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Abstract: A survey on the main analytical challenges related to the analysis of Androgen Anabolic Steroids (AASs) is 

reported. AASs analysis is an issue regarding antidoping analyses as well as forensic toxicology applications. This paper 

reports an overview of the more recent literature regarding various aspects of sample preparation, analytical techniques 

and interpretation of results for AASs identification in biological samples. New analytical approaches, mainly for their 

application to the antidoping field, are reported. The application of AASs analysis in forensic cases is also described, 

taking into consideration mainly the different biological samples that can be analysed for forensic purposes. Particular 

attention was played on the application of hair analysis as alternative biological specimen for the determination of AASs 

abuse. 
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INTRODUCTION  

 The analysis of Androgen Anabolic Steroids (AASs) is 
an issue of main interest in many field of clinical and 
forensic toxicology. AASs can be used in therapy [1,2], as 
well as abused to improve sport performance [3-6]. 

 The practice of improving sport performance through the 
administration of xenobiotics is as old as competitive sport 
itself [6-7]. Also, Ancient Greek and Ancient Roman 
gladiators, are known to have enhanced their performance by 
the intake of herbs and animal extracts.  

 Cocaine, caffeine, and amphetamines were used as sport 
enhancing drugs since the 19th century while anabolic 
steroids misuse in sports began in the middle of 20th 
century.  

 The first antidoping tests were performed in the 1960s, 
under the coordination of individual sport federations 
(football and cyclism) and, since 1967, of the International 
Olympic Committee (IOC). At that time, the substances 
being investigated for were mainly stimulants 
(amphetamines) and narcotics. Throughout the years, the 
substances prohibited, and the methods to detect them, have 
increased in number with the aims of protecting the health of 
the athletes and guaranteeing the spirit of ethical 
competitions. In 1976 androgen anabolic steroids (AASs) 
were added to the IOC list of prohibited substances. In 2004, 
the World Anti-doping Agency (WADA), founded in 1999, 
took over the coordination of the fight against doping [7].  
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For antidoping analyses, the only specimen used is urine 
(and blood for particular cases such as Gh, Biological 
passport, new EPO analogues).  

 AASs toxicity my cause morbidity and mortality; death 
may occur suddenly or be related to the chronic damage of 
vital organs. Toxicological investigation is therefore 
fundamental in those cases of sudden death in subjects 
suspected of consuming AASs [8-13]. 

 Biological specimens used for toxicological investigation 
are urine, blood, vitreous humour and hair. 

ANTIDOPING 

 Currently, all professional athletes are subject to 
antidoping testing under the supervision of WADA. The 
biological specimen generally used for antidoping testing is 
urine; the samples are screened for all the substances 
included in the Prohibited List that WADA revises annually 
(until 2004 the IOC Medical Commission was responsible 
for revision of the List). The Prohibited List has been, and 
still is, continuously revised according to the growing 
knowledge of illegal sport-enhancing practices. The list is 
therefore open, and throughout the years, there has been 
changes of the substances prohibited in sports and, therefore, 
investigated by the antidoping laboratories. Currently 
included on the prohibited list are anabolic steroids 
(subdivided into androgenic steroids and other anabolic 
agents such as clenbuterol or androgen receptor modulators), 
hormones and related substances (erythropoietin and 
analogues, growth hormones and analogues, insulins, 
corticotrophins), beta-2 agonists, hormone antagonists and 
modulators, diuretics and other masking agents, stimulants, 
narcotics, cannabinoids, glucocorticosteroids, and beta-
blockers [14]. The total number of substances WADA labs 
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investigate for is approximately 300. AASs are prohibited in 
and out of competition, so they must be screened in all 
samples from antidoping controls. 

 The base structure of most AASs relevant for antidoping 

analyses is the testosterone nucleus, an , - unsaturated 3-

keto steroid. A huge variety of chemically modified steroids 

have been synthesized from this natural structure, in attempt 

to maximize anabolic effects and minimize the androgenic 

ones. Modification of the base testosterone nucleus by the 

substitution of the 17  hydrogen with a methyl or ethyl 

group can also prevent deactivation by first pass metabolism, 

allowing the oral administration; for parenteral 

administration, 17 hydroxy group is generally esterified, to 

allow a slower absorption. Other typical modifications are 

the removal of the 19 methyl group, as for nandrolone, the 

attachment of various groups at C2, attachment of methyl 

group at C1 or C7, attachment of a hydroxyl- or a chlorine at 

C4, introduction of double bonds at C1, C4, C6, C9.  

 The majority of AASs undergo to extensive metabolism. 

E.g. testosterone is metabolised by 5 -reductase to 

dihydrotestosterone and subsequently, by saturation of the 3-

keto group, to the isomers androsterone and ethiocolanolone. 

AASs with similar base structure undergo to the same 

metabolic pathway. Other typical metabolic changes are 

epimerisation, oxidation of the 17ß-hydroxyl group; 

reduction of carbonyl group or of double bonds; 

hydroxylation at various positions of the steroid nucleus. 

 The majority of AASs metabolites undergo to phase 2 

metabolism, and are therefore excreted mainly as glucuro-

conjugate, and in a minor extent, as sulfo-conjugates. 

Analytical methods are therefore aimed to detect these 

substances and/or their main metabolites. They have a poor 

chromatographic behaviour, so to improve their GC and 

mass spectrometric properties, need a previous derivatization 

step. Alternatively, some of them can be detected by LC/MS. 

Analytical Techniques 

 Due to the huge number of substances to be analysed, 

laboratories develop ad hoc screening methods able to 

preliminary identify the greatest number of substances in a 

single method. Samples are therefore submitted to a 

preliminary screening, and if the presence of a prohibited 

substance is suspected in this phase, the sample is subjected 

to a confirmation analysis. As in many other fields of 

analytical chemistry, also in antidoping controls the whole 

process, both for screening and confirmation, can be 

subdivided into sample pre-treatment and instrumental 

analysis.  

Sample Pre-Treatment 

 The majority of AASs are excreted as conjugated, mainly 
with glucuronic acid and, in a minor extent, as sulphates. 

 Therefore sample pre-treatment involves a preliminary 

phase of hydrolysis of conjugates, generally performed with 

enzymes ( -glucuronidase from E. Coli, helix pomatia or 

patella vulgata) that are chosen depending on their specific 
activity, at controlled pH and temperature [15]. 

 The analytes of interest are then extracted from 
biological samples by liquid/liquid or solid phase extraction 
under fit-for-purpose conditions of pH and in the presence of 
organic solvents, or by immunoaffinity purification [16-17]. 

 Times of extraction can be lowered by the assistance of 
microwaves [18]. 

 To improve their chromatographic and spectrometric 
characteristics, these substances require a derivatization step 
prior to their analysis. Derivatization is generally performed 
to generate trimethyl-silyl derivatives. Various reagents can 
be used (N, O, bis-trimethylsilyl trifluoroacetamyde 
(BSTFA), N-methyl, N-trimethylsilyl trifluoroacetamyde 
(MSTFA), etc.) and catalyzers (imidazole, trimethyl-
iodosilane, ammonium iodide, dithioerythritol, 
mercaptoethanol) that, through the formation of a highly 
reactive intermediate, help the formation of trimethylsilyl 
esters and ethers also at level of the keto groups [19-22]. 
Other more laborious derivatizations have been proposed for 
their application to the confirmation of AASs or to the study 
of metabolic patterns, to obtain the formation of oxime 
(hydroxyl ammonium pretreatment) and picolinoyl (mixed 
anhydride method) derivates, with more characteristic 
fragmentation patterns [23]. 

 The application of ultrasounds to various phases of 
sample pre-treatment (hydrolysis, derivatization) can reduce 
analytical times [22]. 

 Automation of all these phases can be performed in order 
to diminish manual handling of the samples [24]. 

Instrumental Analysis: GC/MS and LC/MS 

 The methods for the determination of AASs are designed 
to screen the main metabolites and/or their parent 
compounds, once excreted in urine. The classical methods 
are generally based on GC-MS [16-30], but also on GC-MSn

 
or GC-Time-of-Flight (TOF) MS [31-33], after 
derivatization of urine extracts.  

 The WADA requires a high detection power for these 
substances, in some cases down to at least 2 ng/mL. Hence, 
analyses were generally performed in the Selected Ion 
Monitoring (SIM) mode. The improvement of equipments 
that allow the simultaneous SIM/SCAN acquisition, 
rendered possible this new kind of approach [34]. The 
advantages are the SIM sensitivity and simultaneously, with 
the SCAN acquisition, the chance to check possible 
interferences co-eluting with the peaks of interest, and the 
possibility to perform a retrospective analysis of the data 
acquired for each sample (e.g. to search for the presence of 
new designer drugs through a revision of the data being 
acquired). 

 Comprehensive bidimensional GC coupled to TOF-MS 
has been applied for the screening and confirmation of 
AASs, complying with the WADA criteria for identification 
of analytes [35]. 

 Liquid chromatography (LC), coupled to various mass 
detectors (quadrupoles, triple quadrupoles, ion traps, TOF or 
–QTOF), is more and more used for the screening of AASs. 
The lowering of the costs and the versatility of the 
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instruments render this technique gradually more often used 
in antidoping field, and the undoubted advantages of 
sensitivity and versatility are on the rise respect to the 
disadvantage of a minor reproducibility than GC/MS.  

 Different conditions of ionisation by adduct formation 
have been studied to improve the detectability of AASs by 
LC/MS [36]. LC/MS

n
 has also been applied to the study of 

possible endogenous interferences that could hamper the 
determination of AASs, in order to optimize LC/MS 
methods [37]. 

 LC/MS analyses are generally performed without the 
derivatization step, necessary for GC, and can be performed 
both prior than after the hydrolysis of conjugates. 

 A main advantage of LC/MS is in fact the possibility to 
directly analyze the conjugated metabolites of AASs. This 
has been applied for exogenous AASs [38], or for 
endogenous ones [39].  

 The combination of LC/MS
n
 (triple-quadrupole) and 

LC/QTOF techniques has been used to elucidate the 
structure of a huge number of 3keto-steroids, in order to 
obtain general patterns of fragmentation, useful for the 
screening of new designer AASs or metabolites [40], also in 
combination with GC/MS (for the identification of new 
fluoximesterone metabolites) [41].  

 Georgakopoulos et al. developed a combination of LC 
and GC orthogonal acceleration TOF methods for the 
screening of “classical” doping substances and designer 
steroids [42]. Also Thevis proposed a LC/MS method for the 
screening of designer steroids, based on the selection of 
typical transitions common to specific parts of the steroidal 
structure [43]. The sensitive Orbitrap-MS with in-source 
collision induced dissociation, coupled to HPLC in APCI 
mode, has been proposed for the screening of various AASs 
with Limits of Detection (LODs) up to 50 pg/mL, in urine 
[44].  

 A LC/Q-TOF-MS screening, after a simple derivatization 
of urine extracts with Girard’s Reagent P, has been proposed 
for the determination of the more problematic AASs and 
metabolites (e.g. THG, epioxandrolone, epimethendiol, 
stanozolol hydroxyl-metabolites) and for the quantitative 
confirmation of nandrolone main metabolite 19-
norandrosterone [45]. 

 The same analytical approach has been applied for the 
quantitative confirmation of T/E ratio [46].  

 The suspected presence of a prohibited substance must be 
submitted to confirmation analysis in order to provide 
information on the chemical structure of the substance so 
that it can be unequivocally identified. As the screening for 
AASs is generally performed with mass-spectrometric 
techniques, confirmation techniques can be the same used 
for screening purposes (e.g., GC-MS, LC-MS) resorting to 
methods specific for the target compounds, or specific 
purification steps (sample clean-up by immunopurification 
or HPLC), extraction with specific solvents, and/or different 
derivatization techniques capable of generating more 
characteristic mass spectra. 

 In some cases it is necessary to use more 
specific/powerful instrumental techniques. For the 
differentiation of exogenous administration of anabolic 
endogenous steroids (testosterone, epitestosterone, 
dehydroepiandrosterone, dihydrotestosterone, etc.), GC-
combustion-Isotopic Ratio Mass Spectrometry (IRMS) is the 
technique of choice to discriminate between endogenous and 
exogenous substances due to the different amount of stable 
isotopes (

13
C/

12
C) present in natural steroids with respect to 

synthetic ones [47-49]. IRMS allows the different isotopic 
compositions to be determined in terms of 

13
C, i.e., the 

difference of the isotopic ratio 
13

C/
12

C between endogenous 
reference steroids that come from a different metabolic 
pathway and androgenic steroids of exogenous origin. 

 High Resolution-MS allows substances at very low 
amounts in biological samples to be identified on the basis of 
the precise mass determination (up to the fourth digit). This 
reduces the background level and enhances specificity and 
detection power [50-51]. Analyzer can be double focusing 
magnetic mass spectrometers, TOF, Orbitrap, coupled with 
GC or LC systems [35, 42, 52-53]. 

 Anabolic steroids at low concentrations (nandrolone, 
methandienone, stanozolol, and methyltestosterone 
metabolites) are generally confirmed by this approach [16]. 

Other Approaches 

 In an attempt to fool analytical tests, the research on 
doping continuously goes on by synthesizing new substances 
with similar chemical structures and with the same activity, 
or even more active, not included in the routine antidoping 
tests and the toxicity of which is unknown. Control 
laboratories are thus prompted to steadily improve their 
performance and also to monitor possible new doping agents 
which otherwise would go undetected. Therefore, also new 
steroids, such as tetrahydrogestrinone (THG), have been 
included both in the screening and confirmatory methods and 
research is in continuous progress to develop new antidoping 
methods and strategies, mainly targeted to the 
structure/activity relationship [42-43, 54]. 

 Other approaches have been proposed as pre-screening 
for AASs, such as an assay based on the yeast androgen 
receptor (AR) reporter gene system to identify anabolic 
steroids in human urine samples. As biological activity is 
independent of the chemical structure of androgenic 
substances, this assay can be suitable to indicate the presence 
of suspicious substances such as the designer steroids [55]. 
Another similar approach couples a similar bioassay 
screening for androgenic activity to Q-TOF analysis for the 
identification of substances with androgenic activity [56]. 

 Cytochrome P450 enzymes play a central role in drug 
metabolism. As they are predominantly expressed in the 
liver, a chimeric mouse model with functional human 
hepatocytes was evaluated as an alternative model for 
metabolic studies on AASs. the approval of an ethics 
committee for administration studies in humans is in fact 
virtually impossible to obtain. The chimeric mouse can serve 
as a model for in vivo metabolic studies of designer steroids. 
Metabolism of 4-androstene-3,17-dione [57], methandienone 
[58], 17-methyl testosterone [59], Stanozolol [60], 19-
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norandrosten-dione [61] was studied by the administration of 
these substances to the humanized mouse, that can be in 
theory be used for metabolic studies of all classes of AASs, 
including new designer’ ones . 

Interpretation of Results: Specific Issues 

 The presence of some prohibited AASs in biological 
specimens require particular attention in the interpretation of 
results, as the presence of these substances/characteristic 
metabolites can be due to endogenous production/excretion 
(e.g, 19-norandrosterone can be endogenously produced 
during pregnancy, under contraceptive treatment, and in very 
low concentrations, under strenuous fatigue). 

 The WADA has therefore drafted technical documents as 
a mandatory guidance to the evaluation of results for 
nandrolone main metabolite [62], T/E ratio, testosterone 
epitestosterone and other endogenous androgenic steroids 
[63]. So, in the case of 19-NA above the decision limit, i.e. 
cut-off plus a calculated guard band (2.5 ng/mL), the 
laboratory shall also perform additional mandatory tests: 
pregnancy and norethisterone metabolite detection in female 
athletes; if 19-NA concentration is below 10 ng/mL, and the 
sample shows signs of instability (altered ratio between 
NA/NE and A/E), a stability test on the urine sample must be 
performed to exclude demethylation of endogenous steroids; 
IRMS for 19-NA, in order to determine the exogenous origin 
of nandrolone metabolites. 

 Beside the T/E ratio, the evaluation of complete steroid 
profile is an aid for detection of doping. For instance the 
decreased ratio androsterone/testosterone (below 20 for men 
and 40 for women) and increased testosterone concentration 
(higher than 130 ng/mL for men and 60 ng/mL for women, 
corrected to a urine density of 1.020) are considered 
additional parameters which make a urine suspicious for an 
application of exogenous testosterone, if other influences, 
e.g. bacterial activities, can be excluded. Various in facts are 
the parameters that can influence the steroid profile and that 
should be considered in doping controls [64]. 

 To help the evaluation of the endogenous steroid profile, 
the screening of an extended number of endogenous steroids 
and metabolites can provide additional parameters. These 
can be used to support the atypical findings and can give 
specific information upon the steroids which have been 
administered [65]. Anyway, the diagnostic power of such an 
analytical approach is still limited and the application of 
population based reference ranges for endogenous anabolic 
steroids could lead to a misinterpretation of results if steroids 
are administered at low doses [66]. 

FORENSIC TOXICOLOGY 

 The incidence of sudden death in athletes is estimated 2.5 
times higher than in non-athletes. It has also been shown that 
almost every single case of sudden death in athletes was due 
to an underlying hereditary or acquired heart disease; in only 
about 1% of he examined cases could drug abuse be 
confirmed. So even if a possible or probable cause of death 
is found at the autopsy, there remains doubt about a 
substance-triggered or facilitated sudden death (e.g., 
coronary thrombosis with evidence of EPO abuse, 

stimulants, and channelopathy). Deaths correlated to AASs 
toxicity have been reported. Main pathologies found out 
were myocardial injuries (coagulative myocytolysis or 
contraction bands necrosys) [8-9], also of low entity [10-11], 
myocardial hypertrophy [12-13]. In other sudden-death 
cases, pulmonary venous thrombosis and right cerebellar 
hemorrage were the cause of death [8].  

 AASs pathological effect is not due to an acute effect, but 
to a chronic cumulative effect on various vital organs: heart, 
liver, kidney, brain, uterus, adrenals, testis.  

 Specimens available in post-mortem toxicology 
investigations can be numerous and variable, and may be 
selected based on case history, requests, legal aspects and 
availability in a given case. Up to date, an harmonized 
protocol for sampling in suspected poisoning or drug-related 
death has not been established.  

 Recommendation on post-mortem sampling have been 
drawn [67-68]. 

 In particular, constant must be the collection of blood 
from peripheral sites and heart blood, urine, vitreous 
humour, bile, cerebrospinal fluid, gastric contents and 
alternative specimens such as hair, nails or skin samples 
necessary to extend the chronological window assumption. 
These samples will always be accompanied by fragments of 
the major organs.  

 Anyway, samples generally analysed for the 
determination of AASs in post-mortem cases are urine, 
blood, vitreous humour and hair [8-9, 11, 69-70].  

 Samples pre-treatment and analytical techniques used are 
the same of those used for confirmatory analyses in 
antidoping controls. E.g, Fineschi et al. extracted blood and 
urine on C18 cartridges after enzymatic hydrolysis, 
derivatised to obtain trimethylsylil derivatives and analysed 
the samples by GC/MS in SIM mode for the detection of 
main nandrolone metabolites [9]. Di Palo et al. confirmed 
stanozolol metabolites in urine by LC/MS [10].  

Hair Analysis 

 Hair analysis has been employed for the past three 
decades to detect chronic drug use and is gaining attention 
also for doping agents analysis. Main advantages linked to 
hair analysis are the easy, non invasive sample collection, 
that is not easily adulterated, and whose preservation can be 
performed without specific precautions. Furthermore, hair 
samples permit a retrospective evaluation of drug use history 
corresponding to many months before the actual sampling 
moment, depending on hair length. It allows also to evaluate, 
by segmental analysis, the approximate period when a 
certain drug was taken and, likewise, the time of abstinence.  

 Researches have demonstrated that hair has an isoelectric 
pH close to 6 and thus favours incorporation of 
undissociated basic drugs. Parent drug is hence preferentially 
accumulated in hair matrix (mainly in the melanin) in 
comparison to its metabolites. As an example, amongst the 
anabolic steroids, stanozolol gets preferentially distributed 
into pigmented hairs due to the basic nature of the pyrazole 
ring present in its chemical structure [71].  
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 Hair analysis is anyway not considered a valid alternative 
to urine analysis for doping control. Although today is 
recognized and accepted in the law courts of numerous 
countries, hair can not be used as a diagnostic specimen for 
antidoping purposes and this is expressly stated by the 
WADA. 

 Hair analysis can anyway provide useful information on 
the kind of drugs administered (e.g. esters of steroids), and, 
mainly, can detect substances abused several days before the 
time of sampling, that is, in antidoping terms, out-of-
competition, as is required for Anabolic Agents. 

 The Society of Hair Testing has drawn a statement 
reporting the following points about the analysis of hair for 
doping agents:  

1. Hair analysis can essentially contribute to doping 
analysis in special cases, in addition to urine. 

2. Hair specimens are not suitable for general routine 
control. 

3. In the case of positive urine results, the negative hair 
result cannot exclude the administration of the 
detected drug and cannot overrule the positive urine 
result. 

4. In case of negative urine result, the positive hair result 
demonstrates drug exposure during the period prior to 
sample collection. 

 Beside this, many studies report the determination of 
doping agents in hair, especially for its application in 
forensic toxicology. 

 Various AASs, such as stanozolol, nandrolone and its 
esters and metabolites, DHEA, testosterone and its esters, 
metandienone, methenolone have been investigated in hair 
[72-80]. 

 As for the “classic” drugs of abuse, the isolation of the 
drugs from the keratins is a main problem in hair analysis, as 
it can modify the parent drug/metabolites pattern.  

 Rambaud et al. analyze three main procedures of 
hydrolysis for the validation of a method for the detection of 
a wide range of hormonal anabolic compounds in hair [81]. 

 The most efficient hydrolysis procedure used for hair 
analysis is the hydrolysis of keratins in alkaline conditions, 
by NaOH digestion at 60–100 C.  

 Alkaline digestion with NaOH is the approach used more 
often as sample preparation for AASs analysis [71, 76, 82 - 
83]. 

 Segura et al. incubate hair with methanol/trifluoroacetic 
acid, in order not to hydrolyze the steroid esters that have to 
be detected [84]. Also Thieme evaluates the phase of keratin 
digestion in order not to alter the parent drug structure 
(hydrolysis of steroid esters) [85]. The presence of AASs 
esters can in fact help to evaluate the hexogenous origin of 
the drug. 

 After the keratin digestion, an extraction is performed, by 
liquid/liquid or solid phase extraction or both [73-74, 86].  

 The method used by Gaillard et al. after NaOH 
hydrolysis, includes a “twin” solid-phase extraction on 
amino and silica cartridges [87]. 

 The extraction phase is generally followed by 
derivatization to obtain trimethyl silyl derivatives prior to the 
analysis in GC/MS. Also derivatization to obtain 
heptafluorobutyrril derivatives has been used [80]. 

 GC/MS is the technique adopted in the first analyses for 
the detection of AASs in hair. 

 Also HR/MS has been used [85]. Successively also Gas 
chromatography-tandem mass spectrometry (GC-MS/MS) 
was chosen as detection technique, especially in the SRM 
mode, because of its specificity and sensitivity, compatible 
with the target concentration range [73, 82, 84].  

 Good results were obtained also by the analysis in LC- 
MS/MS, efficient in detecting steroids in hair even at very 
low levels, when only about 20 mg hair was processed [71]. 

Interpretation of Results and Applications  

 The main advantages of hair analysis, for the analysis of 
androgenic steroids, is the preferential incorporation of the 
parent drug into the keratins. Nandrolone and testosterone 
medicaments are prepared as esters (decanoate, enantate, 
etc). The determination of their esters in hair can hence help 
to differentiate the endogenous AASs from the hexogenous 
ones. Also the presence of nandrolone precursors 
(norandrostenedione and -diol), previously not included in 
the WADA prohibited list, can be differentiated from 
nandrolone intake by hair analysis [74-75].  

 The wide detection window is another advantage of this 
biological matrix. Although it is not possible to determine 
the exact time of ingestion of drugs through hair analysis, it 
can be useful for epidemiological or prevalence studies for 
the evaluation of AASs use. 

 In 2000, Gaillard et al. published a study on the 
compared interest between hair analysis and urine analysis in 
doping controls [87]. Thirty cyclists were sampled and tested 
for the two matrices. For corticosteroids, urine sample was 
preferred whereas for anabolic steroids and amphetamines, 
hair appeared as a more powerful diagnostic matrix. 

 Deshmukh et al. analyzed hair samples from 180 
volunteers for the determination of AASs. 12 stanozolol and 
one nandrolone positive cases were confirmed. In this study, 
a preliminary ELISA screening was performed, giving 16 
positive results for stanazolol and 3 positive results for 
nandrolone [71]. 

 Various studies are attempting to evaluate the range of 
physiological concentrations of the main endogenous AASs 
in hair in order to distinguish the eventual exogenous intake 
[83, 88]  

 Although hair analyses is not accepted for antidoping 
controls, it has been used in judiciary cases to determine the 
use of AASs and other doping agents [78, 89]. 

CONCLUSIONS 

 Androgen anabolic steroid analysis has become an 
indispensable and well-established procedure routinely 
carried out in antidoping laboratories; recently the 
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determination of AASs constitutes a new analytical 
challenge also for forensic toxicology laboratories, owing to 
the increased interest of the forensic sciences in the 
investigation about “anabolic steroids misuse”, particularly 
in case of sudden death related to anabolic steroids toxicity. 

 The tools available for the identification of these 
substances are now several, as well as the analytical methods 
developed by the laboratories, allowing a very high 
diagnostic power for the determination of AASs.  

 Various kinds of mass spectrometers, mainly interfaced 
to gas chromatography, are powerful analytical tools for the 
identification of steroids and their metabolites, at sub-
nanogram levels, in complex matrices such as biological 
fluids and tissues.  

 Tandem mass spectrometry (MS/MS), coupled to gas 
chromatography or to liquid chromatography, can provide an 
additional analytical dimension in case of trace analysis or 
confirmatory purposes. High Resolution-MS allows the 
identification of substances at very low concentrations, by 
increasing the signal to noise ratios of the accurate masses 
characteristic of each analyte. Liquid chromatography, 
coupled to different kinds of mass spectrometers, is 
becoming a routinely used technique both in antidoping and 
forensic toxicology laboratories for the analysis of AASs. 
Finally, abundance ratios of stable isotopes, as measured by 
gas chromatographic combustion - mass spectrometry, has 
been used as unsurpassed pillar to characterize and 
authenticate the synthetic origin of exogenous steroids in 
biological samples. 
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