
Submit Manuscript | http://medcraveonline.com

Introduction
Forensic science is the branch of science dealing with the analysis 

of collected evidences during investigation of a crime scene. The 
branch emphasizes the manner of death and tries to find out the 
actual cause of death. Forensic toxicology is a modern scientific 
field which involves the use of different analytical techniques 
like laser diode thermal desorption-tandem mass spectrometry 
(LDTD-MS-MS),1 Hyphenated liquid chromatographic techniques,2 
Chromatography by silica-gel chromatobars,3 Ultra-high performance 
liquid chromatography-tandem mass spectrometry,4 DNA typing,5 and 
capillary electrophoresis.6 Forensic findings through these techniques 
may include the determination of pesticides, drugs, natural products, 
industrial chemicals, metals and pollutants. A toxicological analysis 
can be done to various kinds of samples procured from subjects under 
investigation. Blood, urine, nails, hair, bile, gastric contents, liver and 
brain tissue can all be useful specimens. There is a gradual increase 
in the demand of modern analytical techniques involved in forensic 
toxicology in solving disputes. Figure 1 shows the number of papers 
published on forensic toxicology from 2007 to 2016 (Ten years). The 
number of papers in each year was searched using PubMed database. 
The lowest number of papers was found in 2008 (N = 4) and maximum 
was in 2010 (N = 18). The trendline shows a regular increase in the 
number of papers showing the popularity and importance of the field 
of forensic toxicology. The ever increasing popularity of the field of 
forensic toxicology in solving the criminal, suicidal and accidental 
cases has shown the importance of this particular field. The present 
paper reviews the different techniques used for the determination of 
a number of drugs from a variety of biological samples used for the 
forensic toxicological analysis. 

Hair

Hair has been used extensively for forensic toxicological 
assessments. Hair has been used for years in the assessment and 
documentation of human exposure to drugs.7 Sample collection is 

performed in a noninvasive manner. Hair analysis for abused drugs 
has been gaining increasing significance in forensic sciences.8 For 
these reasons, testing for drugs in hair provides unique and useful 
information in several fields of toxicology, from which the most 
prominent is the possibility of studying individual drug use histories 
by means of segmental analysis.7 Hair is a special matrix for the 
retrospective investigation of chronic drug abuse or poisoning in 
criminal cases and allows to demonstrate with sensitive methods even 
a single administration in low amount.8 Various reports emphasize the 
use of hair in finding out the causes of death.7–10 Ethyl glucuronide 
(EtG) is a minor and direct metabolite of ethanol. EtG is incorporated 
into the growing hair allowing retrospective investigation of chronic 
alcohol abuse. Kharbouche et al.,9 reported the development and 
the validation of a method using gas chromatography-negative 
chemical ionization tandem mass spectrometry (GC-NCI-MS/MS) 
for the quantification of EtG in hair.9 EtG concentrations in hair 
were found to be in the range from 60 to 820 pg/mg hair. Similarly, 
Maublanc et al.,11 identified and quantified 35 psychotropic drugs 
and metabolites in hair by LC-MS/MS. The limits of detection and 
quantification ranged from 0.5 to 10 pg/mg. Pufal et al.,12 reported 
the presence of the possibility of using an alternative material as hair 
for determining citalopram, an antidepressant drug and its metabolite, 
desmethylcitalopram, in hair using liquid chromatography coupled 
with electrospray-ionization mass spectrophotometry (LC-ESI-MS). 
Determination was done in individuals who had been administered 
citalopram in therapeutic doses at least for 12 months before sample 
collection. Citalopram concentration was found to be 1.04-8.69 ng/
mg and for desmethylcitalopram, the concentration ranged from 0.07-
1.27 ng/mg hair.12 Capillary electrophoresis (CE) also represents a 
good analytical tool which has proved suitable for the investigation of 
illicit drugs in seized preparations including hair. For the investigation 
of hair for drugs of abuse, capillary electrophoresis proved effective, 
providing simultaneous determinations of different drugs without 
derivatization, with acceptable sensitivity.13
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Abstract

Forensic toxicology deals with the investigation of drugs of abuse or toxic substances. 
This field involves toxicology and other disciplines such as biotechnology, pharmacology, 
analytical- and clinical chemistry to aid the legal investigation to find out the actual cause 
of death. Forensic toxicology incorporates a number of analytical techniques for detection 
of drugs from a variety of samples procured from the subjects. Various techniques used for 
different samples types are enlisted in the paper. The present paper reviews the different 
biological samples taken and techniques used for such investigations. The paper also 
highlights the importance and role of forensic toxicology as a branch of high precision 
involving different state of art techniques including PCR and DNA profiling for finding 
various hitches in a number of criminal and accidental cases. 
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Blood

Blood has been used as the primary sample for forensic 
toxicological analysis following death of any person. Several studies 
used blood for determining a number of compounds for forensic 
analysis.4,6,14,15 A study examined the feasibility of preparing freeze-
dried whole blood samples containing drugs of interest to be used as 
assay controls.16 The application of finger-prick and related dried blood 
spots (fpDBS) for carbohydrate deficient transferrin (CDT) detection 
appears suitable for the screening of chronic alcohol abuse.6 Parallel 
serum samples were collected from each investigated subject (N = 
47) and the % CDT for each sample was measured using HPLC and 
Capillary Zone Electrophoresis (CZE) techniques. fpDBS CZE CDT 
percentage levels demonstrated a significant statistical correlation 
with those obtained from serum for both HPLC and CZE % CDT 
(p < 0.01; r2 = 0.8913 and 0.8976, respectively).6 Carlier et al.,4 
presented a technique for measuring thirty-nine toxic components of 
plant origin in the blood, covering a large amount of toxins from local 
or exotic plants including alpha-lobeline, alpha-solanine, brucine, 
cephalomannine, colchicine, lupanine, mitragynine, neriifolin, 
oleandrin, ouabain, paclitaxel, senecionine, sparteine, strophanthidin, 
strychnine, veratridine and yohimbine using an original ultra-high 
performance liquid chromatography separation coupled with tandem 
mass spectrometry detection. The method was found to be sensitive 
with limit of detection from 0.1 to 1.6 µg/L.4 Another study reported 
a gas chromatographic method to measure blood, serum or plasma 
concentrations for more than 40 basic drugs with sensitivity of 0.05 
mg/L or less.14 Determination of opiates and their glucuronides in 
body fluids has a great practical interest in the forensic assessment 
of heroin intoxication. A selective and sensitive method for 
quantification of morphine and its 3- and 6-glucuronides, codeine, 
codeine glucuronide and 6-monoacetylmorphine (6-MAM) based on 
liquid chromatography-electrospray ionisation mass spectrometry is 
described by Dienes-Nagy et al.15 The limits of quantification were 
found to be 0.5 ng/ml for morphine and 6-MAM and 1 ng/ml for the 
6-glucuronide of morphine, codeine-6-glucuronide and codeine and 5 
ng/ml for the 3-glucuronide of morphine.

Determination of Beta-hydroxybutyric acid (BHB) may be 
relevant in the forensic laboratory as ketoacidosis, an elevated level 
of ketone bodies may contribute to the cause of death. In a study17 
aimed at determining the relevance of routinely implementing BHB 
analysis in the forensic toxicological laboratory by analysing BHB in 
599 cases, comprising 553 blood, 232 urine and 62 vitreous humour 
samples. Cases with BHB concentrations above 100mg/L in blood 
and urine were found to be associated with elevated levels of acetone. 
Similarly, Hoiseth et al.,18 investigated the kinetics of ethanol and 
its metabolite ethyl glucuronide (EtG) in blood and urine during the 
whole time course of absorption and elimination. Blood samples were 
collected for 14 h after the start of drinking. It was observed that EtG 
reached its maximum concentration (Cmax) in blood after a median 
of 4 h (range 3.5-5), a median of 3 h (range 2-4.5) after Cmax for 
ethanol.18 Similarly, Jones19 studied the disappearance rate of ethanol 
from the blood of human subjects and outlines major developments in 
knowledge about the human metabolism of ethanol. The factors that 
influenced the rate of ethanol elimination from blood were found to 
be the amount of ethanol ingested, the drinking habits of the subjects 
and the effect of food taken together with or before drinking. The 
slowest rate of ethanol disappearance was observed in a healthy 
male subject who ingested 0.68 g ethanol/kg body weight after an 
overnight (8 h) fast with the beta-slope of 9 mg/dL/h. The fastest rate 
of ethanol disappearance was observed in a male chronic alcoholic 
during detoxification with the beta-slope of 36 mg/dL/h.19 Similarly 
other methods including reversed phase UPLC-MS/MS20 and liquid 
chromatography-single stage or tandem mass spectrometry (LC-MS 
or LC-MS/MS)21 were used to analyze various drugs in the blood 
samples of the persons under investigation. Likewise development 
and validation of an EI-GC-MS method22 for the determination of 
benzodiazepine drugs and their metabolites and simple GC-MS 
method23 for the simultaneous determination of 11 anti-cholinesterase 
pesticides in blood has also been reported. Table 1 summarizes the 
analytical methods used along with the type of samples used in 
different studies in drug analysis.

Table 1 Studies using different biological samples and various analytical techniques for forensic toxicological assessments

Sr. No. Authors Samples Method Used Reference

1 Bynum et al.,1 Urine and blood Laser diode thermal desorption-tandem mass spectrometry 
LDTD-MS-MS 1

2 Carlier et al.,4 Blood
Ultra-high performance liquid chromatography-tandem mass 
spectrometry 4

3 Dienes-Nagy et al.,15 Blood Liquid chromatography-electrospray mass spectrometry 15

4 Fenton et al.,24 Urine
Enzyme immunoassay and gas chromatography/mass 
spectrometry 24

5 Ishii et al.,25 Biological samples Gas chromatography-surface ionization organic mass 
spectrometry

25

6 Kauert et al.,26 Biological samples Chemical ionization mass spectrometry with ammonia 26

7 Kharbouche et al.,9 Hair
Gas chromatography-negative chemical ionization tandem mass 
spectrometry

9

8 Marquet27 Blood and urine Liquid chromatography-mass spectrometry 27

9 Maurer28 blood, plasma, serum, or urine Liquid chromatography-mass spectrometry 28

10 Ojanpera et al.,29 Biological samples High-resolution mass spectrometry 29

11 Van Bocxlaer et al.,30 Biological samples Liquid chromatography-mass spectrometry 30
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Urine

Urine drug testing (UDT) services are provided by a variety of 
forensic laboratories. Urine is a preferred sample as it is easy to 
procure for forensic findings. Drugs and drug metabolites can be 
the target chemicals for the findings of the forensic explorations 
in different modes of deaths. Some laboratories now provide UDT 
specifically designed for monitoring patients on chronic opioid 
therapy.31 Some researches point out the relevance of taking urine as a 
biological sample of interest to find out various drugs under forensic 
application.18,32,33 Hoiseth et al.,18 investigated the kinetics of ethanol 
and its metabolite ethyl glucuronide (EtG) in blood and urine; and 
found that concentrations of EtG were always much higher in urine 
than in blood. The total amount of EtG excreted in the urine was 
having a median of 30 mg (range 21.5-39.7), representing 0.017% 
(median, range 0.013-0.022) of the ethanol given, on a molar basis.18 
In a study, the use of liquid chromatography coupled to low-resolution 
and high-resolution multiple stage mass analyzers was reviewed to 
metabolic studies, structure elucidation and qualitative or quantitative 
screening of drugs in different biological samples including urine.32 
Similarly another study developed a full-scan gas chromatography-
mass spectrometry procedure for monitoring kratom or Krypton 
intake in urine. Kratom is a medicinal plant Mitragyna speciosa 
which is misused as a herbal drug. A new herbal blend (Krypton) has 
appeared in market which is a mixture of O-demethyltramadol (ODT) 
and kratom. The limits of detection were 100 ng/ml for the parent 
alkaloids and 50 ng/ml for ODT.33

Nails

Drug analysis in keratinized matrices, such as hair and nails, 
has received considerable attention.34,35 Using keratinized samples 
has several advantages over methodologies employing body fluids. 
Long term exposures to different drugs result in the accumulation of 
the same in these structures. Nails have been shown to accumulate 
drugs following a long duration of drug intake. Finger and toenails 
can accumulate drugs during long term exposure.34 In a study, 
determinations were done in fingernail and toenail samples 
originating from individuals who had been administered flupentixol, 
an antidepressant, in therapeutic doses for at least 12 months before 
sample collection using liquid chromatography coupled with 
electrospray-ionization mass spectrophotometry (LC-ESI-MS). The 
nail flupentixol concentration was within the range of 0.086-0.109 
ng/mg and 0.036-0.042 ng/mg after 4 and 6 months respectively of 
discontinuation of the drug. With passing months, the levels dropped 
further and flupentixol was no longer found in nails after ten months 
of therapy.36 A similar study presented the possibility of using hair for 
determination of citalopram and its metabolite desmethylcitalopram. 

DNA

In some incidences or accidents, dead bodies are found in bad 
conditions so that physical identification is not possible. Depending 
upon the nature of a particular accident, their body components are 
often scattered, disintegrated, commingled, contaminated or putrefied.5 
As the time passes, body starts disintegrating and decomposers start to 
feed upon them. Body components of aviation accident fatalities are 
often scattered and disintegrated.37 These factors impose difficulties 
with victim identification, tissue matching and consequently authentic 
sample analysis and result interpretation.5 These issues can be resolved 
using the technique of DNA typing. Chaturvedi et al.,5 examined 

the biological samples from accidental cases for six independently 
inherited genetic loci using polymerase chain reaction (PCR). Here, 
three cases were reported and results were postulated on the basis of 
DNA analysis. Out of these three, one situation was related to the 
presence of atropine at toxic concentrations in the blood (318 ng/
mL) and lung (727 ng/g) with its absence in the liver, spleen, and 
brain. But DNA analysis of the blood and liver samples exhibited their 
common identity, ensuring that the submitted samples had originated 
from a single individual.5 These types of studies indeed emphasize 
the important role of PCR and DNA typing in forensic applications. 
Aviation accident fatalities are also reported to be checked through 
the mode of DNA profiling.37 DNA profiling was performed only in 
15 (approximately 0.5%) of the 3319 accidents submitted to Civil 
Aerospace Medical Institute (CAMI). In six accidents out of the total 
submitted to CAMI, contradictory toxicological findings led CAMI to 
initiate DNA profiling. The paper by Chaturvedi et al.,37 demonstrated 
that the number of aviation accident cases requiring DNA profiling 
was small but DNA approach was effectively applied in resolving 
indentifications associated with those accidents.

Conclusion
Forensic toxicology is the branch of science dealing with the 

investigation of drugs of abuse. There is a gradual increase in the 
popularity of this field. Forensic toxicology involves the use of 
different samples procured from the subjects including hair, blood, 
urine and nails for the analysis of a variety of drugs using different 
analytical techniques such as laser diode thermal desorption-tandem 
mass spectrometry (LDTD-MS-MS), ultra-high performance 
liquid chromatography - tandem mass spectrometry and liquid 
chromatography - electrospray mass spectrometry. Forensic toxicology 
involves the use of high precision instruments and techniques. The 
field is gaining popularity with passage of time. The author is of the 
view that this field will grow more with a progressive evolution of 
different analytical techniques in the near future.
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