivity when compared to the elec­
trospray ionization (ESI) method. 

Darius and Banditt ( 36) recently reported the analysis of tlunitrazepam 
in serum using HPLC/APCI/tandem-MS with an ion trap mass detector. The 
procedure employed a liquid-liquid extraction with clonazepam as internal 
standard. In the MS-MS experiments, the ionsmonitared for quantitation were 
the protonated product ions at m/z 268 for t1unitrazepam and m/z 270 for clo­
nazepam corresponding to the loss of their nitro groups [M + H - 461+. The 
LOD was found tobe 0.19 ng/mL and LOQ was 0.5 ng/mL. This method showed 
good accuracy and reproducibility. The signal-to-noise ratio at 0.2 ng/mL was 
about 7:1 for tlunitrazepam as compared to a signal-to-noise ratio of 3:1 by 
Bogusz et al.'s method (45). 

2.3. GCIMS Methods 

Although numerous analytical procedures for analysis of tlunitrazepam 
and its metabolites including GC/ECD, TLC, HPLC, especially the recent 
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1. Gone. HCI 

R1 = N02, R 2 = CH3, R3 = H or OH 1 R1 = N02, R 2 = CH3 

R1 = N02, ~ = H, R3 = H or OH 2 R1 = N02, ~ = NHCO~F7 
R1 = NH2 or NHAc, R2 = CH3, R 3 = H or OH 3 R1 = NHCOC3F7, ~ = N(C~COC3F7 
R1 = N~ or NHAc, ~ = H, R 3 = H or OH 4 R1 = NHCOC3F7, ~ = NHCO~F7 

Fig. 3. Hydrolysis and derivatization of flunitrazepam and its metabolites. 

development of LC/MS methods, GC/MS remains to be the main instrument 
in most drug testing laboratories today. The development of suitable GC/MS 
methods has become one of the important topics in recent Iiterature of foren­
sie toxicology. 

The first reported GC/MS method for the analysis of t1unitrazepam and 
its metabolites was bascd on acid hydrolysis of urine samples, which converts 
several related metabolites to benzophenones followed by conversion to hep­
tat1uorobutyrates (Fig. 3) and analysis of the latter ( 49 ). Table 2 shows pos­
sible precursors to each of the four hydrolysis and derivatization products 
(1-4) analyzed. Two critical Observations were made in preparing compounds 
1-4. First, compound 1, which is derived from the hydrolysis oft1unitrazepam, 
remains underivatized even though it contained a secondary amino group, 
apparently because of the steric hindrance and the deactivation effect of the 
electron withdrawing nitro group in the para- position. Second, it was neces­
sary to carry out the derivatization process at room temperature. Heating com­
pound 1 with reagent resulted in demethylation to form the primary amine 
followed by derivatization to give a derivative equivalent tothat of compound 2. 
Therefore, under the reported experimental conditions, compound 1 was totally 
underivatized, compound 2 was a monoheptat1uorobutyrate, and compounds 
3 and 4 were dihcptat1uorobutyrates. 

The original method used d5-oxazepam as internal standard. The reten­
tiontime for the benzophenone heptat1uorobutyrate derived from d5-oxazepam 
was 4.98 min, and the ions monitared for this internal standard were m/z 432 
and 263. The method was later modified by using d3-7-amino-t1unitrazepam 
as internal standard, which resulted in d3-analog of compound 3, with ions at 
m/z 516 and 639 being monitared (Fig. 4 ). 
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Table 2 

45 

Retention Times and Ions Monitared in the GC/MS Analysis 
of the Benzophenones Oerived from the Acid Hydrolysis 
and Oerivatization of Flunitrazepam and lts Metabolites 

Benzodiazepines 

Flunitrazepam 
3-Hydroxy-flunitrazepam 
Norflunitrazepam 
3-Hydroxy-norflunitrazepam 
7 -Amino-flunitrazepam 
7-Acetamido-fluni trazepam 
7-Amino-3-hydroxy-t1unitrazepam 
7-Acetamido-3-hydroxy-flunitrazepam 
7-Amino-norfluni trazepam 
7 -Acetamido-norflunitrazepam 
7-Amino-3-hydroxy-norflunitrazepam 

Benzophenone 
derivatives 

Retention 
time 
(min) 

7.75 

5.79 

5.90 

5.49 

7-Acetamido-3-hydroxy-norflunitrazepam 

1 
1 
2 
2 
3 
3 
3 
3 
4 
4 
4 
4 

"The quantitation ions are underlined. 

CljJ:H 
D 0 D 

D D 
D 

d5-0xazepam ~-7 -Amino-ftunitrazepam 

Ions 
monitoreda 

(m/z) 

274, 211 

456,333 

513,636,423 

453,622,499 

Fig. 4. Structures of d 5-oxazepam and d 3-7-amino-flunitrazepam. 

In this procedure, 4 mL of urine sample was spiked with the internal stan­
dard, and 1 mL of concentrated hydrochloric acid was added and hydrolysis 
was carried out at 100°C for 1 h. After extraction with chloroform, the result­
ing benzophenones were derivatized with heptafluorobutyric anhydride in the 
presence of 10 11g of 4-pyrolidinopyridine as catalyst at room temperature for 
45 min. The heptafluorobutyrate derivatives were chosen because of highest 
sensitivity and cleanest chromatograms. A capillary DB-5 MS column (25 m 
x 0.2 mm, 0.33 1-lffi film thickness, J & W Scientific, Folsom, CA) was used 
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with oven temperature programmed as follow: 180°C, held for 0.5 min, then 
to 260°C at 20°C/min, where it was held for 1.0 min, then to 280°C at 30°C/ 
min and held for 3 min. The retention time and ions for each analyte are listed 
in Table 2. The LOD and LOQ were 1 ng/mL of each for benzophenone deriv­
atives 3 and 4. The LOD and LOQ for 1 and 2 were 10 and 25 ng/mL, respec­
tively. The curves were linear up to at least 300 ng/mL. The method was used 
to determine the concentration of flunitrazepam and its metabolites in urine 
specimens collected from clinical subjects administered 1-, 2-, and 4-mg doses 
of flunitrazepam. The results showed that 7 -amino-flunitrazepam and 7 -amino­
norflunitrazepam are the predominant metabolites in urine. The method can 
detect the presence of flunitrazepam metabolites for at least 72-h post inges­
tion of a single 1-mg dose. 

With some minor modifications, the method was used for analysis of 
wbole blood and serum samples (50). Tbus, 1 mL ofblood sample spiked with 
d3 -7 -amino-flunitrazepam and d7- flunitrazepam as intemal standards was diluted 
with 3 mL ofHPLC-grade water and the mixturewas then analyzed in the same 
way as discussed for urine samples. Tbe LODs for 7-amino-flunitrazepam, 7-
amino-norflunitrazepam, flunitrazepam, and norflunitrazepam were 1, 1, 5, and 
5 ng/mL, respectively. 

Although this method is sensitive, each of the hydrolysis products actu­
ally represent the total amount of the different metabolites that share the same 
basic skeleton. For example, the concentration of compound 3 is actually the 
sum of the concentrations of 7 -amino-flunitrazepam, 7-amino-3-hydroxy-flu­
nitrazepam, and/or 7-amino-3-hydroxy-flunitrazepam glucuronide conjugate 
and the corresponding 7-acetamido derivatives. lt does not permit the identi­
fication of the specific metabolites that are present in urine. 

An alternative GC/MS metbod developed ( 10) by the same group involved 
enzyme bydrolysis with glucuronidase, liquid-liquid extraction with chloroform­
isopropanol (9: 1, v/v ), and derivatization. Six analytes were divided into two 
groups: group I contains norflunitrazepam, flunitrazepam, 7-amino-flunitraze­
pam, 3-hydroxy-flunitrazepam as trimetbylsilyl (TMS) derivatives with d5 -oxaz­
epam as internal standard; group II contains 3-hydroxy-norflunitrazepam and 
7 -amino-3-hydroxy-flunitrazepam as tertiarybutyldimethylsilyl (TBDMS) deriv­
atives with d5-oxazepam as internal Standard. Tbe reported LOD for the major 
metabolite, 7-aminoflunitrazepam, was 2 ng/mL. This procedure represents one 
ofthe early efforts in developing GC/MS methods for identification and analy­
sis offlunitrazepam and its metabolites in urine. Although the procedure seems 
lengthy, the factisthat routine analysis should be only targeted at 7-amino-flu­
nitrazepam and 7-amino-norflunitrazepam which are the main urinary metab­
olites, and therefore it is a valuable method due to its sensitivity and low cost. 
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Arecent study reported ( 43) the detection of flunitrazepam and two metab­
olites in urine by SPE extraction and GC/MS or GC/MS/MS analysis. The 
drugs were analyzed underivatized. The extraction recoveries by using Bond 
Elute Certify® ranged from -80% for flunitrazepam, to 93-100% for 7 -amino­
flunitrazepam, and 82-100% for norflunitrazepam. The study showed that the 
enzyme hydrolysis had no effect on the concentrations of 7-amino-flunitraz­
epam, the major metabolite excreted in urine. Therefore the authors concluded 
that the enzyme hydrolysis step is unnecessary. Nevertheless, specific data on 
Iimit of detection was not reported, although it was stated that GC/MS/MS 
method was 17-fold more sensitive than regular GC/MS for 7 -amino-flunitraz­
epam based on signal-to-noise ratio. 

Elian (51) reported a procedure for determination of 1ow Ievels of flu­
nitrazepam, 7-amino-flunitrazepam, and norflunitrazepam in blood or blood 
stain by GC/MS using a dual-derivatization procedure. After spiking with the 
internal standards, d7- flunitrazepam, d7 -7 -amino-t1unitrazepam, and d 4- nort1u­
nitrazepam, 1 mL of blood samp1e was diluted with 4 mL of deionized water and 
0.2 mL of 100 mM acetic acid and extracted with mixed-mode SPE cartridge 
(Clean Screen®), which gave recoveries of >90% for each drug. The samples 
were subsequently derivatized with pentat1uoropropionic anhydride (PFPA) 
first followed by N-tert-butyldimethylsilyl-trit1uoroacetamide (MTBSTFA) 
with 1% TBDMSCl. The first step of derivatization with PFPA converts only 
the primary amino group of7-amino-flunitrazepam to a pentat1uoropropionate. 
With addition of MTBSTFA with 1% TBDMSCl, norflunitrazepam was con­
verted to its TBDMS derivative, and 7-amino-flunitrazepam is derivatized for 
the second time. However, t1unitrazepam remairred underivatized by either 
reagent. The analytes were separated on an HP-I column coated with 100% poly­
dimethylsiloxane. As a result, the peak shape and detection sensitivity were 
largely improved. The Iimit of detection was 1 ng/mL for each analyte. Table 3 
shows some of the parameters for this method. 

Two groups recently reported the analysis oft1unitrazepam and 7-amino­
t1unitrazepam in human hair by GC/MS/NCI (negative chemical ionization). 
The first report(52) published in 1997 used d5-diazepam as internal standard 
and liquid-liquid extraction with diethyl ether-chloroform (80:20, v/v), after 
50 mg of hair was appropriately washed, pulverized, and incubated in 1 mL of 
phosphate buffer for 2 hat 40°C. The extraction recoveries were 90% for t1u­
nitrazepam and 45% for 7-amino-t1unitrazepam. After derivatization with hep­
tat1uorobutyric anhydride (HFBA) to convert 7-amino-t1unitrazepam to hepta­
t1uorobutyrate (t1unitrazepam was not derivatized), the sample was analyzed 
using an HP-5 MS capillary column. The Iimit of detection for t1unitrazepam 
and 7-amino-flunitrazepam was 15 and 3 pg/mg, respectively. The other study 
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Table 3 
Ions, Retention Times, and LODs for Each Analyte by CC/MS Analysis 

Retention 
time Ions LOD 

Compounds Derivatives (min) monitared (ng/mL) 

Flunitrazepam Underivatized 7.20 285,286,312 
dr F1unitrazepam Underivatized 7.18 292,293,318 
7-Amino-fluni trazepam PFPA and TBDMS 7.80 486,487,246 
dr 7-Amino-fluni trazepam PFPA and TBDMS 7.79 493,494,340 
Norflunitrazepam TBDMS 7.76 356, 357, 310 
d4-Norflunitrazepam TBDMS 7.75 360,361,314 

( 15) published in 1999 was a modification of the first one in two aspects: use of 
SPE and deuterated analogs of the analytes ( d7- tlunitrazepam and d7 -7 -amino­
tlunitrazepam) as internal standards. In this procedure, 50 mg ofhair was washed 
with methanol and then digested with 0.1 N hydrochloric acid at 55oc over­
night. Afteraddition of 1.93 M acetic acid, the aqueous digest solution was 
combined with the methanol wash and passed through a preconditioned mixed­
mode SPE column (Isolute® HCX from Lakewood, CO). It was washed with 
water, 0.1 N HCl, and methanol. The sample was eluted with methylene chlo­
ride-isopropanol-ammonia (78:20:2) and the extracts were derivatized as 
HFBA. A 30 m x 250 ).lill x 0.25 ).lm HP-5 MS column with GC temperature 
pro-grammed at 60°C for Imin, then increased to 3l0°C at 30°C/min for 6 min. 
Under these conditions, all compounds were separated within 9-11 min. The 
ionsmonitared were m/z 313 for tlunitrazepam and m/z 320 for d7-tlunitraze­
pam; m/z 459 for 7 -amino-tlunitrazepam and m/z 466 for d7 -7 -amino-tlunitraz­
epam. The method was very sensitive with a limit of detection determined to 
be 1.5 pg/mg and 0.2 pg/mg for tlunitrazepam and 7-amino-tlunitrazepam, 
respectively; and the Iimit of quantitation was 2.5 pg/mg and 0.5 pg/mg for 
tlunitrazepam and 7-amino-tlunitrazepam, respectively. C1early, the enhanced 
sensitivity as compared to the previous method was attributable to cleaner 
extracts and the use of deuterated analogs of analytes. 

3. CoNCLVSION 

The sensitivity and selectivity ofthe analytical methods used for the deter­
mination of tlunitrazepam and its metabolites in biological specimens have 
seen a dramatic improvement over the last decade. This is a direct retlection on 
the improvement of the tools currently available to forensie toxicologists: from 
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liquid-liquid extraetion to solid-phase extraetion to immunoaffinity extrae­
tion, from HPLC/UV to HPLC/ APCI/MS/MS, and from GC/ECD to GC/MS/ 
MS. Although mostforensie laboratories still rely heavily on GC/MS, LC/MS 
has found its niehe in forensie applieations. In faet, it has beeome more and 
more widely used, possibly owing to the redueed eost of equipment in reeent 
years. 

This ehapter provides a wide range of methods and teehnologies to assist 
forensie toxieologists in solving analytieal problems involving abuse of flu­
nitrazepam. 
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Chapter4 

Analysis of Selected 
Low-Dose Benzodiazepines 
by Mass Spectrometry 
Dennis J. Crouch and Matthew H. Slawson 

J. fNTRODUCTION 

The benzodiazepines discussed in this chapter are alprazolam, lorazepam, 
midazolam, and triazolam. They are all prescription medications that are used 
as anti-anxiety agents, preoperative medications, or as sedative-hypnotics ( 1 ). 
Allare prescribed in very low doses (because of their potency), rapidly metab­
olized, and have short plasma half-lives (Table 1). Generally, they are biotrans­
formed to hydroxylated metabolites and arc excreted in the urine as glucuronide 
conjugates. Because the recommended therapeutic doses of alprazolam, loraze­
pam, midazolam, and triazolam may be 1 mg or less and the drugs are rapidly 
metabolized, plasma concentrations of the parent drugs and their metabolites 
arc in nanogram per milliliter concentrations. Therefore, the detection and quan­
tification of alprazolam, lorazepam, midazolam, triazolam, and their respec­
tive metabolites present a significant challenge to the analyticallaboratory. 

Commerciallaboratory-based and on-site benzodiazepine immunoassay 
test kits are designed primarily to detect urinary metabolites of diazepam. There­
fore, these tests usually have limited utility for the detection of the potent benz­
odiazepines discussed in this chapter. The limitations ofthese commercial immu­
noassay tests for the detection of alprazolam, lorazepam, midazolam, triazolam, 
and their urinary metabolites are discussed in other sections of this book and 
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reviewed in the Iiterature (2). Detection of alprazolam, lorazepam, and triazolam 
by laboratory-based immunoassays has been reported ( 3 ). However, this method 
required extraction of the blood and only alprazolam was consistently detected. 

Numerous gas chromatographic (GC) methods have been published for 
the analysis of alprazolam, lorazepam, midazolam, and triazolam and their metab­
olites from various biological specimens. The most effective GC methods used 
electron capture detection (ECD) or mass spectrometry (MS) detection. ECD 
was needed to obtain the sensitivity and specificity required to detect and quan­
tify the drugs and metabolites discussed in this chapter, especially when analyz­
ing blood and plasma samples (2). The most specific GC methods have used 
MS detection. These methods are the focus of this chapter. 

The GC/MS methods for the analysis of alprazolam, lorazepam, mida­
zolam, triazolam, and their metabolites in urine follow a similar outline. The 
urine sample is treated by enzymatic hydrolysis to cleave metabolite-glucuron­
ide bonds. The drugs and metabolites are extracted into an organic solvent. 
The solvent is evaporated and the metabolites derivatized prior to analysis using 
capillary column GC/MS with electron ionization (EI) mass spectrometry. 

The detection and quantification of alprazolam, lorazepam, midazolam, 
triazolam, and their metabolites in specimens other than urine may be proble­
matic using EI GC/MS. EI GC/MS analyses are particularly problematic fol­
lowing therapeutic doses of the drugs because expected drug and metabolite 
concentrations are quite low. Therefore, many of the methods presented in this 
chapter for the analysis of these drugs and their metabolites in blood, plasma, 
and tissues use alternate techniques and more sophisticated MS techniques such 
as chemical ionization and MS/MS. A major advantage of high-performance 
liquid chromatography (HPLC) for the analysis of benzodiazepine drugs is 
that no derivatization of the metabolites is required. Further, improved Chroma­
tographie peak shape may also be observed for the parent drugs. The develop­
ment of new ionization techniques has made HPLC/MS and HPLC/MS/MS 
extremely effective analytical tools for the analysis of of alprazolam, loraze­
pam, midazolam, and triazolam and their respective metabolites. These tech­
niques are discussed in the following sections. 

2. ALPRAZOLAM 

2.1. Background 

Alprazolam is a 1,4-triazolo analog ofthe 1,4-benzodiazepines (Fig. 1). 
In the United States, alprazolam is available in tabletform in doses of 0.25, 
0.5, 1.0, and 2.0 mg (4). It is prescribed in doses up to 4.0 mg/day and used 
primarily as an anxiolytic ( 4 ). Alprazolam is one of the most frequently reported 
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Cl 

Cl 

Alprazolam Lorazepam 

Cl Cl 

Midazolam Triazolam 

Fig. 1. Chemical structure of the four benzodiazepines discussed in this chapter. 
They are usually prescribed in low doses as anxiety agents, preoperative medi­
cations, or as sedative-hypnotics. The dosage and rapid metabolization of these 
compounds present a significant challenge to the analytical Iabaratory because 
their plasma concentrations are usually in the nanogram permilli Iiter range. 

prescription drugs in emergency departments ( 5 ). However, the toxicity of alpraz­
olam is relatively low, and it is generally reported in emergency toxicology cases 
in combination with other drugs. Following oral doses, alprazolam is rapidly 
absorbed and peak plasma concentrations are reached within 1-2 h after admin­
istration (6,7). After a single I-mg dose of alprazolam was administered to 10 
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subjects, mean peak plasma concentrations were 11.5 ng/mL ( 8). Pharmacoki­
netic studies have demonstrated that there is a relatively predictable relation­
ship between dose and plasma concentration. Foreach milligram of alprazolam 
administered, the resulting plasma concentration is increased by approx 10-
20 ng/mL (6-8). Alprazolam is extensively metabolized and its principal metab­
olites are a-hydroxyalprazolam, a benzophenone, and 4-hydroxyalprazolam 
( 6, 7, 9,10 ). However, only the a-hydroxyalprazolam metabolite appears to have 
pharmacological acti vity ( 6, 7, 9,10). Pharmacokinetic studies indicate that the 
a- and 4-hydroxy metabolites of alprazolam can be detected in plasma, butthat 
concentrations of these metabolites (in unconjugated form) are considerably 
lower (<10%) than those ofthe parent drug (6-10). After a single 1-mg dose 
of alprazolam, mean peak plasma a-hydroxyalprazolam concentrations were 
0.18 ng/mL (8). Alprazolam is primarily eliminated in the urine as metab­
olites, with the parent drug representing up to 20% ofthe urinary products (9). 

As stated in the introduction, commercial laboratory-based and on-site 
immunoassay tests have been developed primarily to detect urinary metabo­
lites of diazepam. Therefore, these tests have limited utility for the detection 
of alprazolam and its metabolites in urine or other biological specimens. Their 
value is also limited because plasma and urinary concentrations of alprazolam 
and its metabolites are much less than those of diazepam and its metabolites. 
Numerous GC methods have bcen reported for the analysis of alprazolam and 
its metabolites ( 11,12). The most effective methods used ECD ( 11-13 ). How­
ever, improved specificity for the analysis of alprazolam and a-hydroxyalpraz­
olam has been obtained through the use of capillary column GC/MS with EI 
( 14-16). Most urinary methods utilized enzymatic hydrolysis, and trimethyl­
silyl derivatives of the polar alprazolam metabolites were formed prior to instru­
mental analysis ( 15, 16). Several authors have demonstrated that negative ion 
chemical ionization (NICI) GC/MS is even more selective and sensitive than 
conventional EI for the analysis of alprazolam and its metabolites (9,17,18). 
Fitzgerald et al. ( 17) reported that for the analysis of a-hydroxyalprazolam, 
NICI was 500 times moresensitive than EI and 200 times moresensitive than 
positive ion chemical ionization (PICI). Outlined in the following section is 
an NICI GC/MS method for the analysis of alprazolam and a-hydroxyalpraz­
olam in plasma (9). 

2.2. Method 1 

2.2.1. Extraction 
Calibration curves for alprazolam and a-hydroxyalprazolam were pre­

pared by fortifying plasma at 0, 0.25, 0.50, 1.0, 2.5, 5.0, 7.5, 10.0, 25.0, and 
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50.0 ng/mL. Ten nanograms oftriazolam-d4 and 5 ng of a-hydroxyalprazolam­
d5 were added as intemal standards. (The authors explained that they were un­
able to obtain significantly pure deuterium-labeled alprazolam.) The tubes were 
mixed, allowed to equilibrate at ambient temperature for at least 30 min, made 
basic by adding 1 mL of saturated sodium borate buffer (pH 9), and the analytes 
were extracted into 7 mL of toluene-methylene chloride (7:3). The organic 
phase was transferred to an evaporation tube and evaporated under a stream 
of air. The residues were reconstituted in 25 IJL of ethyl acetate followed by 
25 11L of BSTFA + 1% TMCS (N,O-bis-[trimethylsilyl]trifluoroacetamide-1% 
trimethylchlorosilane) and then heated at 80°C for at least 30 min to derivatize 
the a-hydroxyalprazolam. The tubes were allowed to cool to room tempera­
ture and the liquid transferred to autosampler vials for analysis. 

2.2.2. GC/MS Conditions 
Methane was used as the NICI regent gas. The MS was programmed to 

acquire selection ionmonitaring (SIM) data for the following m/z: alprazolam, 
308; triazolam-d4, 310; a-hydroxyalprazolam, 396; and a-hydroxyalprazolam­
d5, 401. A 15-m capillary column with a 0.25 mm intemal diameter (i.d.), 0.25 
11m film thickness was used with hydrogen as the carrier gas. The initial GC 
temperature of 190°C was held for 1 min, then programmed to 320oc at the 
rate of 20°/min. A representative chromatogram is shown in Fig. 2. 

2.2.3. Method Performance 
The extraction recoveries for alprazolam and a-hydroxyalprazolam were 

108.0% and 75.5%, respectively at 1 ng/mL and 100.8% and 99.4%, respec­
tively at 50 ng/mL. The method was linear for both alprazolam and a-hydroxy­
alprazolam from 0.25 to 50 ng/mL. The accuracy and precision of the method 
were experimentally determined at 0.5, 5.0, and 50 ng/mL. For alprazolam, 
the intraassay precision was approx 16% coefficient of variation (CV) at 0.5 
ng/mL, <6% CV at 5.0 ng/mL, and <5% CV at 50 ng/mL. The interassay pre­
cision was approx 16% CV at 0.5 ng/mL, approx 15% CV at 5.0 ng/mL, and 
<10% CV at 50 ng/mL. For a-hydroxya1prazo1am, the intraassay precision was 
approx 16% CV at 0.5 ng/mL, <7% CV at 5.0 ng/mL, and <5% CV at 50 ng/ 
mL. The interassay precision was <6% CV at 0.5 ng/mL, <9% CV at 5.0 ng/mL, 
and 9% CV at 50 ng/mL. The intraassay accuracy for a1prazolam was within 
4.4% oftargetat 0.5 ng/mL, 15% at 5.0 ng/mL, and approx 1% at 50 ng/mL. 
The interassay accuracy for alprazolam was within 6% of target at 0.5 ng/mL, 
7% at 5.0 ng/mL, and approx 1% at 50 ng/mL. The intraassay accuracy for a­
hydroxya1prazolam was within 3.0% oftargetat 0.5 ng/mL, approx 4% at 5.0 
ng/mL, and within 10% at 50 ng/mL. The interassay accuracy for a-hydroxy-
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Fig. 2. Sampie chromatogram from NICI GC/MS analysis of 0.05 ng/ml a­
hydroxyalprazolam and alprazolam and their deuterated internal standards. 

alprazolam was within 9% oftargetat 0.5 ng/mL, 4% at 5.0 ng/mL, and ap­
proximately 1% at 50 ng/mL. 

2.3. Method 2 

A major disadvantage of GC methods for the analysis of alprazolam, 4-
hydroxyalprazolam, and a-hydroxyalprazolam is the need to derivatize the 
metabolites to obtain Gaussian Chromatographie peaks. However, a-hydroxy­
alprazolam and 4-hydroxyalprazolam can be analyzed by HPLC without deriva­
tization ( 19-21 ). Mclntyre et al. (20), used gradient HPLC to analyze 15 different 
benzodiazepines including alprazolam in whole blood samples. Lambert et al. 
(21) demonstrated that HPLC could be used to analyze blood, urine, stomach 
contents, and tissue samples for alprazolam and a variety of other benzodiaze­
pines and their metabolites. Recent developments in HPLC/MS, such as atmo­
spheric pressure ionization techniques and the availability of lower cost instru­
ments, have made HPLC/MS and HPLC/MS/MS the analysis techniques of 
choice for many benzodiazepines. Kleinschnitzet al. (22) reported an HPLC/ 
MS/MS method using solid-phase extraction capable of quantifying 2 ng/mL 
of 1,4-benzodiazepines from serum and urine (22). Crouch et al. (8) reported 
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an HPLC/MS/MS using electrospray ionization (ESI) capable of detecting and 
quantifying 0.05 ng/mL of alprazolam and a-hydroxyalprazolam in human 
plasma. This method is outlined in the following section (8). 

2.3.1. Extraction 
The extraction procedure was a modification ofthat published by Hold 

et al. (9) and presented in the preceding section (9). Plasma, blood, or urine cali­
bration curves contained the following concentrations of alprazolam and a­
hydroxyalprazolam: 0.0, 0.05, 0.10, 0.25, 0.50, 1.0, 2.5, 5.0, 10.0, 25.0, and 
50.0 ng/mL. Five nanograms of alprazolam-d5 and a-hydroxyalprazolam-d5 

were added to each tube. Urine samples were hydrolyzed using ß-glucuronidase 
and incubation. The samples were buffered and extracted as explained earlier. 
After drying, the residues were reconstituted in 80 11L of HPLC solvent, cen­
trifuged, and the supernatant transferred to autosampler vials. 

2.3.2. HPLC/MSIMS Conditions 
The analyses were performed with a tandem quadruple mass spectrom­

eter using ES! with positive ion detection. A 150-mm x 2.1-mm i.d. CIS HPLC 
column was used. The HPLC was operated isocratically at a flow rate of 250 
11Limin. The solvent was methanol-water (60:40) containing 0.1% formic acid. 
A sample chromatogram is shown in Fig. 3. The tube lens, capillary voltages, 
and MS/MS conditions were optimized for the detection of alprazolam and a­
hydroxyalprazolam. Nitrogen was used as the sheath gas and the auxiliary gas. 
The mass spectrometer was operated in the selected reaction monitaring (SRM) 
detection mode. The transitions monitared were products of alprazolam (m/z 
= 309-205), alprazolam-d5 (m/z = 314-209), a-hydroxyalprazolam (m/z = 325-
216), and a-hydroxyalprazolam-d5 (m/z = 330-221). Product ion spectra of 
alprazolam and a-hydroxyalprazolam are shown in Fig. 4. 

2.3.3. Method Performance 
The extraction recoveries for alprazolam at 1, 10, and 50 ng/mL were 

88%, 99%, and 85%, respectively. The extraction efficiencies for alprazolam 
at 1, 10, and 50 ng/mL were 102%, 85%, and 78%, respectively. The method 
was linear for both alprazolam and a-hydroxyalprazolam from 0.05 to 50 ng/ 
mL. The accuracy and precision of the method were experimentall y determined 
at 2.0, 5.0, and 20 ng/mL. For alprazolam, the intraassay precision was approx 
<6% CV at 2.0 ng/mL, <4% CV at 5.0 ng/mL, and <5% CV at 50 ng/mL. The 
interassay precision was approx 12% CV at 2.0 ng/mL, <9% CV at 5.0 ng/mL, 
and <9% CV at 50 ng/mL. For a-hydroxyalprazolam, the intraassay precision 
was <9% CV at 2.0 ng/mL, <5% CV at 5.0 ng/mL, and <5% CV at 50 ng/mL. 
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OH-AL-dS 

OH-AL 

3.0 min 

AL-dS 

Alprazolam 

3.7 min 

Fig. 3. Sampie chromatogram from HPLC/MS/MS analysis of 0.05 ng/ml 
a-hydroxyalprazolam (OH-AL) and alprazolam and their deuterated internal Stan­
dards. Reproduced from the Journal of Analytical Toxicology by permission of 
Preston Publications, a division of Preston lndustries, lnc . 
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The interassay precision was <10% CV at 2.0 ng/mL, <10% CV at 5.0 ng/mL, 
and <8% CV at 50 ng/mL. The accuracy ofthe method was calcu1ated by com­
paring the mean assayed concentration with the target concentration of qua1ity­
control samples fortified at 2.0, 10, and 50 ng/mL of alprazolam and a-hydroxy­
alprazolam. All mean control concentrations were within ± 6.6% of their target 
values. 

3. MIDAZOLAM 

3.1. Background 

Midazolam (Versed®) is a fluorinated I ,4-imadazo analog of the 1 ,4-ben­
zodiazepines (Fig. 1 ). lt has a short half-life (approx 2 h) and is metabolized 
to pharmacologically active 1-hydroxymidazolam and inactive 4-hydroxymid­
azolam. Both metabolites undergo phase II glucuronidation and are eliminated 
primarily in the urine. Midazolam has become a popular adjunct to anesthesia 
because it is water soluble, and has a rapid onset and short duration of action 
( 1 ). In the United States, it is available in an injectable form at 1 and 5 mg/mL 
concentrations in 1-, 2-, 5-, and 10-mL vials ( 4 ). lt is also available as a syrup pri­
marily for pediatric use ( 4 ). After a single 7 .5-mg intramuscular (i.m.) injec­
tion of midazolam, peak plasma concentrations of 90 ng/mL were observed at 
0.5 h ( 4 ). A peak plasma concentration of 8 ng/mL of the 1-hydroxy metabolite 
was observed at 1 h. After oral administration, midazolam is rapidly absorbed 
and is subjected to first-pass metabolism. In pediatric populations (6 mo-16 
yr), the pharmacokinetics of oral midazolam vary considerably. A peak plasma 
concentration of 28 ng/mL was reported at 0.17 h after a 0.25-mg oral dose, 
and a mean peak concentration of 191 ± 47 ng/mL was reported at 0.55 ± 0.28 
h after a 1-mg oral dose ( 4 ). In adults (n = I 0), average peak plasma concentra­
tions of 69 ng/mL were observed in men at approx 1 h after a 10-mg oral dose 
and 59 ng/mL in warnen after the same dose (23). 

Midazolam and its metabolites have been analyzed by immunoassay, GC 
with ECD, nitrogen-selective detection, and mass spectrometry ( 15,24-31 ). 

3.2. Method I 

3.2.1. Extraction 
Martens and Banditt described a method for the determination of midazo­

lam, a-hydroxy, and 4-hydroxymidazolam in human serum utilizing GC/MS 
(32). One milliliter of serumwas fortified with internal standard and 100 J.lL 
of 0.1 M NaOH was added. The sample was extracted twice with 2 mL of tolu­
ene containing 20 J.lL of amyl alcohol. After the extraction, the organic layer 
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was collected and evaporated to dryness. The sample extract was derivatized 
with 50 11L of N-methyl-N-t-butyldimethylsilyl trifluoroacetamide (MTBSTFA) 
for 30 min at 60°C. Excess derivatizing reagent was removed by evaporation 
under vacuum and the residue was reconstituted in 50 11L ethyl acetate. 

3.2.2. GC/MS Conditions 
Chromatographie separation was achieved using a nonpolar capillary 

column (15m x 0.25 mm i.d. and 5 llm film thickness) with helium as the car­
rier gas. The initial column temperature was held at 85°C for 1 min. The tem­
perature was increased at a rate of 30°C per minute to 200°C, then I ooc per 
minute to 31 ooc. The final temperature was held for 2 min. The injector and 
interface temperatures were 300°C. SIM data were collected. 

3.2.3. Method Performance 
The method had a limit of detection of 0.2 ng/mL for midazolam and 

0.1 ng/mL for the metabolites. The authors reported an extraction efficiency 
recovery of 83-96% for midazolam and its metabolites with acceptable preci­
sion and accuracy for all analytes. Methods utilizing liquid chromatography 
have also been reported (33-37). 

3.3. Method 2 

Recently methods using HPLC coupled to MS have been published for 
the analysis of midazolam and its metabolites. Kanazawa et al. ( 38) describe a 
method utilizing atmospheric pressure chemical ionization (APCI) HPLC/MS 
for the quantitative analysis of a variety of benzodiazepines including mid­
azolam (38). 

3.3.1. Extraction 
Drug-fortified canine plasma (200 11L) was extracted using solid-phase 

extraction as follows: C18 cartridges were pretreated with water, methanol, and 
0.1 M ammonium acetate; the samples were applied and the cartridges were 
washed with ammonium acetate; the analytes were eluted with methanol-ammo­
nium acetate (3: 1). 

3.3.2. HPLC/MS Conditions 
Chromatographie separation was achieved at ambient temperature using 

a 150 mm x 4.6 mm reverse-phase HPLC column. The mobile phase consisted 
of methanol-0.1 M ammonium acetate (3:2). Other analytical details were not 
provided. 
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3.3.3. Method Performance 
The authors reported sensitivity Iimits of 10-50 pg of analyte per injec­

tion, a dynamic range of 0-500 ng per injection, and a recovery of 96.1 o/o for 
midazolam. Details ofthe precision and accuracy ofthe assay were not given. 

3.4. Method 3 

A method using ESI HPLC/MS for the detection of midazolam and 1-
hydroxymidazolam in humanserumwas reported by Marquet et al. in 1999 ( 39). 

3.4.1. Extraction 
Two-mL aliquots of serum plus internal standard were made basic by 

adding carbonate buffer, pH 9.5. Sampies were extracted with 8 mL of diethyl 
ether-2-propanol. After extraction, the organic phase was evaporated to dry­
ness under nitrogen. Sampies were reconstituted in the mobile phase prior to 
injection. 

3.4.2. HPLC/MS Conditions 
Chromatographie separation was achieved using a mobile phase of ace­

tonitrile and 5 mM ammonium formate, pH 3, gradient elution, and a reversed 
phase HPLC column. The MS was equipped with an ESI source and utilized 
nitrogen for the curtain and nebulization gases. In-source fragmentation was 
achieved by optimizing the orifice voltage for each analyte. Positiveions were 
detected by SIM acquisition. Data from two ions were collected for each ana­
lyte. One ion served as the quantitation ion and the other served as a qualifier 
for qualitative identification. 

3.4.3. Method Performance 
Recovery of the analytes was reported as > 79% at three concentrations. 

The Iimit of detection (as defined by a minimum signal-to-noise ratio of 3 to 
I) was 0.2 ng/mL for midazolam and 0.5 ng/mL for the metabolite. Intraassay 
precision was reported as <15% CV (n = 6) for all analytes and interassay pre­
cision was <20% CV for all analytes through the dynamic range of the assay, 
with the exception of the Iimit of detection (LOD) (0.2 ng/mL), which had a 
24.7% CV. 

3.5. Additional Techniques 

Lausecker et al. ( 40) compared methods using capillary zone electrophor­
esis (CZE) and micro-HPLC using an ESI-MS for the analysis of midazolam 
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and its metabolites. They also compared liquid-liquid extraction and solid­
phase extraction for sample preparation prior to analysis. Their conclusions were 
that CZE/MS/MS combined with a liquid-liquid extraction provided Iimits 
of detection superior to the other methods tested. The authors stressed the 
importance of appropriate sample clean-up prior to analysis to achieve opti­
mal sensitivity and method performance. 

4. LORAZEPAM 

4.1. Background 

Lorazepam (Ativan®) is a 3-hydroxybenzodiazepine that is structurally 
related to oxazepam and temazepam (Fig. 1). It is avai1able in tabletform (0.5-
2 mg) or in solution (2-4 mg/mL) for parenteral administration. It is used 
clinically as a preanesthetic and for the treatment of anxiety disorders. Lor­
azepam has a half-life of 9-16 h and is rapidly inactivated by conjugation with 
glucuronic acid (41). The glucuronide can accumulate and is slowly excreted 
in the urine (75% of a dose over a 5-d period; 41). After a single 2-mg oral 
dose of lorazepam, average plasma concentrations at 2-h were 18 ng/mL and 
declined to 9 ng/mL by 12 h ( 41). During chronic daily dosing of 10 mg of lor­
azepam, steady-state p1asma concentrations averaged 181 ng/mL (42). After 
intramuscular injection of 4 mg of lorazepam, peak plasma concentrations 
averaged 57 ng/mL at 1.5 hin six subjects (42). This is consistent with the 
manufacturer' s report that a 4-mg i.m. dose of lorazepam resulted in a cmax of 
48 ng/mL within 3 h (4). A 5-mg intravenous (i.v.) dose oflorazepam resulted 
in peak plasma concentrations of 140 ng/mL within the first few minutes (42). 
The manufacturer reports that administration of 4 mg i.v. resulted in initial 
concentrations of 70 ng/mL ( 4 ). 

Quantitativeanalysis of lorazepam in biological specimens has been per­
formed primarily using GC/MS (17,43-45). Fitzgerald et al. (17) reported a 
sensitive method for the analysis of several benzodiazepines, including loraz­
epam, in urine that used NICI GC/MS ( 17). The authors compared NICI GC/ 
MS results with PICI and EI GC/MS results. 

4.2. Method 

4.2.1. Extraction 
Urine samples (0.5 mL) were fortified with internal standard and hydro­

lyzed with ß-glucuronidase (5000 U/mL, pH 5) at 70°C for 2 h. Following 
hydro Iysis, the samples were made basic by adding 0.5 mL of saturated borate 
buffer and extracted with 2 mL of toluene-hexane-isoamyl alcohol (78:20:2 
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v/v) (Alternatively, solid-phase extraction techniques have also been reported 
[ 15,46 }. ) After mixing and centrifugation, the organic layer was collected and 
evaporated to dryness under a stream of warm nitrogen. The samples were recon­
stituted in ethyl acetate (50~) and BSTFA + I% TMCS (50~), derivatized 
by heating for 20 min at 100°C, and transferred to autosampler vials for analysis. 

4.2.2. GC/MS Conditions 
Chromatographie separation of the analytes was achieved using a 15 m x 

0.32 mm i.d. nonpolar fused silica capillary column with 0.25 11m film thick­
ness. The initial temperature of 160°C was held for I min. The temperature 
was increased to 280°C at a rate of 20°C/min. The final temperature was held 
for 3 min. The injection port and the transfer line were maintained at 265°C 
and 280°C, respectively. Methane was used as the CI reagent gas for both PICI 
and NICI analyses. The ionizer pressurewas held at 0.5 torr and the analyzer 
pressure was adjusted to 3.4 X I0-5 torr. The ionizer temperature was main­
tained at 100°C. 

4.2.3. Method Performance 
The authors reported a signal-to-noise ratio of 547 at m/z 302 for deriv­

atized and unextracted standards of lorazepam using NICI detection. No obser­
vable signalwas obtained by PICI or EI for these standards. When urine extracts 
are analyzed, a Iimit of quantitation of 10 ng/mL was reported for lorazepam 
with a %CV of 6.1. lnterassay precision on three separate analysis days showed 
% CV s of 17 and 14 for two different sets of quality control samples. 

4.3. Additional Techniques 

A method utilizing GC/MS/MS for the analysis of lorazepam in plasma and 
urine has been reported ( 43 ). This method used solid-phase extraction and TMS 
derivatization of the lorazepam. EI MS/MS analysis was performed using an 
ion trap MS/MS. Precursor ions for lorazepam-TMS (mlz 429.2) and the inter­
nal standard (i.s.), oxazepam-d5- TMS (mlz 434.2) were fragmented using colli­
sion-induced dissociation. Data from three fragment ions were acquired and 
used for the quantitation and identification ofthe analytes. The authors reported 
extraction efficiencies >85% for lorazepam and a Iimit of quantitation of 0.1 
ng/mL in both urine and plasma. Assay precision was not reported. 

Few LC/MS methods for the analysis of lorazepam have been reported. 
Kanazawa et al. (47) described a method using chiral chromatography for the 
separation oflorazepam enantiomers (47). Although separation ofthe two enan­
tiomers was achieved, no details were given about the sensitivity ofthis method. 
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5. TRIAZOLAM 

5.1. Background 

Triazolam is a 1 ,4-triazolo analog of the benzodiazepines and is similar 
in structure to alprazolam (Fig. 1). In the United States, triazolam is available 
as 0.125- or 0.25-mg tablets. It is prescribed in doses from 0.125 to a maxi­
mum of0.5 mg/d and is used as a sedative-hypnotic (4). Following oral admin­
istration, triazolam is rapidly absorbed and peak plasma concentrations are 
reached within 2-4 h after administration (42). After a single 0.25-mg dose of 
triazolam was administered to six subjects, a mean peak plasma concentration 
of 3.0 ng/mL was attained (42). Triazolam is extensively metabolized, and its 
principal metabolites are a-hydroxytriazolam and 4-hydroxytriazolam (48). 
Pharmacokinetic studies indicate that the a-hydroxytriazolam is nearly equi­
potent to triazolam (49,50). Only about 2% of a dose is eliminated in the urine 
as triazolam, 70% as a-hydroxytriazolam glucuronide, and 10% as 4-hydroxy­
triazolam glucuronide (51). 

In general, commercial immunoassays have poor cross-reactivity to triaz­
olam and its principal metabolite a-hydroxytriazolam. This, combined with 
the extremely low therapeutic doses of triazolam and its short plasma half-life 
(1.5-5.5 h), Iimit the utility of commercial immunoassays for the detection of 
triazolam in biological specimens ( 4). However, it has been demonstrated that 
conjugated metabolites of triazolam may be detected by on-site testing devices 
such as Triage™ (Biosite Diagnostics, San Diego, CA) (2). Ofthe laboratory­
based immunoassays, Emit® (Dade Behring, San Jose, CA) was shown to be 
effective in detecting triazolam use when the urinary concentrations exceeded 
100 ng/mL (2). Also, FrazieretaL (51) reported that a laboratory-based fluores­
cence polarization immunoassay was 47% more reactive to a-hydroxytriazolam 
than to the antibody target drug of nordiazepam (51). Numerous GC methods 
have been reported for the analysis oftriazolam and its metabolites (2,12). As 
with the analysis of the other benzodiazepine drugs discussed in this chapter, 
the most effective non-MS methods used ECD ( 12). For the analysis of triazo­
lam from blood by GC with ECD, the following general method was followed. 
The blood was extracted under basic conditions with an organic solvent. The 
reconstituted extraction residues were injected onto either a 15-m methylsili­
cone or cyanopropylphenyl-fused silica capillary column. A GC temperature 
program was used ( 12). The analysis of the hydroxylated metabolites of triaz­
olam by GC required derivatization. 

A significant Iimitation to the analysis of triazolam and a-hydroxytri­
azolam by GC is the nonvolatile nature of these analytes. Often extended GC 
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temperature programs or very high oven temperatures are needed to elute tri­
azolam and a-hydroxytriazolam from the column. 

Triazolam and a-hydroxytriazolam can be analyzed by HPLC ( 19-21 ). 
Mclntyre et al. (20) used a C18 HPLC column and gradient elution conditions 
to analyze triazolam in serum, blood, and liver homogenates (20). The recov­
ery of triazolam from blood was 54% and the method was sensitive to 50 ng/ 
mL. Lambert et al. (2 I) used HPLC to analyze triazolam in blood, urine, sturnach 
contents, and various tissue preparations. This method would not be suitablc 
for the analysis of triazolam after single or low therapeutic doses, as sensitivi­
ties werein the microgram per milliliter range (21 ). As with the analysis of 
alprazolam and its hydroxylated metabolites, HPLC with MS or MS/MS detec­
tion are the methods of choice for the analysis of triazolam and a-hydroxytriaz­
olam. These techniques provide improved sensitivity and specificity compared 
to conventional HPLC methods using UV detection or to EI GC/MS methods. 

Several authors have reported methods for the analysis of triazolam and 
a-hydroxytriazolam using of GC with MS detection ( 14,16-18,48,51 ). A typi­
cal urine method using EI GC/MS is outlined as follows (51). 

1. Add intemal standard to 2.0 mL of donor urine, calibrators, and quality control samples. 
2. Hydrolyze samples using ß-g1ucronidase at 35°C for 4 h. 
3. Make samples basic using a suitable buffcr. 
4. Extract with methylene chloride. 
5. Evaporate organic solvent and derivatize with BSTFA + 1% TMS at 60°C for 30 min. 
6. Inject residues onto a 15-m fused silica capillary column at 280°C. 

Although the trimethylsilyl derivative is frcquently used for the GC analy­
sis of a-hydroxytriazolam, MTBSTFA may be used to form the tertbutyldimetyl­
silyl derivative. The advantages of this reagent are that it produceshigh er molecular 
weight derivatives and that higher mlz fragments are formed for EI (or Cl) 
detection. However, extended retention times should be expected. Using a 15-m, 
5% phenylpolysiloxane fused silica capillary column and a GC temperature 
program from 21 Ü°C, programmed at a rate of 20°C/min, to a final temperaturc 
of 300°C the following relative retention times (RRTs) were observed (48): 

Drug RRT 

Oxazepam 1.00 
Temazepam 1.08 
Lorazepam 1.16 
a-Hydroxyalprazolam 1.61 
a-Hydroxytriazolam 1. 77 
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5.2. Method 1 

CI GC/MS is more selective and sensitive than conventional EI GC/MS 
for the analysis of triazolam and a-hydroxytriazolam (17, 18 ). Outlined in the 
following subsections is an unpublished PICI GC/MS method for the analysis 
of triazolam and a-hydroxytriazolam. The method has been used for the analy­
sis of these ( as weH as several other benzodiazipines) drugs in plasma and whole 
blood. This method was modified and published as the NICI method for the 
analysis of alprazolam presented in an earlier section (9). 

5.2.1. Extraction 

Calibration curves for triazolam and a-hydroxytriazolam were fortified 
into plasma or whole blood at concentrations of 0, 2.5, 5.0, 10.0, 25.0, 50.0, 
100, 200,400, and 500 ng/mL. Twenty-five nanograms oftriazolam-d4 and a­
hydroxytriazolam-d4 were added as internal Standards. The tubes were mixed, 
allowed to equilibrate, made basic, and samples were extracted with 7 mL of 
toluene-methylene chloride (7:3) as previously described. The organic phase 
was transferred, evaporated, and the residues were reconstituted in 25 flL of 
ethyl acetate followed by 25 flL ofBSTFA + 1% TMCS. The tubes were heated 
at 80°C for at least 30 min to derivatize the a-hydroxytriazolam. 

5.2.2. GC/MS Conditions 

Methane and ammonia (approx 4:1) were used as the PICI regent gases. 
The MS was programmed to acquire SIM data for the following m/z: triazolam, 
343; triazolam-d4 , 347; a-hydroxytriazolam, 431; and a-hydroxytriazolam­
d4, 435. A 15-m capillary column with a 0.25 mm i.d., 0.25 Jlm film thickness 
was used with helium as the carrier gas. The initial GC temperature of 190°C 
was held for 1 min, then programmed to 320°C at the rate of 20°/min. 

5.2.3. Method Performance 

The extraction efficiencies for this method were not determined. However, 
they can be estimated from those reported previously as a-hydroxytriazolam­
d4 was used as the internal standard in that method (9 ). Further, several authors 
have reported combined GC/MS methods for triazolam, alprazolam, and their 
metabolites, indicating that similar recoveries can be expected for the two 
drugs ( 16-18). The method was linear for both triazolam and a-hydroxytriaz­
olam from 2.5 to 500 ng/mL. The major Iimitation of this method was that sens­
itivities of 1 ng/mL could not be achieved for triazolam or a-hydroxytriazolam. 
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5.3. Method 2 

NICI has been shown to be more than 1000 times more sensitive than 
either EI or PICI for the ana1ysis of a-hydroxytriazolam ( 17). In addition, when 
extracting only 0.2 mL of blood, sensitivities of 0.5 ng/mL were achieved for 
a-hydroxytriazolam using NICI GC/MS ( 18 ). The NICI method of Fitzgerald 
et al. ( 17) is described in the following subsections ( 17). 

5.3.1. Extraction 
Urine calibration curves contained a-hydroxytriazolam (and other benzo­

diazepines) at concentrations ranging from 50 to 2000 ng/mL. Two hundred 
and fifty nanograms of a-hydroxytriazolam-d4 irrtemal standard was added to 
each tube. The samples were buffered to pH 5 and hydrolyzed using ß-glucuro­
nidase. Following hydrolysis, the samples were made basic by adding saturated 
sodium borate buffer, pH 9, and extracted with 2 mL of toluene-heptane­
isoamyl alcohol (78:20:2). The organic phasewas transferred and evaporated 
under a stream of nitrogen. The residues were reconstituted in 50 flL of ethyl 
acetate followed by 50 J..LL of BSTFA + l% TMS and heated at lOOoc for at 20 
min to derivatize the a-hydroxytriazolam. The tubes were allowed to cool and 
the liquid was transferred to autosampler vials for analysis. 

5.3.2. GC/MS Conditions 
Methane was used as the NICI regent gas. The MS was operated in the 

full scan mode collecting data from m/z 250 to 450. A 15 m x 0.32 mm i.d. 
dimethylpolysiloxane capillary column was used with helium as the carrier gas. 
The initial GC temperature of 160°C was held for 1 min, then the GC was pro­
grammed to 280°C at the rate of 20°/min. The RRT of a-hydroxytriazolam to 
oxazepam was 1.71. 

5.3.3. Method Performance 
The extraction efficiencies for a-hydroxytriazolam at 500 ng/mL was 

approx 73%. The method was linear for both from 50 to 2000 ng/mL. The pre­
cision of the method was experimentally determined at several concentrations 
in the linear range. For a-hydroxytriazo1am, the intraassay precision was <3.1% 
CV at all concentrations tested. The interassay precision was 21% CV at 131 
ng/mL and 3.2% CV at 1086 ng/mL. 
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Chapter 5 

Identification of Benzodiazepines 
in Human Hair 
A Review 

Vincent Cirimele and Pascal Kintz 

J. fNTRODUCTION 

Benzodiazepines are the most commonly prescribed drugs in the world, 
in part because of their efficacy, safety, and low cost. They are prescribed for 
their anxiolytic, sedative, hypnotic, anticonvulsant, and muscle relaxant proper­
ties. They are also the most abused pharmaceuticals, so they occur more fre­
quently than any type of drug in overdose cases. Fortunately, however, they 
are relatively safe drugs, even at overdose concentrations, apparently because 
of rapid body adaptation to high blood Ievels. Nevertheless, they may havc a 
synergistic effect when taken with alcohol and other drugs such as morphino­
mimetics, antidepressants, sedatives, or neuroleptics. 

Generally, drug testing is based on blood or urine measurement, but blood 
concentration may only reflect dosage at the time of sampling. To assess expo­
sure over Ionger periods, it would be an advantage to sample a readily acces­
sible tissue, which provides a morepermanent marker of drug intake. To obtain 
data on individual past history of chronic dosage, drug analysis of hair was sug­
gested tobe useful ( 1 ). More recently, it was demonstrated that a single 2-mg 
RohypnoJ® administration can be revealed by 7-amino-flunitrazepam detection 
in hair when tested 24 h later (2). 
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Technically, testing of hair for drugs is no more difficult or challenging 
than testing in many other matrices (e.g., liver, bone, etc.). In fact, the applica­
tions of analytical methods and instrumental approaches are in most cases quite 
similar, regardless of the initial matrix. 

Since the early 1980s, the development of highly sensitive and sensitive 
analytical methods such as radioimmunoassay (RIA) or gas chromatography/ 
mass spectrometry (GC/MS) has allowed the determination of organic, exoge­
naus compounds trapped in hair. 

During 1980-90, particular attention had been given to the use of hair 
for the detection of drugs of abuse such as cocaine, heroin, amphetamines, and 
cannabis. However, the detection in human hair of benzodiazepines, the most 
abused pharmaceutical drugs in the world, appeared later. 

The present chapter aims to review the articles devoted to the detcction 
of these compounds in hair. 

2. ßiOLOGY OF HAIR 

Hair is a product of differentiated organs in the skin of mammals. It dif­
fers in individuals only in color, quantity, and texture. Hair seems tobe a ves­
tigial structure in humans, as it is too sparse to provide protection against cold 
or trauma. 

Hair composition is primarily protein (65-95%, keratin essentially), and 
also water (15-35%) and Iipids (1-9%). The mineral content of hair ranges 
from 0.25 to 0.95%. The total number of hair follicles in an adult human is 
estimated tobe about 5 million, with 1 million found on the head ( 3 ). Hair fol­
licles are embedded in the epidermal epithelium of the skin, approx 3-4 mm 
below the skin's surface. 

Each hair shaft consists of an outer cuticle that surrounds a cortex. The 
cortex may contain a central medulla. The hair follicle is closely associated 
with two glands: the sebaceous gland, which secretes sebum (a fatty substance), 
and the apocrine gland, which secretes an oily substance. The ducts of these 
two glands empty into the follicle. 

2.1. Hair Growth 

Hair shafts originate in cells located in a germination center, called the 
rnatrix, located at the base of the follicle. Hair does not grow continually, but in 
cycles, alternating between periods of growth and quiescencc. A follicle that 
is actively producing hair is said tobe in the anagen phase. Scalp hair has the 
greatest variability in growth rate, but also the highest one. Growth rates range 
from 0.2 to 1.12 mm/d. The growth/rest cycle for scalp hair is short (30 mo/ 
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3-2.5 mo on average), especially in the vertex region, where 85% of the fol­
licles are in the anagen phase. Beard hairs have the lowest growth rate (approx 
0.27 mm/d) and a long growth/rest cycle duration of 14-22 mo/9-12 mo. 
Axillary and pubic hairs are quite similar in terms of growth rate (approx 0.3 
mm/d) and growth/rest cycle durations (11-18 mo/12-17 mo) (4). After this 
period, the follicle enters a relatively short transition period of about 2 wk, 
known as the catagen phase, during which cell division stops and the follicle 
begins to degenerate. Following the transition phase, the hair follicle enters a 
restingor quiescent period, known as the telogen phase (I 0 wk), in which the 
hair shaft stops growing completely and the hair begins to shut down. 

Factors such as race, disease states, nutritional deficiencies, and age are 
known to influence both the rate of growth and the length of the quiescent 
period. On the scalp of an adult, approx 85% of the hair is in the growing 
phase and the remaining 15% is in a resting stage. 

When hair shafts grow, they move up the follicle into the keratinogeneous 
zone, where they synthesize melanin and keratin. Melanin is synthesized from 
tyrosine in the melanocytes, while keratin is formed from a special protein of 
high sulfur content. 

2.2. Types of Hair 

Pubic hair, arm hair, and axillary hair have been suggested as an alternative 
source for drug detection when scalp hair is not available. Various studies have 
found differences in concentrations between pubic or axillary hair and scalp 
hair. The significant differences of the drug concentrations were explained on 
the basis of a better blood circulation, a greater number of apocrine g1ands, a 
totally different telogen/anagen ratio, and a different growth rate of the hair. 

2.3. Mechanisms of Drug Incorporation into Hair 

It is generally proposed that drugs can enter into hair by two processes: 
adsorption from the external environment and incorporation into the growing 
hair shaft from blood supplying the hair follicle. Drugs can enter the hair from 
exposure to chemieals in aerosols, smoke, or secretions from sweat and seba­
ceous glands. Sweat is known to contain drugs present in blood. Because hair 
is very porous and can increase in weight up to 18% by absorbing liquids, drugs 
may be transferred easily to hair via sweat. Finally, chemieals present in air 
(smoke, vapors, etc.) can be deposited onto hair. 

The model generally proposed for the incorporation of drugs into hair is 
one in which drugs are transferred passively from the blood into the growing 
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cells ofthe hair follicle and become trapperl during keratogenesis (the forma­
tion of keratin). However, the biology of hair is too complex to support this 
model. 

Drugs appear tobe incorporated into the hair during at least three stages: 
from the blood during hair formation, from sweat and sebum, and from the ex­
temal environment. This model is more capable than a passive model of exlain­
ing several experimental findings such as: (I) Drug and metabolite ratios in 
blood are quite different than those found in hair and (2) drug and metabolite 
concentrations in hair differ markedly in individuals receiving the same dose. 
Evidence for the transfer of the drug via sweat and sebum can be supported, as 
drugs and metabolites are present in sweat and sebum at high concentrations 
and persist in these secretions Ionger than they do in blood. The parent drug can 
be found in sweat long after it has disappeared from the blood. 

The exact mechanism by which chemieals are bound to hair is not known. 
It has been suggested that passive diffusion may be augmented by drug bind­
ing to intracellular components of the hair cells such as the hair pigment mela­
nin. This is an especially attractive mechanism for drugs such as amphetamine 
and methamphetamine, which are chemically similar to tyrosine and dihydroxy­
phenylalanine (DOPA), the precursors of melanin. However, this is probably 
not an important mechanism because drugs are trapped into the hair of albino 
animals, which Iack melanin. Another augmenting mecanism proposed is the 
binding of drugs with sulfhydryl-containing amino acids present in hair. There 
is an abundance of amino acids such as cystine in hair that form crosslinking 
S-S bonds to stabilize the protein fiber network (3). Drugs diffusing into hair 
cells could be bound in this way. 

2.4. Effects of Cosmetic Treatments 

An important issue of concem for drug analysis in hair is the change in 
the drug concentration induced by cosmetic treatment of hair. Hair is continu­
ously subjected to natural factors, such as sunlight, weather, water, pollution, 
and so forth, that affect and darnage the cuticle but hair cosmetic treatments 
enhance that damage. Particular attention has been focused on the effects of 
repeated shampooing, perming, relaxing, and dyeing of hair. After cosmetic 
treatments (bleaching), benzodiazepine concentrations decline dramatically, 
decreasing by 39.7%, 67.7%, and 61.8% ofthe original concentration of diaze­
pam, nordazepam, and 7-amino-flunitrazepam, respectively (5). The products 
used for cosmetic treatments, such as bleaching, permanent waving, dyeing, 
or relaxing, are strong bases. They will cause hair darnage and affect drug con­
tent (by loss) or affect directly drug stability. 
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3. SPECIMEN COLLECTION 

Collection procedures for hair analysis for drugs have not been standard­
ized. In most published studies, the samples are obtained from random locations 
on the scalp. Hair is best collected from the area at the back of the head, called 
the vertex posterior. Compared with other areas of the head, this arca has less 
variability in hair growth rate, the number of hairs in the growing phase is 
more constant, and the hair is less subject to age- and sex-related influences. 

The sample size varies considerably among laboratories and depends on 
the drug to be analyzed and the test methodology. Sampie sizes rcported in 
the Iiterature range from 3 to 80 mg (Table 1 ). 

Multisectional analysis involves taking a length of hair and cutting it into 
sections to measure drug use during shorter periods oftime (segments of about 
1, 2, or 3 cm, which correspond to about 1, 2, or 3 months' growth). The hair 
must be cut as close as possible to the scalp. Particular care is also required to 
ensure that the individual hairs in the cutoff tuft retain the position they origi­
nally had beside one another. It has been claimed that this technique can be 
applied to provide a retrospective calendar of an individual' s drug use. For exam­
ple, a sectional analysis was performed on a hair strand of 16 cm long to demon­
strate an increased self-medication with lorazepam ( 18). 

4. DECONTAM!N!ITION PROCEDURES 

Most laboratories use a wash step (Table l); however, there is no con­
sensus or uniformity in the washing procedures. Generally, a singlewashing 
step is realized; sometimes a second identical wash is performed. Among the 
agents used in washing are aqueous solutions or organic solvents. 

5. EXTRACTION 

In all the cases, the hair strand is pulverized in a ball mill, cut into small seg­
ments (approx 1 mm in length), or used in its entirety. Todetermine the amount 
of a drug in hair, it is necessary to solubilize the drugs. Various drug solubili­
zation methods have been proposed, including chemical (acid or base) extrac­
tion, organic solvent extraction, or enzymatic digestion, but this step must be 
such that the analytes are not altered or lost. The alkaline or acid hydrolyses 
of hair are not suitable for the extraction of chemically unstable compounds 
such as benzodiazepines because they Iead to the formation ofbenzophenones. 
Large series of rcsults were obtained using incubation in buffer such as Soeren­
sen buffer or an acetate buffer with ß-glucuronidase-arylsulfatase (Table 2). 
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Different extraction procedures are used to purify the benzodiazepine 
compounds solubilized from hair (Table 3), but liquid-liquid processes are 
preferred in contrast with solid-phase extraction on columns. The develop­
ment and use of deuterated irrtemal standards (possible only with mass selec­
tive detectors) permit an easier and more accurate quantification of the target 
drugs (Table 3). 

6. DETECTION 

One article reports the detection of target drugs by radioimmunoassay 
(7). Diazepam was readily detected, but alprazolam and lorazepam were not 
found in subjects receiving therapeutic dosages. 

Chromatographie procedures seems to be a more powerful tool for the 
identification and quantification of drugs in hair, owing to their separation 
ability and their detection sensibility. In 1995, Couper et al. ( 16) established 
a procedure for the detection of psychotic drugs in hair by high-performance 
liquid chromatography (HPLC), but diazepam, nitrazepam, and oxazepam were 
not detected in hair samples from subjects under treatment. Classical HPLC 
was certainly inadequate for the detection of benzodiazepines in human hair 
owing to a Iack of sensitivity. 

In most cases, GC/MS in either electron ionization (EI) or negative chemi­
cal ionization (NCI) modewas used (Table 4). The GC/MS examination is 
carried out in each case without derivatization or after derivatization either by 
sylilation or acylation. However, to detect diazepam, nitrazepam, and oxaze­
pam ( 16 ), or alprazolam (20 ), liquid chromatography with UV detection (HPLC/ 
UV), gas chromatography with electron capture detection (GCIECD), or liquid 
chromatography with diode array detection (HPLC/DAD), respectively, were 
employed. Enzyme-linked immunosorbent assay (ELISA) testwas used in only 
one case ( 17). The limitations of this technique were the absence of specific 
identification of the drug and the approximative quantification (in equivalent 
diazepam). The analytical detection Iimits of each technique are summarized 
in Table 5. For GC/MS, they ranged from 0.2 to 250 pg/mg. GC/MS/NCI rep­
resents the state-of-the-art to test benzodiazepines in human hair, owing to 
the high electrophilic character ofthe analytes. Benzodiazepines possess halo­
gen groups (electronegative functional groups) located on aromatic rings with 
high negative density that will give more stability to the anions formed in the 
ion source. 

As demonstrated by the quantitative Ievels found (Table 6), benzodiaze­
pine concentrations are generally low. Some ofthem were detected in the nano­
gram per milligram range (nordiazepam, diazepam, oxazepam) where some 
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others were generally in the picogram permilligram range (flunitrazepam, 7-
amino-flunitrazepam, lorazepam). 

7. DETECTJON OF FLUNITRAZEPAM AND 7-AMINO-FLUN/TRAZEPAM 

The procedure given here is used routinely at the Institute of Forensie 
Medicine of Strasbourg, France. 

Before analysis, the hair sample is twice decontaminated in 5 mL of 
methylene chloride for 2 min at room temperature and pulverized in a Retsch 
MM2-type ball mill. 

Fifty micrograms of powdered hair are incubated in 1 mL of Soerensen 
phosphate buffer, pH 7.6, ovemight, at 40°C, in the presence of deuterated ana­
logs ( -d) of flunitrazepam and 7-amino-flunitrazepam (10 ng) used as inter­
nal Standards. The homogerrate is directly extracted with 5 mL of diethy1 ether­
chloroform (80:20, v/v). After horizontal agitation (20 min at 100 cycles/min) 
and centrifugation (15 min at 4000 rpm), the organic phase is removed and 
evaporated to dryness in a SpeedVac Concentrator (Savant A290). The resi­
due is derivatizated using 150 fJL heptafluorobutyric anhydride-ethyl acetate 
(2: 1, v/v), for 30 min at 60°C. The derivatizated extract is reevaporated to dry­
ness and dissolved in 25 fJL of ethyl acetate before injection. 

A 1.5-fJL portion of the derivatizated extract is injected on the column of 
a Hewlett Packard (HP) 5890 gas chromatograph, via a HP 7673 autosampler. 
The flow of carrier gas (helium, purity grade N55) through the column (HP-
5MS capillary column, 5% phenyl-95% methylsiloxane, 30 m x 0.25 mm 
irrtemal diameter) is 1.0 mL!min. The injector temperature is 240°C and split­
less injection is employed with a split-valve off-time of 1.0 min. The temper­
ature column is programmed to rise from an initial temperature of 60°C, kept 
for I min, to 295°C at 30°C/min and kept at 295oc for the final 6 min. 

The detector used is a HP 5989 B Engirreoperating in NCI mode. The ion 
source and quadrupole temperature are 200oc and 100°C, respectively. The elec­
tron multiplier voltage is set at +400 V above the NCI-tune voltage. Methane 
is used as gas reactant at an apparent pressure of 1.3 torr in the ion source. Mass 
spectra are recorded in single-ion monitaring (SIM) mode. 

Under the chromatographic conditions used, there is no interference with 
the drugs by any extractable endogenaus materials present in hair. The ions 
chosen for quantification were the base peaks at m/z 313 for flunitrazepam­
HFB (d3 : mlz 316) and m/z 459 for 7-amino-flunitrazepam-HFB (d3: mlz 462). 

Figure 1 show a typical SIM chromatogram of a hair specimen positive 
for flunitrazepam and its major metabolite, 7-amino-flunitrazepam. The con­
centrations were 391 and 823 pg/mg, respectively. 
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Fig 1. Typical SIM eh rarnatogram of a hair specimen positive for flunitrazepam 
(m/z 313) and its major metabolite, 7-amino-flunitrazepam (m/z 459). Parent 
concentration was 391 pg/mg and 823 pg/mg for amino-flunitrazepam. 
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8. CoNCLUSIONS 

lt appears that the value ofhair analysis for the identification of drug users 
is steadily gaining recognition. This can be seen from its growing use in pre­
employment screening, in forensie sciences, and in clinical applications. Hair 
analysis may be useful adjunct to conventional drug testing in toxicology. 
Specimens can be more easily obtained with less embarrassment, and hair can 
provide a more accurate history of drug use. 

International conferences on hair analysis in Genoa (1994, 1996), Abu 
Dhabi (1995), Strasbourg (1997), Martigny (1999), and Kreicha (2000) indi­
cate the increasing roJe of this method for the investigation on drug abuses. 

Although GC/MS is the method of choice in practice, GC/MS/MS or liquid 
chromatography (LC)/MS) are today used in severallaboratories, even for rou­
tine cases, particularly to target low dosage compounds, such as flunitrazepam. 

Today, quality assurance is a major issue of drug testing in hair. Since 
1990, the National Institute of Standardsand Technology (Gaithersburg, MD, 
United States) has developped inter-laboratory comparisons, recently followed 
by the new Society of Hair Testing (Strasbourg, France). 
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Chapter 6 

y-Hydroxybutyric Acid 
and lts Analogs, r-Butyrolactone 
and 1,4-Butanediol 
Laureen J. Marinetti 

1. HISTORY AND PHARMACOLOGY OF GHB 

Gamma-hydroxybutyric acid (GHB) is an endogenous compound in mam­
malian central nervous system and peripheral tissues and a minor metabolite or 
precursor of gamma-aminobutyric acid (GABA), an inhibitory neurotransmit­
ter (Fig. 1). lt was first synthesized in 1960 by Laborit ( 1) and his associates as 
an experimental GABA analog for possible use in the treatment of seizure dis­
order. They hypothesized that since GHB could readily cross the blood/brain 
barrier perhaps it could facilitate the synthesis of GABA in the brain. Although 
GHB did not produce elevated GABA synthesis, the research revealed that GHB 
had some pharmacologic properties that rendered it useful as an anesthetic adju­
vant. The earliest pharmacological use of GHB in humans was in this applica­
tion. Blumenfeld et al. (2) listed nine qualities observed from their experiments 
with GHB used in human anesthesia: mirnies natural sleep, causes negligible 
reduction in minute respiratory volume, has cardiotonic effects, produces relax­
ation for ease of intubation, potentiates other central nervous system (CNS) 
depressants, does not change oxygen consumption, permits easy control of res­
piration, provides very stable vital signs, and permits slow induction of anesthe­
sia. In this context Helrich et al. ( 3) correlated blood concentrations of GHB 
with state of consciousness in 16 adult human patients (Table 1). 
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Fig. 1. Structures of GABA and GHB. 

Table 7 
Correlation of 8/ood Concentrations of CHB with State of Consciousness 

Sleep State 

Awake Light sleep Medium sleep Deep sleep 

GHB (f.lg/mL)" 0-99 63-265 151-293 244-395 

avalues converted from micromoles/per Iiter. 

This study revealed that GHB blood concentrations as high as 99 11g/mL 
could be achieved with the patient still displaying an "awake" state. A light 
sleep state was characterized by the subject spontaneously coming in and out 
of consciousness. Subjects in the medium sleep state were clearly asleep but 
were able to be roused. At the highest concentrations studied GHB produced 
a deep sleep characterized by response to stimuli with a reflex movement only. 
lt is clear from these data that blood concentrations of GHB display a large 
over-lap across the four states of consciousness described. For example, a 
subject with a blood concentration of 250 11g/mL could be in a light, medium, 
or deep sleep state. The smallest dose given, 50 mg/kg, produced peak plasma 
concentrations no greater than 182!-lg/mL and the largest dose given, 165 mg/ 
kg, produced peak plasma concentrations >416 11g/mL. Fourteen patients re­
ceived doses of 100 mg/kg resulting in peak blood concentrations ranging 
from 234 to 520 11g/mL. Twelve of the 16 patients required intubation at this 
Ievel of anesthesia but this did not necessarily correlate to those patients that 
received the higher doses of GHB. For example, one patient who received a 
dose of 75 mg/kg required intubation while another patient who received a 
dose of 100 mg/kg did not require intubation. Metcalf et al. ( 4) observed elec­
troencephalographical (EEG) changes in 20 humans given oral doses of GHB 
in the range of 35 to 63 mg/kg. The EEG pattern was similar to that seen in 
natural slow wave sleep. Profound coma was observed at approximately 30 to 
40 min postdosein subjects given oral GHB doses >50 mg/kg. 
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Fig. 2. Structures ofGBL and 1,4BD. 

In vivo: blood and Ii ver 

Iactonase 
~OH 

HO II 
GHB 0 

GBL 

Fig. 3. A Iactonase enzymein blood and liver rapidly catalyzes the hydroly­
sis of GBL to GHB in vivo. 

Research on GHB was expanded to include compounds that were analogs 
or metabolic precursors of GHB: y-butyrolactone (GBL) and 1,4-butanediol 
(1 ,4BD) (Fig. 2). Sprince et al. ( 5) investigated the potential anesthetic proper­
ties of GBL and 1 ,4BD. Their Observations that sleep induction time was the 
shortest with GBL and Iongest with 1,4BD as compared to GHB was an early 
clue to the metabolic relationship among these three compounds. Additional 
studies demonstrated that the pharmacologically active form of GBL was in 
fact GHB. Roth et al. (6) determined that when GBL and GHB were given by 
the intraeistemal route GBL had no CNS depressant activity but an equal dose 
of GHB showed profound and Iasting CNS depression. Rothand Giarman (7) 
determined that a Iactonase enzyme in blood and liver rapidly catalyzed the 
hydrolysis of GBL to GHB (Fig. 3). Administration ofthe GHB and GBL intra­
cisternally (i.e., directly into the CNS) provided no opportunity for biotrans­
formation to occur, as the Iactonase enzyme does not display any substantial 
activity in brain or cerebraspinal fluid (CSF). Several studies of GHB in the 
1970s revealed that anesthetic doses of GHB cause an increase in dopamine 
concentration in the brain by blocking impulse flow in central dopaminergic 
neurons ( 8-11). The net effect of blocking the im pulse flow is to cause a buildup 
of dopamine in the dopaminergic nerve terminals because the synthesis of 
new dopamine continues while blocking the nerve impulse prevents dopamine 
release. Therefore, dopamine accumulates in the nerve terminal. Sethy et al. 
( 12) determined that GHB may have a similar effect on brain concentration of 
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acetylcholine, increasing acetylcholine concentration by decreasing impulse 
flow in cholinergic neurons. The reason GHB is abused is probably not attrib­
utable to an increase in concentration of brain dopamine by inhibition of its 
release ( 13 ). Paradoxically at subanesthetic doses of GHB an excitation of dop­
amine neurons was observed (1 4,15 ). Many drugs of abuse cause an increase in 
dopamine in the synapsevia various mechanisms. Subanesthetic doses of GHB 
cause an initial stimulation of dopamine neurons, producing elevations of syn­
aptic dopamine that may play apart in the reinforcing effect of GHB. Several 
researchers have demonstrated that GHB appears to have a distinct receptor 
site in the brain with both high and low affinity components. Current research 
suggests that this receptor appears tobe a G-protein-coupled presynaptic recep­
tor that is distinct from the GABA8 receptor ( 15a). In addition, there is also evi­
dence that GHB is a weak agonist at the GABA8 receptor ( 16-20). However, 
the mechanism of action of GHB is still unresolved. Researchers have postu­
lated that GHB has some capacity as a neurotransmitter and/or neuromodulator 
and investigation continues in this area. 

2. HISTORY oF huciT UsE oF GHB 

In 1977 a study was published that would permanently change the relative 
obscurity of GHB, GBL, and 1 ,4BD. Takahara et al. (21) administered GHB to 
six healthy adult males and showed an approx 10-fold increase in plasma growth 
hormone (GH) concentration that peaked at 45 min post dose. This effect 
persisted for about 15 min and then the GH concentration declined toward pre­
treatment Ievel. GH concentration at 120 min postdosewas still above baseline 
but significantly (2/3) below the peak concentration. Basedon this report, body­
builders assumed that they could increase GH concentration by using GHB 
and thereby optimize their muscle building potential. A more recent study by 
V an Cauter et al. (22) showed that the increase in GH secretion was correlated 
with the enhancement of slow wave sleep. GH release did not occur prior to 
sleep onset. The GH stimulating effect of a 2- to 3-g dose of GHB was seen dur­
ing the first 2 h of sleep as an increase in amplitude and duration of the normal 
GH secretory pulse associated with sleep onset as opposed to an increase in the 
number of GH release pulses. A study by Addolorato et al. (23) on the effect 
on muscle mass of the GHB induced release of GH compared the muscle mass 
of patients on chronic GHB treatment for alcohol withdrawal syndrome to 
patients receiving psychological support alone. The researchers concluded that 
long-term administration of GHB did not affect muscle mass and were unable 
to detect an increase in GH release in the GHB treated group. A recent study 
has shown that the ability of GHB to increase GH in 4-yr abstinent alcoholics 
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Tab/e 2 
Product/5/ang Names for GHB 

GammaOH 
Sodium oxybate 
Natural Sleep 500 
Oxy-Sleep 
GHBA 
G-caps 
G 
Soap 
Liquid X 

Scoop(s) 
Liquid ecstasy 
Easy lay 
Salt water 
VitaG 
Georgia home boy 
Grevious bodily harm 
Great Hormones at Bedtime 
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does occur. The same subjects were evaluated for GH release by GHB at 2-3 
wk of alcohol withdrawal and again after 4 year of abstinence, Vescovi and 
Coiro (23a). At 2-3 wk of alcohol withdrawal the alcoholic subjects showed no 
increase in GH release with GHB administration. However after 4 years of absti­
nence these same alcoholic subjects did demonstrate an increase in GH release 
with GHB administration at nearly the same level as nonalcoholic subjects. lt 
is hypothesized that this is due to a reconstitution over time of the neurotrans­
mitter pathway underlying the GH releasing activity of GHB. It has been pro­
posed by Volpi et al. (23b) that this is a muscarinic cholinergic pathway. In 
both the Vescovi and Coiro and the Volpi et al. studies it was not specifically 
mentioned whether the subjects were awake or asleep after GHB administra­
tion. In animal studies in both anesthetized and conscious rats and conscious 
dogs, various doses of GHB failed to increase GH concentration in any of the 
animals (Rigamonti and Müller; 23c). The use of GHB by bodybuilders seemed 
harmless in theory until the emergency room reports started accumulating (24 ). 

Users soon discovered that GHB had adefinite mood elevating quality 
and introduced GHB into the party drug scene, which is where it remains 
today in addition to its use as a natural health/diet aid. GHB is known by numer­
ous street/slang names (Table 2). Most of these slang names utilize the letters 
G, H, B, such as "Georgia Horne Boy" or Great Hormones at Bedtime. The 
slang name "liquid ecstasy" can be confusing, as "ecstasy" or XTC is the slang 
name commonly associated with methylenedioxymethamphetamine (MDMA), 
which is not in the same class of compounds as GHB. MDMA is a perception 
altering, entactogenic stimulant and is usually dispensed in pill form. In Novem­
ber of 1990 the FDA warned consumers of the danger of GHB, but the inci­
dents of poisonings continued to rise. GHB and products containing GHB 
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were removed from the market and GHB moved underground. Users soon 
discovered that GHB could easily be synthesized from readily available pre­
cursors. The industrial solvent, y-butyrolactone, when madc basic with lye 
and heated, would yield GHB. With addition of an acid such as vinegar to 
adjust the pH, the solution of GHB was ready to consume. This illicit GHB is 
especially dangerous because its concentration is unknown and can vary greatly 
from batch to batch. Also, contaminants may be introduced in the clandestine 
manufacturing process. GHB has a very steep dose-response curve so it is 
easy to accidentally overdose. Toxicity of GHB is characterized by euphoria, 
dizziness, visual disturbances, decreased Ievel of consciousness, nausea, vomit­
ing, suppression of the gag reflex, bradycardia, hypotension, acute delerium, 
confusion, agitation, hypothermia, random clonic muscle movements (twitch­
ing), coma, respiratory depression, and death. Although there have been some 
reports of seizures associated with GHB intoxication there is no evidence of 
true seizure activity as measured by EEG in humans (25). However, only GHB 
doses consistent with safe anesthesia have been evaluated in these EEG stud­
ies. Clonic muscle movements and severe parasympathomimetic activity in­
cluding profuse salivation, defecation, and urination have been documented 
in dogs treated with large doses (toxic and lethal) of GHB (26). The muscle 
movement was so prominent at anesthetic doses that a barbiturate was also 
administered to effect convenient anesthesia. Perhaps some confusion exists 
between seizures and these clonic movements or muscle twitching. Another 
complicating factor is that GHB used outside a clinical setting is frequently 
used in combination with other drugs. This could affect the pharmacology of 
GHB in many ways depending on which additional drug(s) are consumed and 
their dose. By far the most common drug taken in combination with GHB is 
ethanol (27-29). This combination is especially dangeraus because ethanol 
potentiates GHB' s CNS depressant effects as demonstrated by depression of 
the startle response (a measure of sensory responsiveness) in rats (Fig. 4) ( 30). 
GHB has been implicated in fatalities both when administered alone ( 31) and 
when used in combination with other drug(s) (32). The use of GHB has been 
implicated in drug-facilitated sexual assault. In fact, a common slang name 
for GHB is "date rape drug," although it is not deserving of this title. Actual 
confirmed cases in which GHB has been used in this capacity do exist but 
they are not common in comparison to other drugs more frequently chosen for 
this crime, namely ethanol and benzodiazepines. In a recent study analyzing 
urine specimens from alleged sexual assault victims, ethanol, cannabinoids, 
and benzodiazepines were the most common drugs detected ( 33). 

The most likely negative outcome of chronic GHB usc is addiction. A 
GHB withdrawal syndrome has been documented with chronic GHB use ( 34-
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Fig. 4. Timecourse for the effects of 200 mg!kg GHB, administered alone or 
in combination with ethanol, on the acoustic startle responsein the rat. Plotted 
are the mean values (n = 8-10 per point) for startle amplitude prior to drug 
treatment (P) and for various 15-min intervals following administration of vehi­
cle (DIW, open circles) or 200 mg/kg GHB (filled circles) in rats coadministered 
vehicle (left panel), 0.25 gm/kg ethanol (middle panel); or 0.5 gm/kg ethanol 
(right panel). Neither ethanol dose administered alone affected startle ampl itude 
compared to vehicle controls. GHB treatment reduced the startle amplitude; 
the magnitude and duration of this GHB-inducd reduction in startle amplitude 
was increased in subjects receiving ethanol cotreatment. 

36). The clinical presentation of GHB withdrawal ranges from mild clinical 
anxiety, agitation, tremors, and insomnia to profound disorientation, increas­
ing paranoia with auditory and visual hallucinations, tachycardia, elevated 
blood pressure, and extraocular motor impairment. Symptoms, which can be 
severe, generally resolve without sequelae after various withdrawal periods, 
although one documented death has occurred (36). Treatment with benzodi­
azepines has been successful for symptoms of a mild withdrawal syndrome. 

3. CuNICAL UsE oF GHB IN HuMANS 

As discussed at the beginning of this chapter the first clinical uses of 
GHB were as an anesthetic adjuvant or induction agent. This application is 
still in use today in Europe ( 37). In the United States GHB is being evaluated 
primarily for the treatment of narcolepsy. A new drug application willlikely 
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Fig. 5. Structures of GHB and ethanol. 

be submitted to the FDA by the end of the year 2000 for sodium oxybate or 
Xyrem® (medically formulated GHB). Full approval is expected by the middle 
of the year 2001 (38). At this time there is no medically approved use for 
GHB in the United States. Researchcrs feel that GHB will prove tobe effec­
tive for the treatment of narcolepsy and its associated symptom, cataplexy, 
and will greatly improve the quality of life for suffers ( 39,39a). This research 
has been ongoing since the 1970s and subjects participating in the clinical 
trails have experienced few adverse effects (40). Another promising area for 
medically formulated GHB is in the treatment of alcohol withdrawal syn­
drome. This is not surprising since ethanol and GHB are similar compounds, 
both in structure and pharmacology (Fig. 5). Cross-tolerance between ethanol 
and subanesthetic doses of GHB has been observed in rats, which may explain 
why alcoholics bcing treated with GHB do not experience sedation at doses 
that would sedate a nonalcoholic individual (40a). Exogenous administration 
of GHB has been shown to reduce ethanol consumption and intensity of etha­
nol withdrawal symptoms in rats and humans (4/-44). Adverse effects have 
been mild except for occasional replacement of alcohol addiction with GHB 
addiction, resulting in some subjects self-medicating with additional GHB to 
enhance its effects (45). Treatment with GHB has also been investigated for 
opiate withdrawal syndrome (46), cocairre addiction (46a), and fibromyalgia 
(47). For an in-dcpth review of GHB use in the treatment of withdrawal see the 
April 2000 volume 20, issue 3 of the journal Alcohol, where several articles 
are dedicated to this topic. 

4. HISTORY oF ILuciT UsE oF GBL AND 1,4BD 

On February 18, 2000 GHB was placed in Federal Schedule I of the Con­
trolled Substarrces Act, along with GBL, as a Iist I chemical as well as a con­
trolled substance analog. 1 ,4BD was placed under the controlled substance ana­
log section ( 48,48a). This scheduling action included a provision for approved 
applications of medically formulated GHB, which will be placed in Federal 
Schedule III of the Controlled Substarrces Act. 
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Table 3 
Chemical Synonyms for GBL 

4-Hydroxy-y-lactone 
Butyrylactone 
B utyry Iactone 
y-6480 
y-BL 
BLOorBLON 
4-B utanolide 

4-Deoxytetronic acid 
I ,2-B utanolide 
1,4-Butanolide 
4-Hydroxybutyric acid-y-lactone 
y-Hydroxybutyric acid cyclic ester 
NCI-C55875 
Tetrahydro-2-furanone 

Unfortunately, scheduling has not curbed the illicit use oftbis trio. There 
is more interest on the part of the illicit manufacturers in producing a GHB 
precusor product that will stay in the lactoneform and not spontaneously con­
vert to GHB because penalties for GBL are less severe. In fact, a seizure of 
solid GBL has recently been reported in California, where the liquid GBL was 
adsorbed onto silicon dioxide powder which was then placed into a clear cap­
sule (48b). This adds additional danger because the lactone form, based on its 
physical characteristics and its increased solubility in lipids, has been shown 
in animal studies to be absorbed by the gut more efficiently than the GHB 
acid. The FDA has requested removal of health supplement products contain­
ing GBL, but this is a small fraction of the products that contain this compound 
(49). The most common use of GBL is as an industrial solvent with domestic 
production of approx 80,000 tons per year. In industry it is very widely used 
and would be difficult to replace based on its excellent properties as a safe, 
effective, and biodegradable degreaser. Some manufacturers of diet aid type 
products containing GBL have masked the presence of this ingredient by using 
one of the many chemical synonyms for GBL in the list of ingredients on the 
product label (Table 3). 

Some products containing GBL include Renewtrient, Blue Nitro, and Invig­
orate. It has also been reported that GBL has been detected in alcoholic bever­
ages, tobacco smoke, coffee, tomatoes, cooked meats, and several foodstuffs 
(49a). Theindustrial solvent form ofGBL is the product that is commonly used 
to illicitly manufacture GHB, as previously described. It has also been postu­
lated that GBL could be illicitly manufactured from 1,4BD and tetrahydrofuran 
(THF). Although no source of illicit GBL from 1 ,4BD and THF has been iden­
tified, the synthesis is available on the Internet (49b). GBL produces the same 
pharmacological effects as GHB as it is rapidly converted to GHB in the body. 
As mentioned previously, evidence in animal studies suggests that the lactone, 
being more lipophilic than GHB, is actually absorbed more readily. In fact GBL 
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is considered the pro-drug for GHB and is commonly used in this capacity in 
animal studies (50). At equimolar doses GBL produced a more prolonged hyp­
notic effect in rats as compared to GHB (51). GBL has also been shown to pro­
duce cellular tolerance in mice (51 a,51 b ). To a lesser extent 1 ,4BD has followed 
the samc path as GBL, although with the recent scheduling of GHB, I ,4BD is 
gaining in popularity and has recently been associated with adverse events includ­
ing death (51c,5ld). An unconfirmed story from Russian folklore describes 
an ancient remedy for treating any sort of sexual dysfunction obtained from 
the oil of a small evergreen tree, the borametz tree (52). Extracts of the borametz 
tree were commonly employed as an herbal remedy for sexual dysfuntion and 
more recently for increasing GH concentration. The tradition had very spe­
cific instructions regarding the proper use of the extract. Dosages were 112 to 
2/3 of a teaspoon, taken on an empty sturnach only at bedtime. Also borametz 
extract was nottobe used at higher doses and it was never tobe mixed with 
ethanol or other CNS depressants. When borametz extract was later analyzed 
by the Drug Enforcement Administration (DEA) it was found to contain I ,4BD. 
Hence some of the product names for 1,4BD; pine needle oil, herbal GHB, 
thunder nectar. This storywas most likely created to promote the borametz oil 
product as the specific instructions with regard to CNS depressants and dose 
seem suspect; however, the borametz tree does cxist and 1,4BD has been found 
in some plants. As with GBL, the major use for 1,4BD in the United States is as 
an industrial compound, with a projected usage in 2001 of 750,000,000 pounds. 
Unlike GBL however, 1,4BD is not used to illicitly manufacture GBL or GHB. 
This conversion is an industrial process and cannot be accomplished in a hause­
hold setting. The pharmacological effects of 1,4BD are ultimately those of GHB, 
which is produced metabolically from 1 ,4BD in a two-step process (see Fig. 8). 
With thc increased attention on GHB toxicity the FDA has also requested that 
products containing 1,4BD be removed from the market (53). As with GBL 
this action could also Iead manufacturers to replace the name, 1,4 butanediol, 
with one of its many chemical synonyms to disguise its presence in the product 
(Table 4). 

5. METABOL/SM OF GHB, GBL, AND 1,4BD 
The predominant metabolic pathway for GHB is oxidation to succinc 

semialdehyde by a cytosolic NADP+-dependent oxido-reductase enzyme called 
GHB dehydrogenase (54,55) (Fig. 6). This enzyme has been demonstrated 
in brain, liver, heart, spieen, testis, brown fat, and kidney, with liver, kidney, 
and brown fat having the greatest activity. An early study by Kaufman et al. 
concluded that GHB metabolism can also utilize NAD+- depending on GHB 
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Butane-1,4-diol 
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Fig. 6. The metabolism of GHB in vivo. 

concentration and the tissue (56). This study found that although liver has 
significant NADP+ dependent GHB dehydrogenase activity, liver also has a 
large amount of NAD+-dependent GHB dehydrogenase activity. In contrast, 
brain tissue exhibits exclusively NADp+ -dependent GHB dehydrogenase activ­
ity at lower GHB concentrations, with NADP+ being the favored but not exclu­
sive cofactor at higher GHB concentrations. The authors' Observation that the 
utilization of NAD+ in some circumstances of GHB metabolism is due to the 
fact that the second step of GHB metabolism involves an aldehydetype dehy­
drogenase enzyme, succinic semialdehyde dehydrogenase (see Fig. 6), which 
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Cytosolic 

GHB + NADP+ ~ Succinic Semialdehyde + NADPH + H 

D- glucuronate + NADPH + H + ~ L- gulonate + NADP + 

Marinetti 

GHB dehydrogenase catalyzed oxidation of GHB with subsequent reduction of 
D-glucuronate 

Mitochondrial 

GHB + alpha-ketoglutarate succinic semialdehyde ~ alpha-hydroxyglutarate 

GHB Iranshydrogenase catalyzed oxidation ofGHB with dependence upon the 
presence of alpha-ketoglutarate 

Fig. 7. (a) GHB dchydrogenase catalyzed oxidation of GHB with subsequent 
reduction of D-glucuronate. (b) GHB transhydrogenase catalyzed oxidation of 
GHB with dependence upon the presence of a-ketoglutarate. 

most likely utilizes NAD+ as its cofactor just as the second step of ethanol 
metabolism uses aldehyde dehydrogenase to metabolize acetaldehyde to acetic 
acid with NAD+ as the cofactor. Research to date does not indicate that alcohol 
dehydrogenase is capable of metabolizing GHB (56-58). This could be an alter­
native pathway IF the normal pathway were to become saturated but no evi­
dence exists to support this hypothesis. However, it has been suggested errone­
ously in some publications that alcohol dehydrogenase does normally metabo­
lize GHB (59). Kaufman and Nelson (60) have demonstrated that in addition 
to the required cofactor for GHB dehydrogenase activity, the enzyme is more 
efficient in vivo in a coupled reaction that involves subsequent o-glucuronate 
reduction to L-gulonate utilizing NADPH as the cofactor. These authors have 
also identified a second enzyme capable of oxidizing GHB to succinc semialde­
hyde. This enzyme is located in the microsomal fraction and requires no cofac­
tor; however it is completely dependent on a-ketoglutarate in a coupled reaction. 
The enzyme, a hydroxyacid-oxoacid transhydrogenase named GHB transhydro­
genase, can also catalyze the reverse reaction (Fig. 7). Some compounds formed 
in excess in natural disease states as well as some drugs have been demonstrated 
to inhibit GHB dehydrogenase. Drugs that have been found to inhibit GHB 
dehydrogenase include valproate, ethosuximide, salicylate, amobarbital, diphe-
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nylhydantoin, diethyldithiocarbamate (active form of disulfiram), and cyanide. 
It is not clear if therapeutic concentrations of these drugs would significantly 
inhibit GHB metabolism if the two were administered concurrently. A speci­
fic inhibitor of alcohol dehydrogenase, pyrazole, did not inhibit GHB dehydro­
genase (57). Various natural metabolic products that have been shown to inhibit 
GHB dehydrogenase include a-keto-isovalerate, a-keto-isocaproate, a-keto­
ß-methyl n-valerate (these three compounds are elevated in a condition called 
maple sugar urine disease ), phenylacetate (elevated in persons with phenylketo­
nuria [PKU]), and ketone bodies (54). D-ß-Hydroxybutyrate and acetoacetate, 
both ketone bodies, accumulate in persans with untreated diabetes or in a star­
vation state. In these abnormal conditions the elevated concentration of these 
naturally occurring metabolites could significantly inhibit the metabolism of 
GHB. 

The second step in the metabolism of GHB is the oxidation of succinic 
semialdehyde to succinic acidvia an NAD+-dependent enzyme called succi­
nic semialdehyde dehydrogenase. The succinic acid then becomes a substrate 
in the Krebs cycle and is ultimately metabolized to C02 and Hp. A genetic 
disorder called GHB aciduria occurs when there is a deficiency of succinic semi­
aldehyde dehydrogenase. Persons with this disorder have elevated concentra­
tions of GHB in their blood, spinal fluid, and urine because excess succinic 
semialdehyde from GABA metabolism is reduced to GHB via succinic semi­
aldehyde reductase, an NADPH dependent enzyme (61 ). The clinical mani­
festations of the increased GHB concentration can range from mild oculomotor 
problems and ataxia to severe psychomotor retardation, but it is most com­
monly characterized by mental, motor, and language delay accompanied by 
hypotonia. 

GBL is rapidly hydrolyzed to GHB in vivo with a half-life of less than 1 
min. As previously stated, this reaction is catalyzed by an enzyme, lactonase, 
present in liver and blood. None of the other tissues and t1uids that have been 
evaluated for lactonase activity, including brain, kidney, heart, lung, skeletal 
muscle, intestine, urine, and CSF, showed any substantial lactonase activity 
(62). I ,4BD is also converted to GHB but not as rapidly as the GBL conver­
sion. The conversion of I ,4BD to GHB requires two enzymatically catalyzed 
steps (Fig. 8). The first step is catalyzed by NAD+- dependent alcohol dehy­
drogenase (ADH) ( 63 ), producing y-hydroxybutyraldehyde. The activity of ADH 
toward 1 ,4BD is similar to its activity towards ethanol and ethanol is a compe­
titive inhibitor of 1,4BD metabolism to GHB. The second step is the conver­
sion of y-hydroxybutyraldehyde to GHB via a reaction catalyzed by aldehyde 
dehydrogenase. This aldehyde dehydrogenase mediated conversion can be 
inhibited by disulfiram. The liver, brain, kidney, and heart arc able to convert 
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Fig. 8. The metabolism of 1,4BD to GHB in vivo. 

1,4BD to GHB with the liver showing the greatest conversion capacity per 
gram of tissue (63 ). 

6. DISTRIBUTION AND PHARMACOKINETICS OF GHB, GBL, AND J,4BD 

Normal endogenous concentrations of GHB in CSF in humans are depen­
dent on age and the presence of seizure disorder. Infants had higher concen­
trations of GHB (0.26-0.27 J.lg/mL) in the CSF than older children (0.11-0.13 
J.lg/mL) who, in turn, had higher concentrations than adults (0.02-0.03 J.lgl 
mL). Children with myoclonic type seizures had the highest concentrations of 
GHB in the CSF (0.78-0.97 J.lglmL), whereas children with other types of 
seizures had the next highest concentrations (0.37-0.48 J.lg/mL) (64). Along 
with the analysis of the CSF for GHB the serum of all the subjects was also 
analyzed. Of the 130 subjects, none had any measurable amount of GHB in the 
serum, with a lirnit of sensitivity of the assay of 0.002 J.lg/mL. In another study 
GHB concentrations were determined in various tissues and blood of rats ( 65). 
The results, converted from nanomoles per gram to microgram per gram or 
microgram per milliliter (blood), are given in Table 5. 

Brown fat, kidney, muscle, and heart showed concentrations greater than 
lJ.Ig/g. Liver, lung, blood, brain, and white fat had concentrations lower than 
0.25 J.lglg. The reason for the variations in GHB content between the speci-
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Table 5 
Distribution ofEndogenaus GHB in Various Rat Specimens 

White Brown 

Brain Heart Kidney Li ver Lung Museie Blood fat fat 

GHB 
range 0.14-0.24 0.63-1.6 1.5-3.0 0.08-0.25 0.07-0.17 0.83-1.5 0.03-0.08 0.02-0.07 3.7-4.1 
(flg/g) 

mens analyzed is not known at this time. A study that compared endogenaus 
GHB concentrations in brain from human, monkey, and guinea pig showed an 
elevated concentration as compared tothat seen in rat brain, 0.2-2 f..lg/g, 0.3-
1.8 f..lg/g, and 0.1-0.6 f..lg/g, respectively (66). In this same study endogenaus 
GHB in CSF and blood of humans was found in only trace amounts (CSF 
-0.01 JlglmL). The distribution of GHB into the CSF appears to lag behind 
that in blood or brain. After a 500 mg/kg intraverraus dose of GHB was admin­
istered to dogs, plasma concentration peaked within 5 min, brain concentra­
tion peaked within 10 min, but it was 170 min before CSF concentrations 
reached their maximum (67). Snead et al. (67a) observed a similar distribution 
of GHB in serum and CSF in cats with time to peak CSF concentration lag­
ging behind time to peak serum concentration by 40-100 min, depending on 
the initial dose, and at 60-120 min after GHB infusion CSF concentration 
exceeded serum concentration. This suggests a passive diffusion of GHB from 
serum or brain into the CSF. In alcohol dependent patients GHB did not accu­
mulate in the body on repeated doses nor did it exhibit any protein binding. 
The mean peak plasma concentrations of therapeutic oral doses of 25 and 50 
mg/kg of GHB per day given to 50 alcohol withdrawal syndrome patients were 
55 f..lg/mL (range = 24-88) and 90 f..lg/mL (range = 51-158), respectively (68). 

Absorption of GHB has been shown to be a capacity limited process with 
increases in dose resulting in increases in time to peak concentration. The concen­
tration in brain equilibrates with other tissues after approximately 30 min. GHB 
crosses the placental barrier at a similar rate to that in the blood/brain barrier 
(69). GHB also exhibits first-pass metabolism when given orally with about 
65% bioavailability when compared to an equivalent intravenous dose. 

GHB exhibits zero-order ( constant rate) elimination kinetics after an intra­
verraus dose. Since GHB exhibits zero-order kinetics it has no true half-life. The 
time required to eliminate half of a given dose increases as the dose increases. 
A daily therapeutic dose of 25 mg/kg has an apparent half-life of about 30 min 
in humans as determined in alcohol dependent patients under GHB treatment 
(70). In contrast, an apparent half-life of l-2 h was observed in dogs when they 
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were given high intravenous doses of GHB. In humans it has been documented 
that there is increased rate of absorption if GHB is administered on an empty 
stomach resulting in a reduced time to reach maximum plasma concentration 
of GHB (70a). 

The absorption of GBL has been documented to occur faster than GHB. 
This occurs because the lactone form is much more lipophilic or nonpolar and 
can therefore cross cell membranes much more readily than GHB. Forthis 
reason GBL is often referred to as the pro-drug of GHB (71 ). lt has also been 
proposed that in addition to the better absorption of GBL it may also distribute 
differently than GHB. An early study comparing the distribution of equimolar 
doses of GHB and GBL in rats found that although peak plasma concentra­
tions werehigher with GHB they remained elevated Ionger with GBL. In addi­
tion, concentrations of GBL in the lean muscle mass of the rat were always 
elevated compared to concentrations of GHB (62). This suggests Sequestra­
tion of GBL into lean muscle prior to its conversion to GHB. Since lean muscle 
does not contain the lactonase enzyme, it is conceivable that this could occur. 
The GBL could then redistribute into the blood to be converted to GHB by the 
blood or liver lactonase enzyme. This could explain the prolonged elevated 
concentrations of GHB in blood that occur when GBL is given. Neither GHB 
nor GBL are sequestered in fat. 

The absorption and distribution of 1,4BD is quite similar to GHB. lt is a 
lipophobic or polar compound so it does not absorb faster than GHB. After its 
absorption it requires a two step enzymatic conversion to GHB that results in 
a slightly Ionger time to peak GHB concentration and also a Ionger time of ele­
vated GHB concentration. As discussed previously, the conversion process of 
1 ,4BD to GHB can be slowed or inhibited by ethanol, pyrazole, or disulfiram. 

7. GHB INTERPRETATION IssuEs AND PosTMORTEM PRODUCTION 

Animal and human studies have demonstrated that endogenous GHB 
concentrations can rise postmortem and under inappropriate specimen stor­
age conditions. Doherty et al. (66) observed an increase in the GHB concen­
trations in brain specimens after 6 h with a further increase if the specimens 
were left at room temperature. Snead et al. (64) also observed an increase in 
GHB concentrations in CSF after 12 h of storage at room temperature. lt was 
subsequently discovered that if animals were killed using microwave irradia­
tion that postmartern GHB accumulation was blocked (72). This suggests some 
type of enzymatic conversion from a GHB precursor. Succinic semialdehyde 
has been proposed as a possible source. This could occur by two pathways. 
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Fig. 9. GABA metabolism to GHB in vivo. 

After death a cessation of Krebs cycle activity occurs which would result in 
an increase in substrates that normally would utilize this pathway, succinic 
acid being one. The buildup of succinic acid would drive the reaction toward 
succinic semialdehyde and succinic semialdehyde reductase would convert 
the succinic semialdehyde to GHB. The second pathway involves the metabo­
lism of previously sequestered GABA that is being released from storage 
vesicles as the natural decomposition process occurs. Excess GABA would be 
exposed to the GABA transaminase enzyme which could convert it to succi­
nic semialdehyde which could in turn be converted to GHB (Fig. 9) in addition 
to proceeding on to succinic acid (Fig. 10). However, the most likely source 
of postmartern GHB production is putrescine ( 1 ,4-butanediamine ), a biogenic 
polyamine initially detected in decaying animal tissues, but now known to be 
present in al\ cells, both eukaryotic and prokaryotic, where it is important for 
cell proliferation and differentiation (73). Research on polyamine metabo1ism 
by Seiler (74) demonstrated the formation of GABA from putrescine bothin 
visceral argans and in the CNS of vertebrates. This is a two-step enzymatic 
process in the polyamine metabolic pathway that involves diamine oxidase 
(DAO) and aldehyde dehydrogenase to form GABA (Fig. 11 ). In argans that do 
not contain high activity of DAO, such as brain, an alternative pathway is avail­
able for the conversion of putrescine to GABA. This pathway involves the 
conversion of putrescine to monoacetylputrescine by the enzymatic addition 
via polyamine aminotransferase of acetyl CoA. Monoacetylputrescine is a sub­
strate for monoamine oxidase (MAO). The subsequent action of MAO on mono­
acetylputrescine, then aldehyde dehydrogenase, followed by acetylpolyamine 
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Fig. 10. GABA metabolism in vivo. 

deacetylase, forms GABA (Sessa and Perin; 74a). In addition Snead et al. 
(75) observed an 80-100% increase in GHB concentrations in rat brain after 
intracerebroventricular administration of putrescine. All of these theories are 
consistent with the observation that microwave irradiation prevents postmar­
tern accumulation of GHB as the exposure to the microwaves would denature 
the enzymes. This is also supported by the fact that excessive GHB produc­
tion is not seen in blood specimens that have an enzyme inhibitor added (76). 
Regardless of the source of the increased concentration of GHB postmartern 
it can be a significant problern in determination of a cause of death due to GHB 
toxicity. Postmartern production of GHB can result in blood concentrations 
of GHB that would produce significant effects in a living person. Anderson and 
Kuwahara (77) analyzed heart blood, femoral blood, and urine from 96 post­
martern cases with no suspected exogenaus GHB use and from 50 antemor­
tem blood specimens also with no evidence of GHB use. The specimens were 
stored at 4°C with sodium fluoride added to the blood as a preservative. They 
obtained the following results in the postmartern specimens: heart blood, 1.6-
36 f..lg/mL; femoral blood, 1.7--48 f..lg/mL; and urine, 0-14 f.lg/mL, and no detec­
table amount of GHB in any of the antemortem blood specimens, with a Iimit 
of detection of 0.5 f..lg/mL. The upper end of the postmartern blood range over-
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Fig. 11. Formation of GABA from putrescine in polyamine metabolism. 

laps the range detected in blood during therapeutic application of a 25 mg/kg 
per day dose of GHB, 24-88 J.lg/mL. If one compares this to the highest con­
centrations that were discussed earlier in antemortem blood and CSF, I 11gl 
mL in the CSF of children with myoclonic type seizure disorder, it is obvious 
that these are significant concentrations. Also the fact that there is very little 
difference between GHB concentrations in heart and femoral blood suggests 
that this is not simply a postmortem redistribution issue. In a similar study by 
Fieler et al. (78) a range of 0-168 J.lglmL (average 25 11g/mL) in postmortem 
blood was observed with no detectable GHB in postmortem urine or antemor­
tem blood or urine, with a limit of detection of I 11g/mL. Although these data 
showed a !arger concentration range than the data of Anderson et al., an aver­
age of 25 11g/mL for 20 blood specimens indicates that the majority of the con­
centrations were at the lower end of the range. The Fieler et al. study does not 
discuss the storage conditions of the specimens prior to analysis, which has 
been shown to have an effect on the amount of postmortem GHB produced. 
Stephens et al. (76) compared postmortem GHB concentrations in samples 
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under various storage conditions. They found that GHB concentrations increased 
by 50% if the specimen did not contain sodium fluoride even when it was stored 
in a refrigerator, and if the specimen was stored at room temperature without 
10 mg/mL sodium fluoride the concentration could double. The addition of 
sodium fluoride did not affect the concentration of GHB in urine specimens 
that were compared. Antemortem blood preserved with citrate (yellow top tube) 
has been shown to display an increase in GHB concentration over time (LeBeau 
et al.; 78a). Ten antemortem-citrate-buffered whole blood specimens were ana­
lyzed for GHB after various storage periods from 6 to 36 mo at -20°C. Although 
no exogenous GHB use was suspected, all of the specimens had concentrations 
of GHB ranging from 4 to 13 J..lg/mL, with a mean of 9 J..lg/mL. The real problern 
this presents is in the interpretation of exogenous GHB use, GHB toxicity, or 
GHB overdose resulting in a fatality. Since GHB is rapidly cleared from the 
body, even at elevated doses, if there is any survival time the blood concen­
trations can easily fall into the range of postmortem production. Therefore, a 
urine specimen should be collected in addition to blood in suspected GHB 
cases. If urine is not available, then eye fluid or CSF is indicated, especially 
CSF because the normal endogenous concentration of GHB in CSF is well 
documented. lt is advisable to preserve all specimens with at least 10 mg/mL 
sodium fluoride and store at refrigerator temperature or freeze and to avoid 
citrate-containing tubes. At this time there are no published data on endoge­
nous GHB concentrations in postmortem eye fluid and certainly none for ante­
mortem eye fluid. Organ specimens may also be helpful, but again there are no 
published data on endogenous concentrations of GHB in various organs in 
humans. The cutoff concentration for reporting exogenous GHB consumption 
in a specimen must be set above the suspected postmortem production or ante­
mortem endogenous GHB concentration. This is not too difficult in the case of 
an antemortem specimen, provided it is not from a citrate-containing tube, 
but it can be very difficult in certain postmortem specimens. 

Data from analyses of multiple specimens and a good case history can 
help tremendously especially if Iitigation is involved. For example, in a case 
that involved the death of a young girl and GHB, a postmortem blood GHB 
concentration of 15 J..lg/mL was demonstrated. This concentration is in the range 
of postmortem GHB production. However, a detailed case history plus a post­
mortem urine GHB concentration of 150 J..lg/mL, an antemortem blood con­
centration of 510 J..lg/mL, an antemortem urine concentration of 2300 J..lg/mL, 
and the lack of any other significant autopsy findings made the cause of death 
an obvious GHB fatality. The deceased had a 14 h survival time in the hospital 
prior to death, which explains the low postmortem blood GHB concentration 
( 31 ). A second GHB fatality showed a heart blood concentration of 66 J..lg/mL, 
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Fig. 12. The dynamic equilibrium of GHB and GBL in vitro or in the absence 
of the Iactonase enzyme in vivo. 

a femoral blood concentration of 77 IJg/mL, an eye fluid concentration of 85 
IJg/mL, and a urine concentration of 1260 IJg/mL. This individual had an exten­
sive history of chronic GHB use and no othercause of death (31). In this author's 
experience, two other cases demonstrated postmartern GHB concentrations 
of 310 jJg/mL in blood with a urine concentration of 2100 iJglmL andin the 
second case a concentration of 410 jJg/mL in blood with an eye fluid concentra­
tion of 212 jJg/mL. These concentrations indicate a much more acute intoxica­
tion with little survival time and are consistent with GHB concentrations seen 
in deep anesthesia. 

8. ANALYSIS FOR GHB, GBL, AND 1 ,4BD 
GHB does not exist in a static state, even outside of the body. In solu­

tion, it exists in a dynamic state in equilibrium with its Iactone, GBL (Fig. 12). 
The ratio of the two forms is dependent on the pH of the matrix or the type of 
matrix containing the GHB. For example, in blood, the GHB acidform pre­
dominates because the Iactonase enzyme converts any of the Iactone to the 
acid. However if the GHB is in a matrix that does not contain this enzyme, 
such as urine, water, or juice, the two forms will reach equilibrium with both 
being present. The form that predominates depends on the pH of the solution, 
with lower pH favoring the Iactone form, GBL. Complete conversion to GBL 
is favored in dehydrating conditions at pH below 2 in a concentrated acid 
solution. This can be achieved by the addition of a concentrated, dehydrating 
acid such as sulfuric acid. The rate at which the equilibrium is reached depends 
on the temperature and the actual pH of the matrix. 

There are two basic approaches to GHB and GBL analysis depending on 
the matrix being analyzed. If a biological matrix is being analyzed, then con­
version of GHB to GBL or derivatization of the GHB without conversion is 
acceptable, as a biological matrix should not normally contain any GBL with 
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the exception of the stomach contents. However, it is possible that a urine 
specimen ( or any other biological specimen that does not contain the lactonase 
enzyme) with a low pH (5 or 6) might produce GBL from GHB upon longterm 
storage. An excellent study that demonstrated this potential was done by Ciolino 
and Mesmer (79). The authors compared solutions of GHB and GBL in vari­
ous matrices at various pH values and found that the relative amounts of GHB 
and GBL changed depending on the pH of the matrix and storage conditions, 
specifically time and temperature. Anderson et al. reported a fatality that dis­
played measurable concentrations of GBL in heart and femoral blood, vitre­
ous humor, liver, bile, gastric contents, and urine (79a). Perhaps this is evidence 
of a massive GBL ingestion that resulted in saturation of the lactonase enzyme 
since the concentrations of GHB in this case were very high, with a heart blood 
concentration of 1,473 jlg/mL. However, if 1,4BD is ingested, because it is not 
in equilibrium with GHB or GBL, unchanged 1,4BD may be detected in a bio­
logical specimen if enough is ingested and/or the time interval since ingestion 
is short ( 80 ). Analyses of illicit or commercial products to determine GHB or 
GBL require that either two aliquots of sample be analyzed if the GHB to GBL 
conversion is used, orthat a derivatization method be used so that the percent­
age composition of GHB in the sample can be determined. Knowing the actual 
percentage of GHB and GBL in the sample may be important in the documen­
tation of a product source in both criminal and civillitigation cases. 

Biological specimen extraction can be accomplished by liquid/liquid, 
solid phase, or solid phase microextraction with subsequent detection of GHB 
or GBL by gas chromatography/mass spectrometry (GC/MS) using electron 
impact (EI), positive or negative chemical impact (Cl), or gas chromatogra­
phy with flame ionization detection (GC/FID). LeBeau et al. (81) describe a 
method that employs two aliquots of specimen. The first is converted to GBL 
with concentrated sulfuric acid while the second is extracted without conver­
sion. A simple liquid/liquid methylene chloride extraction was employed, and 
the aliquots were then screened by GC/FID without derivatization. Specimens 
that screened positive by this method were then aliquoted again and subjected 
to the same extraction with the addition of the deuterated analogs of GHB and 
GBL. These extracts were then analyzed by headspace GC/MS in the full-scan 
mode. Quantitation was performed by comparison of the area of the molecu­
Jar ion of the parent drug (m/z 86) to that of the deuterated analog (m/z 92). 
This method displayed linearity in both blood and urine from 5 to 1000 jlg/mL 
with recoveries that averaged between 75% and 87%. A liquid/liquid extrac­
tion method employed by the toxicology laboratory in the Department of the 
Coroner ofLos Angeles County Califomia (82) first converts GHB to the lac­
tone followed by chloroform extraction. Both blood and urine were analyzed 
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using this method with y-valerolactone as the internal standard. Detection was 
by GC/MS using selected ionmonitaring (SIM) mode. The following ions are 
monitored: GBL 42, 56, and 86 with 41, 56, and 85 for the internal standard. 
The method was linear from 5 to 300 f.Lg/mL, with a lower Iimit of detection of 
5 f.Lg/mL. Couper and Log an ( 83) describe a liquid/liquid extraction method that 
uses ethyl acetate to extract GHB, without conversion to GBL. The extract is 
derivatized using N,O-bis-(trimethylsilyl)trifluoroacetamide (BSTFA) with 1% 
trimethylchlorosilane (TMCS) and acetonitrile and then analyzed using GC/ 
MS in EI mode with selected ion monitaring of mlz 233, 204, and 117 for 
GHB and m/z 235, 103, and 117 for the diethy1ene glycol internal standard. 
The method gave a 55% extraction recovery of GHB in blood, with a Iimit of 
detection in blood and urine of 0.5 f.Lg/mL, and a linearity of 1 to 100 f.Lg/mL in 
blood and 1 to 200 f.Lg/mL in urine. Another liquid/liquid extraction which is 
very similar to Couper and Logan's method has been described by Elian (84). 
The differences between this method and the Couper and Logan method are 
its use of d6-GHB as the interna1 standard, its evaluation only of urine speci­
mens, and its 80 to 85% recovery, with linearity from 2 to 50 f.lg/mL. 

There are three different solid phase extraction (SPE) methods that differ 
with respect to the column used, preextraction sample treatment, postextraction 
sample treatment, and internal standard. All three SPE methods extract GHB 
from urine and blood, derivatize with BSTFA with 1% TMCS and detect ana­
lytes by GC/MS in the EI mode either with SIM or full scan. The ions moni­
tared for the GHB di-TMS derivative are 233, 234, and 235 with care being 
taken to avoid the ions that are common between di-TMS GHB and di-TMS 
urea, 147, 148, and 149. Ureais a naturally occurring compound in urine and 
care must be taken so that its derivative does not interfere. The SPE method used 
by the Miami-Dade County Medical Examiner's Office, Toxicology Labaratory 
in Miami, Florida ( 85) uses Chem-Elute® SPE columns, ß-hydroxybutyric acid 
internal standard, pretreatment of urine with sulfuric acid, and pretreatment 
of blood with sodium tungstate and sulfuric acid. The Dade County method 
gave an absolute recovery of 30%, with a Iimit of detection of 2 f.lg/mL and a 
Iimit of quantitation of 10 f.Lg/mL. McCusker et al. (86) describe a method for 
urine that uses United Chemical Technologies® GHB SPE column. Urine, GHB­
d6 internal standard, and phosphate buffer are combined and extracted. The 
final eluent is taken to dryness and then reconstituted with hexane and dimethyl­
formamide (DMF). After a simple liquid/liquid extraction the hexane layer is 
discarded, the DMF is taken to dryness, and the residue is derivatized with 
BSTFA with 1 %TMCS in ethyl acetate. The method gave a linearity range from 
5 to 500 f.Lg/mL. The limit of sensitivity or percent recovery of the method was 
not reported. The United Chemical Technologies® GHB SPE column method 
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has been modified to include GHB and 1,4BD analysis in blood, eye fluid, 
and tissue homogenate samples. Sampie size is only 200 IJL and requires a 
sample preparation step of extraction with acetone prior to elution on the SPE 
column. The eluent from the SPE column, which is in 9911 methanol/ammo­
nium hydroxide, is then taken to dryness and derivatized with BSTFA with 
1% TMCS. The ions monitored are 233, 234, and 235 for GHB di-TMS; 239, 
240, and 241 for GHB-d6 di-TMS; 219,220, and 221 for 1,4BD di-TMS; and 
223, 224, and 225 for 1,4BD-d4 di-TMS (5lc,87). The third SPE method uti­
lizes a Multi-Prep® Anion Exchange GVSA-200 Gravity Flow Column and is 
used for urine or blood analysis (88). This is a very simple SPE procedure that 
involves mixing the specimen with pH 9 Tris buffer prior to extraction and 
passing all solutions through the column by gravity flow. This investigational 
method utilized GHB-d6 as the internal standard and displayed 1inearity from 
I to 500 11glmL with a recovery greater than 90%. A GC/MS method with neg­
ative ion detection is described for the measurement of GHB in rat brain ( 89 ). 
lt involves a complicated liquid/liquid extraction with subsequent derivatization 
of GHB with MTBSTFA. This method is very sensitive with the capability of 
detecting as little as 2 pg of neat GHB. The standard curve ranged from 0 to 
64 ng of GHB. Measurement of endogenous antemortem concentration of GHB 
would be an appropriate application for this method, but forensie analysis of 
biological specimens for GHB does not require Iimits of detection this low. 
Frison et al. (90) describe a method using solid phase microextraction of GHB in 
plasma and urine. This is a new approach for GHB analysis that shows promise 
in that it is simple, sensitive, and requires only 0.5 mL of specimen. The linear­
ity rangewas 1-100 11g/mL in plasma and 5 to 150 IJg/mL in urine, with a Iimit 
of detection of 0.05 IJg/mL and 0.1 IJg/mL for plasma and urine respectively. 
The Iimit of detection was calculated based on aqueous solutions because the 
blank plasma and urine specimens had endogenous GHB concentrations of 
0.1-0.2 IJglmL and 0.5-1.5 IJg/mL, respectively. Therefore, it is important to 
evaluate the possibility of significant GHB concentrations in blank matrices 
prior to their use. The method required conversion of GHB to GBL with d6-

GBL as the interna1 standard and detection by headspace GC/MS with spectra 
from both CI and EI ionization modes. Many methods are available for GHB 
and GBL analyses depending on the equipment and resources available to the 
laboratory. 

However, the sameisnot true for 1,4BD analysis. Concern over detect­
ing and quantifying I ,4BD is just becoming an issue in the forensie commu­
nity. As discussed previously, the pharmacologically active form of 1,4BD is 
GHB. However, determination of the concentration of 1,4BD may be useful 
in documenting acute intoxication. McCutcheon et al. (80) utilizes a simple 



GHB and lts Analogs 119 

one-step extraction at physiological pH into n-butyl chloride for the extrac­
tion of I ,4BD. The solvent is dried down to about 75 J.lL and subjected to GC/ 
MS analysis. The 1,4BD elutes prior to GBL, with a detection limit between 
50 and 100 J.lg/mL. Research by the authors is currently underway to improve 
this method. A method specific for the dectection of 1,4BD in liver and brain 
tissue is described by Barker et al. (91). This method involves a complicated 
extraction scheme that utilizes different extraction protocols for the aqueous 
and lipid fractions of the tissues. Both fractions are then lyophilized to dryness, 
extracted again, and subsequently derivatized with heptafluorobutyric anhy­
dride (HFBA). The internal standard used was deuterated 1,4BD with identifi­
cation and quantitation by electron impact GC/MS in the SIM mode. Both rat and 
human brain tissue were analyzed in addition to rat liver. The method demon­
strated a recovery of74% ± 10% for the aqueous fraction and 88% ± 9% for the 
lipid fraction. The linearity range was 0.0 to 1.0 J.lg/g wet weight of tissue, with 
a Iimit of detection of 0.01 J.lglg wet weight of tissue. Also, as was mentioned 
previously, the United Chemical Technologies® GHB SPE column method 
has been modified to include 1,4BD analysis (5Jc). This method is currently 
in use by this author for analysis of both GHB and 1,4BD. 

In conclusion, despite of or because of its simple structure GHB is a com­
plicated multifacted compound that continues to be an issue in forensie toxi­
cology. In addition to prevalence ofGBL and 1,4BD as industrial compounds 
and the availability of GBL and 1 ,4BD on the Internet (www.chemicalkits.com), 
the GHB issue is here to stay. Readers should continue to monitor the joumals 
for new discoveries and relevations concerning GHB and its analogs that are 
sure to come. Finally, it should be noted that although this chapter focused on 
the English language database, there are hundreds of references in many other 
languages concerning GHB and its analogs that are not represented in this work. 
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J. fNTRODUCTION 

The development of sensitive and specific analytical techniques and pro­
cedures has always been a cornerstonein forensie toxicology to establish scien­
tific factsrelevant to specific cases. The importance of such sensitive and credible 
procedures has gained a new dimension over the last few years in countering 
media inaccuracies and exaggerations concerning certain forensie issues, most 
recently exemplified by reports on the use of drugs in cases of alleged sexual 
assault. 

The media has made great play of the concept of "date rape" or "acquain­
tance rape," that is, the use of drugs by friends or acquaintances of the victim 
to facilitate sexual assault ( 1,2). A number of drugs have been implicated by the 
media in such alleged criminal activities, among them y-hydroxybutyrate (GHB) 
(3,4), ketamine (5), and flunitrazepam (6,7). 

Flunitrazepam, a member of the benzodiazepine class of compounds, has 
been marketed for more than 20 yr and is a safe and efficacious drug for the 
treatment of severe and debilitating sleep disorders. It is among the most fre­
quently prescribed hypnotics in many countries, but it has never been available 
in the United States, for purely commercial reasons. 
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It has, however, been smuggled into the United States, although reported 
instances of unlawful imports, distribution, and abuse have been largely limited 
to two states, Florida and Texas. There seems to have been a decrease in illegal 
trafficking in the last few years, so that flunitrazepam abuse appears to have 
been a short-lived "fashion" among the young and polydrug users. 

Stories of the misuse of flunitrazepam to commit sexual assaults began 
to appear in the United States media in the mid-1990s, but the number of cases 
in which it was implicated was very small. Reports of sexual assaults using 
drugs emerged in other countries, too-and continue to do so from time to time 
-but it is often impossible to sort out fact from fantasy and inaccurate, sensation­
alized reporting. 

The major manufacturer of flunitrazepam, under the brand name Rohyp­
nol, is F. Hoffmann-La Roche (Roche), although there are several other manu­
facturers. Despite the fact that very few reported cases of assault associated 
with flunitrazepam have been substantiated, Roche took a number of steps to 
minimize the potential for abuse of its product and actively collaborated with 
international drug regulatory and law enforcement agencies. Among those mea­
sures was a reduction in dose and package size and the introduction of a refor­
mulated, color-releasing tablet. 

Roche also sought to determine the facts about the use of drugs, includ­
ing flunitrazepam, in alleged cases of sexual assault, notably by sponsoring 
the development of sensitive analytical techniques to enable flunitrazepam to 
be detected in urine samples. Subsequently, a testing program was set up to 
offer wholly independent urine analyses to victims of alleged sexual assault 
in the United States. 

The method developed for the purpose of detecting flunitrazepam in urine 
samples submitted under the Roche program was a very specific and sensitive 
gas chromatography/mass spectrometry (GC/MS) procedure (8). The proce­
dure was sensitive to less than 1 ng/mL of the major urinary metabolite of flu­
nitrazepam (7-amino-flunitrazepam). This sensitivity allowed the detection 
of the drug in urine for at least 72 h post-ingestion of as low a dose as 1 mg of 
flunitrazepam. 

This case history outlines the analytical techniques involved and the results 
of more than 3000 urinalyses during the 4-yr testing program. 

2. RECEIPT OF SPECTMENS FOR ANALYSIS 

ElSohly Laboratories, Incorporated (ELI) of Oxford, Mississippi, was 
selected by Roche to analyze all samples collected from alleged sexual assault 
victims under its public service offering. Information on the availability of 
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the service was distributed by Roche to rape crisis centers, law enforcement 
agencies, and emergency rooms throughout the United States. These agencies 
were advised that urine specimens should be collected and handledunder stan­
dard forensie chain of custody procedures and that the contract Iabaratory 
would analyze each specimen for alcohol, flunitrazepam, and other benzodi­
azepines, amphetamines, barbiturates, cocaine, GHB, marijuana, and opiates. 
Other drugs of abuse were tested such as propoxyphene, methaqualone, and 
phencyclidine (PCP). While Roche paid for all testing and Iiterature distrib­
uted to the submitting agencies, it emphasized that it had no influence what­
soever on the specimen collection or the testing results. Roche' s sole interest 
in the program to was ascertain scientific facts relative to the prevalence of 
drugs of abuse in these alleged sexual assault cases. Further, the agencies were 
advised that doses of a single l-mg tablet of flunitrazepam were detectable in the 
urine for up to 72 h post-ingestion. On receipt at the testing laboratory, the spe­
cimens were refrigerated prior to testing and were stored at -20°C after testing. 

3. TESTING PROTOCOL 

The testing protocol involved the following distinct steps: 

l. All specimens were screened by OnLine immunoassay (Roche Diagnostic Corpo­
ration, Indianapolis, IN) for nine different drug classes. The immunoassays were 
performed at the manufacturer's recommended cutoff Ievels for amphetamines at 
1000 ng/mL, barbituratcs at 200 ng/mL, cocaine metabolite at 300 ng/mL, cannabi­
noids at 50 ng/mL, methaqualone at 300 ng/mL, opiates at 300 ng/mL, phencycli­
dine at 25 ng/mL, and propoxyphene at 300 ng/mL. The benzodiazepine assay was 
performed following a previously published procedure using a 50 ng/mL cutoff and 
ß-glucuronidase pretreatment (9 ). 

2. Specimens were screened for benzodiazepines by a second immunoassay (either 
OnTrak or TestStik, both manufactured by Roche Diagnostic Corporation). These 
assays have a different cross-reactivity profile than the OnLine immunoassay for ben­
zodiazepines. The analysiswas performed following the manufacturer's protocol. 

3. Any specimen screeningpositive for any drug dass was confirmed by GC/MS anal­
ysis following the laboratory' s standard operating procedures for the different drugs. 
GC/MS analysis for the different drug classes was carried out using liquid/liquid 
extraction procedures in the presence of appropriate intemal standards (primarily 
deuterated analogs of the different analytes). The Cannabinoids assay was directed 
toward 11-nor-89-THC-9-COOH; the cocaine assay was directed toward benzoylec­
gonine; the opiates assay toward morphine (total) and codeine; the amphetamines 
toward amphetamine and methamphetamine; propoxyphene assay toward both prop­
oxyphene and norpropoxyphene; the barbiturate assay toward butalbital, seco­
barbital, pentobarbital, butabarbita1, and phenobarbital; while the assays for PCP 
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and methaqualone were directed toward the parent drugs. The benzodiazepines GC/ 
MS confirmation method was based on acid hydrolysis of the urine specimen to 
convert all benzodiazepine metabolites of similar basic skeleton to the same ben­
zophenone. The benzophenones monitared were those derived from norfludiazepam, 
bromazepam, nitrazepam, diazepam, oxazepam, alprazolam, triazolam, and loraze­
pam. Therefore, any benzodiazepine giving rise to any of these benzophenones was 
reported as the basic benzodiazepine producing such benzophenone. For example, 
a positive finding for the benzophenone corresponding to oxazepam was reported as 
positive for oxazepam, but the urine could actually contain oxazepam or any related 
benzodiazepine that would produce the same benzophenone upon acid hydrolysis. 
Other benzodiazepines that could produce the same benzophenone as oxazepam 
would include nordiazepam, clorazepate, oxazolam, chlordiazepoxide, and others 
such as a-OH-alprazolam. Therefore, the interpretation of the GC/MS confirma­
tion results should be done with care, and if it is really necessary to identify the 
specific benzodiazepine responsible for the positive test, a second GC/MS analysis 
would be necessary using only enzyme hydrolysis prior to reextraction. 

4. All specimens were analyzed by GC/MS for GHB. The analysiswas carried out using 
a minor modification of the procedure previously reported by Perrara et al. ( 10 ). In 
brief, 2 mL of urine were treated with 0.5 mL of 20% trifluoroacetic acid at 75°C 
for I h, using y-valerolactone as the internal standard. After cooling to room temper­
ature, the reaction mixturewas adjusted to pH 6.5 with 2 NNaOH and then extracted 
with 3 mL ofCHC13. The chloroform extract was used for GC/MS analysis without 
further concentration. A DB-5 MS column (25 m x 0.2 mm, 0.33 1-1m film) was 
operated at 60°C (I min) to 90°C at 10°C/min, then up to 275°C at 35°C/min with a 
temperature hold of I min before reequilibration. The ions monitared were at mlz 
42, 56, and 86 for GHB and 56, 41, and 85 for the internal standard. A calibration 
curve from I 0 to 50 flg/mL was used for quantitation using the peak area ratio of 
ions 42 (drug) and 56 (internal standard). This analytical procedure converts GHB 
to y-buterolactone (GBL) prior to extraction. 

5. All specimens were analyzed by GC/FID for ethanol. The analysiswas carried out 
using direct injection of a l-f1L volume of a mixture of 100 f1L of the urine speci­
men and 100 flL of internal standard (IS) solution (1 00 mg/dL of isopropanol) into 
a GC equipped with a 6 ft x 2 mm ID 60/80 carbopack/5% and operated at 80°C. 
The quantitation was performed by comparing the area ratio of ethanol/IS relative 
to a calibration curve from 20-120 mg/dL of ethanol. 

6. All specimens were analyzed by GC/MS for flunitrazepam metabolites, regardless 
of the results of the benzodiazepines screen. The analysiswas carried out following 
the procedure previous1y reported by E!Soh1y et al. (8). This procedure used an acid 
hydro1ysis step which converts flunitrazepam and metabolites to their correspond­
ing benzophenones. The Iimit of detection was less than 1 ng/mL of 7 -amino-fluni­
trazepam which was found tobe the major urinary metabolite (8,9). Initially, the 
internal standardwas d5-oxazepam which was subsequently changed to dr7-amino­
flunitrazepam when the 1atter became commercially available. 
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The use of this GC/MS procedure to analyze each and every urine speci­
men submitted under this program (more than 3000), coupled with the fact that 
more than 98% of the samples were collected within 72 h of the alleged inci­
dent, assun~d that flunitrazepam would be detected had it been used at the time 
of the inciclent. 

4. RESULTS AND DISCUSSION 

A total of 3303 urine specimens were submitted to ElSohly Laboratories 
for testing under this program. The main objective was to provide indepen­
dent analyses to determine the facts relative to the use of clrugs, inclucling flu­
nitrazepam, in these cases of alleged sexual assault. Therefore, specimens had 
to meet two criteria to be testecl uncler the program: there hacl to be an allega­
tion that a clrug bad been administered to the claimant prior to the allegecl sexual 
assault, and the specimen hacl to have been collectecl within 72 h of the alleged 
inciclent. 

The 72-h window was selected to ensure that if flunitrazepam had been 
aclministerecl, its metabolite(s) woulcl be cletected, given the sensitivity of the 
GC/MS method used (8). 

Figure 1 shows the clistribution of the specimens analyzed under this pro­
gram within different time intervals from allegecl clrug ingestion to specimen 
collection. Among the 3303 specimens analyzed, there were 3262 specimens 
collected within 72 h of the inciclent (98.8% ), and 2411 specimens (73%) were 
collected within 24 h. Figure 2 shows the nurober of positive samples con­
firmecl by GC/MS for the different clrug classes. None of the clrugs tested for 
was detected in 1277 samples (38.7%), and the remairring 61.3% ofthe samples 
were positive for one or more drugs. Of all 2026 positives, there were 1358 
samples positive for alcohol (67% of allpositives or 41.1% of all specimens 
tested), making alcohol the most predominant substance found in the submitted 
specimens. 

The second most predominant drug was marijuana with 613 samples 
positive (30.3% of allpositives or 18.6% of all specimens tested). Benzodiaz­
epines as a general class were identified in 313 cases (9 .5% of all specimens 
collected) of which 11 specimens were positive for flunitrazepam. Cocaine was 
found in 279 samples (8.4%) and amphetamines in 220 samples (6.7%). GHB 
was found in 100 samples (3.03%), opiates in 87 samples (2.63%), propoxy­
phene in 44 samples (1.33%), barbiturates in 40 samples (1.21 %), and PCP in 
3 samples only (<0.1%). No samples tested positive for methaqualone. 

The distribution of the positive benzodiazepine samples among the dif­
ferent subclasses is shown in Fig. 3. As could be expected, the majority ofthe 
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Fig. 1. Timeinterval from alleged drug ingestion to collection of samples. 

samples (71.7%) were confirmed by GC/MS for the oxazepam and diazepam 
subclasses since these have the most common basic skeleton to many benzo­
diazepines. There were only two samples positive for benzodiazepines which 
could not be classified among the subclasses tested, and therefore these were 
labeled unspecified (benzo unspec) in Fig. 3. The next most common benzo­
diazepine among positives was clonazepam, identified as 7-amino-clonazepam 
in > 10% of all benzodiazepine positives. On the other hand, flunitrazepam, 
which was alleged tobe the "date-rape drug," was found in only II specimens 
(0.33% of all specimens tested). Even then, flunitrazepam was found along with 
other drugs in six specimens and only found alone in five specimens. Table I 
shows the specifics of the 11 cases in which flunitrazepam was detected. Sev­
eral observations can be made from Table I: ( 1) Notall the specimens screened 
positive forbenzodiazepines, even with the sensitive (50 ng/mL cutoff) OnLine 
immunoassay. Therefore, unless a sensitive method such as GC/MS or a more 
specific immunoassay is used to screen urine samples, flunitrazepam positives 
could go undetected; (2) several samples were positive for at least one other 
drug and as many as five other drugs; ( 3) the five samples containing flunitraz-
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Fig. 2. Distribution of positives confirmed by GC/MS in 3303 samples for dif­
ferent drug classes. Some samples contain more than one substance. 

epam alone were collected 12-25 h after the incident. Because of the time lag 
with these five specimens, the involvement of alcohol in these cases cannot be 
discounted, considering its rapid clearance from the body. lt must be empha­
sized that the fact that a very sensitive GC/MS procedure with an LoD of <1 ng/ 
mL was used for the analysis of all specimens for flunitrazepam metabolites 
means that it can be confidently stated that no flunitrazepam positive went 
undetected. 

Examination of the results of this study further shows that a high percen­
tage of the samples tested positive for more than one drug, indicating multiple 
drug use. Table 2 shows the frequency of occurrence of multiple positives among 
individual samples, and Table 3 shows the distribution of samples with multi­
ple drug use. 

Among the three most predominant drugs (alcohol, marijuana, and benzo­
diazepines), the following shows their relationship with respect to other drug 
use. Of the 1358 alcohol positive samples, 246 were positive for marijuana, 
131 were positive for cocaine, 119 were positive for benzodiazepines ofwhich 
3 contained flunitrazepam, 45 were positive for GHB, 38 were positive for 
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Fig. 3. Distribution of positive benzodiazepines among the different subclasses. 
Some samples contain more than one substance. 

amphetamines, 24 were positive for opiates, 19 were positive for propoxyphene, 
and 9 were positive for barbiturates. Of the 613 marijuana positive samples, 
246 were positive for alcohol, 111 were positive for cocaine, 97 were positive 
for benzodiazepines of which 2 contained flunitrazepam, 52 were positive for 
amphetamines, 22 were positive for GHB, 15 were positive for opiates, 11 were 
positive for propoxyphene, and 7 were positive for barbiturates. Among the 
304 samples positive for benzodiazepines, 116 were positive for alcoho1, 95 
were positive for marijuana, 56 were positive for cocaine, 28 were positive 
for amphetamincs, 22 were positive for opiates, 17 were positive for GHB, 16 
were positive for barbiturates, and 15 were positive for propoxyphene. 

It must be mentioned that the 304 other bcnzodiazepine positive samples 
shown in Table 3 were actually positive for 502 individual benzodiazepine 
subclasses as shown in Fig. 2, indicating multibenzodiazepine positives within 
the same samples. 

All 50 states provided specimens for the study. Figure 4 shows a map of 
the United States with the number of samples received from each state. The 
states with the highest number of samples were California ( 413 samples), Texas 
(379 samples), New York (196 samples), Florida (174 samples), Pennsylvania 
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Table2 
Frequency of Multiple Positive Results Among the Sampies Analyzed 

Total Total 
samples positive samples 

Number of positive results Count (n = 3303) (n = 2026) 

None 1277 38.7% 
One 1288 39.0% 63.6% 
Two or more 738 22.3% 36.4% 

Two 451 13.7% 22.3% 
Three 162 4.9% 8.0% 
Four 71 2.1% 3.5% 
Five 33 1.0% 1.6% 
Six 16 0.5% 0.8% 
Seven 4 0.1% 0.2% 

Table 3 
Distribution of Sampies 

with More Than One Positive Test Resu/t by Primary Drug Class 

Sampies Also tested positive for 
positive 
for N" EtOH AMPS BARBS FN coc GHB THC OPI BENZO PPXY 

Alcohol 1358 38 9 131 45 246 24 116 19 
AMP 116 38 0 15 9 52 6 28 I 
BARB 39 9 I 0 2 I 7 5 16 2 
BENZO/FN II 3 0 0 4 0 2 I 2 0 
coc 279 131 15 2 4 12 III 20 56 6 
GHB 100 45 9 0 12 22 17 0 
THC 613 246 52 7 2 III 22 15 95 II 
OPI 56 24 6 5 I 20 3 15 22 4 
Other BENZO 304 116 28 16 2 56 17 95 22 15 

PPXY 44 19 2 () 6 0 II 4 15 

"Sampies reporting morc than one positive result in a primary class are counted only once. 

( 152 samples ), and Michigan ( 145 samples ). The distribution of positives among 
the different drug classes for these individual states is shown in Figs. 5-10, 
respectively. These figures show that, although alcohol was the most predom­
inant drug among all the six states, there were differences in the predominance 
of the other drugs. While amphetamines were the second most predominant 
drug class in Califomia, benzodiazepines were second in Texas and Pennsylva­
nia, and marijuana was second in New York, Florida, and Michigan. Table 4 
shows the number of samples received from each state and the distribution of 
positives among the different drug classes by state. 
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Fig. 5. Distribution of positives confirmed by GC/MS among the 413 samples 
analyzed from the state of California. Some samples contain more than one 
substance. 
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Fig. 6. Distribution of positives confirmed by GC/MS among the 379 samples 
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analyzed from the state of Florida. Some samples contain more than one substance. 
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State 

AK 

AL 

AR 

AZ 

CA 

CO 

CT 

DE 

FL 
GA 

Hl 

JA 

ID 

IL 

IN 

Table 4 
Distribution o f Positives 

Among the Different Drug Classes for Sampies Submitted by Each State 

Other 

No. of None benzo- Other 

samples found FN EtOH THC diazepam AMP coc GHB OPI PPXY BARB PCP drugs 

15 0 6 4 0 0 0 0 0 

II 0 4 7 () () () I I () 0 0 

13 I 3 () 4 () 0 0 0 0 0 0 0 

5 I 0 4 I 0 () I 0 0 0 0 0 0 

413 159 I 173 73 49 78 22 19 17 3 0 0 

5 1 18 0 25 4 4 5 0 0 0 0 0 0 

2 1 14 0 3 0 0 () 0 0 0 () 0 
8 3 0 4 2 0 0 0 0 0 0 0 

174 63 I 70 36 25 0 19 II 4 () () 

38 18 0 14 6 3 0 I () 0 0 0 
34 y 0 9 12 II 10 4 0 2 0 I 0 0 

23 13 0 8 4 4 0 0 () 0 0 0 0 

5 4 0 0 0 0 0 0 () 0 0 0 
11 4 53 0 43 14 13 4 0 () 

14 1 44 0 6 1 40 35 II 0 0 

(continued ) 
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State 

KS 
KY 
LA 
MA 

MD 
ME 
MI 

MN 
MO 

MS 

MT 
NC 
ND 
NE 
NH 

No. of 

samples 

27 
9 

22 

71 

90 

6 
145 

115 

30 

II 
18 

79 

6 
21 

23 

NJ 63 

NM 66 
NY 47 

NY 196 

OH 96 

OK 51 

OR 38 
PA 152 

Rl 4 

SC 54 

SD 4 
TN 72 

TX 379 
l!T 80 

VA 75 

YT 5 
WA 79 

WI 71 

WY 

WY 

DC 
PR 

Other 17 

None 

found 

14 

7 

28 
33 

53 

35 

15 

22 

6 
II 
30 
24 

14 

85 

33 
19 

14 

72 

23 

27 

132 

25 

28 

27 

36 

2 

4 

9 

Total 3303 1277 

FN EtOH 

0 10 
0 4 

0 8 
0 29 
0 39 
0 

0 67 
62 

0 10 
0 3 
0 
0 42 

0 
0 13 

0 4 
0 20 
0 28 
0 22 
0 82 

44 
20 

() 12 
() 54 

0 2 

24 

() 24 

5 163 

0 34 
0 32 
0 
0 27 

0 27 
() 3 

0 0 

0 

Other 

benzo­

THC diazepam 

2 
6 

0 

9 12 

18 9 
2 

26 17 

21 12 

2 

2 

0 

16 14 

0 0 
4 

12 

31 

18 

12 

10 

22 

0 

10 

0 
19 

73 
19 

14 

0 
23 

8 
0 
0 
0 

0 
() 

2 

10 

12 
3 

12 

16 

5 

31 

0 

() 

27 

86 

14 

8 
0 

12 

I 

4 

0 

0 
0 

11 1358 613 502 

AMP COC 

0 
0 0 

2 3 

6 

2 9 

0 

14 
2 () 
0 0 

0 
6 

0 0 
() 

0 

12 

0 
0 

10 

8 

2 

0 

0 

17 

18 

0 
0 

10 
0 
0 
0 
() 

0 
0 

12 

3 
15 

7 
() 

I 

11 

0 
4 

0 
12 

53 

9 

5 

0 

I 

0 
() 

0 
0 

GHB OPI PPXY BARB PCP 

0 

I 

6 
0 
6 

I 

0 
I 

0 

I 

2 

0 

6 

3 
0 

() 

0 
0 

0 

0 

0 I 
0 0 

5 

4 
() 

7 I 

0 0 
() 

() () 

I 0 
13 

4 

0 0 
2 

0 0 
0 0 

0 0 
() () 

0 0 
0 0 

() 

0 

I 
0 

2 

0 
3 

0 
() 

I 
1 

0 
0 

() 

() 

0 

() 

0 

() 

() 

() 

I 

0 
0 
() 

() 

() 

0 
0 

0 

1 

0 

0 

0 
0 
0 
0 
0 

0 
I 

0 

3 

0 
0 
() 

0 
4 

0 

0 

0 
0 
0 
0 
() 

0 
0 

0 
() 

0 
0 
0 
0 
() 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 

0 
0 
0 
0 
I 

0 
0 
() 

0 
0 
0 
0 
() 

0 
0 

220 279 100 87 44 40 

7 4 7 

Other 

drug~ 

0 
0 

0 
() 

0 
0 
0 
0 
() 

0 
0 
0 
0 
() 

0 
() 

0 
0 
0 
0 
() 

0 
0 
0 
0 
0 

0 
0 
0 
0 
0 
0 
0 
0 
0 
() 

0 
0 

0 

To determine the effect of time lapse from incident to collection on the 
possibility of detecting drug use, the data for the positive samples were ana­
lyzed by time interval. Table 5 shows the number of positive samples detected 
for each drug dass by 12-h segments. lt is clear from the data in Table 5 that the 
rnajority of positive samples for all drugs were those collected within the first 
24 h post-incident. Therefore, it is recommended that for investigation of drug 
facilitated sexual assault, specimens should be collected as soon as possible 
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Table 5 
Distribution of Positive Sampies 

Among the Different Drug Classes by Time of Col/ection 

Primary drug class 0-12 13-24 25-36 37-48 49-72 >72 Unknown Total 

Alcohol 775 458 40 39 35 3 6 1356 
Amphetamines 45 46 10 II 3 0 I 116 
Barbiturates 8 12 6 6 6 0 I 39 
Benzo/flunitrazepam 4 7 0 0 0 0 0 II 
Cocaine 110 !II 16 24 14 2 2 279 
GHB 43 37 8 7 5 0 0 100 
Marijuana 211 252 49 49 47 2 3 613 
Opiates 20 21 2 9 4 0 0 56 
Other benzodiazepines 95 130 30 25 20 0 4 304 
Phencyclidine 2 0 0 0 0 0 3 
Propoxyphene 17 19 4 0 2 44 

1329 1095 162 171 138 7 19 2921 

after the incident. This is particularly important for some of the drugs with 
short half life such as alcohol and GHB. 

5. CoNCLUSIONS 

This study was initiated to determine the prevalence of drug use among 
alleged drug-facilitated sexual assault victims, with particular interest in the 
prevalence of flunitrazepam. Urine specimens were collected from a total of 
3303 alleged sexual assault victims claiming that the assault was drug-facili­
tated, and the specimens were analyzed for different drugs of abuse by com­
monly available immunoassays to identify presumptive positives. Specimens 
that screened positive were confirmed by GC/MS. For flunitrazepam, how­
ever, every specimen was analyzed by a very sensitive GC/MS procedure to 
assure that, if the drug had been involved in the assault, it would have been 
detected, even if the specimen was collected as late as 72 h post-ingestion. 

The study covered the period from May, 1996, to February, 2000, and a 
total of 3303 specimens were submitted by law enforcement agencies, rape 
crisis centers, and emergency rooms treating sexual assault victims. The results 
of testing showed that 62.3% of the samples were positive for at least one 
drug, of which 36% were positive for two or more drugs. The drug most fre­
quently found in the submitted specimens was alcohol, followed by marijuana, 
benzodiazepines, cocaine, amphetamines, and GHB in a descending order. The 
pattem of prevalence of the different drugs was different from state to state. 
While amphetamines and GHB were most predominant in Califomia, benzodi-
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azepines and cocaine were most predominant in Texas. The state of Texas also 
provided the highest number for flunitrazepam positives (almost 50% of all 
positive flunitrazepam samples in the study). On the other hand, Florida pro­
vided the highest number of propoxyphene positives, and Pennsylvania pro­
vided two out of the three phencyclidine positives. 

Several conclusions could be drawn from careful examination of the data: 

1. Alcohol was the most predominant drug found in the specimens analyzed. 
2. There was a high rate of multiple drug use not necessarily limited to CNS depres­

sant drugs. 
3. There was a relatively high incidence of GHB positives. GHB isapotent tranquil­

izer with a short half life and, therefore, should be included in any forensie exami­
nation of sexual assault cases. 

4. Aside from alcohol, there is no one class of drugs that could be considered as being 
strongly associated with sexual assault. 

5. The rate of positives for flunitrazepam was exceptionally low (0.33% ). The asso­
ciation of flunitrazepam with alleged sexual assault has been highly exaggerated. 

6. A wide range of drugs could be involved in sexual assault cases. 
7. Most of the positive samples were found in specimens collected within 24 h post­

incident. Current technologies, including sensitive immunoassays and GC/MS, allow 
the detection of most drug classes within this time frame. 

8. Sexual assault kits should include a urine collection container, and urine should be 
collected. 

9. Jt is important to remernher that the mere presence of drug(s) in a urine specimen 
does not necessarily mean that the drug was administered as a part of the alleged 
sexual assault. 

lt is unfortunately true that many substances have been (and will be) 
used in attempted sexual assaults. However, urine samples from alleged sexual 
assault victims who believed they were given drugs prior to sexual assault were 
found to contain alcohol andlor prescription medications such as codeine, sev­
eral benzodiazepines and amphetamines, as weil as a number of illegal drugs 
including marijuana and cocaine. 

References 

1. Koss, M. P., Dinero, T. E., and Seibel, C. A. (1988) Strangerand acquaintance rape: 
are there differences in the victim's experience? Psychol. Warnen Q 12, 1-24. 

2. Muehlenhard, C. L. and Linton, M. A. (1987) Date rape and sexual aggression in 
dating situations: incidence and risk factors. 1. Couns. Psychol. 34, 186-196. 

3. Anonymous (1997) Gamma hydroxy butyrate use-New York and Texas, 1995-
1996. MMWR 46,281-323. 

4. Masters, B. A. (1997) Date rape drugs. Washington Post, March 24. 
5. Merle, R. (1997) "Special-K" is latest U.S. drug fad. The Seattle Times, June 20. 



144 E/Sohly et al. 

6. Anglin, D., Spears, K. L., and Hutson, H. R. (1997) Flunitrazepam and its involve­
ment in date or acquaintance rape. Acad. Emer. Med. 4, 323-326. 

7. Woods, J. H. and Winger, G. (1997) Abuse Iiability offlunitrazepam. J. Clin. Psy­
chopharmacol. 17, 1-57. 

8. ElSohly, M. A., Feng, S., Salamone, S. J., and Wu, R. (1997) A sensitive GC/MS 
procedure for the analysis of flunitrazepam and its metabolites in urine. J. Analyt. 
Toxicol. 21, 335-340. 

9. Salamone, S. J., Honasoge, S., Brenner, C., McNally, A. J., Passarelli, J., Goc­
Szkutnicka, K., et al. (1997) Flunitrazepam excretion pattems using the Abuscreen 
OnTrak and OnLine immunoassays: comparison with GC/MS. J. Analyt. Toxicol. 
21, 341-345. 

10. Ferrara, S. D., Tedeschi, L., Frison, G., Castagna, F., Gallimberti, L., Giorgetti, R., 
et al. (1993) Gamma-hydroxybutyric acid monitoring in plasma and urine by gas 
chromatography-mass spectrometry. J. Pharm. Biomed. Anal. 11, 483--487. 



Index 

Alcohol, see Sexual assault 
Alprazolam, 

electron capture detection, 55, 57 
gas chromatography-mass spectrometry 

analysis, 
conditions, 58 
extraction, 57, 58 
overview, 55, 57 
performance, 58, 59 

half-life, 53, 54 
high-performance liquid chromatography-

mass spectrometry analysis, 
advantages, 59, 60 
chromatography conditions, 60 
extraction, 60 
performance, 60, 63 
Iandern mass spectrometry, 60 

immunoassay limitations, 53, 55, 57 
pharmacokinetics, 56, 57 
therapeutic dose, 53-55 
uses, 53, 54 

y-Aminobutyric acid (GABA), 
postmartern production of y-hydroxybutyric 

acid, lll 
reccptors, 

benzodiazepine binding, 9-ll 
y-hydroxybutyric acid binding, 98 
subtypes, 8 
subunits, 8, 9 

structure, 96 
Amphetamines, seeSexual assault 
Ativan, see Lorazepam 
B 
Barbiturates, see Sexual assault, 
Benzodiazepines, see also specific drugs, 

abuse liability, 11, 12 
chemistry, 2-4 
hair analysis, see Hair, benzodiazepine analysis 

Benzodiazepines, see also specific drugs 
(cont.), 

immunoassays, see Immunoassay, 
benzodiazepines 

overview, l, l7, 77 
pharmacokinetics, 3, 17, 18 
sexual assault studics, see Sexual assault 

l ,4-Butanediol, 
anesthetic activity, 97 
gas chromatography-mass spectrometry 

analysis, 118, 119 
illicit use history, 104 
metabolism, 107, 108 
pharmacokinetics, 110 
synonyms, I 04, 105 
uses, l 04 

y-Butyrolactone (GBL), 
analysis, 

c 

extraction, 
liquid-liquid extraction, 116, 117 
solid-phase extraction, 117, 118 

mass spectrometry, 116, 118 
ovcrview, 115, 116 

anesthetic activity, 97 
y-hydroxybutyric acid equilibrium, 115 
illicit use history, 102-104 
metabolism, 107 
pharmacokinetics, 103, 104, 110 
scheduling, 102 
synonyms, 103 
synthesis, 103 
uses, 103 

Capillary zone electrophoresis (CZE), midazolam 
analysis, 65, 66 

CEDIA, see Immunoassay, benzodiazepines 
Cocaine, see Sexual assau1t 
CZE, see Capillary zone electrophoresis 

145 



146 

D 
Date-rape drugs, see Flunitrazepam; y~Hydroxy­

butyric acid; Sexual assault 
E 
EMIT, see Immunoassay, benzodiazepines 
F 
Flunitrazepam, 

ability to concentrate versus plasma Ievels, 13 
acute effect, 10, II 
date-rape, 

analysis of victim urine samples, see 
Sexual assault 

use, 13, 14, 128 
y~aminobutyric acid receptor binding, 9-11 
gas chromatography-mass spectrometry. 

analyte retentiontime and sensitivity, 48, 
128 

dual derivatization, 4 7 
enzyme hydrolysis, liquid-liquid 

extraction, and derivatization, 46 
hair analysis, 47, 48, 90 
hydrolysis and derivatization, 44 
overview, 43, 44 
sensitivity, 46 
solid-phase extraction, 47 
standards, 44~46 

high-performance liquid chromatography 
assays, 

dctection, 
mass spectromctry, 42, 43, 49 
ultraviolet, 42 

extraction, 
immunoaffinity extraction, 41 
liquid-liquid extraction, 38 
solid-phase extraction, 39~41 

reversed-phase chromatography, 41, 42 
standards, 37, 38 

immunoassay systems, 
EMIT, 35 
enzyme-linked immunosorbent assay, 37 
FPIA, 35 
Micro-Plate Enzyme Immunoassay, 36 
OnLine, 36 
OnTrak, 36 
overview, 35 
radioimmunoassay, 36, 37 

manufacturers, 128 
pharmacokinetics, 

absorption, 4, 5 
distribution, 5, 6 
excretion, 8 
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Hair, benzodiazepine analysis, 

composition and biology of hair, 78 
cosmetic treatment effccts, 80 
decontamination procedures, 81, 82 
detection techniques, 84, 86 
drug incorporation mechanisms, 79, 80 
extraction, 84, 85 

hydrolysis conditions by drug, 81, 83 
pul verization, 81 

tlunitrazepam gas chromatography-mass 
spectrometry analysis, 47, 48, 90 

growth of hair, 78, 79 
historical perspective, 78 
Ievels by drug, 84, 88-90 
quality assurance, 92 
sensitivity, 77, 84, 86 
specimen collection, 81 
types of hair, 79 

High-performance liquid chromatography-mass 
spectrometry (HPLC/MS), 

alprazolam analysis, 
advantages, 59, 60 
chromatography conditions, 60 
extraction, 60 
performancc, 60, 63 
Iandern mass spectromctry, 60 

tlunitrazepam assays, 
detection, 

mass spectrometry, 42, 43,49 
ultraviolet, 42 

extraction, 38, 39-41 
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pharmacokinetics, 96, 108-110 
postmartern production, 

blood samples, 112-115 
cerebraspinal tluid samples, 114 
eyc tluid samplcs, 114 
mechanisms, 110-112 
storage effects in samples, 113, 114 
urine samples, 112, 113, 115 

receptors, 98 
scheduling, 102 
sexual assault analysis of urine samples, see 

Sexual assault 
slang names, 99 
structure, 96 
synthesis, 95, 100 
tissue distribution, 108, I 09 
toxicity, 100 

Immunoassay, benzodiazepines, 
COBAS INTEGRA 700 online assay, 29 
commercial products, 18, 25-27 
comparison of assays, 

CEDIA, 25 
EMIT, 25 
FPIA, 25 
OnLine, 25, 26 
SBENZ, 26 
table, 27 

cross-reactivity of metabolites, 23, 24 
cutoff, 22 
tlunitrazepam assays, see Flunitrazepam 
ß-glucuronidase utilization, 

calculations of hydro Iysis, 21, 22 
catalytic efficiency with different drugs, 19 
incubation conditions, 18 
manual versus automated treatment, 

protocols, 28 
uses, 19, 20 

optimal reaction conditions, 19 
pH optimum, 19 
rationale, 18, 23, 24 
sensitivity effects of hydrolysis, 23 
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