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Introduction

According to the regulations of the World Anti-Doping Agency (WADA) [1], anabolic 
androgenic steroids are classified as prohibited substances in sports. They are covered 
in the section “S1. Anabolic Agents 1. Anabolic Androgenic Steroids (AAS)”. This 
section is further subdivided into “a. Exogenous AAS” and “b. Endogenous AAS”. 
AAS represent the class of substances most frequently detected in human sports dop-
ing control analyses for many years [2]. The analysis for AAS in doping control is 
generally performed using urine specimen as matrix.

Most of the AAS are extensively metabolized in the human body and only small 
amounts of the parent substances are excreted in the urine. The most important 
metabolic phase-I reactions include oxidation or reduction in positions C-3 and 
C-17. Furthermore, D4 steroids in general are substrates for 5a reduction. Additional 
double bonds in ring A or B or additional substituents in position C-4 or C-6 push 
the reduction toward 5b orientation. The introduction of hydroxy functions and their 
subsequent oxidation especially in positions C-4, C-6, and C-16 is also observed 
and found most abundantly in steroids like metandienone, dehydrochloromethyltes-
tosterone, stanozolol, and other steroids with additional condensed heterocycles on 
the A-ring [3–10]. Phase-II metabolism of AAS in humans includes mainly 
3a-glucuronidation, while sulfatation mainly occurs at 3b-hydroxy functions. On 
17-hydroxy functions, sulfatation as well as glucuronidation occurs equally.

In case of 17-alkylated steroids, 17-epimerization occurs by hydrolysis of the 
phase-II metabolite, 17-sulfate. As a by-product of this reaction, 17,17-dimethyl-
18-nor-13-ene analogs are also detectable [11].

Endogenous AAS represent a special group of compounds. In a strict sense, the rel-
evant steroids are not truly endogenous but are obtained by partial synthesis from plant 
sterols [12]. The number of compounds with potential of abuse is comparably restricted. 
Testosterone, biologically the most important anabolic androgenic hormone, is still 
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likely to be the molecule with the highest potential of abuse. Dehydroepiandrosterone 
(DHEA), androst-4-ene-3,17-dione, and androst-5-ene-3,17-dione constitute so-called 
pro-hormones which after application are metabolized to testosterone. On principle, this 
mimics the physiological situation and the conversion generally follows the biological 
pathway. As with xenobiotic steroids, mostly oxidations or reductions at positions 3 and 
17 occur where the direction is controlled by substrate concentration. Consequently, also 
androstenediols may serve as pro-hormones.

Finally, the reactions mentioned above result in the formation of testosterone 
where the physiological yields may differ. In case of the application of D5 com-
pounds, these are converted to the corresponding D4 isomers beforehand.

Boldenone, nortestosterone, and their pro-hormones could be classified as either 
endogenous or exogenous AAS. They may be synthesized physiologically in very 
small concentrations. Most likely, these steroids are by-products of the steroid 
metabolism. In spite of their anabolic and androgenic effects, they can hardly be 
said to truly represent natural hormones.

Phase-I and phase-II metabolism generally proceed as described above. The 
reduction of the double bond at position 4 is the initial and also rate-limiting step 
[13]. This step often is accompanied by the loss of biological activity. The most 
abundant metabolites following application of testosterone or testosterone pro-
hormones are 3a-hydroxy-5a-androstan-17-one (androsterone), 3a-hydroxy-5b-
androstan-17-one (etiocholanolone), and the corresponding 17b-diols.

Evidently, classical chemical methodology is incapable of discriminating synthetic 
hormones from the biosynthesized congeners. However, stable isotope analysis at the 
natural abundance level represents a powerful way to meet this goal [14–19]. There 
seem to exist very few sources of raw sterols that serve as educts for partial synthesis of 
pharmaceutical steroid preparations [12]. Mostly, yams (Dioscorea sp.) and soy (Glycine 
max) are used. Both plants feature what is known as the C-3 photosynthetic pathway 
[20, 21]. This results in a relatively strong depletion of 13C versus atmospheric CO

2
. 

By contrast, humans typically feed on a large variety of foodstuff including seafood and 
so-called C-4 plants, such as corn (Zea mays) and sorghum (Sorghum sp.). The 13C/12C 
ratio of this dietary mixture is slightly but significantly larger than that of purely C-3 
plant-borne steroids. Based on these distinct isotope signatures, a discrimination of 
synthetic and natural hormones can be achieved. The signature also propagates into 
urinary metabolites of steroid hormones. This is advantageous as, for example, testos-
terone itself is typically found in urine in only small concentrations.

In order to compensate for baseline variations and uncertainties of the calibra-
tion, the 13C/12C ratios of AAS and corresponding metabolites are not evaluated 
directly. Instead, the 13C/12C ratios of target compounds are compared to those of 
steroids from androgen-independent pathways.

Sample Preparation

The methods routinely used in steroid screening mainly focus on those metabolites 
that are excreted in the unconjugated form or as glucuronides with the urine. 
Common procedures include deconjugation using the b-glucuronidase enzyme 
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derived from Escherichia coli. Less frequently, b-glucuronidase/arylsulfatase from 
Helix pomatia is used. Extraction of the aglycons from the matrix and concentration 
of the analytes is performed by liquid–liquid extraction or solid-phase extraction. 
To cover the significant diversity of steroids by a single method and to provide high 
specificity and sensitivity, mass spectrometric methods are utilized for the detection. 
The final residues are either redissolved in buffer solutions for LC–MS(/MS) anal
ysis  or silylated for GC–MS(/MS) analyses. As proposed by Donike et  al. [22], 
most of the laboratories use N-methyl-N-trimethylsilyl-trifluoroacetamide (MSTFA) 
as reagent for derivatization. The formation of per-TMS derivatives utilizing trim-
ethyliodosilane as catalyst has proven to drastically improve the sensitivity for most 
of  the steroids in gas chromatography–mass spectrometry (GC–MS) based assays 
[23, 24]. Several compounds, most of them deuterated, composing the internal 
standard allow to control the critical steps of sample preparation and to determine 
the amount of metabolite excreted [25]. The first screening analysis, which covers 
a wide variety of AAS (metabolites), is followed by the analysis of a second aliquot 
of the same specimen in case of a suspicious result in screening (confirmation).

Generally, the sample preparation for 13C/12C analysis follows the standard 
protocol for urinary steroids. However, the instrumental methodology requires 
complete conversion of the analytes to CO

2
 before mass spectrometric analysis. No 

structural information thus can be obtained from the resulting signals. Consequently, 
coelutions may significantly blur the isotopic signals. Therefore, HPLC is incorpo-
rated as an additional purification step following hydrolysis [26, 27]. The obtained 
fractions are analyzed separately.

The mandatory conversion to CO
2
 is performed online by catalytic combustion 

over CuO at 800–1,000°C. This conflicts with the common derivatization of ste-
roids by silylating agents such as MSTFA. Therefore, urinary steroids are typically 
analyzed either in free form [27] or as acetates [14, 16, 17, 28]. Analysis of deriva-
tized compounds requires correction of the resulting isotope ratios for the added 
carbons. However, the derivatization procedure may be accompanied by isotope 
effects which cannot be eliminated mathematically [29].

Analysis for Exogenous AAS

Steroids Explicitly Listed on WADA List

The list of prohibited substances [1] explicitly names a wide variety of exogenous 
AAS. Their structures are illustrated in Fig.  13.1. Detection of the misuse of 
these substances is preferably done using GC–MS complemented by liquid 
chromatography–tandem mass spectrometry (LC–MS/MS). To improve the 
selectivity and sensitivity, traditional GC–MS methods are accompanied by 
high-resolution mass spectrometry (HRMS) and/or MS/MS techniques. Special 
focus is given on the main and the long-term metabolites. The laboratories are 
obliged to test for the parent substance or metabolites with a minimum sensitivity 
of 10 ng/mL for anabolic agents in general and with 2 ng/mL for the metabolites 
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Fig. 13.1  Chemical structure of exogenous anabolic androgenic steroids
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of metandienone (17b-methyl-5b-androst-1-ene-3a,17a-diol), methyltestosterone 
(17a-methyl-5b-androstane-3a,17b-diol), and stanozolol (3¢-hydroxystanozolol) 
[30]. Criteria for substance identification as proposed by WADA [31] include the 
retention time and the relative abundances of at least three diagnostic ions or ion 
transitions compared to reference urines or reference substances. Methods for 
the synthesis of these reference metabolites are described by Schänzer and 
Donike [32].

New “Designer Steroids”

Lately, more and more products appeared on the market as “dietary supplements”. 
They contain steroids that had never been marketed as approved drugs, mostly 
without proper labeling of the contents [33]. Syntheses and few data on pharmaco-
logical effects are available dated back mainly to the 1950s or 1960s. Only little 
knowledge exists about effects and side effects of these steroids in humans. They 
are only produced for the “supplement market” and are advertised as anabolic ste-
roids or aromatase inhibitors.

The legal status of these supplements is not clear in several countries. With 
these “new” steroids, it is possible to circumvent the Anabolic Steroid Control 
Act 2004 [34]. According to this act, anabolic steroids are classified as sched-
ule III controlled drugs and their trade as nutritional supplements is prohibited 
in the USA. However, these new steroids are not listed in the annex of banned 
steroids [34]. European legislation classifies these products as nonlicensed 
pharmaceuticals even if they are marketed as nutritional supplements. In most 
cases, the labeling of these products consists of nonapproved or fancy names 
of the steroids. The sources are not known but most likely Chinese pharmaceu-
tical companies are involved. Some of the new steroids detected are advertised 
in their product lists on the Internet. In sports, these new steroids belong to the 
prohibited classes of AAS or aromatase inhibitors [1]. These steroids are not 
mentioned explicitly on the WADA list of prohibited substances but are 
covered by the wording “…and other substances with a similar chemical struc-
ture or similar biological effect(s).” The relevance of such supplements in 
athletes was proven in 2006 where metabolites of 6a-methylandrostenedione 
were found in an athlete’s urine [35]. Also metabolites of androsta-1,4,6-
triene-3,17-dione were already detected in doping control urines [36]. To 
cover the whole range of these “designer steroids,” comprehensive screening 
tools are required. Applying mass spectrometric techniques like GC–MS or 
LC–MS/MS offers the possibility of unknown steroid detection [37] by moni-
toring common fragment ions or losses indicating the principle structure and 
functional groups. Especially, the precursor ion scanning option of triple–
quadrupole mass analyzers is a useful tool for the detection of unknown ste-
roids when focusing on product ions derived from common steroid structures 
and nuclei [38, 39].



126 M.K. Parr et al.

Analysis for Endogenous AAS

The administration of AAS that are capable of being physiologically produced by 
the human body is also prohibited in sports. Table 13.1 summarizes the structures 
of the endogenous steroids listed explicitly by WADA. As these compounds and 
their metabolites also occur naturally in the human body-specific indicators for the 
detection of the exogenous administration of these steroids are required [40].

Steroid Profiling

For screening purpose, a set of urinary concentrations of several endogenous steroids 
or metabolites (Table 13.1) is generally determined by the GC–MS method used for 

Table 13.1  Endogenous steroids listed explicitly by WADA (monitored in steroid profiling) and 
additionally monitored steroid profile parameters (indicated with asterisks)

Name Type R
1

R
2

R
3

Additional  
modification

Androst-5-ene-3x,17x-diol II –OH –OH –CH
3

delta-5
Androst-4-ene-3,17-dione I =O =O –CH

3

Dihydrotestosterone II =O –OH –CH
3

Dehydroepiandrosterone (DHEA) II –OH =O –CH
3

delta-5
Testosterone I =O –OH –CH

3

5a-Androstane-3x,17x-diol II –OH –OH –CH
3

5a-Androstane-3,17-dione II =O =O –CH
3

17-Epi-dihydrotestosterone II =O –OH –CH
3

Epitestosterone  
(17a-hydroxyandrost-4-ene-3-one)

I =O –OH –CH
3

Androsterone  
(3a-hydroxy-5a-androstan-17-one)

II –OH =O –CH
3

Etiocholanolone  
(3a-hydroxy-5b-androstan-17-one)

II –OH =O –CH
3

5b-H

19-Norandrosterone  
(3a-hydroxy-5a-estran-17-one)

II –OH =O –H

19-Noretiocholanolone  
(3a-hydroxy-5b-estran-17-one)

II –OH =O –H 5b-H

5b-Androstane-3x,17x-diol* II –OH –OH –CH
3

5b-H
5b-Androstane-3,17-dione* II =O =O –CH

3
5b-H

Epiandrosterone  
(3b-hydroxy-5a-androstan-17-one)*

II –OH =O –CH
3

Boldenone* IV =O –OH –CH
3

17b-Hydroxy-5b-androst-1-en-3-one* III =O –OH –CH
3

5b-H
11b-Hydroxy-androsterone* II –OH =O –CH

3
11b-OH

11b-Hydroxy-etiocholanolone* II –OH =O –CH
3

11b-OH, 5b-H
5b-Pregnane-3a,20a-diol* II –OH –CH

3
17b-CH(OH)CH3

5b-Pregnane-3a,17a,20a-triol* II –OH –OH –CH
3 17b-CH(OH)CH3

“x” represents “a” and/or “b” orientation
For allocation of structure types, see Fig. 13.1
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the detection of steroid abuse. The method of steroid profiling was first introduced 
into routine doping control by Donike et al. [41] (T/E ratio). Some ratios of these 
steroids have been proven to be very stable [42–48]. Especially, the intraindividual 
variances are quite small. But also population-based reference ranges are suitable for 
screening purpose. Longitudinal and retrospective evaluation of steroid profiles 
offers a suitable basis for individual reference ranges.

The most important steroid profile parameters in doping control are the ratios of 
T/E, And/Etio, And/T, and Adiol/Bdiol. The administration of steroids like testos-
terone, its precursors like androstenediol, androstenedione, or DHEA, or metabo-
lites, dihydrotestosterone, or epitestosterone are proven to alter one or more of the 
parameters of the urinary steroid profile [41, 49–55]. Consequently, monitoring the 
steroid profile parameters allows to screen for potential misuse.

Isotope Ratio Mass Spectrometry

The analysis of 13C/12C ratios at natural abundance levels typically is performed in a 
dedicated instrument known as (gas) isotope ratio mass spectrometer. As the number 
of applications currently is increasing dramatically, this technology often is recog-
nized as very modern. However, the principal design has not been changed since 
the 1940s [56]. Basically, it is a magnetic sector field mass spectrometer where the 
detection is performed simultaneously for few relevant species [57]. What has been 
developed only recently is a diversity of peripherals allowing for rapid and precise 
online analysis of isotope ratios of a variety of compounds and materials. GC 
hyphenation has been introduced in the 1980s [58]. Commercial instrumentation 
based on the design of Brandt [59] is available since the early 1990s. The develop-
ment is far from complete and several improvements have been introduced [60–62] 
recently.

References

	 1.	 World Anti-Doping Agency. The 2009 Prohibited List. Vol. 2009: World Anti-Doping 
Agency, 2008.

	 2.	 World Anti-Doping Agency. Adverse Analytical Findings Reported by Accredited Laboratories. 
Vol. 2008.

	 3.	 Schänzer W, Geyer H, Donike M. Metabolism of metandienone in man – identification and 
synthesis of conjugated excreted urinary metabolites, determination of excretion rates and 
gas-chromatographic mass-spectrometric identification of bis-hydroxylated metabolites. 
Journal of Steroid Biochemistry and Molecular Biology. 1991; 38:441–464.

	 4.	 Schänzer W, Opfermann G, Donike M. Metabolism of stanozolol – identification and synthe-
sis of urinary metabolites. Journal of Steroid Biochemistry and Molecular Biology. 1990; 
36:153–174.

	 5.	 Schänzer W, Horning S, Donike M. Metabolism of anabolic-steroids in humans - synthesis of 
6-beta-hydroxy metabolites of 4-chloro-1,2-dehydro-17-alpha-methyltestosterone, fluoxyme-
sterone, and metandienone. Steroids. 1995; 60:353–366.



128 M.K. Parr et al.

	 6.	 Schänzer W, Horning S, Opfermann G, Donike M. Gas chromatography mass spectrometry 
identification of long-term excreted metabolites of the anabolic steroid 4-chloro-1,2-dehydro-17 
alpha-methyltestosterone in humans. Journal of Steroid Biochemistry and Molecular Biology. 
1996; 57:363–376.

	 7.	 Parr MK, Geyer H, Gütschow M, et al. New Steroids on the “Supplement” Market. Köln: 26th 
Cologne Workshop on Doping Analysis, 2008.

	 8.	 Sobolevsky T, Virus E, Semenistaya E, Kachala V, Kachala I, Rodchenkov G. Orastan-A: 
Structural Elucidation and Detection in Urine. Köln: 26th Cologne Workshop on Doping 
Analysis, 2008.

	 9.	 Rodchenkov G, Sobolevsky T, Sizoi V. New designer anabolic steroids from internet. In: 
Schänzer W, Geyer H, Gotzmann A, Mareck U, eds. Recent Advances in Doping Analysis 
(14). Köln: Sport und Buch Strauß, 2006:141–150.

	10.	 Kazlauskas R. Micellaneous projects in sports drug testing at the National Measurement 
Institute, Australia, 2005. In: Schänzer W, Geyer H, Gotzmann A, Mareck U, eds. Recent 
Advances in Doping Analysis (14). Köln: Sport und Buch Strauß, 2006:129–140.

	11.	 Schänzer W, Opfermann G, Donike M. 17-Epimerization of 17-alpha-methyl anabolic-steroids 
in humans – metabolism and synthesis of 17-alpha-hydroxy-17-beta-methyl steroids. Steroids. 
1992; 57:537–550.

	12.	 Kleemann A, Roth HJ. Arzneistoffgewinnung: Naturstoffe und Derivate. Stuttgart: Thieme, 1983.
	13.	 Schänzer W. Metabolism of anabolic androgenic steroids. Clinical Chemistry. 1996; 42: 

1001–1020.
	14.	 Becchi M, Aguilera R, Farizon Y, Flament M, Casabianca H, James P. Gas chromatography/

combustion/isotope-ratio mass spectrometry analysis of urinary steroids to detect misuse of 
testosterone in sport. Rapid Communications in Mass Spectrometry. 1994; 8:304–308.

	15.	 Aguilera R, Hatton C, Catlin D. Detection of epitestosterone doping by isotope ratio mass 
spectrometry. Clinical Chemistry. 2002; 48:629–636.

	16.	 Aguilera R, Becchi M, Casabianca H, et  al. Improved method of detection of testosterone 
abuse by gas chromatography/combustion/isotope ratio mass spectrometry analysis of urinary 
steroids. Journal of Mass Spectrometry. 1996; 31:169–176.

	17.	 Aguilera R, Becchi M, Grenot C, Casabianca H, Hatton C. Detection of testosterone misuse: 
comparison of two chromatographic sample preparation methods for gas chromatographic–
combustion/isotope ratio mass spectrometric analysis. Journal of Chromatography B. 1996; 
687:43–53.

	18.	 Aguilera R, Chapman T, Catlin D. A rapid screening assay for measuring urinary androster-
one and etiocholanolone d13C values by gas chromatography/combustion/isotope ratio mass 
spectrometry. Rapid Communications in Mass Spectrometry. 2000; 14:2294–2299.

	19.	 Aguilera R, Chapman T, Starcevic B, Hatton C, Catlin D. Performance characteristics of a carbon 
isotope ratio method for detecting doping with testosterone based on urine diols: controls and 
athletes with elevated testosterone/epitestosterone ratios. Clinical Chemistry. 2001; 47:292–300.

	20.	 Vogel J. Fractionation of the Carbon Isotopes During Photosynthesis. Berlin: Springer-Verlag, 
1980.

	21.	 O’Leary M. Carbon isotope fractionation in plants. Phytochemistry. 1981; 20:553–567.
	22.	 Donike M. N-methyl-N-trimethylsilyl-trifluoroacetamide a new silylating agent from series of 

silylated amides. Journal of Chromatography. 1969; 42:103–104.
	23.	 Schänzer W. Analytik von Dopingsubstanzen – Derivatisierung. Vol. 2009: Institut für 

Biochemie, Deutsche Sporthochschule Köln, 2001.
	24.	 Donike M, Zimmermann J. Preparation of trimethylsilyl, triethylsilyl and tert-butyldimethylsilyl 

enol ethers from ketosteroids for investigations by gas-chromatography and mass-spectrometry. 
Journal of Chromatography. 1980; 202:483–486.

	25.	 Geyer H, Schänzer W, Mareck-Engelke U, Nolteernsting E, Opfermann G. Screening procedure 
for anabolic steroids – control of hydrolysis with deuterated androsterone glucuronide and 
studies with direct hydrolysis. In: Mareck-Engelke U, ed. Recent Advances in Doping Analysis 
(5). Köln: Sport und Buch Strauss, 1998:99–102.



12913  The Assay of Endogenous and Exogenous Anabolic Androgenic Steroids

	26.	 Flenker U, Horning S, Nolteernsting E, Geyer H, Schänzer W. Measurement of 13C/12C-ratios to 
confirm misuse of endogenous steroids. In: Schänzer W, Geyer H, Gotzmann A, Mareck-Engelke U, 
eds. Recent Advances in Doping Analysis (6). Köln: Sport und Buch Strauss, 1999:243–256.

	27.	 Flenker U, Güntner U, Schänzer W. Delta C-13-values of endogenous urinary steroids. 
Steroids. 2008; 73:408–416.

	28.	 Piper T, Mareck U, Geyer H, et al. Determination of C-13/C-12 ratios of endogenous urinary 
steroids: method validation, reference population and application to doping control purposes. 
Rapid Communications in Mass Spectrometry. 2008; 22:2161–2175.

	29.	 Docherty G, Jones V, Evershed R. Practical and theoretical considerations in the gas chroma-
tography/combustion/isotope ratio mass spectrometry d13C analysis of small polyfunctional 
compounds. Rapid Communications in Mass Spectrometry. 2001; 15:730–738.

	30.	 World Anti-Doping Agency. WADA Technical Document TD2009MRPL. Vol. 2009: World 
Anti-Doping Agency, 2008.

	31.	 World Anti-Doping Agency. WADA Technical Document TD2003IDCR. Vol. 2009: World 
Anti-Doping Agency, 2004.

	32.	 Schänzer W, Donike M. Metabolism of anabolic-steroids in man – synthesis and use of refer-
ence substances for identification of anabolic-steroid metabolites. Analytica Chimica Acta. 
1993; 275:23–48.

	33.	 Geyer H, Parr MK, Koehler K, Mareck U, Schanzer W, Thevis M. Nutritional supplements 
cross-contaminated and faked with doping substances. Journal of Mass Spectrometry. 2008; 
43:892–902.

	34.	 US Drug Enforcement Administration. Anabolic Steroids Control Act. Vol. 2005: US Drug 
Enforcement Administration, 2004.

	35.	 Parr MK, Kazlauskas R, Schlorer N, et  al. 6 alpha-Methylandrostenedione: gas chromato-
graphic mass spectrometric detection in doping control. Rapid Communications in Mass 
Spectrometry. 2008; 22:321–329.

	36.	 Parr MK, Fußhöller G, Schlörer N, et al. Metabolism of androsta-1,4,6-triene-3,17-dione and 
detection by gas chromatography/mass spectrometry in doping control. Rapid Communications 
in Mass Spectrometry. 2009; 23:207–218.

	37.	 Thevis M, Schanzer W. Mass spectrometry in sports drug testing: Structure characterization 
and analytical assays. Mass Spectrometry Reviews. 2007; 26:79–107.

	38.	 Thevis M, Geyer H, Mareck U, Schänzer W. Screening for unknown synthetic steroids in 
human urine by liquid chromatography–tandem mass spectrometry. Journal of Mass 
Spectrometry. 2005; 40:955–962.

	39.	 Pozo OJ, Deventer K, Eenoo PV, Delbeke FT. Efficient approach for the comprehensive detec-
tion of unknown anabolic steroids and metabolites in human urine by liquid chromatography–
electrospray–tandem mass spectrometry. Analytical Chemistry. 2008; 80:1709–1720.

	40.	 World Anti-Doping Agency. WADA Technical Document TD2004EAAS. Vol. 2007: World 
Anti-Doping Agency, 2004.

	41.	 Donike M, Barwald KR, Klostermann K, Schanzer W, Zimmermann J. The detection of exog-
enous testosterone. International Journal of Sports Medicine. 1983; 4:68.

	42.	Geyer H. Die gas-chromatographisch/massenspektrometrische Bestimmung von 
Steroidprofilen im Urin von Athleten, Institute of Biochemistry. Köln: German Sport 
University, 1986.

	43.	 Mareck-Engelke U, Geyer H, Donike M. Stability of steroid profiles. In: Donike M, Geyer H, 
Gotzmann A, Mareck-Engelke U, Rauth S, eds. 10th Cologne Workshop on Dope Analysis. 
Köln: Sport und Buch Strauss, 1992:87–89.

	44.	 Mareck-Engelke U, Geyer H, Donike M. Stability of steroid profiles (2): excretion rates from 
morning urines. In: Donike M, Geyer H, Gotzmann A, Mareck-Engelke U, Rauth S, eds. 
Recent Advances in Doping Analysis. Köln: Sport und Buch Strauss, 1993:85.

	45.	 Mareck-Engelke U, Geyer H, Donike M. Stability of steroid profiles (4): the circadian rhythm 
of urinary ratios and excretion rates of endogenous steroids in female and its menstrual depen-
dency. In: Donike M, Geyer H, Gotzmann A, Mareck-Engelke U, eds. Recent Advances in 
Doping Analysis (2). Köln: Sport und Buch Strauss, 1994:135.



130 M.K. Parr et al.

	46.	 Mareck-Engelke U, Geyer H, Donike M. Stability of steroid profiles (3): the circadian rhythm 
of urinary ratios and excretion rates of endogenous steroids in male. In: Donike M, Geyer H, 
Gotzmann A, Mareck-Engelke U, eds. Recent Advances in Doping Analysis (2). Köln: Sport 
und Buch Strauss, 1994:121.

	47.	 Mareck-Engelke U, Geyer H, Donike M. Stability of steroid profiles (5): the annual rhythm 
of urinary ratios and excretion rates of endogenous steroids in female and its menstrual depen-
dency. In: Donike M, Geyer H, Gotzmann A, Mareck-Engelke U, eds. Recent Advances in 
Doping Analysis (3). Köln: Sport und Buch Strauss, 1995:177.

	48.	 Nitschke R. Steroidprofile und Ver¨anderungen biochemischer Parameter bei 
Hochleistungsradrennfahreren während zwei Rundfahrten, Institute of Biochemistry. Köln: 
German Sport University, 1996.

	49.	 Dehennin L, Matsumoto AM. Long-term administration of testosterone enanthate to normal 
men: alterations of the urinary profile of androgen metabolites potentially useful for detection 
of testosterone misuse in sport. Journal of Steroid Biochemistry and Molecular Biology. 1993; 
44:179–189.

	50.	 Donike M, Ueki M, Kuroda Y, et al. Detection of dihydrotestosterone (DHT) doping: altera-
tions in the steroid profile and reference ranges for DHT and its 5alpha-metabolites. Journal 
of Sports Medicine and Physical Fitness. 1995; 35:235–250.

	51.	 Thevis M, Geyer H, Mareck U, Flenker U, Schanzer W. Doping-control analysis of the 5 alpha-
reductase inhibitor finasteride: determination of its influence on urinary steroid profiles and 
detection of its major urinary metabolite. Therapeutic Drug Monitoring. 2007; 29:236–247.

	52.	 Bowers LD. Oral dehydroepiandrosterone supplementation can increase the testosterone/
epitestosterone ratio. Clinical Chemistry. 1999; 45:295–297.

	53.	 Uralets VP, Gillette PA. Over-the-counter anabolic steroids 3-androsten-3,17-dione; 4-androsten-3 
beta,17 beta-diol; and 19-nor-4-androsten-3,17-dione: excretion studies in men. Journal of 
Analytical Toxicology. 1999; 23:357–366.

	54.	 Dehennin L, Ferry M, Lafarge P, Peres G, Lafarge JP. Oral administration of dehydroepi-
androsterone to healthy men: alteration of the urinary androgen profile and consequences for 
the detection of abuse in sport by gas chromatography–mass spectrometry. Steroids. 1998; 
63:80–87.

	55.	 Geyer H, Schänzer W, Mareck-Engelke U, Donike M. Factors influencing the steroid profile. 
In: Donike M, Geyer H, Gotzmann A, Mareck-Engelke U, eds. Recent Advances in Doping 
Analysis (3). Köln: Sport und Buch Strauss, 1995:95–113.

	56.	 De Laeter J, Kurz M. Alfred Nier and the sector field mass spectrometer. Journal of Mass 
Spectrometry. 2006; 41:847–854.

	57.	 Habfast K. Advanced isotope ratio mass spectrometry I: magnetic isotope ratio mass spec-
trometers. In: Platzner I, ed. Modern Isotope Ratio Mass Spectrometry, Vol. 145. Chemical 
Analysis. Chichester: John Wiley & Sons Ltd, 1997:11–82.

	58.	 Barrie A, Bricout J, Koziet J. Gas chromatography-stable isotope ratio analysis at natural 
abundance levels. Biomedical Mass Spectrometry. 1984; 11:583–588.

	59.	 Brand W. High precision isotope ratio monitoring techniques in mass spectrometry. Journal of 
Mass Spectrometry. 1996; 31:225–235.

	60.	 Flenker U, Hebestreit M, Piper T, Hülsemann F, Schänzer W. Improved performance and 
maintenance in gas chromatography/isotope ratio mass spectrometry by precolumn solvent 
removal. Analytical Chemistry. 2007; 79:4162–4168.

	61.	 Sacks G, Zhang Y, Brenna J. Fast gas chromatography combustion isotope ratio mass spec-
trometry. Analytical Chemistry. 2007; 79:6348–6358.

	62.	 Tobias H, Sacks G, Zhang Y, Brenna J. Comprehensive two-dimensional gas chromatography 
combustion isotope ratio mass spectrometry. Analytical Chemistry. 2008; 80:8613–8621.


	Chapter 13: The Assay of Endogenous and Exogenous Anabolic Androgenic Steroids
	Introduction
	Sample Preparation
	Analysis for Exogenous AAS
	Steroids Explicitly Listed on WADA List
	New “Designer Steroids”
	Analysis for Endogenous AAS
	Steroid Profiling
	Isotope Ratio Mass Spectrometry

	References


