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The Tooth as an Alternative Matrix in Forensic Toxicology. 
Application to the Determination of Benzodiazepines

Abstract: Toxicological investigation of drugs in dentin can help in reconstructive identification of 
corpses with extensive soft tissues destruction. In this work the analysis of benzodiazepines 
in dental tissues was performed by LC/MS/MS. The method allows the identification 
and quantitation of 16 benzodiazepines, after a solid phase extraction procedure. The 
method was applied to 16 teeth real cases from patients under chronic treatment with 
these drugs. Twelve out of these cases tested positive to any benzodiazepine, while 4 
were negative. This means that a positive result confirms the use of the drug, but a 
negative one does not exclude it.

Introduction

When studying unidentified, putrefied or skeletonised human remains, it may be 
difficult to obtain information on drug habits which may prove important for the 
construction of a biological profile [1], in the context of a reconstructive identification 
process. Dentin is a hard dental tissue that in vital teeth is in contact with the blood 
that irrigates the dental pulp and, therefore, the chemicals presents in blood can reach 
the dentin. But it is also a tissue with a slow metabolic turnover, meaning that the 
incorporation of chemicals into the dentin probably takes place at a slow rate. Therefore 
teeth should be evaluated as an alternative biological matrix in the investigation of 
chronic exposure to chemicals. Although hair is usually the matrix of choice for this 
purpose [2], in some forensic cases it may have disappeared (extensive destruction of 
soft tissue in burned corpses and, in general, in the cases where identification of the 
human remains is done by forensic dentistry techniques). In these circumstances, and 
due to the extraordinary hardness of dental tissues, teeth can be the only available 
biological matrix and an invaluable source of data from a toxicological point of view.

Material and Methods

Apparatus. The HPLC system was a Waters Alliance 2795 Separation Module with 
a Waters Alliance series column heater/cooler (Waters, Mildford, MA, USA). For the 
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chromatographic separation, an Atlantis® T3 3µm (2,1x100mm) (Waters, Mildford, 
USA) was employed, using 2 mM ammonium formate buffer pH 3 and acetonitrile as 
mobile phase at a flow rate of 0.2 mL/min (gradient mode). The column temperature 
was kept at 26ºC. The total run time was 17 min.

For the detection, a tandem mass spectrometer Quattro Micro™ API ESCI 
(Waters, Mildford, USA) with a triple quadrupole was employed. The instrument 
was operated in electrospray in the positive ionization mode (ESI +). Nitrogen was 
used as nebulization and desolvation gas at a flow rate of 500 L/h, heated to 450ºC, 
and as cone gas at a flow of 50 L/h. Capillary voltage and source block temperature 
were 3 kV and 140ºC, respectively.

Chemicals, reagents and standard solutions. Alprazolam, Oxazepam, Lorazepam, 
Tetrazepam, Clorazepam, Bromazepam, Zolpidem, Midazolam, Diazepam, α-OH-
Alprazolam, Triazolam, Lormetazepam, Nordiazepam, Flunitrazepam (FNZ), Zopiclone 
and 7-amino-FNZ, Zolpidem-d6, FNZ-d7, Alprazolam-d6, Oxazepam-d6, α-OH-
Alprazolam-d5, 7-amino-FNZ-d7 y Diazepam-d5 were obtained from Cerilliant (LGC 
Standards Barcelona, Spain). All reagents of analytical grade were obtained from Merck 
(Darmstadt, Germany). A stock standard solution for each compound was prepared 
at 10 µg/mL in methanol. Working solutions were prepared by appropriate dilution 
of these stock standards in methanol.

Teeth samples. Drug-free teeth samples were obtained from healthy donors from a 
public hospital and a private dental clinic. Teeth from patients under benzodiazepine 
treatment were obtained from the Special Patients Unit of the Dentistry Faculty 
(Santiago de Compostela, Spain).

Sample preparation and extraction. Teeth were first shredded in a crushing device 
consisted of two aluminum plates and a hydraulic press. Teeth fragments were then 
pulverized in a ball mill (Precellys 24), and intact enamel fragments were discarded. 
300 mg of the pulverized dentin were transferred into a vial and 5 mL of borate buffer 
pH 9 added. After overnight incubation, the buffer was filtered and submitted to 
solid phase extraction (OASIS HLB 3cc, Waters). The eluate was then evaporated to 
dryness and reconstituted with 60 µL of mobile phase. Finally, 40 µL were injected 
into the HPLC system.

Results and discussion

The method was validated for 16 benzodiazepines, achieving limits of detection 
from 0,1 to 5 ng/g. Although full validation was not performed, selectivity, linearity, 
precision and accuracy (interday and intraday) were under the acceptable analytical 
criteria [3,4]. The analysis of blank teeth samples showed the absence of any trace of 
interfering peaks from endogenous compounds at the corresponding retention times 
of each analyte. Representative chromatogram of a real sample is shown in Figure 1.

The method was applied to 16 real samples, obtained from patients under chronic 
treatment (lasting from 1,5 to 15 years) with benzodiazepines. Results are shown 
in Table 1. In four cases any BZD was detected, and in the remaining 12 cases 
concentrations were highly variable (0.168-352 ng/g). In 11 out of the 16 cases, the 
identified benzodiazepine was the one prescribed to the patient. Alprazolam was the 
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most prevalent substance, detected in 7 out of 16 cases, which could mean this analyte 
has a higher affinity for the dental tissues. In case #1, besides the parent drug, some 
metabolites were detected. In eight samples, the active substance identified was different 
to the one referred in the anamnesis, maybe due to the failure of the anamnesis in 
identifying all the benzodiazepines taken by the patient.

In four cases the analysis was negative, even after 8, 10 or 15 years of treatment. 
This could be due to the lack of vitality of the tooth when the benzodiazepine treatment 
was prescribed. In these cases, blood supply to the dental pulp is eliminated, so any 
drug can reach the dental tissues. Vital conditions of the teeth were not known when 
the treatment was established. Under these results, dental tissues are suitable to identify 
chronic exposure to drugs. Nevertheless, although a positive result confirm the use 
of the substance, a negative result does not exclude it. 

Other authors also identified drugs in dental tissues, such as opiates and cocaine 
[1,5], and found similar results. Under their opinion, the presence of drugs in dental 
tissues is difficult to interpret, but can help in the identification process of human 
remains. Pascual et al [6] also used dental tissues to quantify the environmental 
exposure of children to tobacco smoke, being able to identify nicotine and cotinine 
in deciduos teeth. 

Conclusions

Dental tissues can be used in toxicological analysis when other common matrices 
are not available. The identification of benzodiazepines in teeth confirms the treatment 
with these drugs. This can help in a reconstructive identification process in those cases 
where forensic odontology techniques have to be used. 
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Figure 1 – Chromatogram of a real case showing alprazolam and lorazepam in dental tissues.

Table 1 – Results of the analysis of the real cases.




