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Summary.  A rapid and quantitative method for the de- 
termination of benzodiazepines using high-performance 
liquid chromatography (HPLC) with diode-array detec- 
tion (DAD) is reported. The drugs were extracted from 
serum, blood or post-mortem blood using C18 extraction 
columns. Brotizolam was used as internal standard. Ex- 
periments with spiked serum/blood samples resulted in 
recoveries between 75% and 94% for all investigated 
benzodiazepines. Excellent linearity was obtained over 
the concentration range 5-1500ng benzodiazepine/ml. 
The limit of detection was approximately 2 ng/ml. The 
detection of low therapeutic serum levels of highly po- 
tent benzodiazepines is also possible. 

Key words: Benzodiazepines  - Serum, blood, post-mor- 
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Zusammenfassuug.  Eine schnelle Methode zur quanti- 
tativen Bestimmung von Benzodiazepinen mittels Hoch- 
leistungsfltissigkeitschromatographie (HPLC) mit Dio- 
den-Array-Detektion (DAD) wird beschrieben. Die Sub- 
stanzen werden aus Serum, Vollblut oder Leichenblut 
mit Hilfe von C18-Extraktionss/~ulen extrahiert. Brotizo- 
lam wird als interner Standard eingesetzt. Versuche mit 
aufgestockten Serum-/Blutproben ftihrten fiir s~mtliche 
untersuchten Benzodiazepine zu Wiederfindungsraten 
zwischen 75% und 94%. Eine ausgezeichnete Linearit~t 
wurde fiber den Konzentrationsbereich von 5-1500ng 
Benzodiazepin/ml beobachtet. Die Nachweisgrenze lag 
ftir alle Substanzen bei ann~ihernd 2 ng/ml. Auch f/Jr die 
niedrig dosierten Benzodiazepine ist die Erfassung der 
therapeutischen Konzentrationsbereiche gew~ihrleistet. 
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Introduction 

Benzodiazepines are used as anticonvulsants, anxioly- 
tics, hypnotics and muscle relaxants with different dura- 
tions of action [1-3]. Screening and detection can be 
necessary under therapeutic aspects as well as in connec- 
tion with forensic toxicology and traffic medicine [4]. 
Current methods for the determination of benzodiaze- 
pines available in clinical or forensic chemistry include 
thin-layer chromatography (TLC) [5, 6], gas chromatog- 
raphy often coupled with mass spectrometry (GC/MS) 
[7-11], immunological methods [12-16] or high-perfor- 
mance liquid chromatography (HPLC) [11, 17-22]. The 
latter technique is particularly suitable for the quantita- 
tive determination of substances with intense UV absorp- 
tion, such as the 1,4-benzodiazepines, particularly since 
some of these compounds exhibit thermal instability 
[23, 24]. Although its value as a screening method is still 
controversial, the combination with diode-array detec- 
tion has to be considered as a highly effective and selec- 
tive screening method [25, 26]. Solid-phase extraction 
performed on a bonded silica phase is an alternative to 
liquid-liquid extraction for the isolation of drugs. Ease of 
operation including elimination of time consuming steps 

Table 1. Therapeutic and toxic serum concentrations [3, 28] 

Benzodiazepine Therapeutic range Toxic range 
(mg/1) (mg/1) 

Midazolam 0.08 -0.25 - 
Bromazepam 0.08 -0.17 0.25-0.50 
Oxazepam 1.00 -2.00 3.00-5.00 
Nordazepam 0.20 -0.80 2.00 
Tetrazepam 0.30 -1.00 - 
Flunitrazepam 0.005-0.015 0.05 
Triazolam 0.002-0.02 - 
Diazepam 0.50 -0.75 1.50-3.00 
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and excellent recoveries and reproducibility have been 
reported [19, 20, 27]. 

The following report describes a solid-phase extrac- 
tion procedure for the following 8 benzodiazepines: 
bromazepam, diazepam, flunitrazepam, midazolam, 
nordazepam, oxazepam, tetrazepam and triazolam, which 
have a wide range of therapeutic concentrations (Table 
1). For quantitative determination with HPLC/DAD 
brotizolam was used as internal standard. With this pro- 
cedure other benzodiazepines and their metabolites can 
also be determined. 

Materials and methods 

Chemicals. Methanol (Uvasol, Merck Darmstadt), acetonitrile 
(HPLC grade, Merck Darmstadt), acetone (p.a., Merck Darm- 
stadt), water (HPLC grade, Baker Grog-Gerau), inorganic chemi- 
cals: boric acid, sodium tetraborate, potassium dihydrogen phos- 
phate, orthophosphoric acid, sodium hydroxide, hydrochloric acid 
(p.a., Merck Darmstadt). Worldwide Monitoring Clean Up C18 
end-capped extraction columns (100mg) were purchased from 
Amchro (Sulzbach/Taunus). Benzodiazepines were obtained com- 
mercially and 0.1% stock solutions were prepared in methanol. In- 
ternal standard: 25 lag brotizolam/ml methanol. 

Borate buffer (pH9): 835ml solution A (12.37g boric acid + 
100 ml sodium hydroxide (1 tool/L) with sodium tetraborate (0.05 
moll1) ad 11) + 165 ml solution B (hydrochloric acid (0.1 mol/1)). 

Instrumentation and chromatographic parameters. The extraction 
columns were positioned on a Vacuum-Manifold (Amchro). 

Chromatographic analysis was performed under isocratic con- 
ditions at a flow rate of 1.3 ml/min on a Perkin Elmer system corn 
sisting of a Series i LC Pump, a Kontrosorb 10 RP 18 column 
(250 x 4.6mm i.d.), a Perkin Elmer LC-480 Auto Scan Diode 
Array Detector with a 16 mm cell and a PC station with software 
(LC-DES plus) from Perkin Elmer. 

The mobile phase was a mixture of 156 g acetonitrile and 340 g 
aqueous buffer (4.8 g of 85% orthophosphoric acid and 6.66 g of 
potassium dihydrogen phosphate in 11 water, adjusted to pH 2.3). 

Extraction procedure. Serum, blood (2ml) or post-mortem blood 
(2 g) were spiked with different benzodiazepines and 20 gl of inter- 
nal standard. Spiked blood samples were mixed with 2 ml acetone, 
vortexed and centrifuged for 5 min at 2000 rpm. The supernatant 
was evaporated to dryness and dissolved in 2ml borate buffer. 
Spiked serum samples were prepared for solid-phase extraction by 
adding 2 ml borate buffer. 

The extraction columns were conditioned by washing with 2 ml 
methanol followed by 2 ml water and 1 ml borate buffer. Prepared 
samples (2ml or 4ml) were applied to the columns and drawn 
through by a vacuum with a flow rate of approximately lml /min.  
The columns were washed with 1 mL water followed by 1 ml 15% 
methanol in water and dried by centrifugation of the columns 
(5min, 2000rpm). The benzodiazepines were eluted with l m l  
methanol and collected in a vial. The eluate was evaporated to 
dryness at 50°C under a stream of nitrogen. The residue was dis- 
solved in 20 ~1 methanol and a 10 gl aliquot was subjected to HPLC 
analysis. 

Results and discussion 

For our experiments we have spiked serum, blood and 
post-mortem blood with 2 different benzodiazepine solu- 
tions. Solution A contained bromazepam, oxazepam, 
nordazepam and flunitrazepam, solution B contained 
midazolam, tetrazepam, triazolam and diazepam. Figure 
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Fig. 1A, B. Chromatograms of spiked blood samples with 100ng 
benzodiazepine/ml and 250ng internal standard brotizolam at 
220 nm 
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Fig.3. UV-spectrum as additional identification mark from A: 
100 ng flunitrazepam and B: 10 ng flunitrazepam (x 10) extracted 
from blood 

1 shows the chromatograms of spiked blood sample ex- 
tracts with 100 ng benzodiazepine/ml detected at 220 am. 
For quantification the peak area ratios (benzodiazepine : 
internal standard) were calculated• Excellent linearity 
was obtained over the range 5-1500 ng/ml blood for all 
drugs investigated (Fig. 2). The coefficients of correla- 
tion for the calibration curves ranged from 0.993 to 0.997• 
Recoveries and reproducibility of the method were mea- 
sured by analysing 5 replicates of 2 blood samples as- 
sayed to contain 10 ng and 500 ng benzodiazepines/ml 
(Table 2). The absolute recoveries (means _+ SD) deter- 
mined with external standards ranged from 79.8% _+ 
3.5% to 94.1% _+ 2.2% for the high concentration sam- 
ples and from 74.9% _+ 1.9% to 90.0% _+ 3.0% for the 
low concentration samples• The day-to-day precision 
CV's ranged from 4.9% to 10.0% at the higher levels 
and from 7.8% to 13.3% at the lower levels• Using the 
routine procedure described, the minimal detectable 
concentrations of the benzodiazepines were 1-2 ng/ml 
blood or serum with a signal-noise ratio 3 : 1. The lowest 
amount that yielded a spectrum with diode-array detec- 
tion was approximately 10 ng (Fig. 3). For lower amounts 
a definite confirmation by GC/MS was possible• 

This procedure for the simultaneous identification 
and quantification of various benzodiazepines is based 
on a combination of 2 processes• The clean up Cz8 col- 
umn is used to achieve high recovery of the drugs from 
biological fluids and the HPLC/DAD system is used to 
identify the compounds• 

Optimum absorption of the benzodiazepines on the 
C18 matrix was obtained by adjusting the sample to pH 9. 
To produce highly purified extracts the columns were 
first washed with distilled water, then with 15% aqueous 
methanol to remove interfering polar components• These 
washing steps did not reduce the recoveries of benzo- 
diazepines but improved the purity of the extracts better 
than washing with water alone• These extracts can also 
be used for GC/MS analysis• 

The identification and quantification with the HPLC/ 
DAD system showed a high accuracy for all investigated 
benzodiazepines over the concentration range 5-1500 ng/ 
ml. HPLC in combination with diode-array detection 
must be considered as a highly effective screening meth- 
od. The 1.4-benzodiazepines are compounds with intense 
UV absorption and the UV spectra are therefore good 
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Table 3. Retention times and UV-maxima (in methanol) 
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A RT UVmax B RT UVmax 
(min) (rim) (min) (nm) 

Bromazepam 4.23 234 314 Midazolam 3.99 219 
Oxazepam 6.42 229 315 Tetrazepam 8.34 240 284 
Nordazepam 7.80 232 279 Triazolam 11.07 221 280 
Flunitrazepam 10.41 219 253 313 Brotizolam 13.02 240 
Brotizolam 13.02 240 Diazepam 14.94 232 

346 

Table 4. Other benzodiazepines detected by 
the same HPLC procedure 

Benzodiazepine Retention- Benzodiazepine Retention- 
time (min) time (min) 

Alprazolam 10.29 
7-Aminoclonazepam 2.50 
7-Aminoflunitrazepam 3.00 
7-Aminonitrazepam 2.08 
Camazepam 21.66 

Hydroxyethylflurazepam 7.29 
Hydroxymidazolam 3.57 
Ketazolam 14.50 
Lorazepam 6.90 
Lormetazepam 11.46 
Medazepam 4.49 
Metaclazepam 7.13 
Nitrazepam 6.43 
Noraminoflunitrazepam 2.34 
Norchlordiazepoxide 4.83 
Norclobazam 7.22 
Norflunitrazepam 6.64 
Oxazolam 3.53 
Temazepam 10.01 

Chlordiazepoxide 2.85 
Clobazam 11.31 
Clonazepam 7.96 
Clotiazepam 11.99 
Demoxepam 4.72 
Desalkylflurazepam 9.24 
Estazolam 7.85 
Flurazepam 4.04 
3-Hydroxybromazepam 2.99 

iden t i f i ca t ion  charac ter i s t ics  in add i t i on  to the  r e t en t i on  
t imes  for  a screening p rocedure .  A n  addi t iona l  advan tage  
o f  the  d i o d e - a r r a y  de t ec t ion  is the  pos t - run  se lec t ion  o f  
wave leng ths  tha t  p rov ides  the  o p t i m u m  s ignal -noise  
ra t io  for  any  pa r t i cu l a r  c o m p o u n d  ( U V  m a x i m a  in T a b l e  
3). O t h e r  b e n z o d i a z e p i n e s  and  the i r  m e t a b o l i t e s  can be  
d e t e c t e d  by  the  same  p r o c e d u r e  (Tab le  4). 

In  s u m m a r y ,  an eff ic ient  ex t rac t ion  of  b e n z o d i a z e -  
p ines  and  the i r  me tabo l i t e s  f rom serum,  b l o o d  or  post -  
m o r t e m  b l o o d  with  a H P L C / D A D  analysis  is r e p o r t e d .  
The  p r o c e d u r e ,  e s t ab l i shed  as a rou t ine  m e t h o d  in our  
l a b o r a t o r y ,  is r e l a t ive ly  s imple ,  r e p r o d u c i b l e  and  sensi-  
t ive and  p r o d u c e s  resul ts  wi th in  45 min.  The  de t ec t ion  of  
low t h e r a p e u t i c  s e rum levels  of  h ighly  p o t e n t  benzod iaz -  
ep ines  is also ensured .  

References  

1. Greenblatt D J, Shader RI, Abernethy DR (1983) Current 
status of benzodiazepines, Parts 1 and 2. N Engl J Med 309 : 
354-358,410-416 

2. Cohen S (1983) The benzodiazepines. Psychiatr Ann 13 : 65-70 
3. Schtitz H (1982, 1989) Benzodiazepines - A handbook, vol 1 

and 2. Springer, Berlin Heidelberg New York 
4. Schtitz H (1990) Screening and detection of benzodiazepines - 

pitfalls and clearance. GIT Fachz Lab 4 : 441-454 
5. DFG (Deutsche Forschungsgemeinschaft) (1986) Dtinnschicht- 

chromatographische Suchanalyse fiir 1,4-Benzodiazepine in 
Harn, Blut und Mageninhalt. Mitteilung VI der Senatskom- 

mission der DFG ftir Klinisch-toxikologische Analytik. VCH- 
Verlagsgesellschaft, Weinheim 

6. Moffat AC (1986) Thin-layer chromatography. In: Moffat AC 
(ed) Clarke's isolation and identification of drugs. Pharmaceu- 
tical Society, London, pp 160-177 

7. Seno H, Suzuki O, Kumazawa T, Hattori H (1991) Rapid iso- 
lation with Sep-Pak C18 cartridges and widebore capillary gas 
chromatography of benzophenones, the acid-hydrolysis pro- 
ducts of benzodiazepines. J Anal Toxicol 15 : 21-24 

8. Maurer H, Pfleger K (1981) Determination of 1,4-benzodiaze- 
pines in urine using a computerized gas chromatographic - 
mass spectrometric technique. J Chromatogr 222 : 409-419 

9. Hattori H, Suzuki O, Sato K, Mizutani Y, Yamada T (1987) 
Positive- and negative-ion mass spectrometry of 24 benzodiaz- 
epines. Forensic Sci Int 35 : 165-179 

10. Koves EM, Yen B (1989) The use of gas chromatography/ 
negative chemical ionisation mass spectrometry for the deter- 
mination of lorazepam in whole blood. J Anal Toxicol 13 : 69- 
72 

11. Chiarotti M, De Giovanni N, Fiori A (1986) Analysis of ben- 
zodiazepines. I. Chromatographic identification. J Chromatogr 
358 : 169-178 

12. Gruhl H (1987) Detection of benzo- and thienodiazepines by 
EMIT-st and TLC as part of a drug screening program. Z 
Rechtsmed 98 : 221-228 

13. Schtitz H, Schneider WR (1987) Screening of tetracyclic ben- 
zodiazepines with EMIT-st (benzodiazepines) and TDx. Z 
Rechtsmed 99 : 181-189 

14. Taylor J (1988) Sensitivity of the EMIT d.a.u, for benzodiaze- 
pines. J Anal Toxicol 12 : 53 

15. Fraser AD (1987) Urinary screening for alprazolam, triazolam 
and their metabolites with the EMIT d.a.u. TM benzodiazepine 
assay. J Anal Toxicol 11:263-266 



F. Mul3hoff and T. Daldrup: Benzodiazepines in blood 

16. Fraser AD, Bryan W, Isner AF (1991) Urinary screening for 
midazolam and its major metabolites with the Abbott ADx 
and TDx analysers and the EMIT d.a.u, benzodiazepine assay 
with confirmation by GC/MS. J Anal Toxicol 15:8-12 

17. Harzer K, Barchet R (1977) Analyse yon Benzodiazepinen 
und deren Hydrolyseprodukten, den Benzophenonen, durch 
Hochdruckflttssigkeitschromatographie in umgekehrter Phase 
und ihre Anwendung auf biologisches Material. J Chromatogr 
132 : 83-90 

18. Daldrup T, Susanto F, Michalke P (1981) Combination of 
TLC, GLC and HPLC (RP 18) for a rapid detection of drugs 
and related compounds. Fresenius Z Anal Chem 308 : 413-427 

19. Good TJ, Andrews JS (1981) The use of bonded-phase extrac- 
tion columns for rapid sample preparation of benzodiazepines 
and metabolites from serum for HPLC analysis. J Chromatogr 
Sci 19 : 562-566 

20. Rao SN, Dhar  AK, Kutt H, Okamoto M (1982) Determina- 
tion of diazepam and its pharmacologically active metabolites 
in blood by Bond Elut T M  column extraction and reversed- 
phase high-performance liquid chromatography. J Chromatogr 
231 : 341-348 

21. Lloyd JBF, Parry DA (1988) Detection and determination of 
common benzodiazepines and their metabolites in blood sam- 
ples of forensic science interest; microcolumn cleanup and 
high-performance liquid chromatography with reductive elec- 
trochemical detection at a pendent mercury drop electrode. J 
Chromatogr 449 : 281-297 

109 

22. Lloyd JBF, Parry DA (1989) Forensic applications of the 
determination of benzodiazepines in blood samples by micro- 
column cleanup and high-performance liquid chromatography 
with reductive mode electrochemical detection. J Anal Toxicol 
13 : 163-168 

23. Sadee W, van der Kleijn E (1971) Thermolysis of 1,4-benzo- 
diazepines during gas chromatography and mass spectroscopy. 
J Pharm Sci 60:135-137 

24. Joyce JR, Bal TS, Ardrey RE, Stevens HM, Moffat AC (1984) 
The decomposition of benzodiazepines during analysis by capil- 
lary gas chromatography/mass spectrometry. Biomed Mass 
Spectrom 11:284-289 

25. Schtitz H (1988) Modern screening strategies in analytical to- 
xicology with special regard to new benzodiazepines. Z Rechts- 
med 100:19-37 

26. Owen AJ (1988) The diode array advantage in UV/visible 
spectroscopy. Hewlett-Packard, Waldbronn, Germany 

27. Stewart JT, Reeves TS, Honigberg IL (1984) A comparison of 
solid-phase extraction techniques for assays of drugs in aque- 
ous and human plasma samples. Anal Lett 17:1811-1826 

28. DFG (Deutsche Forschungsgemeinschaft) (1990) Orientierende 
Angaben zu therapeutischen und toxischen Konzentrationen 
yon Arzneimitteln und Giften in Blut, Serum oder Urin. Mit- 
teilung XV der Senatskommission ffir Klinisch-toxikologische 
Analytik. VCH-Verlagsgesellschaft, Weinheim 


