
  1 History of Sports Drug Testing     

    1.1    HISTORICAL ATTEMPTS OF ARTIFICIAL 
PERFORMANCE ENHANCEMENT 

 Sports competition is initiated by many different motivations, which 
include, but are not limited to, mankind ’ s desire for excellence and per-
fection, the enjoyment of contests, and fi nancial as well as social bene-
fi ts associated with victory and success at sporting events.  1   In particular, 
the latter facts are frequently mentioned as the major reasons for 
attempts of sportsmen to artifi cially increase their physical perfor-
mance and that this modern and contemporary issue was not present 
between 776  b . c . and 393  a . d . at the ancient Olympic Games. However, 
the belief that athletes participating at the ancient Panhellenic Games, 
which included the Olympic Games as the most prestigious sporting 
festival, were motivated only by the glory and appreciation that they 
might receive, is weakened even by the interpretation of the term 
 “ athlete. ”  The origin of this expression, the Greek noun  athlon , means 
 “ prize ”  or  “ reward; ”  its verbal form  athleuein  means  “ to compete for a 
prize. ”  Consequently, the athlete is a person who competes for a prize, 
which was reportedly a great value even in ancient times,  2   and sport for 
sport ’ s sake was not an ancient concept.  3   In fact, even thousands of 
years ago, athletes were seeking competitive advantage over their rivals 
in many different ways, which included manipulation of equipment and 
corruption of judges. Moreover, the consumption of certain mushrooms 
as psychogenic aids was reported,  4   and Philostratus   (3rd – 2nd century 
 b . c .) and Pliny   the younger (1st century  a . d .) wrote notes about 
athletes consuming bread prepared with juice of the poppy plant 
(opium) and the use of a decoction   of the hippuris   plant, respectively.  5   
All was done with considerable support by the doctors and the goal 
to enhance the athletes ’  performance, which would possibly be referred 
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2  HISTORY OF SPORTS DRUG TESTING

to as  “ doping ”  in a modern context. Physicians acted as coaches and 
doctors simultaneously, and one of the most famous medical attendants 
was Herodicus, the indoctrinator of Hippocrates, who was particularly 
interested in athletes ’  nutrition and rehabilitation.  6   In addition to the 
human competitors, horses were also the subject of treatment to 
increase their endurance and stamina as reported in the ancient Rome 
where  hydromel , a mixture of honey and water, was administered to 
horses in chariot races.  7   With the growing medical and pharmaceutical 
knowledge in the 19th and 20th century, more and more attempts of 
artifi cial performance enhancements were assumed and reported, 
which were conducted with humans and animals likewise. Consequently, 
various initiatives were started to counteract the misuse of drugs and 
methods to surreptitiously increase power, strength and athletic capa-
bilities. Such approaches were fi rst conducted with horse saliva in the 
early 20th century, and, approximately 50 years later, applied also to 
human urine and blood specimens.  

   1.2    BACKGROUND AND RATIONALE 
OF DOPING CONTROLS 

 Numerous reasons for banning drugs and methods of doping and 
manipulation from sports were defi ned by anti - doping authorities such 
as the medical commission of the International Olympic Committee 
(IOC) or the World Anti - Doping Agency (WADA) and fi rst necessi-
tated the recognition of the issue. In 1988, the IOC medical commission 
drafted a charter stating that,  “ The use of drugs and other substances 
and banned methods to enhance or accentuate athletic performance is 
a tragic reality that must be eliminated from modern sport. ”   8     These 
fundamental words still refl ect the principles that are still seminal to 
anti - doping programs, which have been coined to preserve the  “ spirit 
of sport. ”  According to the World Anti - Doping Code, the spirit of sport 
is characterized by various values including ethics, fair play and honesty, 
health, dedication and commitment, and respect for rules, laws, self, and 
other participants, etc.  9   Doping, however, contravenes to all of these 
aspects and, thus, modern doping controls are focused on substances 
and methods of doping that meet at least two of three criteria as 
defi ned by WADA: (1) A substance or method has the potential to 
enhance or enhances sport performance as evidenced by medical or 
scientifi c data, pharmacological effects, or experience; (2) a substance 
or method represents an actual or potential health risk to the athlete 
as evidenced by medical or scientifi c data, pharmacological effects, or 
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BACKGROUND AND RATIONALE OF DOPING CONTROLS   3

experience; and (3) a substance or method violates the spirit of sport 
as defi ned in the World Anti - Doping Code.  9   

   1.2.1    Cheating 

 Sportsmanship implements the idea of fair play and the integrity of all 
members of the sporting community. The ideology that only  “ eligible ”  
persons should be allowed to compete was present also during the 
ancient Olympic Games and outlined in the facts that only athletes who 
were never convicted of a crime should participate. Moreover, sports-
men were requested to swear that they had trained for 10 months prior 
to coming to Olympia, and another 4 weeks on - site being supervised 
by the  Helenedonakai  — the judges.  4   Doping contravenes the most basic 
principles of fair play and results in beguilement of competitors and 
spectators. Both are hoodwinked, and in particular the deceived athlete 
might suffer from fi nancial, social, and probably occupational disadvan-
tages in addition to a personal disappointment, if he/she loses a com-
petition against an athlete who artifi cially increased his/her performance. 
Consequently, doping must be regarded as cheating in numerous 
regards, and the rights of those athletes, who are devoted to clean and 
fair sports, must be protected.  

   1.2.2    Health Issues 

 Doping practices can compromise the short -  and long - term physical 
and mental health of athletes; hence, health and safety concerns have 
been a major aspect of the fi ght against doping. Numerous articles were 
published dealing either with case reports about serious or even fatal 
consequences of drug abuse in professional and amateur sport as well 
as general undesirable effects observed and associated with doping,  10 – 20   
which were supposedly the fi nal trigger for international sport federa-
tions to establish anti - doping rules and test their athletes for drug 
abuse.  21    

   1.2.3    Ethical Issues 

 According to the World Anti - Doping Code  9   and the common under-
standing of the intrinsic value of sport, doping categorically contradicts 
the spirit of sport. This issue has also ethically been evaluated and all 
values attributed to the spirit of sport have been subject of ethical con-
siderations.  22   Fair play and honesty, character and education, and the 
virtue of athletes, are an integral part of sport pedagogy and pedagogic 
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4  HISTORY OF SPORTS DRUG TESTING

ethics, which is complemented by numerous additional aspects of ethics 
in sports concerning the health and the exploitation of the human (or 
animal) body as well as the respect for rules, laws, self, and other partici-
pants. The violation of ethical principles is not acceptable in sport, and 
noncompliance is regarded as a doping offence.   

   1.3    EARLY DETECTION METHODS: POSSIBILITIES AND 
LIMITATIONS OF ASSAYS WITHOUT MASS SPECTROMETRY 

 Doping of animals, primarily horse and hound, has been considered a 
major pacemaker of doping practices in modern human sports but also 
as a driving force of anti - doping activities. In 1666, the fi rst decree was 
enacted in England, which prohibited the administration of substances 
to horses aiming to improve their performance in races at Worksop,  12   
and severe consequences up to the death penalty were announced and 
executed as reported in the late 18th century in Cambridge (Great 
Britain) when horses were poisoned at Newmarket.  23   In light of such 
regulations and their strict enforcement, it was a logical consequence 
that the fi rst successful attempts to detect doping agents using bioassays 
and analytical chemistry were introduced in horse racing rather than 
in human sports. 

   1.3.1    First Applications Using Chemical and Biological Approaches 
in Horse Doping Control 

 In 1910, the Austrian Jockey Club hired a Polish pharmacist named 
Alfons Bukowski  24   (who has, at some occasions, been referred to as a 
Russian scientist) to establish a method that allows the detection of 
alkaloids such as morphine and heroin in equine saliva. He reportedly 
succeeded in developing such a method but never disclosed any details 
and returned to his home country, which prompted the Austrian Jockey 
Club to call in Professor Sigmund Fr ä nkel from the University of 
Vienna to install a new procedure enabling saliva drug testing. Although 
never published by Fr ä nkel himself, the principle procedure was later 
described by G. Lander, the chief chemist for the Jockey Club of 
England,  25   who published a method that included various consecutive 
extraction and concentration steps followed by chemical reactions 
forcing precipitation and/or color reaction of alkaloids for visual inspec-
tion. In general, the employed approach was mainly a miniaturized 
application of the Stas - Otto process,  26   which gained public recognition 
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  TABLE 1.1:    Estimated Detection Limits ( μ g) for Alkaloids Using Colorimetric Test 
Methods According to Lander (1930)    a     

   Reagent     Alkaloid  

   Cocaine     Strychnine     Quinine     Morphine     Heroin  

  Iodine    0.05    0.05    0.05    10.0    0.50  
  Phosphomolybdic acid    0.05    0.10    0.20    1.00    0.50  
  Potassium mercuric iodide    0.05    0.20    0.40    10.0    2.00  
  Gold chloride    0.10    0.40    0.40    1.00    0.50  
  Tannic acid     —     0.50    0.40    20.0    20.0  

     a     Ref.  25 .   

EARLY DETECTION METHODS  5

as early as 1850 when its use helped reveal the murder of Gustave 
Fougnies and strongly infl uenced the newly born arena of forensic 
sciences.  27   

 First, a comparably large volume of saliva was required, which was 
preferably obtained by washing the horse ’ s mouth using a 0.16   M acetic 
acid solution over a period of up to 5 minutes. The obtained material 
was extracted using 90% pure ethanol and diluted acetic acid, followed 
by fi ltration and concentration of the extract  in vacuo  to an aqueous 
residue of approximately 5   mL. The solution was purifi ed by ether 
extraction and its volume further reduced by evaporation to yield a 
viscous remainder, which was again extracted with small amounts of 
ethanol that was fi nally concentrated to dryness. The dry residue was 
extracted using 0.3   M aqueous hydrochloric acid, the aqueous layer was 
adjusted to alkaline pH followed by extraction using chloroform and 
benzene, the combined organic layers were concentrated to dryness, 
and the remaining residue reconstituted in 0.16   M acetic acid. The pres-
ence of an alkaloid (including cocaine, strychnine, quinine, morphine, 
and heroin) was visualized by formation of a precipitate or opalescence 
when placing approximately 5 – 10    μ L of the saliva extract in a capillary 
test tube and adding different reagents as listed in Table  1.1 .  25   Depending 
on the target analyte and the employed chemical, estimated detection 
limits between 0.05 and 20    μ g were accomplished using diluted refer-
ence compounds. The applicability to authentic saliva specimens and, 
as such, the proof - of - principle, was provided using blank saliva samples 
of reportedly untreated animals as well as specimens derived from 
administration studies to outline the specifi city of the method and the 
ability to  “ unambiguously ”  differentiate between positive and negative 
results.   
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6  HISTORY OF SPORTS DRUG TESTING

 Chemical saliva tests underwent further developments that aimed 
for optimized extraction conditions of target analytes and more sensi-
tive assays.  28   Using a defi ned array of tests, opiates were the fi rst to 
screen for preferably by the Marquis reagent (formaldehyde and sul-
phuric acid), which yields a dark red - to - purple color in the presence of 
opiates, particularly morphine and heroin. Subsequently, analyses for 
strychnine (vanadic acid/sulphur - chromate test), quinine (bromine -
 ammonia test), cocaine, nikethamide, atropine, etc. (crystalline methods) 
were conducted. These and other compounds were used as mixtures, 
e.g. 1.5   g of heroin, 2.5   g of strychnine, 2 minims of nitroglycerine 
(accounting for 1/250 U.S. fl uid ounces or 0.12   mL), 5 minims of  tinctura 
digitalis , and 2 ounces of cola nut, and applied to race horses approxi-
mately 1 hour before a race.  23   Numerous additional concoctions made 
from stimulants, narcotics, herbal extracts, and organic as well as inor-
ganic poisons were employed for horse doping purposes in the early 
20th century,  29   and astonishing estimations about the prevalence of 
doping in equine sports were published mentioning more than 50% of 
doped horses in the United States in the early 1930s.  30   However, the 
numbers dropped in the following years possibly due to improved 
analytical procedures and certainly enforcement of severe punishments. 
Nevertheless, the ambitious efforts of pharmaceutical industries and 
the enormous numbers of continuously generated new drugs repre-
sented a great challenge for doping control chemists, and in particular 
the introduction of amphetamine and its derivatives initiated a new era 
of doping for human and veterinary sports. Consequently, more sensi-
tive, comprehensive, and specifi c detection assays were required, which 
were developed and established for human and equine doping control 
specimens likewise (see section  1.3.2 ). 

 Besides chemical analytical options, bioassays based on mice and 
frogs were established by Munch  31 – 35   and Lucas.  28   The effect of selected 
drugs on the behavior of mice was observed for instance by Straub, who 
reported on the phenomenon that these animals carry their tail in an 
unmistakable S - shaped curve parallel to their backbone under the 
infl uence of minute amounts of morphine ( “ Straub tail response ” ),  36 – 39   
which was due to a sustained contraction of the  sacrococcygeus dorsalis  
muscles  40   (Fig.  1.1 ).  290   Moreover, Munch described the effects of barbi-
turates and sedatives in general as well as those resulting from stimu-
lants such as strychnine and caffeine on mice, which were commonly 
recognized in a decrease in voluntary travel and an increased tendency 
to sleep or increased locomotion and muscular tremor, respectively.  32   
In addition, the administration of strychnine and nikethamide to small 
frogs yielded characteristic convulsions, and movements were kymo-
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graphically recorded and evaluated.  29   Comprehensive studies were 
conducted on how these approaches would be useful and possibly  “ jus-
ticiable   ”  for horse doping control purposes, and methods were estab-
lished that required 2   mL of saliva or 1   mL of urine, aliquots of which 
were intraperitoneally administered to mice. Several thousand saliva 
and urine specimens derived from horses that did not receive any 
medication within a period of 24 hours were measured using the bioas-
say approach, and no changes in behavior, appearance, or attitude were 
observed within 15 minutes.  41   In contrast, samples collected from horses 
participating in administration studies caused positive reactions and 
were attributable to the applied drug(s), even when different sub-
stances were given simultaneously. Due to the fact that the injected 
samples were not sterilized, mice usually suffered from infections after 
12 – 24 hours post - administration, but these reactions were differentia-
ble from pharmacodynamic responses and not relevant for the test 
result. The mouse - based bioassay demonstrated reasonable sensitivity 

EARLY DETECTION METHODS  7

     Figure 1.1:     Photography of mice showing the Straub tail response to morphine applica-
tions; inset: stamp of 1963 ornamented with a Straub tail response mouse. From Klaus 
Starke, Die Geschichte des Pharmakologischen Instituts der Universit ä t Freiburg, 
Figure 3, page 12.  Reprinted by permission of Springer Science and Business Media. 
Copyright  ©  Springer, Berlin 2004.   
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8  HISTORY OF SPORTS DRUG TESTING

regarding a variety of analytes (Table  1.2 ), enabled fast delivery of test 
results, and was comparably cheap. Hence, it was considered as a rapid 
screening tool for horse drug testing, and the more time - consuming and 
laborious chemical analyses were conducted mainly when suspicious 
results were found. Several decades later, also the dilation of pupils of 
mice after subcutaneous injection of morphine and extracts derived 
from urine of morphine users was found to be a sensitive and specifi c 
test.  42        

   1.3.2    First Applications Using Chemical Approaches in Human 
Doping Control 

 The history of drug abuse in human sports reaches back at least as 
far as 1865, when swimmers in the Amsterdam ’ s canal races were 
competing under the infl uence of doping agents;  43   however, the admin-
istered drugs were never identifi ed or disclosed. In contrast, the sys-
tematic misuse of stimulants, narcotics, and nitroglycerine by cyclists 
was reported particularly for participants of the infamous  “ Six - days ”  
cycle races that began in 1879. Racing cyclists appeared to be the 
prime offenders, who used various drug cocktails consisting of coffee 
enriched with extra caffeine, which was further fortifi ed with strychnine 
and cocaine as the race progressed. Alternatively or complementary, 

  TABLE 1.2:    Estimated Detection Limits for Selected 
Drugs Using Mouse - based Bioassays According to 
Munch (1952)    a     

   Drug     ( μ g / 20g mouse)  

  Amphetamine    80  
  Caffeine    600  
  Cocaine (HCl)    400  
  Codeine    60  
  Nikethamide    100  
  Pethidine    400  
  Desoxyephedrine    40  
  Dihydromorphinone    12  
  Ephedrine    200  
  Heroin    1  
  Morphine    60 – 80  
  Picrotoxin    40  
  Strychnine    1  

     a     Ref.  32 .   
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sugar cubes dipped in ether were consumed, capsules of nitroglycerine 
(to support and ease breathing) as well as mixtures of heroin and 
cocaine ( “ speedballs ” ) were administered, and miracle drinks were 
provided by trainers that supposedly contained digitalis, atropine, and 
camphor.  21   Most drugs were applied without any supervision and, con-
sequently, fatalities were not surprising. The most prominent and pre-
sumably fi rst victim of doping practices was the British cyclist Arthur 
Linton, who was reported to have died in 1886 during a 600   km cycle 
race between Paris and Bordeaux. Numerous aspects, however, dis-
proved this anecdote, including the fact that the fi rst Paris - Bordeaux -
 race was in 1891 and Arthur Linton evidently died in 1896 of typhoid 
fever.  44   Nevertheless, numerous athletes died young for mostly unknown 
reasons in the late 19th and early 20th century, which might be attrib-
uted also to the misuse of drugs. Doping agents were applied in various 
sports such as cycling, running, boxing, soccer, etc. and even Olympic 
gold medal winners such as Thomas Hicks (Marathon, 1904) were 
reportedly and offi cially using drugs such as strychnine  45   without being 
sanctioned. Following World War II, the use of stimulants such as 
amphetamine and derivatives in sports increased enormously, and in 
particular cyclists and soccer players were found to be regular users.  46   
The great health issues associated with the uncontrolled use of these 
drugs in sports prompted several European countries such as France, 
Belgium, and Italy to install anti - doping laws in 1965  21,47   and the need 
for doping control analytical assays was evident. Numerous approaches 
were established for a variety of stimulants and narcotics employing 
contemporary state - of - the - art technologies. 

   1.3.2.1    Methods without Chromatography     Drug metabolism, dis-
position, elimination, and analysis have been of great interest for 
numerous clinical applications as well as doping control purposes, and 
both fi elds of research have frequently interacted with physical, chemi-
cal, biological, and biochemical sciences. Most prominent physicochem-
ical properties of analytes were used to differentiate and identify target 
compounds in urine, blood, saliva, and sweat, which yielded a variety 
of analytical approaches primarily based on crystallographic, chro-
matographic, and/or colorimetric methods. Between 1930 and 1960, 
only few procedures were developed and published solely for sports 
drug testing purposes; most inventions were generally accepted for 
forensic, clinical, and doping control applications. 

 The early characterization of drugs, in particular of stimulants, was 
accomplished using microscopy, the determination of melting point 
and the corresponding refractive index of crystals (derived from various 

EARLY DETECTION METHODS  9
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10  HISTORY OF SPORTS DRUG TESTING

salts) as well as defi ned mixtures and their resulting melts.  48 – 50   In addi-
tion, microprecipitation, microchemcial tests with gold or platinic chlo-
ride and nephelometric analyses after complexation of alkaloids were 
reported,  51,52   but although  “ micro scale ”  methods were employed, most 
approaches were diffi cult to apply to biological matrices due to the large 
volumes required and the need of extensive sample preparation. 

 Colorimetric assays proved to be reasonably sensitive.  52   One of the 
fi rst assays to determine benzedrine (the racemic mixture of d -  and 
l - amphetamine) in human urine was reported in 1938,  53   which was 
based on an alkaline extraction of amines into ether, followed by a 
reaction with picric acid to yield a clear yellow solution, the color inten-
sity of which was visually estimated against a calibration curve ranging 
from 0 – 20    μ g/mL. The method was applied to a series of amines such 
as phenylethylamine, ephedrine, amphetamine, methamphetamine, 
mescaline, etc. in order to determine their excretion rates into urine 
after oral administration, and the author indicated a detection limit of 
0.5    μ g/mL.  54   However, the fact that various amines also occur naturally 
in urine specimens, which strongly infl uenced each individual blank 
value, as well as the entirely missing identifi cation of a distinct com-
pound made the test only moderately applicable for forensic and doping 
control purposes. More advanced methods with increased specifi city 
were desired and established, commonly using extraction and re -
 extraction steps combined with preceding steam distillation of alkalin-
ized urine (or other bodily specimens and extracts). Due to the volatility 
of amphetamines and various alkaloids as free bases, samples were 
usually buffered to pH 9 – 10 and distilled under reduced pressure into 
dilute acids. After re - adjusting the pH to 9 – 10, the distillate was 
extracted using organic solvents such as benzene or chloroform and the 
analytes were derivatized to colored compounds, for instance by means 
of diazotization, picric acid, or methyl orange. Following re - extraction 
into small volumes of dilute acid, quantitative results were obtained by 
colorimetry and photometry with detection limits of approximately 
1    μ g/mL.  51,55 – 60    

   1.3.2.2    Methods Including Paper or Thin - layer Chromatography    
 Although the above - mentioned assays were comparably sensitive and 
optimized to ensure reduced susceptibility to interferences, the intro-
duction of chromatography in general was considered a major break-
through in drug testing. Various applications were established for 
numerous compounds, and special attention was fi rst paid to the paper -
 chromatographic separation of alkaloids and stimulants  61 – 67   as well as 
diuretic agents,  68   which were, however, not prohibited in sports until 
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1988. Sample preparation and extraction techniques were commonly 
adapted from earlier methods based on colorimetry and photometry 
( vide supra ), and extracts were subsequently subjected to paper chro-
matography followed by visualization of target analytes by means of 
different stains such as the Dragendorff ’ s reagent (Bismuth nitrate and 
potassium iodide in dilute acetic or hydrochloric acid),  61,64   the Prussian 
blue reagent (also known as Berlin blue reagent, prepared of potassium 
ferricyanide and iron(III) chloride),  65   or an alcoholic solution of bro-
mocresol green (3,3 ′ ,5,5 ′  - tetrabromo -  m  - cresolsulfonphthalein).  67   Paper 
chromatography was rapidly complemented and/or substituted by thin -
 layer chromatography (TLC) in forensic and doping control analyses, 
in particular with regard to morphine - related narcotics and amphet-
amine and its derivatives,    69 – 85   as well as diuretics.  86   The principle sample 
preparation procedures remained and commonly required between 5 
and 200   mL of urine (if available). After purifi cation and extraction of 
target compounds, separation was accomplished by one -   75   or two -
 dimensional  74   TLC followed by visualization either on the plate using 
spray reagents or after elution of spots employing ultraviolet spectro-
photometry.  73   Numerous spray reagents were tested such as ninhydrin, 
diphenylcarbazone/silver acetate/mercury(II) sulphate, iodoplatinate, 
iodine/potassium iodide, bromocresol green, and ammoniacal silver 
nitrate that exhibited either particular sensitivity or specifi city for 
selected groups of compounds enabling the detection of 0.1 – 1.0    μ g of 
target analytes per mL of urine.  87    

   1.3.2.3    Methods Including Gas Chromatography     The capability of 
gas chromatography (GC) to separate compounds relevant for doping 
controls was recognized in the late 1950s, and fi rst proof - of - principle 
studies outlined the potential of GC systems to measure various classes 
of analytes.  88 – 92   Commonly, columns consisting of 1 – 3   m long stainless 
steel or glass tubing (0.3 – 0.6   cm outer diameter) fi lled with different 
stationary phases (e.g., 5% Carbowax 6000 and 5% KOH, 2% Carbowax 
20M and 5% KOH, 2.5% SE - 30, or 10% Apiezon L and 10% KOH) 
were employed to accomplish effi cient separation of target substances 
of different polarities,  93   and analyzers such as fl ame ionization and 
nitrogen - phosphorus detectors (FID and NPD, respectively) as well as 
ionization  β  - ray (strontium  90  ) or electron capture detectors were used 
to measure the eluting compounds. Initially, stimulants and alkaloids 
such as amphetamine, methamphetamine, caffeine, cocaine, ephedrine, 
strychnine, etc. and their hydroxylated metabolites isolated from bio-
logical matrices were the subject of research and routine analy-
sis.  46,76,94 – 100   While sample extraction and concentration methodologies 

EARLY DETECTION METHODS  11
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12  HISTORY OF SPORTS DRUG TESTING

were mostly adapted from earlier procedures and only marginally 
altered, major aspects of gas chromatography to improve were soon 
identifi ed, which included for instance the need for supporting informa-
tion that increases confi dence in the identifi cation of a target com-
pound, better chromatographic peak shapes, and reproducible 
separation of isomers. All of these issues were addressed by various 
derivatization strategies, which fi rst improved chromatographic proper-
ties and, second, provided additional data to characterize a substance. 
A strategy to identify a compound by its retention times obtained from 
the native as well as derivatized analyte or two different derivatives 
was termed the  “ peak - shift technique ”   101   and used as a common stan-
dard in confi rmatory analyses. Trimethylsilylation (using e.g., hexa-
methyldisilazane or  N  - methyl -  N  - trimethylsilyltrifl uoroacetamide 
[MSTFA]  102  ), acylation (using e.g., acetic, propionic, or heptafl uorobu-
tyric anhydride, bis[acylamide], etc.), alkylation, formation of several 
Schiff - bases (e.g., acetone - , propionaldehyde - , benzyl methyl ketone -
 Schiff - bases),  103   or preparation of mixed derivatives were utilized to 
modify the physicochemical nature of substances and, thus, enhance 
their traceability in (sports) drug testing. The most frequently used 
methods to chemically modify target analytes in doping controls were 
fi nally based on trimethylsilylation or acylation according to assays 
established by Donike and co - workers,  104 – 108   which enabled detection 
limits of approximately 1    μ g/mL and represented a central element of 
the fi rst comprehensive doping control program undertaken at the 
Olympic Games 1972 in Munich and subsequently conducted great 
sporting events.  109 – 111   Improved GC columns, in particular using capil-
lary tubing, further increased the sensitivity and robustness of analyses, 
which has made GC an invaluable tool of past and present sports drug 
testing approaches,  112,113   especially as a separation unit for target com-
pounds. However, the enormous complexity of biological matrices and 
the continuously increasing number of therapeutics have necessitated 
more specifi c and unequivocal analyzers than for instance NPD and 
FID, which resulted in the highly successful combination of GCs and 
mass spectrometers.  

   1.3.2.4    Methods Including Liquid Chromatography     The analysis 
of substances by means of GC requires vaporization, and several 
compounds that gained relevance for doping controls in addition to 
 “ classical ”  doping agents are thermolabile or possess poor gas chro-
matographic properties even after derivatization and, thus, insuffi cient 
detection limits. Consequently, alternative approaches were necessary, 
and high performance liquid chromatography (HPLC), in particular 
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employing reversed - phase columns, was found suitable for the 
detection of compounds that composed the continuously expanding 
list of prohibited compounds of doping such as diuretics,  114 – 119   (ring -
 hydroxylated) stimulants,  120 – 124   anabolic - androgenic steroids and corti-
costeroids,  125 – 138   analgesics,  139 – 142   etc. with and without derivatization. 
The commonly used detectors were ultraviolet (UV) -  or fl uorescence -
 based analyzers, depending on the nature of the analyte and/or the 
produced derivative. 

 Diuretics represent a heterogeneous class of compounds; however, 
most of them can be measured using conventional absorbance detec-
tors such as UV - analyzers without further derivatization at reasonable 
detection limits of approximately 0.01 – 2.0    μ g/mL.  116   Increased sensitiv-
ity and/or selectivity was reported for the loop diuretics furosemide 
and bumetanide as well as the potassium sparing diuretics amiloride 
and triamterene when using fl uorescence detection due to the fact that 
numerous agents co - extracted with diuretics are visualized by means 
of UV but not fl uorescence detection.  114   

 Although stimulants related to amphetamine were determined using 
the above - mentioned GC - based approaches, options employing HPLC 
were evaluated and demonstrated great utility in particular regarding 
sensitivity and comprehensiveness. Target analytes were measured from 
urine either in native forms  122   or after pre -  or post - column derivatization 
using  o  - phthalaldehyde, 4 - chloro - 7 - nitro - benz - 2,1,3 - oxadiazole, sodium 
naphthaquinone - 4 - sulphonate, or bis(2,4,6 - trichlorophenyl) oxalate, 
which allowed for detection limits ranging from 0.01 – 0.1    μ g/mL.  120,121,124   

 The analysis of steroidal agents such as androgens, corticosteroids, 
and anabolic androgenic steroids was of great interest in various fi elds 
including doping controls,  123   and the advantages of HPLC - based 
approaches over immunological methods in terms of specifi city and 
reproducibility were major reasons for the developments of assays, 
enabling the detection of steroids in human and animal specimens.  135   
Anabolic steroids such as metandienone were detected at concentra-
tions of 10   ng/mL,  125   and other analytes lacking ultraviolet active func-
tional groups were derivatized for instance by conversion into benzoates 
or  p  - nitrobenzoates.  130   

 Few analgesics such as morphine and related opiates have been 
prohibited   in human sports, and all members of the class of analgesic 
therapeutics are not allowed for the treatment of competing animals. 
Hence, various methods using HPLC were established to determine the 
presence of these compounds in urine and blood samples, and compre-
hensive assays enabled the detection of 10 – 100   ng/mL of analytes such 
as morphine, ketoprofen, naproxen, etc.  139,141,142   

EARLY DETECTION METHODS  13
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14  HISTORY OF SPORTS DRUG TESTING

 Several of these assays are still in use in various fi elds of analytical 
chemistry but usually not in sports drug testing, where comprehensive, 
fast, and specifi c procedures are required. Although detection limits of 
numerous methods would fulfi ll so - called minimum required perfor-
mance limits as established by WADA, the inferior specifi city of UV -
 spectra compared to mass spectrometric information has led to several 
endeavors to combine the liquid chromatographic separation units via 
ionization interfaces to all kinds of mass spectrometers.  

   1.3.2.5    Methods Including Immunological Approaches     (Radio)
Immunoassays have been of great interest in endocrinology and related 
fi elds due to their capability to qualitatively and quantitatively deter-
mine trace amounts of peptide hormones.  143   Although most compounds 
were not prohibited in sports at the time of early detection method 
developments, various procedures would have been of benefi t for 
doping controls also, e.g., assays for the detection of insulins,  144 – 146   cor-
ticotrophins,  147 – 149   human growth hormone (hGH),  150 – 156   human chori-
onic gonadotrophin (hCG),  157,158   luteinizing hormone (LH),  159,160   or 
erythropoietin (EPO).  161   However, their successors have been fre-
quently used in sports drug testing and have become an important tool 
for the identifi cation or purifi cation of several drugs in doping control 
analyses. 

 Strategies for the immunological detection of substances that are 
prohibited in sports were introduced in 1975 by Brooks and colleagues  162   
based on results fi rst published by Sumner in 1974.  163   A major issue of 
the early anti - doping fi ght was, among others, the missing tool to 
uncover the assumed misuse of anabolic steroids, and the availability 
of radioimmunoassays represented a breakthrough in sports drug 
testing.  164 – 167   The extraction of steroids followed by acetylation and 
subsequent determination using radioimmunoassays targeting 17 - alkyl-
ated steroids or 19 - norsteroids provided a sensitive procedure enabling 
the detection of as low as 10   pg of metandienone per mL of urine or 
serum. These approaches were applied to anonymized samples col-
lected at the 1974 Commonwealth Games (Christchurch, New Zealand) 
and European Games (Rome, Italy),  168   and further used offi cially to 
screen urine specimens at the Olympic Games of 1976 in Montreal 
(Canada).  167   Confi rmatory analyses of samples that yielded adverse 
analytical fi ndings were conducted by means of newly established 
GC - MS methods, and two samples of the 1974 Commonwealth Games 
as well as six specimens from the 1976 Olympic Games were reported 
 “ positive ”  with RIA and GC - MS. Although the quality of analytical 
results obtained by combinations of GC and MS considerably improved 
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in the following years and became more and more the gold standard 
for doping controls, immunological assays were employed for various 
analytes such as stimulants,  169 – 172   opioids,  173 – 179    β  2  - agonists,  180,181   diuret-
ics,  182,183   benzoylecgonine, etc. in human and animal drug testing for 
decades.  184 – 186   Still, the importance of immunoassays for the detection 
of low molecular weight drugs dropped signifi cantly with the constantly 
increasing performances of mass spectrometry - based methods and 
requirements of unequivocal identifi cation of target analytes; however, 
the fact that high molecular weight compounds were hardly or not 
measurable from doping control specimens using conventional MS 
systems has made immunological approaches an invaluable tool in the 
past and present fi ght against doping. The most prominent examples 
for the application of immunoassays have been the detection of 
misuse regarding hCG and LH,  187 – 191   and, more recently, hGH  192 – 204   
and EPO.  205 – 213   These methods have enabled the determination of pro-
hibited compounds (e.g., hCG in urine samples of male athletes), the 
quantitation of banned substances such as hGH and its natural variants, 
or the quantitative analysis of parameters that indirectly indicate the 
potential misuse of drugs and methods of doping such as the adminis-
tration of hGH and EPO or blood transfusions.    

   1.4    INTRODUCTION OF MASS SPECTROMETRY 
TO DOPING CONTROL ANALYSIS 

 Mass spectrometry of organic compounds and natural products has 
greatly infl uenced analytical approaches and possibilities of analyte 
characterization in complex matrices. Numerous seminal articles were 
published describing the fundamentals  214 – 219   and, thus, the instrumenta-
tion required for applied mass spectrometry in forensics, clinical, and 
doping control analysis. One of the earliest successful combinations of 
gas chromatography and mass spectrometry consisted of packed GC 
column interfaced to a Type 12 - 100 time - of - fl ight (TOF) MS (Bendix 
Aviation Corp.), which allowed to scan from  m/z  1 to 6000 at an enor-
mous scan rate of 2000/s with unit resolution up to  m/z  200.  214   Alternative 
approaches included conventional magnetic fi eld mass spectrometers 
such as the CEC Model 21 - 620 cycloidal path or the CEC Model 21 -
 103B 180 - degree MS (both Consolidated Electrodynamics Corp.) that 
covered a scan range from  m/z  40 to 160 within a duty cycle time of 
30s at a resolving power of 600.  215   Commonly, approximately 3 – 10% of 
the GC effl uent was diverted from packed columns through a capillary 
to the ion source of the mass spectrometer, before capillary GC columns 
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16  HISTORY OF SPORTS DRUG TESTING

were directly interfaced to the analyzers.  217   Methods and instruments 
dramatically improved within a few years and enabled, for instance, 
the direct recording of high resolution mass spectra of steroids such 
as androstane - 3,17 - dione, and androst - 4 - ene - 3,17 - dione, which were 
injected into a GC that was interfaced to a double - focusing MS 
(Mattauch - Herzog design, CEC Model 21 - 110) with a photographic 
plate detector (Fig.  1.2 ).  219     

   1.4.1    First Approaches and Adverse Analytical Findings 

 First offi cial anti - doping rules as established by international federa-
tions became effective in 1966 (F é d é ration Internationale de Football 
Association, FIFA) and 1967 (Union Cycliste Internationale, UCI; 
Union Internationale de Pentathlon Moderne et Biathlon, UIPMB). 
Nevertheless, pilot studies with regard to human sports drug testing 
started as early as 1955,  46   and systematic controls at great sporting 
events were initiated at the FIFA World Cup in 1966. At that time, the 

     Figure 1.2:     High - resolution mass spectra of androstane - 3,17 - dione (15) and androst - 4 -
 ene - 3,17 - dione (17), recorded on a GC - HRMS system (CEC Model 21 - 110) with a 
photographic plate detector.  Reprinted with permission from J.T. Watson, K. Biemann, 
 Anal. Chem ., 1965, 37 (7), p. 850, Figure 9. Copyright  ©  1965 American Chemical Society.   
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FIFA list of prohibited substances included narcotics such as morphine 
and heroin, stimulating agents (amphetamine and its derivatives, strych-
nine, micorene, phenmetrazine), diethyl ether, and trinitroglycerine. In 
1967, UCI and UIPMB presented lists of banned compounds and drugs 
accordingly, and the IOC conducted fi rst doping controls in Grenoble 
(86 samples) and Mexico City (667 samples) in 1968 following their 
own list of prohibited substances (Table  1.3 ).  47     

 Early approaches of sports drug testing employing mass spectromet-
ric techniques were reported in 1967 by Beckett and associates  93   who 
measured amphetamine and its derivatives from spiked urine speci-
mens on a GC - MS system. A Perkin Elmer F11 GC equipped with a 
packed stainless steel column (2   m, i.d. 31   mm) and interfaced to a 
Hitachi - Perkin Elmer RMU - 6E single focusing MS was used, which 
scanned from  m/z  10 to 450 within 12 seconds and allowed the 
detection of less than 4    μ g of analyte per mL of urine. Using three 
different sensitivity settings of the amplifi er, informative electron 
ionization (EI) spectra were recorded (Fig.  1.3 )  93   to serve as confi rma-
tory data. Despite these successful couplings of GC and MS, also alter-
native assays using offl ine combinations, e.g., TLC and MS, were 
reported for the detection of methylamphetamine in doping controls.  220   
Here, a Hitachi Perkin - Elmer RMU - 6D MS was used, and although 
detection limits of the presented assay were not evaluated, the sensitiv-
ity was considered comparable to the earlier reported GC - MS - based 
method. A comprehensive use of GC - MS to substantiate suspicious test 
results in doping controls was present at the 1972 Olympic Games held 
in Munich, where seven adverse analytical fi ndings with amphetamine 
(1), ephedrine (3), phenmetrazine (1), and nikethamide (2) were docu-
mented.  221 – 223   Besides common screening procedures employing GC 
with nitrogen - specifi c alkali - fl ame detector (N - FID),  109   an Atlas MAT 
CH - 5 single sector MS interfaced to a temperature - programmed 
Hewlett - Packard GC Model 7600, which was equipped with a packed 
glass column (1.06   m, i.d. 2.5   mm, 2% Igepal CO - 880 and 12.5% Apiezon 
L), was used to unambiguously confi rm the presence or absence of 
prohibited compounds. An EI mass spectrum of an adverse analytical 
fi nding with nikethamide is depicted in Figure  1.4 a (reconstructed). 
Compared to an EI mass spectrum recorded in 2008 (Fig.  1.4 b), no 
signifi cant difference is observed.   

 In order to enhance chromatographic properties of many target 
analytes with relevance to sports drug testing, numerous derivatives 
were prepared in the following years for instance from stimulants  224 – 226   
and steroids.  168,227 – 230   The advantages of derivatization were manifold 
and various modifi cations were tested for more effi cient GC separation 

INTRODUCTION OF MASS SPECTROMETRY  17
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INTRODUCTION OF MASS SPECTROMETRY  19

     Figure 1.3:     GC - EI - MS spectra obtained from urine samples containing methyl-
amphetamine (top) and amphetamine, recorded on a Hitachi - Perkin Elmer RMU - 
6E single focusing MS.  This fi gure has been reproduced with permission from 
Pharmaceutical Press, an imprint of RPS Publishing, the publishing organization of 
the Royal Pharmaceutical Society of Great Britain.   

of analytes, improved peak shapes, and more characteristic mass spectra 
as obtained after EI. Stimulants were derivatized, e.g., to acetyl - , trifl uo-
roacetyl - , pentafl uoropropionyl - , heptafl uorobutyryl - , perfl uorooc-
tanoyl - , trichloroacetyl - , or pentafl uorobenzoyl - analogues  224,225   as well 
as mixed derivatives using trimethylsilylation and trifl uoroacety-
lation.  102,105,226,231   Steroids were preferably acetylated, dimethylsilylated, 
trimethylsilylated,  168,227,230,232   or chloromethyldimethylsilylated,  228   and 
also mixed derivatives (methoxime/trimethylsilyl  233 – 235   or  N  - alkyl/tri-
methylsilyl  236   derivatives) were formed to yield adequate chromato-
graphic peak shapes and informative EI mass spectra. However, also 
underivatized steroids were successfully measured using capillary GC 
and MS instruments.  237   

 In 1975, the IOC list of prohibited substances was expanded by the 
class of anabolic androgenic steroids (AAS), and newly developed 
methods  168   were applied to samples collected at the 1976 Olympic 
Games in Montreal (Canada). From a total of 1786 specimens, which 
underwent conventional drug testing procedures, a selection of 275 was 
subjected to a special screening procedure based on GC - MS, which was 
dedicated to the detection of AAS.  238,239   After enzymatic hydrolysis of 
phase - II - metabolites, steroids such as metandienone (Dianabol), stano-
zolol (Stromba), 19 - norethyltestosterone (Nivelar), 17 α  - ethyl - 4 - estren -
 17 β  - ol (Orabolin), 19 - nortestosterone and its phenylpropionate ester 
(Durabolin) and respective phase - I - metabolites were fractionated on 
Sephadex LH - 20 solid - phase extraction (SPE) columns. Aliquots were 
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20  HISTORY OF SPORTS DRUG TESTING

dried, and the dry residues were trimethylsilylated using pyridine/hexa-
methyldisilazane (HMDS)/trimethylchlorosilane (TMCS) followed by 
GC - MS analysis. The instrument used was a Pye 104 GC equipped with 
a 3% OV - 1 column, which was connected to a Varian MAT 731 double -
 focusing high - resolution mass spectrometer (Mattauch - Herzog geom-
etry), which allowed for repetitive scans every 8 seconds as well as 
selected ion monitoring (SIM). Using this approach, eight samples were 
tested positive for anabolic steroids, three of which were provided by 
gold -  or silver medalists (all weightlifting). 

 Although invented as early as 1953,  240   the quadrupole mass spec-
trometer was not installed in doping control laboratories as detector in 
GC - MS systems until the late 1970s/early 1980s.  232,241 – 246   Providing fast 
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     Figure 1.4:     EI - mass spectra (a) of nikethamide found in a doping control specimen at 
the Olympic Games in Munich in 1972 (reconstructed), and (b) of a reference standard 
analyzed in 2008.  
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scan speeds at suffi cient resolution, benchtop GC - MS systems using 
quadrupole analyzers soon became state - of - the - art analytical tools in 
sports drug testing. Implemented for the drug testing programs at the 
1982 Soccer World Cup in Spain, the 1983 World Championships in 
Athletics in Finland,  247   and the Pan American Games in 1983 in 
Venezuela (Caracas), GC - MS systems helped to uncover one of the 
biggest doping scandals in the latter event. Using two Hewlett - Packard 
5996 GC - MS instruments with a capillary GC column (OV - 1, 17   m, i.d. 
0.2   mm, fi lm thickness 0.11    μ m) and EI source (heated to 250 ° C), SIM as 
well as full scan data were recorded in screening and confi rmation 
methods. Earlier sample preparation methods were improved, and urine 
specimens underwent SPE, enzymatic hydrolysis, liquid - liquid extrac-
tion (LLE), and fi nally trimethylsilylation of extracted analytes before 
measurement.  184,244,245   A total of 19 athletes including 11 weightlifters, 
one cyclist, one fencer, one wrestler, one volleyball player, and four 
track and fi eld athletes  ,  248 – 250   tested positive after competition. Four 
were sanctioned due to the use of stimulants (two ephedrine and two 
fencamfamine) and 15 were convicted of the use of AAS, in particular 
nortestosterone (12) was well as testosterone (1), metenolone (1), and 
metandienone (1).  110,251   In addition to these  “ clear ”  cases, reports and 
rumors on 12 further adverse analytical fi ndings (out of 13 unlabeled 
urine specimens) prior to the start of the 1983 Pan American Games 
with regard to AAS misuse among the U.S. team, which were not 
sanctioned, became public. Moreover, the sudden departure of 12 
American athletes when being informed about the effi ciency of on - site 
drug tests  250   caused concern and confusion followed by endless specula-
tions and few confessions.  252    

   1.4.2    Progression of Analytical Methods 

 The detection methods being used in sports drug testing have continu-
ously been improved, updated, and expanded in accordance with 
instrumental innovations and new drugs and challenges in doping con-
trols. New standards and milestones in terms of analytical assays and 
available instruments were commonly set at great sporting events such 
as the Olympic Games.  111   In 1984 at the Los Angeles Olympic Games, 
for the fi rst time all samples (1510 urine specimens) were screened for 
AAS using GC - MS, which was accomplished on Hewlett - Packard 5996 
analyzers operated in SIM mode. Eleven adverse analytical fi ndings 
were reported, including one stimulant (ephedrine) and ten anabolic 
steroids (eight nandrolone cases, one testosterone, and one metenolone 
case).  184,253   

INTRODUCTION OF MASS SPECTROMETRY  21
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22  HISTORY OF SPORTS DRUG TESTING

 Four years later at the Olympic Games in Seoul in 1988, the local 
doping control laboratory was equipped with 12 state - of - the - art 
Hewlett - Packard 5890/5970B GC - MS systems plus two HP5988A 
instruments interfaced to GC as well as LC (via thermospray).  185   The 
LC - MS version of the  “ Engine ”  (HP5988A) was used to measure cor-
ticosteroids from doping control specimens.  254   Revolutionary work 
regarding the determination of long - term metabolites of anabolic 
androgenic steroids such as stanozolol and the derivatization for sensi-
tive detection using GC - MS systems  255   allowed the confi rmation of 
three fi ndings of stanozolol abuse, which represented one third of all 
positive specimens. The methodology on how to identify particular 
stanozolol metabolites in urine samples was installed as early as 1986 
  in Seoul by Sch ä nzer and Donike, which was subsequently and success-
fully employed for the Olympic Games in 1988. In addition to the 
stanozolol fi ndings, stimulants such as caffeine (1) and pemoline (1) as 
well as four cases of furosemide misuse were reported, but no further 
AAS.  253   

 The doping control laboratory in Barcelona (Olympic Games 1992) 
used 13 GC - MS systems (HP5970, HP5971) and two LC - MS systems 
(HP5989) with particle beam interface (HP59980B). The latter was 
connected to an HP1090L Series II liquid chromatograph and was used 
to provide the fi rst (and possibly last) adverse analytical fi nding (meso-
carb) that has ever been confi rmed using LC - particle beam - MS in 
sports drug testing.  256   In total, fi ve positive doping control samples were 
reported with strychnine (1), norephedrine (1), clenbuterol (2), and 
mesocarb (1). 

 In 1994, the fi rst GC - high resolution - MS system (HP5890/Finnigan 
MAT 95, double - focusing sector with reversed Nier - Johnson geometry) 
was installed for the Olympic Winter Games in Lillehammer (Norway),  257   
in particular due to its superior sensitivity and selectivity for a specifi c 
subset of analytes such as stanozolol and metandienone metabolites 
as well as clenbuterol.  258   The GC - HRMS was complemented by 
seven HP5890/5970 and 5972 systems as well as one HP5890/Finnigan 
SSQ7000 low resolution GC - MS instruments to cope with the con-
stantly increasing number of compounds to be analyzed. 

 The use of GC/combustion/isotope - ratio mass spectrometry (GC/C/
IRMS) has demonstrated distinguished capabilities to reveal misuse of 
endogenous steroids such as testosterone, dihydrotestosterone, dehy-
droepiandrosterone (DHEA), etc. and was reported for the fi rst time 
in 1994.  259   The analysis of carbon isotope ratios of steroids in doping 
control specimens progressively improved,  260 – 262   and in 1998 at the 
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Olympic Winter Games in Nagano (Japan), the fi rst comprehensive 
analyses for synthetic endogenous steroids were conducted using an 
HP6890 GC coupled to an Isoprime IRMS (Micromass, Manchester, 
UK). 

 Polysaccharide - based plasma volume expanders were fi rst analyzed 
in urine specimens during the Nordic Ski World Championships in 
Lahti (Finland, 2001) using a GC - MS - based method (HP 5890/5972 
GC - MSD).  263 – 265   Seven adverse analytical fi ndings were reported and 
gold, silver, and bronze medals were stripped, all won by Finnish male 
and female elite athletes.  266   Consequently, the established procedure 
was also employed at the subsequent Winter Olympic Games in 2002 
(Salt Lake City, USA), but ever since, no additional positive case was 
found although methods were further expanded and improved using 
LC - MS/MS  267,268   and MALDI - TOFMS  269   approaches. 

 State - of - the - art GC - HRMS systems (Autospec Ultima) double -
 focusing sector instruments with EBE geometry, Micromass, Manchester, 
UK) were also used at the Athens Olympic Games and contributed 
signifi cantly to the highest number of adverse analytical fi ndings in the 
history of Olympic Games. Excluding those athletes who were sanc-
tioned due to refusal/manipulation of doping control specimens (3) or 
 “ no - show ”  (2), 20 prohibited substances including AAS (stanozolol, 
testosterone, metandienone, nandrolone, methyltestosterone, oxandro-
lone), clenbuterol, cathine, ethamivan, heptaminol, and furosemide 
were reported. First approaches to use LC - MS/MS for the detection of 
peptide -  and protein - based doping agents in human sports drug testing 
was described as early as 1993,  270   but it took approximately 10 years to 
become part of routine procedures  271 – 281   as for instance in Athens 2004, 
where LC - iontrap systems (Agilent 1100 LC/MSD SL) were employed. 
Major advances in sensitivity, accuracy, and resolution of mass spec-
trometers, which are described in more detail in Chapter  2 , provided 
the basis for effi cient method development and more comprehensive 
detection tools to cover a variety of prohibited peptide hormones such 
as insulins,  276,282 – 285   corticotrophins,  286   insulin - like growth factors,  287   
luteinizing hormone releasing hormone,  288   as well as methods of manip-
ulation using proteases.  289   

 The need for complementary or new methods for doping control 
purposes is evident and a major task of sports drug testing related 
research. Continuously, new methods and approaches are developed to 
expand the portfolio of detection procedures for drugs and methods of 
manipulation, and currently applied MS - based methods are described 
in Chapter  6 .   

INTRODUCTION OF MASS SPECTROMETRY  23

c01.indd   23c01.indd   23 4/27/2010   10:41:49 AM4/27/2010   10:41:49 AM



24  HISTORY OF SPORTS DRUG TESTING

  REFERENCES 

     1.       Jokl ,  E.   ( 1965 )  Sport and Culture , in  Doping  (eds   A.   de   Schaepdryver   and 
  M.   Hebbelink  ),  Pergamon Press ,  Oxford , pp.  1  –  24 .  

     2.       Young ,  D.C.   ( 1984 )  The Olympic Myth of Greek Amateur Athletics ,  Ares 
Publishers, Inc. ,  Chicago .  

     3.       Miller ,  S.G.   ( 2004 )  Ancient Greek Athletics ,  Yale University Press ,  New 
Haven – London .  

     4.       Toohey ,  K.  , and   Veal ,  A.J.   ( 2000 )  The Olympic Games — A Social Science 
Perspective ,  CABI Publishing ,  Oxon – New York .  

     5.       Papagelopoulos ,  P.J.  ,   Mavrogenis ,  A.F.  , and   Soucacos ,  P.N.   ( 2004 )  Doping 
in ancient and modern Olympic Games .  Orthopedics ,  27 ,  1226 , 1231.  

     6.       Arndt ,  K.H.  , and   Arndt ,  C.   ( 1980 )  Medicine at the Olympic Games . 
 Zeitschrift f ü r  Ä rztliche Fortbildung (Jena) ,  74 ,  389  –  392 .  

     7.       Morgan ,  C.E.   ( 1957 )  Drug Administration to Racing Animals .  Journal of 
the American Veterinary Medical Association ,  130 ,  240  –  243 .  

     8.       Wadler ,  G.I.  , and   Hainline ,  B.   ( 1989 )  Drugs and the Athlete ,  F.A. Davis 
Company ,  Philadelphia .  

     9.      World Anti - Doping Agency  ( 2003 )  The World Anti - Doping Code . 
Available at  http://www.wada - ama.org/rtecontent/document/code_v3.pdf . 
Accessed 02 - 14 - 2008.  

     10.       Kohler ,  M.  ,   Thevis ,  M.  ,   Sch ä nzer   W.  , and   P ü schel ,  K.   ( 2008 ).  Damage to 
health and fatalities from doping .  Rechtsmedizin ,  18 ,  177  –  182 .  

     11.       Casavant ,  M.J.  ,   Blake ,  K.  ,   Griffi th ,  J.  ,  et al.  ( 2007 )  Consequences of use 
of anabolic androgenic steroids .  Pediatric Clinics of North - America ,  54 , 
 677  –  690 .  

     12.       Prokop ,  L.   ( 1970 )  Zur Geschichte des Dopings und seiner Bek ä mpfung . 
 Sportarzt und Sportmedizin ,  21 ,  125  –  132 .  

     13.       Neimann ,  J.L.   ( 1985 )  Sudden death in athletes .  Annales de Cardiologie et 
d ’ Ang é iologie ,  34 ,  145  –  149 .  

     14.       Kennedy ,  M.C.  , and   Lawrence ,  C.   ( 1993 )  Anabolic steroid abuse and 
cardiac death .  Medical Journal of Australia ,  158 ,  346  –  348 .  

     15.       Sein Anand ,  J.  ,   Chodorowski ,  Z.  , and   Wisniewski ,  M.   ( 2005 )  Multifactorial 
hypoglycaemic coma in female bodybuilder .  Przeglad lekarski ,  62 ,  520  –  521 .  

     16.       Lage ,  J.M.  ,   Panizo ,  C.  ,   Masdeu ,  J.  , and   Rocha ,  E.   ( 2002 )  Cyclist ’ s doping 
associated with cerebral sinus thrombosis .  Neurology ,  58 ,  665 .  

     17.       Tentori ,  L.  , and   Graziani ,  G.   ( 2007 )  Doping with growth hormone/IGF - 1, 
anabolic steroids or erythropoietin: Is there a cancer risk?   Pharmacological 
Research ,  55 ,  359  –  369 .  

     18.       Hausmann ,  R.  ,   Hammer ,  S.  , and   Betz ,  P.   ( 1998 )  Performance enhancing 
drugs (doping agents) and sudden death — A case report and review of 
the literature .  International Journal of Legal Medicine ,  111 ,  261  –  264 .  

c01.indd   24c01.indd   24 4/27/2010   10:41:49 AM4/27/2010   10:41:49 AM



REFERENCES  25

     19.       Dhar ,  R.  ,   Stout ,  C.W.  ,   Link ,  M.S.  ,  et al.  ( 2005 )  Cardiovascular toxicities 
of performance - enhancing substances in sports .  Mayo Clinic Proceedings , 
 80 ,  1307  –  1315 .  

     20.       Bernheim ,  P.J.  , and   Cox ,  J.N.   ( 1960 )  Heat stroke and amphetamine 
intoxication in a sportsman .  Schweizerische Medizinische Wochenschrift , 
 90 ,  322  –  331 .  

     21.       Donohoe ,  T.  , and   Johnson ,  N.   ( 1986 )  Foul Play — Drug Abuse in Sports , 
 Basil Blackwell ,  Oxford .  

     22.       Meinberg ,  E.   ( 2007 )  Dopingsport im Brennpunkt der Ethik ,  Merus - Verlag , 
 Hamburg .  

     23.       Clarke ,  E.G.   ( 1962 )  The doping of racehorses .  Medico - Legal Journal ,  30 , 
 180  –  195 .  

     24.       Roeske ,  W.   ( 1968 )  Alfons Bukowski (1858 – 1921) .  Archiwum Historii 
Medycyny ,  31 ,  167  –  191 .  

     25.       Lander ,  G.D.   ( 19300 The micro - detection of alkaloids .  Analyst ,  55 , 
 474  –  476 .  

     26.       Autenrieth ,  W.   ( 1905 )  The Detection of Poisons and Strong Drugs .  P. 
Blakiston ’ s Son  &  Co. ,  Philadelphia .  

     27.       Thorwald ,  J.   ( 1964 )  Das Jahrhundert der Detektive .  Droemersche 
Verlagsanstalt A.G. ,  Zurich .  

     28.       Lucas ,  GHW.   ( 1939 )  The Saliva Test .  Canadian Journal of Comparative 
Medicine ,  3 ,  67  –  72 .  

     29.       Wilsdorf ,  G.  , and   Graf ,  G.   ( 1998 )  Historische Aspekte zur Entwicklung 
der Dopingforschung beim Pferd an der Veterin ä rmedizinischen 
Bildungsst ä tte in Berlin 1925 – 1945 .  Berliner und M ü nchener Tier ä rztliche 
Wochenschrift ,  111 ,  222  –  227 .  

     30.       Addis - Smith ,  L.F.   ( 1961 )  The changing pattern of  “ doping ”  in horse racing 
and its control .  New Zealand Veterinary Journal ,  9 ,  121  –  128 .  

     31.       Munch ,  J.C.   ( 1931 )  Bioassays, A Handbook of Quantitative Pharmacology . 
 Williams  &  Wilkins ,  Baltimore .  

     32.       Munch ,  J.C.  ,   Sloane ,  A.B.  , and   Latven ,  A.R.   ( 1952 )  The value of bioassays 
in detecting narcotics .  Bulletin in Narcotics ,  4 ,  23  –  26 .  

     33.       Munch ,  J.C.   ( 1934 )  Saliva tests. I. Morphine .  Journal of the American 
Pharmaceutical Association ,  23 ,  766  –  773 .  

     34.       Munch ,  J.C.   ( 1935 )  Saliva tests. III. Detecting the administration of some 
opium derivatives to horses .  Journal of the American Pharmaceutical 
Association ,  24 ,  557  –  560 .  

     35.       Munch ,  J.C.   ( 1934 )  Saliva tests. II. Heroin .  Journal of the American 
Pharmaceutical Association ,  23 ,  1185  –  1187 .  

     36.       Straub ,  W.   ( 1911 )  Eine empfi ndliche biologische Reaktion auf Morphin . 
 Deutsche medizinische Wochenschrift ,  37 ,  1462 .  

     37.       Straub ,  W.   ( 1912 )  Die pharmakodynamische Wirkung des Narkotins im 
Opium .  Biochemische Zeitschrift ,  41 ,  419  –  430 .  

c01.indd   25c01.indd   25 4/27/2010   10:41:49 AM4/27/2010   10:41:49 AM



26  HISTORY OF SPORTS DRUG TESTING

     38.       Hermann ,  O.   ( 1912 )  Eine biologische Nachweismethode des Morphins . 
 Biochemische Zeitschrift ,  39 ,  216  –  231 .  

     39.       Maier ,  L.   ( 1931 )  Quantitative Morphinbestimmung mit Hilfe des biolo-
gischen Verfahrens .  Archiv f ü r Experimentelle Pathologie und Pharmak-
ologie ,  161 ,  163  –  172 .  

     40.       Pong ,  S.F.  ,   Sweetman ,  J.M.  ,   Pong ,  A.S.  , and   Carpenter ,  J.F.   ( 1987 ) 
 Evaluation of oral skeletal muscle relaxants in the morphine - induced 
Straub tail test in mice .  Drug Development Research ,  11 ,  53  –  57 .  

     41.       Keil ,  W.  , and   Kluge ,  A.   ( 1934 )   Ü ber die Anwendung des M ä useschwanz-
ph ä nomens zur Auswertung von Morphin -  und Skopolaminpr ä paraten . 
 Archiv f ü r Experimentelle Pathologie und Pharmakologie ,  174 ,  493  –  501 .  

     42.       Forst ,  A.W.  , and   Deininger ,  R.   ( 1949 )  Eine neue Methode zum spezi-
fi schen biologischen Nachweis von Morphin im Harn an der M ä usepupille . 
 Archiv f ü r Experimentelle Pathologie und Pharmakologie ,  206 ,  416  –  438 .  

     43.       Prokop ,  L.   ( 1970 )  The struggle against doping and its history .  Journal of 
Sports Medicine and Physical Fitness ,  10 ,  45  –  48 .  

     44.       Craig ,  S.   ( 2000 )  Riding high .  History Today ,  50 ,  18  –  19 .  
     45.       Hoberman ,  J.   ( 2007 )  History and prevalence of doping in the marathon . 

 Sports Medicine ,  37 ,  386  –  388 .  
     46.       Venerando ,  A.   ( 1963 )  Doping: Pathology and ways to control it .  Medicina 

dello Sport ,  3 ,  972  –  983 .  
     47.       Clasing ,  D.   ( 2004 )  Doping und seine Wirkstoffe .  Spitta Verlag GmbH , 

 K ö ln .  
     48.       Kofl er ,  L.   ( 1938 )  Mikroskopische Methoden zur Identifi zierung 

organischer Substanzen .  Angewandte Chemie ,  51 ,  703  –  714 .  
     49.       Kofl er ,  L.   ( 1945 ) Mikro - Methoden zur Kennzeichnung organischer Stoffe 

und Stoffgemische.Verlag Chemie, Berlin.  
     50.       Dultz ,  G.   ( 1940 )  Nachweis und Bestimmung von  β  - Phenylisopropylamin 

und  β  - Phenylisopropylmethylamin .  Zeitschrift f ü r analytische Chemie , 
 120 ,  84  –  88 .  

     51.       McNally ,  W.D.  ,   Bergman ,  W.L.  , and   Polli ,  J.F.   ( 1947 )  The quantitative 
determination of amphetamine .  Journal of Laboratory and Clinical 
Medicine ,  32 ,  913  –  917 .  

     52.       Deckert ,  W.   ( 1936 )  Ein neues, leicht ausf ü hrbares Schnellverfahren zur 
quantitativen Bestimmung kleinster Mengen von Morphin in Harn, Blut 
und anderem biologischen Material .  Archiv f ü r Experimentelle Pathologie 
und Pharmakologie ,  180 ,  656  –  671 .  

     53.       Richter ,  D.   ( 1938 )  A colour reaction for benzedrine .  Lancet ,  234 ,  1275 .  
     54.       Richter ,  D.   ( 1938 )  Elimination of amines in man .  Biochemical Journal ,  32 , 

 1763  –  1769 .  
     55.       Jacobsen ,  E.   ( 1940 )  Gad I. Die Ausscheidung des  β  - Phenylisopropylamins 

bei Menschen .  Archiv f ü r Experimentelle Pathologie und Pharmakologie , 
 196 ,  280  –  289 .  

c01.indd   26c01.indd   26 4/27/2010   10:41:49 AM4/27/2010   10:41:49 AM



REFERENCES  27

     56.       Brodie ,  B.B.  , and   Udenfriend ,  S.   ( 1945 )  The estimation of basic organic 
compounds and a technique for the appraisal of specifi city .  Journal of 
Biological Chemistry ,  158 ,  705  –  714 .  

     57.       Beyer ,  K.H.  , and   Skinner ,  J.T.   ( 1940 )  The detoxication and excretion of 
beta phenylisopropylamine (benzedrine) .  Journal of Pharmacology and 
Experimental Therapeutics ,  68 ,  419  –  432 .  

     58.       Schoen ,  K.   ( 1944 )  A rapid and simple method for the determination 
of ephedrine .  Journal of the American Pharmaceutical Association ,  33 , 
 116  –  118 .  

     59.       Keller ,  R.E.  , and   Ellenbogen ,  W.C.   ( 1952 )  The determination of d - amphet-
amine in body fl uids .  Journal of Pharmacology and Experimental 
Therapeutics ,  106 ,  77  –  82 .  

     60.       Axelrod ,  J.   ( 1953 )  Studies on sympathomimetic amines. II. The biotrans-
formation and physiological disposition of d - amphetamine, d - p - hydroxy-
amphetamine and d - methamphetamine .  Journal of Pharmacology and 
Experimental Therapeutics ,  315  –  326 .  

     61.       Munier ,  R.  , and   Macheboeuf ,  M.    Microchromatographie de partage des 
alcaloides et de diverses bases azotees biologiques .  Bulletin De La Societe 
De Chimie Biologique ,  31 ,  1144  –  1162 .  

     62.       Munier ,  R.  , and   Macheboeuf ,  M.   ( 1951 )  Microchromatographie de 
partage sur papier des alcaloides et de diverses bases azotees biologiques. 
3. Exemples de separations de divers alcaloides par la technique en phase 
solvante acide (familles de latropine, de la cocaine, de la nicotine, de la 
sparteine, de la strychnine et de la corynanthine) .  Bulletin De La Societe 
De Chimie Biologique ,  33 ,  846  –  856 .  

     63.       Mannering ,  G.J.  ,   Dixon ,  A.C.  ,   Carrol ,  N.V.  , and   Cope ,  O.B.   ( 1954 )  Paper 
chromatography applied to the detection of opium alkaloids in urine and 
tissues .  Journal of Laboratory and Clinical Medicine ,  44 ,  292  –  300 .  

     64.       Jatzkewitz ,  H.   ( 1953 )  Ein klinisches Verfahren zur Bestimmung von 
basischen Suchtmitteln um Harn .  Hoppe - Seyler ’ s Zeitschrift f ü r 
Physiologische Chemie ,  292 ,  94  –  100 .  

     65.       Kaiser ,  H.  , and   Jori ,  H.    Beitr ä ge zum toxikologischen Nachweis von 
Dromoran  “ Roche ” , Morphin, Dilaudid, Cardiazol Coramin und Atropin 
mit Hilfe der Papierchromatographie .  Archiv der Pharmazie und Berichte 
der Deutschen Pharmazeutischen Gesellschaft ,  287 ,  224  –  242 ; contd.  

     66.       Kaiser ,  H.  , and   Jori ,  H.   ( 1954 )  Beitr ä ge zum toxikologischen Nachweis 
von Dromoran  “ Roche ” , Morphin, Dilaudid, Cardiazol Coramin und 
Atropin mit Hilfe der Papierchromatographie .  Archiv der Pharmazie und 
Berichte der Deutschen Pharmazeutischen Gesellschaft ,  287 ,  253  –  258 ; 
concl.  

     67.       Vidic ,  E.   ( 1955 )  Eine Methode zur Identifi zierung papierchromatogra-
phisch isolierter Arzneistoffe .  Archiv f ü r Toxikologie. Fuehner Wielands 
Sammlung von Vergiftungsf ä llen ,  16 ,  63  –  73 .  

c01.indd   27c01.indd   27 4/27/2010   10:41:49 AM4/27/2010   10:41:49 AM



28  HISTORY OF SPORTS DRUG TESTING

     68.       Pilsbury ,  V.B.  , and   Jackson ,  J.V.   ( 1966 )  Identifi cation of the thiazide 
diuretic drugs .  Journal of Pharmacy and Pharmacology ,  18 ,  713  –  720 .  

     69.       Dole ,  V.P.  ,   Kim ,  W.K.  , and   Eglitis ,  I.   ( 1966 )  Detection of narcotic drugs, 
tranquilizers, amphetamines, and barbiturates in urine .  JAMA: The 
Journal of the American Medical Association ,  198 ,  349  –  352 .  

     70.       Dole ,  V.P.  ,   Kim ,  W.K.  ,   Eglitis ,  I.   ( 1966 )  Extraction of narcotic drugs, tran-
quilizers, and barbiturates by cation - exchange paper, and detection on a 
thin - layer chromatogram by a series of reagents .  Psychopharmacology 
Bulletin ,  3 :  45  –  48 .  

     71.       Schubert ,  B.   ( 1967 )  Identifi cation and metabolism of some doping sub-
stances in horses .  Acta Veterinaria Scandinavica ,  Suppl 21 ,  21  –  101 .  

     72.       Mule ,  S.J.   ( 1964 )  Determination of narcotic analgesics in human biologi-
cal materials .  Analytical Chemistry ,  36 ,  1907  –  1914 .  

     73.       Harms ,  D.R.   ( 1965 )  Identifi cation of morphine and codeine in the 
urine by thin - layer chromatography and ultraviolet spectrophotometry . 
 American Journal of Medical Technology ,  31 ,  1  –  8 .  

     74.       Yoshimura ,  H.  ,   Oguri ,  K.  , and   Tsukamoto ,  H.   ( 1966 )  Detection of mor-
phine in urine. II. An improved method by thin - layer chromatography 
utilizing potassium platinum iodide as the reagent for both coloration 
and fl uorescence .  Chemical and Pharmaceutical Bulletin (Tokyo) ,  14 , 
 1286  –  1290 .  

     75.       Heyndrickx ,  A.  , and   De   Leenheer ,  A.   ( 1967 )  Toxicological analysis of 
weckamines (amphetamine, pervitin, preludin and ritalin) in pharmac-
uetical compounds and urine of persons suspected from doping .  Journal 
de pharmacie de Belgique ,  22 ,  109  –  126 .  

     76.       Moerman ,  E.  , and   Vleeschnouwer ,  D.   ( 1967 )  Detection of doping: 
Separation and identifi cation of amphetamine and related compounds in 
urine .  Archives Belges de M é decine Sociale ,  25 ,  455  –  461 .  

     77.       Debackere ,  M.  , and   Laruelle ,  L.   ( 1968 )  Isolation, detection and identifi ca-
tion of some alkaloids or alkaloid - like substances in biological specimens 
from horses with special reference to doping .  Journal of Chromatography , 
 35 ,  234  –  247 .  

     78.       Parker ,  K.D.  , and   Hine ,  C.H.   ( 1967 )  Manual for the determination of 
narcotics and dangerous drugs in the urine .  Bulletin in Narcotics ,  19 , 
 51  –  57 .  

     79.       Heaton ,  A.M.  , and   Blumberg ,  A.G.   ( 1969 )  Thin - layer chromatographic 
detection of barbiturates, narcotics, and amphetamines in urine of patients 
receiving psychotropic drugs .  Journal of Chromatography ,  41 ,  367  –  370 .  

     80.       Ono ,  M.  , and   Engelke ,  B.F.   ( 1969 )  Procedures for assured identifi cation 
of morphine, dihydromorphinone, codeine, norcodeine, methadone, 
quinine, methamphetamine, etc., in human urine .  Bulletin in Narcotics ,  21 , 
 31  –  40 .  

     81.       Jansen ,  G.A.  , and   Bickers   I.   ( 1971 )  Rapid method for simultaneous quali-
tative assay of narcotics, cocaine, quinine and propoxyphene in the urine . 
 Southern Medical Journal ,  64 ,  1072  –  1074 .  

c01.indd   28c01.indd   28 4/27/2010   10:41:49 AM4/27/2010   10:41:49 AM



REFERENCES  29

     82.       Imai ,  Y.  ,   Kawakubo ,  T.  ,   Otake ,  I.  , and   Namekata ,  M.   ( 1972 )  Studies on 
the detection of doping drugs. I. A thin – layer chromatographic screening 
procedure for detecting drugs from urine sample of race horses. Yakugaku 
zasshi .  Journal of the Pharmaceutical Society of Japan ,  92 ,  1074  –  1081 .  

     83.       Gorodetzky ,  C.W.   ( 1972 )  Sensitivity of thin - layer chromatography for 
detection of 16 opioids, cocaine and quinine .  Toxicology and Applied 
Pharmacology ,  23 ,  511  –  518 .  

     84.       Machata ,  G.   ( 1966 )  Der chemische Nachweis des Dopings beim Sport . 
 Deutsche Zeitschrift f ü r die gesamte gerichtliche Medizin ,  57 ,  335  –  341 .  

     85.       B ä umler ,  J.  , and   Rippstein ,  S.   ( 1961 )  Die D ü nnschichtchromatographie 
als Schnellmethode zur Analyse von Arzneimitteln .  Pharmaceutica Acta 
Helvetiae ,  36 ,  382  –  388 .  

     86.       Sohn ,  D.  ,   Simon ,  J.  ,   Hanna ,  M.A.  ,  et al.  ( 1973 )  The detection of thiazide 
diuretics in urine. Column extraction and thin - layer chromatography . 
 Journal of Chromatography ,  87 ,  570  –  575 .  

     87.       Kaistha ,  K.K.  ,   Tadrus ,  R.  , and   Janda   R.   ( 1975 )  Simultaneous detection of 
a wide variety of commonly abused drugs in a urine screening program 
using thin - layer identifi cation techniques .  Journal of Chromatography , 
 107 ,  359  –  379 .  

     88.       Lloyd ,  H.A.  ,   Fales ,  H.M.  ,   Highet ,  P.F.  ,  et al.  ( 1960 )  Separation of alkaloids 
by gas chromatography .  Journal of the American Chemical Society ,  82 ,  3791 .  

     89.       Parker ,  K.D.  ,   Fontan ,  C.R.  ,   Kirk ,  P.L.   ( 1962 )  Separation and identifi cation 
of some sympathomimetic amines by gas chromatography .  Analytical 
Chemistry ,  34 ,  1345  –  1346 .  

     90.       Parker ,  K.D.  ,   Fontan ,  C.R.  , and   Kirk ,  P.L.   ( 1963 )  Rapid gas chromato-
graphic method for screening of toxicological extracts for alkaloids, 
barbiturates, sympathomimetic amines, and tranquilizers .  Analytical 
Chemistry ,  35 ,  356  –  359 .  

     91.       Brochmann - Hanssen ,  E.  , and   Svendsen ,  A.B.   ( 1962 )  Gas chromatography 
of sympathomimetic amines .  Journal of Pharmaceutical Sciences ,  51 ,  393 .  

     92.       Brochmann - Hanssen ,  E.  , and   Svendsen ,  A.B.    Separation and identifi ca-
tion of sympathomimetic amines by gas - liquid chromatography .  Journal 
of Pharmaceutical Sciences ,  51 ,  938  –  941 .  

     93.       Beckett ,  A.H.  ,   Tucker ,  G.T.  , and   Moffat ,  A.C.   ( 1967 )  Routine detection 
and identifi cation in urine of stimulants and other drugs, some of which 
may be used to modify performance in sport .  Journal of Pharmacy and 
Pharmacology ,  19 ,  273  –  294 .  

     94.       Kolb ,  H.  , and   Patt ,  P.W.   ( 1965 )  Beitrag zum Arzneimittelnachweis in 
K ö rperfl  ü ssigkeiten durch Gaschromatographie .  Arzneimittel - Forschung , 
 8 ,  924  –  927 .  

     95.       Beckett ,  A.H.  , and   Rowland ,  M.    Urinary excretion kinetics of methylam-
phetamine in man .  Journal of Pharmacy and Pharmacology ,  17 ,  109  –  114 .  

     96.       Beckett ,  A.H.  , and   Rowland ,  M.   ( 1965 )  Determination and identifi cation 
of amphetamine in urine .  Journal of Pharmacy and Pharmacology ,  17 , 
 59  –  60 .  

c01.indd   29c01.indd   29 4/27/2010   10:41:49 AM4/27/2010   10:41:49 AM



30  HISTORY OF SPORTS DRUG TESTING

     97.       Beckett ,  A.H.  , and   Rowland ,  M.   ( 1965 )  Urinary excretion kinetics of 
amphetamine in man .  Journal of Pharmacy and Pharmacology ,  17 ,  628  – 
 639 .  

     98.       Beckett ,  A.H.  , and   Wilkinson ,  G.R.   ( 1965 )  Identifi cation and determina-
tion of ephedrine and its congeners in urine by gas chromatography . 
 Journal of Pharmacy and Pharmacology ,  17 ,  104  –  106 .  

     99.       Mule ,  S.J.   ( 1971 )  Routine identifi cation of drugs of abuse in human urine. 
I. Application of fl uorometry, thin - layer and gas - liquid chromatography . 
 Journal of Chromatography ,  55 ,  255  –  266 .  

  100.       Donike ,  M.   ( 1966 )  Der Dopingnachweis mit Hilfe chromatographischer 
Methoden .  Sportarzt und Sportmedizin ,  17 ,  81  –  84 .  

  101.       Langer ,  S.H.  , and   Pantages ,  P.   ( 1961 )  Peak - shift technique in gas - liquid 
chromatography: Trimethylsilyl ether derivatives of alcohols .  Nature ,  191 , 
 141  –  142 .  

  102.       Donike ,  M.   ( 1969 )  N - Methyl - N - trimethylsilyl - trifl uoracetamide, ein 
neues Silylierungsmittel aus der Reihe der silylierten Amide .  Journal of 
Chromatography ,  42 ,  103  –  104 .  

  103.       Capella ,  P.  , and   Horning ,  E.C.   ( 1966 )  Separation and identifi cation of 
derivatives of biologic amines by gas - liquid chromatography .  Analytical 
Chemistry ,  38 ,  316  –  321 .  

  104.       Donike ,  M.   ( 1970 )  Stickstoffdetektor und Temperaturprogrammierte 
Gas - Chromatographie, ein Fortschritt f ü r die Routinem ä  ß ige Dopingkon-
trolle .  Sportarzt und Sportmedizin ,  21 ,  27  –  30 .  

  105.       Donike ,  M.   ( 1973 )  Acylierung mit Bis(Acylamiden); N - Methyl -
 Bis(Trifl uoracetamid) und Bis(Trifl uoracetamid), zwei neue Reagenzien 
zur Trifl uoracetylierung .  Journal of Chromatography ,  78 ,  273  –  279 .  

  106.       Donike ,  M.  ,   Jaenicke ,  L.  ,   Stratmann ,  D.  , and   Hollmann ,  W.   ( 1970 )  Gas 
chromatographic detection of nitrogen - containing drugs in aqueous solu-
tions by means of the nitrogen detector .  Journal of Chromatography ,  52 , 
 237  –  250 .  

  107.       Donike ,  M.  , and   Derenbach ,  J.   ( 1976 )  Die Selektive Derivatisierung 
Unter Kontrollierten Bedingungen: Ein Weg zum Spurennachweis von 
Aminen .  Zeitschrift f ü r analytische Chemie ,  279 ,  128  –  129 .  

  108.       Donike ,  M.   ( 1970 )  Temperature programmed gas chromatographic analy-
sis of nitrogen - containing drugs: The reproducibility of retention times 
(I) .  Chromatographia ,  3 ,  422  –  424 .  

  109.       Donike ,  M.  ,   Stratmann ,  D.   ( 1974 )  Temperaturprogrammierte gas - 
chromatographische Analyse stickstoffhaltiger Pharmaka: Die 
Reproduzierbarkeiten der Retentionszeiten und der Mengen bei autom-
atischer Injektion (II)  “ Die Screeningprozedur f ü r fl  ü chtige Dopingmittel 
bei den Olympischen Spielen der XX. Olympiade M ü nchen 1972. ”   
 Chromatographia ,  7 ,  182  –  189 .  

  110.       Sch ä nzer ,  W.   ( 1999 )  Dem Doping keine Chance , in  25 Jahre 
Trainerausbildung  (ed   J.   Kozel  ),  Sport & Buch Strauss ,  Cologne , pp.  59  –  94 .  

c01.indd   30c01.indd   30 4/27/2010   10:41:50 AM4/27/2010   10:41:50 AM



REFERENCES  31

  111.       Hemmersbach ,  P.   ( 2008 )  History of mass spectrometry at the Olympic 
Games .  Journal of Mass Spectrometry ,  43 ,  839  –  853 .  

  112.       Mueller ,  R.K.   ( 1995 )  Chromatographic techniques — The basis of doping 
control .  Journal of Chromatography B ,  674 ,  1  –  11 .  

  113.       M ü ller ,  R.K.  ,   Grosse ,  J.  ,   Thieme ,  D.  ,  et al.  ( 1999 )  Introduction to the 
application of capillary gas chromatography of performance - enhancing 
drugs in doping control .  Journal of Chromatography A ,  843 ,  275  –  285 .  

  114.       Herraez - Hernandez ,  R.  ,   Campins - Falco ,  P.  , and   Sevillano - Cabeza ,  A.   
( 1992 )  Estimation of diuretic drugs in biological fl uids by HPLC . 
 Chromatographia ,  33 ,  177  –  185 .  

  115.       Tisdall ,  P.A.  ,   Moyer ,  T.P.  , and   Anhalt ,  J.P.   ( 1980 )  Liquid - chromatographic 
detection of thiazide diuretics in urine .  Clinical Chemistry ,  26 ,  702  –  706 .  

  116.       Ventura ,  R.  ,   Nadal ,  T.  ,   Alcalde ,  P.  ,  et al.  ( 1991 )  Fast screening method for 
diuretics, probenecid and other compounds of doping interest .  Journal of 
Chromatography A ,  655 ,  233  –  242 .  

  117.       Fullinfaw ,  R.O.  ,   Bury ,  R.W.  , and   Moulds ,  R.F.   ( 1987 )  Liquid chromato-
graphic screening of diuretics in urine .  Journal of Chromatography ,  415 , 
 347  –  356 .  

  118.       Cooper ,  S.F.  ,   Masse ,  R.  , and   Dugal ,  R.   ( 1989 )  Comprehensive screening 
procedure for diuretics in urine by high - performance liquid chromatog-
raphy .  Journal of Chromatography ,  489 ,  65  –  88 .  

  119.       Ventura ,  R.  , and   Segura ,  J.   ( 1996 )  Detection of diuretic agents in doping 
control .  Journal of Chromatography B ,  687 ,  127  –  144 .  

  120.       Dye ,  D.  ,   East ,  T.  , and   Bayne ,  W.F.   ( 1984 )  High - performance liquid chro-
matographic method for post - column, in - line derivatization with o - phtha-
laldehyde and fl uorometric detection of phenylpropanolamine in human 
urine .  Journal of Chromatography ,  284 ,  457  –  461 .  

  121.       Farrell ,  B.M.  , and   Jefferies ,  T.M.   ( 1983 )  An investigation of high - perfor-
mance liquid chromatographic methods for the analysis of amphetamines . 
 Journal of Chromatography ,  272 ,  111  –  128 .  

  122.       Slais ,  K.  ,   Nielen ,  M.W.  ,   Brinkman ,  U.A.  , and   Frei ,  R.W.   ( 1987 )  Screening 
of amphetamines by gradient microbore liquid chromatography and pre -
 column technology .  Journal of Chromatography ,  393 ,  57  –  68 .  

  123.       Sch ä nzer ,  W.   ( 1984 ) Untersuchungen zum Nachweis und Metabolismus 
von Hormonen und Dopingmitteln, insbesondere mit Hilfe der 
Hochdruckfl  ü ssigkeitschromatographie. Institute of Biochemistry, 
German Sport University Cologne, Dissertation.  

  124.       Hayakawa ,  K.  ,   Hasegawa ,  K.  ,   Imaizumi   N.  ,  et al.  ( 1989 )  Determination 
of amphetamine - related compounds by high - performance liquid chroma-
tography with chemiluminescence and fl uorescence detections .  Journal of 
Chromatography ,  464 ,  343  –  352 .  

  125.       Frischkorn ,  C.G.  , and   Frischkorn ,  H.E.   ( 1978 )  Investigations of anabolic 
drug abuse in athletics and cattle feed. II. Specifi c determination of 

c01.indd   31c01.indd   31 4/27/2010   10:41:50 AM4/27/2010   10:41:50 AM



32  HISTORY OF SPORTS DRUG TESTING

methandienone (Dianabol) in urine in nanogram amounts .  Journal of 
Chromatography ,  151 ,  331  –  338 .  

  126.       Heftmann ,  E.  , and   Hunter ,  I.R.   ( 1979 )  High - pressure liquid chromatog-
raphy of steroids .  Journal of Chromatography ,  165 ,  283  –  299 .  

  127.       Hunter ,  I.R.  ,   Walden ,  M.K.  , and   Heftmann ,  E.   ( 1979 )  High - pressure 
liquid chromatography of androgens .  Journal of Chromatography ,  176 , 
 485  –  487 .  

  128.       Darney ,  K.J. ,  Jr.  ,   Wing ,  T.Y.  , and   Ewing ,  L.L.   ( 1983 )  Simultaneous mea-
surement of four testicular delta 4 - 3 - ketosteroids by isocratic high - per-
formance liquid chromatography with on - line ultraviolet absorbance 
detection .  Journal of Chromatography ,  257 ,  81  –  90 .  

  129.       Cochran ,  R.C.  ,   Darney ,  K.J. ,  Jr.  , and   Ewing ,  L.L.   ( 1979 )  Measurement of 
testosterone with a high - performance liquid chromatograph equipped with 
a fl ow - through ultraviolet spectrophotometer .  Journal of Chromatography , 
 173 ,  349  –  355 .  

  130.       Fitzpatrick ,  F.A.  , and   Siggia ,  S.   ( 1973 )  High resolution liquid chromatog-
raphy of derivatized non - ultraviolet absorbing hydroxy steroids .  Analytical 
Chemistry ,  45 ,  2310  –  2314 .  

  131.       Siggia ,  S.  , and   Dishman ,  R.A.   ( 1970 )  Analysis of steroid hormones 
using high resolution liquid chromatography .  Analytical Chemistry ,  42 , 
 1223  –  1229 .  

  132.       Kawasaki ,  T.  ,   Maeda ,  M.  , and   Tsuji ,  A.   ( 1981 )  Determination of 
17 - oxosteroids in serum and urine by fl uorescence high - performance liquid 
chromatography using dansyl hydrazine as a pre - labeling reagent .  Journal 
of Chromatography ,  226 ,  1  –  12 .  

  133.       Kawasaki ,  T.  ,   Maeda ,  M.  , and   Tsuji ,  A.   ( 1982 )  Determination of 
17 - oxosteroid glucuronides and sulfates in urine and serum by fl uores-
cence high - performance liquid chromatography using dansyl hydrazine 
as a prelabeling reagent .  Journal of Chromatography ,  233 ,  61  –  68 .  

  134.       Butterfi eld ,  A.G.  ,   Lodge ,  B.A.  ,   Pound ,  N.J.  , and   Sears ,  R.W.   ( 1975 ) 
 Combined assay, identifi cation, and foreign related steroids test for 
methandrostenolone by high - speed liquid chromatography .  Journal of 
Pharmaceutical Sciences ,  64 ,  441  –  443 .  

  135.       Rose ,  J.Q.  , and   Jusko ,  W.J.   ( 1979 )  Corticosteroid analysis in biological fl uids 
by high - performance liquid chromatography .  Journal of Chromatography , 
 162 ,  273  –  280 .  

  136.       Culbreth ,  P.A.  , and   Sampson ,  E.J.   ( 1981 )  Liquid chromatography mea-
surement of cortisol in methylene chloride extracts of aqueous solutions . 
 Journal of Chromatography ,  212 ,  221  –  228 .  

  137.       Canalis ,  E.  ,   Reardon ,  G.E.  , and   Caldarella ,  A.M.   ( 1982 )  A more 
specifi c, liquid - chromatographic method for free cortisol in urine .  Clinical 
Chemistry ,  28 ,  2418  –  2420 .  

  138.       Althaus ,  Z.R.  ,   Rowland ,  J.M.  ,   Freeman ,  J.P.  , and   Slikker ,  W. ,  Jr  . ( 1982 ). 
 Separation of some natural and synthetic corticosteroids in biological 

c01.indd   32c01.indd   32 4/27/2010   10:41:50 AM4/27/2010   10:41:50 AM



REFERENCES  33

fl uids and tissues by high - performance liquid chromatography .  Journal of 
Chromatography ,  227 ,  11  –  23 .  

  139.       Jane ,  I.  , and   Taylor ,  J.F.   ( 1975 )  Characterisation and quantitation of mor-
phine in urine using high - pressure liquid chromatography with fl uores-
cence detection .  Journal of Chromatography ,  109 ,  37  –  42 .  

  140.       Duggin ,  G.G.   ( 1976 )  Phenacetin estimation from biological samples by 
high - performance liquid chromatography .  Journal of Chromatography , 
 121 ,  156  –  160 .  

  141.       Jefferies ,  T.M.  ,   Thomas ,  W.O.  , and   Parfi tt ,  R.T.   ( 1979 )  Determination of 
ketoprofen in plasma and urine by high - performance liquid chromatog-
raphy .  Journal of Chromatography ,  162 ,  122  –  124 .  

  142.       Upton ,  R.A.  ,   Buskin ,  J.N.  ,   Guentert ,  T.W.  ,  et al.  ( 1980 )  Convenient 
and sensitive high - performance liquid chromatography assay for keto-
profen, naproxen and other allied drugs in plasma or urine .  Journal of 
Chromatography ,  190 ,  119  –  128 .  

  143.       Berson ,  S.A.  ,   Yalow ,  R.S.  ,   Glick ,  S.M.  , and   Roth ,  J.   ( 1964 )  Immunoassay 
of protein and peptide hormones .  Metabolism ,  13 :Suppl,  1135  –  1153 .  

  144.       Yalow ,  R.S.  , and   Berson ,  S.A.   ( 1959 )  Radiobiology: Assay of plasma 
insulin in human subjects by immunological methods .  Nature ,  184 , 
 1648  –  1649 .  

  145.       Yalow ,  R.S.  , and   Berson ,  S.A.   ( 1960 )  Immunoassay of endogenous plasma 
insulin in man .  Journal of Clinical Investigation ,  39 ,  1157  –  1175 .  

  146.       Samols ,  E.  , and   Ryder ,  J.A.   ( 1961) Studies on tissue uptake of insulin in 
man using a differential immunoassay for endogenous and exogenous 
insulin .  Journal of Clinical Investigation ,  40 ,  2092  –  2102 .  

  147.       Felber ,  J.P.   ( 1963 )  ACTH antibodies and their use for a radio - immunoas-
say for ACTH .  Experientia ,  19 ,  227  –  229 .  

  148.       Yalow ,  R.S.  ,   Glick ,  S.M.  ,   Roth ,  J.  , and   Berson ,  S.A.   ( 1964 )  Radioimmunoassay 
of human plasma acth .  Journal of Clinical Endocrinology and Metabolism , 
 24 ,  1219  –  1225 .  

  149.       Felber ,  J.P.  , and   Aubert ,  M.L.   ( 1971 )  Radioimmunoassay for plasma 
ACTH .  Hormone and Metabolic Research ,  3 : Suppl, 3 : 73  –  77 .  

  150.       Ehrlich ,  R.M.  , and   Randle ,  P.J.   ( 1961 )  Immunoassay of growth hormone 
in human serum .  Lancet ,  2 ,  230  –  233 .  

  151.       Ehrlich ,  R.M.  , and   Randle ,  P.J.   ( 1961 )  Immunoassay of growth hormone 
in human serum .  Proceedings of the Royal Society of Medicine ,  54 , 
 646  –  647 .  

  152.       Utiger ,  R.D.  ,   Parker ,  M.L.  , and   Daughaday ,  W.H.   ( 1962 )  Studies on 
human growth hormone. I. A radio - immunoassay for human growth 
hormone .  Journal of Clinical Investigation ,  41 :  254  –  261 .  

  153.       Parker ,  M.L.  ,   Utiger ,  R.D.  , and   Daughaday ,  W.H.   ( 1962 )  Studies on 
human growth hormone. II. The physiological disposition and metabolic 

c01.indd   33c01.indd   33 4/27/2010   10:41:50 AM4/27/2010   10:41:50 AM



34  HISTORY OF SPORTS DRUG TESTING

fate of human growth hormone in man .  Journal of Clinical Investigation , 
 41 ,  262  –  268 .  

  154.       Li ,  C.H.  ,   Moudgal ,  N.R.  , and   Papkoff ,  H.   ( 1960 )  Immunochemical inves-
tigations of human pituitary growth hormone .  Journal of Biological 
Chemistry ,  235 :  1038  –  1042 .  

  155.       Touber ,  J.L.  , and   Maingay ,  D.   ( 1963 )  Heterogeneity of human growth 
hormone. Its infl uence on a radio - immunoassay of the hormone in serum . 
 Lancet ,  1 ,  1403  –  1405 .  

  156.       Glick ,  S.M.  ,   Roth ,  J.  ,   Yalow ,  R.S.  , and   Berson ,  S.A.   ( 1963 )  Immunoassay 
of human growth hormone in plasma .  Nature ,  199 ,  784  –  787 .  

  157.       Brody ,  S.  , and   Carlstroem ,  G.   ( 1965 )  Human chorionic gonadotropin 
in abnormal pregnancy. Serum and urinary fi ndings using various immu-
noassay techniques .  Acta Obstetricia et Gynecologica Scandinavica ,  44 , 
 32  –  44 .  

  158.       Benuzzi - Badoni ,  M.  ,   Lemarchand - Beraud ,  T.  ,   Gomez - Vuilleumier ,  J.  , 
 et al.   A quick radioimmunoassay for plasma HCG and Lh determination 
with preliminary results .  Helvetica Medica Acta ,  35 ,  490  –  503 .  

  159.       Rizkallah ,  T.  ,   Taymor ,  M.L.  ,   Park ,  M.  , and   Batt ,  R.   ( 1965 )  An immunoas-
say method for human luteinizing hormone of pituitary origin .  Journal of 
Clinical Endocrinology and Metabolism ,  25 ,  943  –  948 .  

  160.       Thomas ,  K.  , and   Ferin ,  J.   ( 1968 )  A new rapid radioimmunoassay for HCG 
(LH, ICSH) in plasma using dioxan .  Journal of Clinical Endocrinology 
and Metabolism ,  28 ,  1667  –  1670 .  

  161.       Birgegard ,  G.  ,   Miller ,  O.  ,   Caro ,  J.  , and   Erslev ,  A.   ( 1982 )  Serum erythro-
poietin levels by radioimmunoassay in polycythaemia .  Scandinavian 
Journal of Haematology ,  29 ,  161  –  167 .  

  162.       Brooks ,  R.V.  ,   Firth ,  R.G.  , and   Sumner ,  N.A.   ( 1975 )  Detection of ana-
bolic steroids by radioimmunoassay .  British Journal of Sports Medicine , 
 9 ,  89  –  92 .  

  163.       Sumner ,  N.A.   ( 1974 )  Measurement of anabolic steroids by radioimmuno-
assay .  Journal of Steroid Biochemistry ,  5 ,  307 .  

  164.       Brooks ,  R.V.  ,   Jeremiah ,  G.  ,   Webb ,  W.A.  , and   Wheeler ,  M.   ( 1979 )  Detection 
of anabolic steroid administration to athletes .  Journal of Steroid 
Biochemistry ,  11 ,  913  –  917 .  

  165.       Hampl ,  R.  ,   Picha ,  J.  ,   Chundela ,  B.  , and   Starka ,  L.   ( 1979 )  Radioimmunoassay 
of nortestosterone and related steroids .  Journal of Clinical Chemistry and 
Clinical Biochemistry ,  17 ,  529  –  532 .  

  166.       Hampl ,  R.  , and   Starka ,  L.    Practical aspects of screening of anabolic 
steroids in doping control with particular accent to nortestosterone radio-
immunoassay using mixed antisera .  Journal of Steroid Biochemistry ,  11 , 
 933  –  936 .  

  167.       Dugal ,  R.  ,   Dupuis ,  C.  , and   Bertrand ,  M.J.   ( 1977 )  Radioimmunoassay of 
anabolic steroids: An evaluation of three antisera for the detection of 

c01.indd   34c01.indd   34 4/27/2010   10:41:50 AM4/27/2010   10:41:50 AM



REFERENCES  35

anabolic steroids in biological fl uids .  British Journal of Sports Medicine , 
 11 ,  162  –  169 .  

  168.       Ward ,  R.J.  ,   Shackleton ,  C.H.  , and   Lawson ,  A.M.   ( 1975 )  Gas chro-
matographic — Mass spectrometric methods for the detection and identi-
fi cation of anabolic steroid drugs .  British Journal of Sports Medicine ,  9 , 
 93  –  97 .  

  169.       de la   Torre ,  R.  ,   Badia ,  R.  ,   Gonzalez ,  G.  ,  et al.  ( 1996 )  Cross - reactivity of 
stimulants found in sports drug testing by two fl uorescence polarization 
immunoassays .  Journal of Analytical Toxicology ,  20 ,  165  –  170 .  

  170.       Colbert ,  D.L.  ,   Gallacher ,  G.  , and   Mainwaring - Burton ,  R.W.   ( 1985 )  Single -
 reagent polarization fl uoroimmunoassay for amphetamine in urine . 
 Clinical Chemistry ,  31 ,  1193  –  1195 .  

  171.       Turner ,  G.J.  ,   Colbert ,  D.L.  , and   Chowdry ,  B.Z.   ( 1991 )  A broad spectrum 
immunoassay using fl uorescence polarization for the detection of amphet-
amines in urine .  Annals of Clinical Biochemistry ,  28 ( Pt 6 ),  588  –  594 .  

  172.       Colbert ,  D. L.  , and   Childerstone ,  M.   ( 1987 )  Multiple drugs of abuse in 
urine detected with a single reagent and fl uorescence polarization .  Clinical 
Chemistry ,  33 ,  1921  –  1923 .  

  173.       Tobin ,  T.  ,   Watt ,  D.S.  ,   Kwiatkowski ,  S.  ,  et al.  ( 1988 )  Non - isotopic immuno-
assay drug tests in racing horses: a review of their application to pre -  and 
post - race testing, drug quantitation, and human drug testing .  Research 
Communications in Chemical and Pathology and Pharmacology ,  62 , 
 371  –  395 .  

  174.       Tobin ,  T.  ,   Kwiatkowski ,  S.  ,   Watt ,  D.S.  ,  et al.   Immunoassay detection 
of drugs in racing horses. XI. ELISA and RIA detection of fentanyl, 
alfentanil, sufentanil and carfentanil in equine blood and urine .  Research 
Communications in Chemical and Pathology and Pharmacology ,  63 , 
 129  –  152 .  

  175.       Tobin ,  T.  ,   Tai ,  H.H.  ,   Tai ,  C.L.  ,  et al.  ( 1988 )  Immunoassay detection of drugs 
in racing horses. IV. Detection of fentanyl and its congeners in equine 
blood and urine by a one step ELISA assay .  Research Communications 
in Chemical and Pathology and Pharmacology ,  60 ,  97  –  115 .  

  176.       Woods ,  W.E.  ,   Tai ,  H.H.  ,   Tai ,  C.  ,  et al.  ( 1986 )  High - sensitivity radioimmu-
noassay screening method for fentanyl .  American Journal of Veterinary 
Research ,  47 ,  2180  –  2183 .  

  177.       Mcdonald ,  J.  ,   Gall ,  R.  ,   Wiedenbach ,  P.  ,  et al.   Immunoassay detection of 
drugs in horses 1. Particle concentration fl uoroimmunoassay detection of 
fentanyl and its congeners .  Research Communications in Chemical 
Pathology and Pharmacology ,  57 ,  389  –  407 .  

  178.       Stanley ,  S.  ,   Jeganathan ,  A.  ,   Wood ,  T.  ,  et al.   Morphine and etorphine. 14. 
Detection by ELISA in equine urine .  Journal of Analytical Toxicology , 
 15 ,  305  –  310 .  

  179.       Mcdonald ,  J.  ,   Gall ,  R.  ,   Wiedenbach ,  P.  ,   Bass ,  V.D.  ,  et al.  ( 1988 )  Immunoassay 
detection of drugs in racing horses. 3. Detection of morphine in equine 

c01.indd   35c01.indd   35 4/27/2010   10:41:50 AM4/27/2010   10:41:50 AM



36  HISTORY OF SPORTS DRUG TESTING

blood and urine by a one - step ELISA assay .  Research Communications 
in Chemical Pathology and Pharmacology ,  59 ,  259  –  278 .  

  180.       Ventura ,  R.  ,   Gonzalez ,  G.  ,   Smeyers ,  M.T.  ,  et al.  ( 1998 )  Screening proce-
dure for beta - adrenergic drugs in sports drug testing by immunological 
methods .  Journal of Analytical Toxicology ,  22 ,  127  –  134 .  

  181.       Van   Eenoo ,  P.  , and   Delbeke ,  F.T.   ( 2002 )  Detection of inhaled salbutamol 
in equine urine by ELISA and GC/MS2 .  Biomedical Chromatography , 
 16 ,  513  –  516 .  

  182.       Woods ,  W.E.  ,   Wang ,  C.J.  ,   Houtz ,  P.K.  ,  et al.   Immunoassay detection of 
drugs in racing horses. VI. Detection of furosemide (Lasix) in equine 
blood by a one step ELISA and PCFIA .  Research Communications in 
Chemical Pathology and Pharmacology ,  61 ,  111  –  128 .  

  183.       Stanley ,  S.  ,   Wood ,  T.  ,   Goodman ,  J.P.  ,  et al.  ( 1994 )  Immunoassay detection 
of drugs in racing horses: detection of ethacrynic acid and bumetanide in 
equine urine by ELISA .  Journal of Analytical Toxicology ,  18 ,  95  –  100 .  

  184.       Catlin ,  D.H.  ,   Kammerer ,  R.C.  ,   Hatton ,  C.K.  ,  et al.  ( 1984 )  Analytical 
chemistry at the Games of the XXIIIrd Olympiad in Los Angeles .  Clinical 
Chemistry ,  33 ,  319  –  327 .  

  185.       Park ,  J.  ,   Park ,  S.  ,   Lho ,  D.  ,  et al.   Drug testing at the 10th Asian Games and 
24th Seoul Olympic Games .  Journal of Analytical Toxicology ,  14 ,  66  –  72 .  

  186.       Park ,  J.   ( 1991 )  Doping test report of 10th Asian Games in Seoul .  Journal 
of Sports Medicine and Physical Fitness ,  31 ,  303  –  317 .  

  187.       Kicman ,  A.T.  ,   Brooks ,  R.V.  , and   Cowan ,  D.A.   ( 1991 )  Human chorionic 
gonadotrophin and sport .  British Journal of Sports Medicine ,  25 ,  73  –  80 .  

  188.       Stenman ,  U.H.  ,   Unkila - Kallio ,  L.  ,   Korhonen ,  J.  , and   Alfthan ,  H.   ( 1997 ) 
 Immunoprocedures for detecting human chorionic gonadotropin: Clinical 
aspects and doping control .  Clinical Chemistry ,  43 ,  1293  –  1298 .  

  189.       Kicman ,  A.T.  ,   Brooks ,  R.V.  ,   Collyer ,  S.C.  ,  et al.  ( 1990 )  Criteria to indicate 
testosterone administration .  British Journal of Sports Medicine ,  24 , 
 253  –  264 .  

  190.       Delbeke ,  F.T.  ,   Van   Eenoo ,  P.  , and   De   Backer ,  P.   ( 1998 )  Detection of 
human chorionic gonadotrophin misuse in sports .  International Journal 
of Sports Medicine ,  19 ,  287  –  290 .  

  191.       de   Boer ,  D.  ,   de   Jong ,  E.G.  ,   van   Rossum ,  J.M.  , and   Maes ,  R.A.   ( 1991 ) 
 Doping control of testosterone and human chorionic gonadotrophin: A 
case study .  International Journal of Sports Medicine ,  12 ,  46  –  51 .  

  192.       Wu ,  Z.  ,   Bidlingmaier ,  M.  ,   Dall ,  R.  , and   Strasburger ,  C.J.   ( 1999 )  Detection 
of doping with human growth hormone .  Lancet ,  353 ,  895 .  

  193.       Bidlingmaier ,  M.  , and   Strasburger ,  C.J.   ( 2007 )  Technology insight: 
detecting growth hormone abuse in athletes .  Nature Clinical Practice. 
Endocrinology  &  Metabolism ,  3 ,  769  –  777 .  

  194.       Bidlingmaier ,  M.  ,   Wu ,  Z.  , and   Strasburger ,  C.J.   ( 2000 )  Test method: GH . 
 Best Practice  &  Research Clinical Endocrinology  &  Metabolism ,  14 , 
 99  –  109 .  

c01.indd   36c01.indd   36 4/27/2010   10:41:50 AM4/27/2010   10:41:50 AM



REFERENCES  37

  195.       Bidlingmaier ,  M.  ,   Wu ,  Z.  , and   Strasburger ,  C.J.   ( 2001 )  Doping with growth 
hormone .  Journal of Pediatric Endocrinology and Metabolism ,  14 ,  1077  – 
 1084 .  

  196.       Bidlingmaier ,  M.  ,   Wu ,  Z.  , and   Strasburger ,  C.   ( 2003 )  Problems with GH 
doping in sports .  Journal of Endocrinological Investigation ,  26 ,  924  –  931 .  

  197.       Holt ,  R.I.   ( 2007 )  Meeting reports: Beyond reasonable doubt: Catching 
the growth hormone cheats .  Pediatric Endocrinology Reviews ,  4 :  228  – 
 232 .  

  198.       Holt ,  R.I.  , and   Sonksen ,  P.H.   ( 2008 )  Growth hormone, IGF - I and insulin 
and their abuse in sport .  British Journal of Pharmacology ,  154 ,  542  –  556 .  

  199.       Abellan ,  R.  ,   Ventura ,  R.  ,   Palmi ,  I.  ,  et al.  ( 2008 )  Immunoassays for the 
measurement of IGF - II, IGFBP - 2 and  - 3, and ICTP as indirect biomark-
ers of recombinant human growth hormone misuse in sport values in 
selected population of athletes .  Journal of Pharmaceutical and Biomedical 
Analysis , DOI: 10.1016/j.pba.2008.1005.1037.  

  200.       Erotokritou - Mulligan ,  I.  ,   Bassett ,  E.E.  ,   Kniess ,  A.  ,  et al.  ( 2007 )  Validation 
of the growth hormone (GH) - dependent marker method of detecting 
GH abuse in sport through the use of independent data sets .  Growth 
Hormone and IGF Research ,  17 ,  416  –  423 .  

  201.       Healy ,  M.L.  ,   Dall ,  R.  , and   Gibney ,  J.   ( 2005 )  Toward the development 
of a test for growth hormone (GH) abuse: A study of extreme physiologi-
cal ranges of GH - dependent markers in 813 elite athletes in the postcom-
petition setting .  Journal of Clinical Endocrinology and Metabolism ,  90 , 
 641  –  649 .  

  202.       Jenkins ,  P.   ( 2001 )  Growth hormone and exercise: Physiology, use and 
abuse .  Growth Hormone and IGF Research ,  11 ,  S71  –  77 .  

  203.       Kicman ,  A.  ,   Miell ,  J.  , and   Teale ,  J.   ( 1997 )  Serum IGF - I and IGF binding 
proteins 2 and 3 as potential markers of doping with human GH .  Clinical 
Endocrinology (Oxf) ,  47 ,  43  –  50 .  

  204.       Sartorio ,  A.  ,   Agosti ,  F.  ,   Marazzi ,  N.  ,  et al.  ( 2004 )  Combined evaluation of 
resting IGF - I, N - terminal propeptide of type III procollagen (PIIINP) 
and C - terminal cross - linked telopeptide of type I collagen (ICTP) levels 
might be useful for detecting inappropriate GH administration in ath-
letes: A preliminary report .  Clinical Endocrinology (Oxf) ,  61 ,  487  –  493 .  

  205.       Lasne ,  F.  , and   de   Ceaurriz ,  J.   ( 2000 )  Recombinant erythropoietin in urine . 
 Nature ,  405 ,  635 .  

  206.       Lasne ,  F.  ,   Martin ,  L.  ,   Crepin ,  N.  , and   de   Ceaurriz   J.   ( 2002 )  Detection of 
isoelectric profi les of erythropoietin in urine: differentiation of natural 
and administered recombinant hormones .  Analytical Biochemistry ,  311 , 
 119  –  126 .  

  207.       Lasne ,  F.  ,   Thioulouse ,  J.  ,   Martin ,  L.  , and   de   Ceaurriz ,  J.   ( 2007 )  Detection 
of recombinant human erythropoietin in urine for doping analysis: Inter-
pretation of isoelectric profi les by discriminant analysis .  Electrophoresis , 
 28 ,  1875  –  1881 .  

c01.indd   37c01.indd   37 4/27/2010   10:41:50 AM4/27/2010   10:41:50 AM



38  HISTORY OF SPORTS DRUG TESTING

  208.       Abellan ,  R.  ,   Ventura ,  R.  ,   Pichini ,  S.  ,  et al.  ( 2004 )  Evaluation of immunoas-
says for the measurement of soluble transferrin receptor as an indirect 
biomarker of recombinant human erythropoietin misuse in sport .  Journal 
of Immunological Methods ,  295 ,  89  –  99 .  

  209.       Abellan ,  R.  ,   Ventura ,  R.  ,   Pichini ,  S.  ,  et al.  ( 2004 )  Evaluation of immuno-
assays for the measurement of erythropoietin (EPO) as an indirect 
biomarker of recombinant human EPO misuse in sport .  Journal of 
Pharmaceutical and Biomedical Analysis ,  35 ,  1169  –  1177 .  

  210.       Nissen - Lie ,  G.  ,   Birkeland ,  K.  ,   Hemmersbach ,  P.  , and   Skibeli ,  V.   ( 2004 ) 
 Serum sTfR levels may indicate charge profi ling of urinary r - hEPO in 
doping control .  Medicine and Science in Sports and Exercise ,  36 ,  588  –  593 .  

  211.       Parisotto ,  R.  ,   Gore ,  C.  ,   Emslie ,  K.  ,  et al.  ( 2000 )  A novel method utilising 
markers of altered erythropoiesis for the detection of recombinant human 
erythropoietin abuse in athletes .  Haematologica ,  85 ,  564  –  572 .  

  212.       Sharpe ,  K.  ,   Ashenden ,  M.J.  , and   Schumacher ,  Y.O.   ( 2006 )  A third genera-
tion approach to detect erythropoietin abuse in athletes .  Haematologica , 
 91 ,  356  –  363 .  

  213.       Segura ,  J.  ,   Pascual ,  J.A.  , and   Guti é rrez - Gallego ,  R.   ( 2007 )  Procedures for 
monitoring recombinant erythropoietin and analogues in doping control . 
 Analytical and Bioanalytical Chemistry.   388 ,  1521  –  1529 .  

  214.       Gohlke ,  R.S.   ( 1959 )  Time - of - fl ight mass spectrometry and gas - liquid par-
tition chromatography .  Analytical Chemistry ,  31 ,  535  –  541 .  

  215.       Lindeman ,  L.P.  , and   Annis ,  J.L.   ( 1960 )  Use of a Conventional Mass 
Spectrometer as a Detector for Gas Chromatography .  Analytical Chemistry , 
 32 ,  1742  –  1749 .  

  216.       Ebert ,  A.A.   ( 1961 )  Improved sampling and recording systems in gas 
chromatography - time - of - fl ight mass spectrometry .  Analytical Chemistry , 
 33 ,  1865  –  1870 .  

  217.       Gohlke ,  R.S.   ( 1962 )  Time - of - fl ight mass spectrometry: Application to cap-
illary column gas chromatography .  Analytical Chemistry ,  34 ,  1332  –  1333 .  

  218.       Ryhage ,  R.   ( 1964 )  Use of a mass spectrometer as a detector and analyzer 
for effl uents emerging from high temperature gas liquid chromatography 
columns .  Analytical Chemistry ,  36 ,  759  –  764 .  

  219.       Watson ,  J.T.  , and   Biemann ,  K.   ( 1965 )  Direct recording of high resolution 
mass spectra of gas chromatographic effl uents .  Analytical Chemistry ,  37 , 
 844  –  851 .  

  220.       Alfes ,  H.  , and   Clasing ,  D.   ( 1969 )  Identifi zierung geringer Mengen Metham-
phetamins nach K ö rperpassage durch Kopplung von D ü nnschichtchro-
matographie und Massenspektrometrie .  Deutsche Zeitschrift f ü r die 
gesamte gerichtliche Medizin ,  64 ,  235  –  240 .  

  221.       Clasing ,  D.  ,   Donike ,  M.  , and   Kl ü mper ,  A.   ( 1975 )  Dopingkontrollen bei 
den Spielen der XX. Olympiade M ü nchen 1972 — Teil 3 .  Leistungssport , 
 5 ,  303  –  306 .  

c01.indd   38c01.indd   38 4/27/2010   10:41:50 AM4/27/2010   10:41:50 AM



REFERENCES  39

  222.       Clasing ,  D.  ,   Donike ,  M.  , and   Kl ü mper ,  A.   ( 1974 )  Dopingkontrollen bei 
den Spielen der XX. Olympiade M ü nchen 1972 — Teil 1 .  Leistungssport , 
 4 ,  130  –  134 .  

  223.       Clasing ,  D.  ,   Donike ,  M.  , and   Kl ü mper ,  A.    Dopingkontrollen bei den 
Spielen der XX. Olympiade M ü nchen 1972 — Teil 2 .  Leistungssport ,  4 , 
 192  –  199 .  

  224.       Anggard ,  E.  , and   Hankey ,  A.   ( 1969 )  Derivatives of sympathomimetic 
amines for gas chromatography with electron capture detection and mass 
spectrometry .  Acta Chemica Scandinavica ,  23 ,  3110  –  3119 .  

  225.       Wilkinson ,  G.R.   ( 1970 )  The GLC separation of amphetamine and ephed-
rines as perfl uorobenzamide derivatives and their determination by elec-
tron capture detection .  Analytical Letters ,  3 ,  289  –  298 .  

  226.       Donike ,  M.   ( 1975 )  N - Trifl uoracetyl - O - trimethylsilyl - phenolalkylamine -  
Darstellung und massenspezifi scher gaschromatographischer Nachweis . 
 Journal of Chromatography ,  103 ,  91  –  112 .  

  227.       Sweeley ,  C.C.  ,   Elliot ,  W.H.  ,   Fries ,  I.  , and   Ryhage ,  R.   ( 1966 )  Mass spectro-
metric determination of unresolved components in gas chromatographic 
effl uents .  Analytical Chemistry ,  38 ,  1549  –  1553 .  

  228.       Brooks ,  C.J.W.  , and   Middleditch   B.S.   ( 1971 )  The mass spectrometer as a 
gaschromatographic detector .  Clinica Chimica Acta ,  34 ,  145  –  157 .  

  229.       Brooks ,  C.J.W.  ,   Harvey ,  D.J.  ,   Middleditch ,  B.S.  , and   Vouros ,  P.   ( 1973 )  Mass 
spectra of trimethylsilyl ethers of some  δ  5  - 3 β  - hydroxy c 19  steroids .  Organic 
Mass Spectrometry ,  7 ,  925  –  948 .  

  230.       Donike ,  M.   ( 1975 )  Zum Problem des Nachweises der anabolen Steroide: 
Gas - chromatographische und massenspezifi sche M ö glichkeiten .  Sportarzt 
und Sportmedizin ,  26 ,  1  –  6 .  

  231.       Donike ,  M.   ( 1976 )   “ Abfallprodukte ”  der Dopinganalytik .   Ä rztliche Praxis , 
 28 ,  3935  –  3937 .  

  232.       Donike ,  M.  , and   Zimmermann ,  J.   ( 1980 )  Zur Darstellung von 
Trimethylsilyl - , Triethylsilyl -  und tert. -  Butyldimethylsilyl -  enol ä thern 
von Ketosteroiden f ü r gas -  chromatographische und massenspektrome-
trische Untersuchungen .  Journal of Chromatography ,  202 ,  483  –  486 .  

  233.       Bjorkhem ,  I.  , and   Ek ,  H.   ( 1982 )  Detection and quantitation of 19 - noran-
drosterone in urine by isotope dilution - mass spectrometry .  Journal of 
Steroid Biochemistry ,  17 ,  447  –  451 .  

  234.       Bjorkhem ,  I.  , and   Ek ,  H.   ( 1983 )  Detection and quantitation of 3 alpha -
 hydroxy - 1 - methylen - 5 alpha - androstan - 17 - one, the major urinary metab-
olite of methenolone acetate (Primobolan) by isotope dilution — Mass 
spectrometry .  Journal of Steroid Biochemistry ,  18 ,  481  –  487 .  

  235.       Bjorkhem ,  I.  ,   Lantto ,  O.  , and   Lof ,  A.   ( 1980 )  Detection and quantitation 
of methandienone (Dianabol) in urine by isotope dilution — Mass frag-
mentography .  Journal of Steroid Biochemistry ,  13 ,  169  –  175 .  

  236.       Lantto ,  O.  ,   Bjorkhem ,  I.  ,   Ek ,  H.  , and   Johnston ,  D.   ( 1981 )  Detection and 
quantitation of stanozolol (Stromba) in urine by isotope dilution - mass 

c01.indd   39c01.indd   39 4/27/2010   10:41:50 AM4/27/2010   10:41:50 AM



40  HISTORY OF SPORTS DRUG TESTING

fragmentography .  Journal of Steroid Biochemistry and Molecular Biology , 
 14 ,  721  –  727 .  

  237.     D ü   rbeck, H.W.  , and B ü ker, ( 1980 )  I. Studies on Anabolic Steroids. The Mass 
Spectra of 17 α  - Methyl - 17 β  - hydroxy - 1,4 - androstadien - 3 - one (Dianabol) 
and its metabolites .  Biomedical Mass Spectrometry ,  7 ,  437  –  445 .  

  238.       Laurin ,  C.A.  , and   Letourneau ,  G.   ( 1978 )  Medical report of the Montreal 
Olympic Games .  American Journal of Sports Medicine ,  6 ,  54  –  61 .  

  239.       De   Merode ,  A.   ( 1979 )  Doping tests at the Olympic Games in 1976 . 
 Journal of Sports Medicine and Physical Fitness ,  19 ,  91  –  96 .  

  240.       Paul ,  W.  , and   Steinwedel ,  H.   ( 1953 )  Ein neues Massenspektrometer ohne 
Magnetfeld .  Zeitschrift f ü r Naturforschung ,  8 ,  448  –  450 .  

  241.       Donike ,  M.   ( 1980 )  Dopinganalytik — Entwicklung und Entwicklungsten-
denzen .  Therapie - Woche ,  30 ,  3156  –  3163 .  

  242.       Donike ,  M.  ,   Gielsdorf ,  W.  , and   Sch ä nzer ,  W.   ( 1980 )  Der analytische 
Nachweis von Phenylbutazon in Plasma und Urin .  Der Praktische Tierarzt , 
 61 ,  884  –  887 .  

  243.       Donike ,  M.   ( 1982 )  Fortschritte in der Dopinganalytik — Identifi zierung 
und Quantifi zierung von Dopingsubstanzen , in  Entwicklung und Fortschritte 
der Forensischen Chemie  (eds   W.   Arnold   and   K.   P ü schel  ),  Verlag Dr. 
Dieter Helm ,  Hamburg . pp.  217  –  227 .  

  244.       Donike ,  M.  ,   B ä rwald ,  K.R.  , and   Klostermann ,  K.   ( 1982 )  Detection of 
endogenous testosterone , in  Leistung und Gesundheit, Kongressbd, Dtsch. 
Sport ä rztekongress  (eds   H.   Heck  ,   W.   Hollmann  , and   H.   Liesen  ),  Deutscher 
 Ä rtze - Verlag ,  K ö ln , pp.  293  –  298 .  

  245.       Donike ,  M.  ,   Zimmermann ,  J.  ,   B ä rwald ,  K.R.  ,  et al.  ( 1984 )  Routinebestim-
mung von Anabolika in Harn .  Deutsche Zeitschrift f ü r Sportmedizin ,  35 , 
 14  –  24 .  

  246.       Zimmermann ,  J.   ( 1986 ) Untersuchung zum Nachweis von exogenen 
Gaben von Testosteron. Institut f ü r Biochemie, Deutsche Sporthochschule 
K ö ln. Dissertation.  

  247.       Kuoppasalmi ,  K.  , and   Karjalainen ,  U.   ( 1984 )  Doping Analysis in Helsinki 
1983 ,  United Laboratories ,  Helsinki .  

  248.       Todd ,  J.  , and   Todd ,  T.   ( 2001 )  The history, ethics, and social context of 
doping , in  Doping in Elite Sport  (eds   W.   Wilson   and   E.   Derse  ),  Human 
Kinetics ,  Champaign , pp.  63  –  128 .  

  249.       Todd ,  T.   ( 1987 )  Anabolic steroids: The gremlins of sport .  Journal of Sports 
History ,  14 ,  87  –  107 .  

  250.       Neff ,  C.   ( 1983 )  Caracas: A scandal and a warning .  Sports Illustrated ,  59 , 
 18  –  23   

  251.       De   Rose ,  E.H.   ( 2008 ) IX Pan – American Games — Caracas: Positive test 
results. (personal communication).  

  252.      Canadian Broadcasting Corporation  (August 24,  1983 )  Caught in Caracas . 
( http://archives.cbc.ca/sports/drugs_sports/clips/8960/ )  

c01.indd   40c01.indd   40 4/27/2010   10:41:50 AM4/27/2010   10:41:50 AM



REFERENCES  41

  253.       De   Rose ,  E.H.   ( 2008 )  Doping in athletes — an update .  Clinical Sports 
Medicine ,  27 ,  107  –  130 , viii – ix.  

  254.       Park ,  S.J.  ,   Kim ,  Y.J.  ,   Pyo ,  H.S.  , and   Park ,  J.   ( 1990 )  Analysis of corticoste-
roids in urine by HPLC and thermospray LC/MS .  Journal of Analytical 
Toxicology ,  14 ,  102  –  108 .  

  255.       Sch ä nzer ,  W.  ,   Opfermann ,  G.  , and   Donike ,  M.   ( 1990 )  Metabolism of 
stanozolol: Identifi cation and synthesis of urinary metabolites .  Journal of 
Steroid Biochemistry ,  36 ,  153  –  174 .  

  256.       Ventura ,  R.  ,   Nadal ,  T.  ,   Alcalde ,  P.  , and   Segura ,  J.   ( 1993 )  Determination of 
mesocarb metabolites by high - performance liquid chromatography with 
UV detection and with mass spectrometry using a particle - beam inter-
face .  Journal of Chromatography ,  647 ,  203  –  210 .  

  257.       Hemmersbach ,  P.  ,   Bjerke ,  B.  ,   Birkeland ,  K.  , and   Haug ,  E.   ( 1994 )  Short 
report from the doping analysis during the XVII Olympic Winter Games , 
in  Recent Advances in Doping Analysis  (eds   M.   Donike  ,   H.   Geyer  ,   A. , 
 Gotzmann  , and   U.   Mareck - Engelke  )  Sport & Buch Strau ß  ,  Cologne , pp. 
 393  –  401 .  

  258.       Sch ä nzer ,  W.  ,   Delahaut ,  P.  ,   Geyer ,  H.  ,  et al.  ( 1996 )  Long - term detection 
and identifi cation of metandienone and stanozolol abuse in athletes 
by gas chromatography - high - resolution mass spectrometry .  Journal of 
Chromatography B ,  687 ,  93  –  108 .  

  259.       Becchi ,  M.  ,   Aguilera ,  R.  ,   Farizon ,  Y.   ( 1994 )  Gas chromatography/
combustion/isotope - ratio mass spectrometry analysis of urinary steroids 
to detect misuse of testosterone in sport .  Rapid Communications in Mass 
Spectrometry ,  8 ,  304  –  308 .  

  260.       Shackleton ,  C.H.  ,   Phillips ,  A.  ,   Chang ,  T.  , and   Li ,  Y.   ( 1997 )  Confi rming 
testosterone administration by isotope ratio mass spectrometric analysis 
of urinary androstanediols .  Steroids ,  62 ,  379  –  387 .  

  261.       Horning ,  S.  ,   Geyer ,  H.  ,   Machnik ,  M.   ( 1997 )  Detection of exogenous tes-
tosterone by  13 C/ 12 C analysis , in  Recent Advances in Doping Analysis  (  W.  
 Sch ä nzer  ,   H.   Geyer  ,   A.   Gotzmann  , and   U.   Mareck - Engelke  )  Sport und 
Buch Strau ß  ,  Cologne , pp.  275  –  283 .  

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

  263.       Thevis ,  M.  ,   Opfermann ,  G.  ,   Schanzer ,  W.   ( 2001 )  Nachweis des 
Plasmavolumenexpanders Hydroxyethylst ä rke in Humanurin .  Deutsche 
Zeitschrift f ü r Sportmedizin ,  52 ,  316  –  320 .  

  264.       Thevis ,  M.  ,   Opfermann ,  G.  , and   Sch ä nzer ,  W.   ( 2000 )  Detection of the 
plasma volume expander hydroxyethyl starch in human urine .  Journal of 
Chromatography B ,  744 ,  345  –  350 .  

  265.       Thevis ,  M.  ,   Opfermann ,  G.  , and   Sch ä nzer ,  W.   ( 2000 )  Mass spectrometry 
of partially methylated alditol acetates derived from hydroxyethyl starch . 
 Journal of Mass Spectrometry ,  35 ,  77  –  84 .  

c01.indd   41c01.indd   41 4/27/2010   10:41:50 AM4/27/2010   10:41:50 AM



42  HISTORY OF SPORTS DRUG TESTING

  266.      SportScience  ( 2001 ) Doping Disaster for Finnish Ski Team: A Turning 
Point for Drug Testing? Available at  http://www.sportsci.org/jour/0101/
ss.htm . Accessed 11 - 19 - 2008.  

  267.       Guddat ,  S.  ,   Thevis ,  M.  ,   Thomas ,  A.  , and   Sch ä nzer ,  W.   ( 2008 )  Rapid screen-
ing of polysaccharide - based plasma volume expanders dextran and 
hydroxyethyl starch in human urine by liquid chromatography - tandem 
mass spectrometry .  Biomedical Chromatography ,  22 ,  695  –  701 .  

  268.       Deventer ,  K.  ,   Van   Eenoo ,  P.  , and   Delbeke ,  F.T.   ( 2006 )  Detection of 
hydroxyethylstarch (HES) in human urine by liquid chromatography -
 mass spectrometry .  Journal of Chromatography B ,  834 ,  217  –  220 .  

  269.       Gutierrez - Gallego ,  R.  , and   Segura ,  J.   ( 2004 )  Rapid screening of plasma 
volume expanders in urine using matrix - assisted laser desorption/ionisa-
tion time - of - fl ight mass spectrometry .  Rapid Communications in Mass 
Spectrometry ,  18 ,  1324  –  1330 .  

  270.       Bowers ,  L.D.  , and   Fregien ,  K.   ( 1993 )  HPLC/MS confi rmation of peptide 
hormones in urine: An evaluation of limit of detection , in  Recent Advances 
in Doping Analysis  (eds   M.   Donike  ,   H.   Geyer  ,   A.   Gotzmann  ,   U.   Mareck -
 Engelke  , and   S.   Rauth  ),  Sport & Buch Strau ß  ,  Cologne , pp.  175  –  184 .  

  271.       Thevis ,  M.  ,   Ogorzalek - Loo ,  R.R.  ,   Loo ,  J.A.  , and   W.   Sch ä nzer  . ( 2003 ) 
 Doping control analysis of bovine hemoglobin - based oxygen therapeu-
tics in human plasma by LC - electrospray ionization - MS/MS .  Analytical 
Chemistry ,  75 ,  3287  –  3293 .  

  272.       Thevis ,  M.  , and   Sch ä nzer ,  W.   ( 2005 )  Identifi cation and characterization of 
peptides and proteins in doping control analysis .  Current Proteomics ,  2 , 
 191  –  208 .  

  273.       Thevis ,  M.  , and   Sch ä nzer ,  W.   ( 2007 )  Mass spectrometry in sports drug 
testing: Structure characterization and analytical assays .  Mass Spectrometry 
Reviews ,  26 ,  79  –  107 .  

  274.       Thevis ,  M.  , and   Sch ä nzer ,  W.   ( 2005 )  Mass spectrometry in doping control 
analysis .  Current Organic Chemistry ,  9 ,  825  –  848 .  

  275.       Thevis ,  M.  , and   Sch ä nzer ,  W.   ( 2007 )  Current role of LC - MS(/MS) in 
doping control .  Analytical and Bioanalytical Chemistry ,  388 ,  1351  –  1358 .  

  276.       Thevis ,  M.  , and   Sch ä nzer ,  W.   ( 2007 )  Mass spectrometric identifi cation of 
peptide hormones in doping control analysis .  Analyst ,  132 ,  287  –  291 .  

  277.       Gasthuys ,  M.  ,   Alves ,  S.  , and   Tabet ,  J.   ( 2005 )  N - terminal adducts of bovine 
hemoglobin with glutaraldehyde in a hemoglobin - based oxygen carrier . 
 Analytical Chemistry ,  77 ,  3372  –  3378 .  

  278.       Simitsek ,  P.D.  ,   Giannikopoulou ,  P.  ,   Katsoulas ,  H.  ,  et al.   Electrophoretic, 
size - exclusion high - performance liquid chromatography and liquid chro-
matography - electrospray ionization ion trap mass spectrometric detection 
of hemoglobin - based oxygen carriers .  Analytica Chimica Acta ,  583 ,  223  –  230 .  

  279.       Tsivou ,  M.  ,   Kioukia - Fougia ,  N.  ,   Lyris ,  E.  ,  et al.  ( 2006 )  An overview of the 
doping control analysis during the Olympic Games of 2004 in Athens, 
Greece .  Analytica Chimica Acta ,  555 ,  1  –  13 .  

c01.indd   42c01.indd   42 4/27/2010   10:41:50 AM4/27/2010   10:41:50 AM



REFERENCES  43

  280.       Gam ,  L.H.  ,   Tham ,  S.Y.  , and   Latiff ,  A.   ( 2003 )  Immunoaffi nity extraction 
and tandem mass spectrometric analysis of human chorionic gonado-
tropin in doping analysis .  Journal of Chromatography B, Analytical 
Technologies in the Biomedical and Life Sciences ,  792 ,  187  –  196 .  

  281.       Thevis ,  M.  , and   Sch ä nzer ,  W.   ( 2005 )  Examples of doping control analysis 
by liquid chromatography - tandem mass spectrometry: Ephedrines, beta -
 receptor blocking agents, diuretics, sympathomimetics, and cross - linked 
hemoglobins .  Journal of Chromatographic Science ,  43 ,  22  –  31 .  

  282.       Thevis ,  M.  ,   Thomas ,  A.  ,   Delahaut ,  P.   ( 2005 )  Qualitative determination of 
synthetic analogues of insulin in human plasma by immunoaffi nity puri-
fi cation and liquid chromatography - tandem mass spectrometry for doping 
control purposes .  Analytical Chemistry ,  77 ,  3579  –  3585 .  

  283.       Thevis ,  M.  ,   Thomas ,  A.  , and   Sch ä nzer ,  W.   ( 2008 )  Mass spectrometric 
determination of insulins and their degradation products in sports drug 
testing .  Mass Spectrometry Reviews ,  27 ,  35  –  50 .  

  284.       Thevis ,  M.  ,   Thomas ,  A.  ,   Delahaut ,  P.  ,   Bosseloir ,  A.  , and   Sch ä nzer ,  W.   
( 2006 )  Doping control analysis of intact rapid - acting insulin analogues in 
human urine by liquid chromatography - tandem mass spectrometry . 
 Analytical Chemistry ,  78 ,  1897  –  1903 .  

  285.       Thomas ,  A.  ,   Thevis ,  M.  ,   Delahaut ,  P.  ,   Bosseloir ,  A.  , and   Sch ä nzer ,  W.   
( 2007 )  Mass spectrometric identifi cation of degradation products of 
insulin and its long - acting analogues in human urine for doping control 
purposes .  Analytical Chemistry ,  79 ,  2518  –  2524 .  

  286.       Thevis ,  M.  ,   Bredeh ö ft ,  M.  ,   Geyer ,  H.  ,   Kamber ,  M.  ,   Delahaut ,  P.  , and 
  Sch ä nzer ,  W.   ( 2006 )  Determination of Synacthen in human plasma using 
immunoaffi nity purifi cation and liquid chromatography/tandem mass 
spectrometry .  Rapid Communications in Mass Spectrometry ,  20 , 
 3551  –  3556 .  

  287.       Bredeh ö ft ,  M.  ,   Sch ä nzer ,  W.  ,   Thevis ,  M.   ( 2008 )  Quantifi cation of human 
insulin - like growth factor - 1 and qualitative detection of its analogues 
in plasma using liquid chromatography/electrospray ionisation tandem 
mass spectrometry .  Rapid Communications in Mass Spectrometry ,  22 , 
 477  –  485 .  

  288.       Thomas ,  A.  ,   Geyer ,  H.  ,   Kamber ,  M.  ,   Sch ä nzer ,  W.  , and   Thevis ,  M.   ( 2008 ) 
 Mass spectrometric determination of gonadotrophin - releasing hormone 
(GnRH) in human urine for doping control purposes by means of LC -
 ESI - MS/MS .  Journal of Mass Spectrometry ,  43 ,  908  –  915 .  

  289.       Thevis ,  M.  ,   Maurer ,  J.  ,   Kohler ,  M.  ,   Geyer ,  H.  , and   Sch ä nzer ,  W.   ( 2007 ) 
 Proteases in doping control analysis .  International Journal of Sports 
Medicine ,  28 ,  545  –  549 .  

  290.       Starke ,  K.   ( 2007 )  Die Geschichte des Pharmakologischen Instituts der 
Universit ä t Freiburg .  Springer ,  Berlin .   

                  

c01.indd   43c01.indd   43 4/27/2010   10:41:50 AM4/27/2010   10:41:50 AM


