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. Discussion on the efficacy and safety of hormones as
performance-enhancing drugs

. ldentification of men and women that use anabolic
steroids and complain of other clinical problems
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Questions

. Efficacy: Does the use of anabolic steroids increase
athletic performance?

. Safety: Is the use of anabolic steroids dangerous?



Identical approaches

. Pharmaceutical industry: Efficacy and safety
- Physician: Efficacy and safety

. Patient: Efficacy and safety



Different approaches

. Trainer and athlete: Increase of athletic performance
. Physician: Safety of athlete - patient
. Public: Information on use and potential harm

. Press: Presentation of doping cases



Baseline characteristics

. Providers: Legitimate pharmaceutical company, strict
legislation

. Co-administration: Other substances, characterized as
drugs

. Use: Controlled use (route, dosage, amount)

. Physician: Sufficient knowledge of drug effect and
safety, evidence from trials



Special characteristics

. Providers: Not health professionals - fellow athlete,
trainer, sport magazine, Internet

. Co-administration: Human chorionic gonadotropin
(hCG), aromatase inhibitor, estrogen-receptor
antagonist, masking agents

. Use: Intermittent use

. Physician: No information of use, insufficient knowledge
of drug effect and safety, lack of trials
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Prevalence: elite athletes

United States Anti-Doping Agency (USADA): 12756
screening tests in Olympics Games: 137 possible cases
- prevalence: 1%.

https://www.usada.org/about/annual-report/2016_annual_report.pdf

From 26 member of US Weight-Lifting National Team,
10 admitted use of anabolic steroids, and 5 declared
that they were able to by-pass the screening procedure
of International Olympic Committee - prevalence: 38%

Curry LA, et al. Percept Mot Skills 88:224, 1999



Opinions

When it comes to doping in international competition, it
is very likely that almost “everyone's doing it”

Walsh LA. Ballantine Books, 2007

We should stop trying to catch the cheats, and allow
athletes to use whatever substances they like, as they
are only harming themselves

Wood R, et al. Horm Behav 61:147;2012



Prevalence: adolescence
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Study the Center of Disease Control (CDC) on
adolescent students using anabolic steroid, over-the-
counter - prevalence: 4%

Eaton DK, et al. MMWR Surveill Summ 55:1, 2006



Prevalence: overall
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. The global lifetime prevalence of anabolic steroid abuse
IS 6.4% for males and 1.6% for women

Nieschlag E, et al. Eur J Endocrinol 173:R47—-R58, 2015
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Testosterone




Androgen receptor
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[ NCOR, SMRT, AES Histone acetylation
: = (Groucho/TLE), HEY1 N-G RNA pol ||
LXXLL-like 3 recruitment and
Gin repeat expression of
Amino androgen-regulated
. enes, a.g. PSA
Gly repeat terminal J 1
s —
DBD A
LBD
AR
HDACS

Taplin M-E. Nat Clin Pract Oncol 4:236, 2007



Anabolic steroids
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anabolic effect >  androgenic effect

Hershberger LG, et al. Proc Soc Exp Biol Med, 83:175, 1953



Testosterone
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class A
alkylation O H esterification

class C

alkylation
class B

Q _ reduction
aromatization



Types of androgens

Testosterone esters
enanthate
cypionate

Synthetic androgens
stanozolol
nandrolone

Pro-hormones
As-androstenedione

dehydroepiandrosterone

W i -



Quiz 1

Anabolic steroids metabolism
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Boldenone

Oxandrolone

Clostebol Dihydrotestosterone | 2

Dehydrochloromethyl-

testosterone

2

3

Drostanolone

Fluoxymesterone

" 38 ot AP o o

\icslcmlonc

Oxymetholone | 2 || 3

Mclandxcnonc

Methenolone

Stanozolol | 2 || 3

Testosterone | 1 || 2

Methyltestosterone

Trenbolone

Nortestosterone

1] 2

1: Can be aromatised, 2: Are or can be 5a-reduced, 3: Liver-toxic 17a-alkylation

el




Testosterone esters
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Characteristics
injectable
long half-life
no hepatotoxicity

OCO(CHy)sCH3 OCOCH,CH, -Q

Testosterone enanthate Testosterone cypionate



Testosterone esters
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Alkylated derivatives
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Characteristics
per 0s
short half-life
hepatotoxicity

17a-alkylation 19-derivative
OH

Stanozolol Nandrolone



Alkylated derivatives
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793620

VA

Stanozolol Nandrolone



Corticosteroid biosynthesis
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Cholesterol
MINERALOCORTICOIDS GLUCOCORTICOIDS SEX HORMONES
17u-hydroxylase 17,20-'”80 Dehydroepiandrosterone
Pregnenolone =% 17.Hydroxypregnenolone =% (DHEA)
131"—*430 1 3-HSD 17,20-lyase 1 3p-HSD
17«-hydroxylase
Progesterone =—>17-Hydroxyprogesterone =% A* -Androstenedione
1 21-hydroxylase 21-hydroxylase I 17p-HSD
11-Deoxy- .
corticosrerone (DOC) 11-Deoxycortisol (S) Testosterons
1 11p3-hydroxylase l 11f-hydroxylase / \
Corticosterone Cortisol (F) Dihydrotestosterone Estradiol

1 18-hydroxylase
18-OH Corticosterone

1 18-HSD

Aldosterone




Androstenedione
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Randomized, placebo-
controlled trial

Androstenedione 100 mg tds
or placebo for 4 weeks

AARCADIA _| . No increase in testosterone
!

| “DROSH\[DIU\P - . Increase in estradiol
L 100mG &

Brown GA, et al. J Clin Endocrinol Metab 85:4074, 2000



Corticosteroid biosynthesis
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Cholesterol
MINERALOCORTICOIDS GLUCOCORTICOIDS SEX HORMONES
17a-hydroxylase 17,20-lyase  pehydroepiandrosterone
Pregnenolone =% 17.Hydroxypregnenolone =% (DHEA)
131"—HSD 1 3-HSD 17,20-lyase 1 3p-HSD
17«-hydroxylase

Progesterone =—>17-Hydroxyprogesterone =% A* -Androstenedione

1 21-hydroxylase 21-hydroxylase 178-HSD
11-Deoxy- .
corticosrerom (DOC) 11 Decxycortisol (%) Testosterone

1 11p-hydroxylase l 11p-hydroxylase

Corticosterone Cortisol (F)

Dihydrotestosterone Estradiol

1 18-hydroxylase
18-OH Corticosterone

1 18-HSD

Aldosterone




Dehydroepiandrosterone
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- Randomized, placebo-controlled
trial

. Androstenedione 100 mg od or
dehydroepiandrosterone 100 mg
od or placebo

. No difference on muscle mass
or strength

Dehydroe plandrosterone

DHEA )
RejuvapleX |

T——— ————— Wallace MB, et al. Med Sci Sports Exerc 31:1788, 1999




Corticosteroid biosynthesis
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Cholesterol
MINERALOCORTICOIDS GLUCOCORTICOIDS SEX HORMONES
17a-hydroxylase 17,20-lyase  pehydroepiandrosterone 1 O
Pregnenolone =% 17.Hydroxypregnenolone =% (DHEA)
131"—HSD 1 33-HSD 17,20-lyase 1 3p-HSD
17«-hydroxylase
Progesterone =—>17-Hydroxyprogesterone =% A* -Androstenedione 2 O
1 21-hydroxylase 21-hydroxylase I 17p-HSD
11-Deoxy- .
corticosrerom (DOC) 11 Decxycortisol (%) Testosterone 1 O O

1 11p-hydroxylase l 11p-hydroxylase / \

Corticosterone Cortisol (F) Dihydrotestosterone Estradiol 9 O _ 2 5 O

1 18-hydroxylase
18-OH Corticosterone

1 18-HSD

Aldosterone




Chorionic gonadotropin
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NDC 63323-025-10 25021

CHORIONIC GONADOTROPIN J o
FOR INJECTION, USP | | PE— Producti f
10,000 USP unifs amm & - » FIORGEON O

With Bacteriostatic Water for = natural testosterone

Injection, USP as Diluent 515

For IM Use Only BACTERIOSTATIC i f[' LS )
Two-Vial Set WATER o AL AL - Normal ratio of

1 0 mL FOR INJECTION, USP

Multiple Dose Vials RRIRUSE 10,000 USP unit testosterone :
Rx only Om ForIM Use Only

2XPT U o [ Htmeconvr w epitestosterone




Testosterone epimers

normal ratio 1:1

upper limit 4:1

Testosterone Epitestosterone



Changes in endogenous testosterone
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. Testosterone concentrations through menstrual cycle
. Cardiovascular exercise and resistance training

transiently increase testosterone concentrations in men
and women

. Pre-competition: the “challenge hypothesis”
. Post-competition: in men, testosterone commonly

increases following victory and decreases following loss

. Testosterone concentrations can change up to 100%

post-competition

Wood R, et al. Horm Behav 61:147;2012



Tamoxifen
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. Anti-estrogen

. Block estrogen
effects




Anastrozole
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20 VUKW -

. Aromatase inhibitor

. Increase in
testosterone

. Decrease in
estrogens




Corticosteroid biosynthesis
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Cholesterol
MINERALOCORTICOIDS GLUCOCORTICOIDS SEX HORMONES
17u-hydroxylase 17,20-'”80 Dehydroepiandrosterone
Pregnenolone =% 17.Hydroxypregnenolone =% (DHEA)
131"—HSD 1 3-HSD 17,20-lyase 1 3p-HSD
17«-hydroxylase
Progesterone =—>17-Hydroxyprogesterone =% A* -Androstenedione
1 21-hydroxylase 21-hydroxylase I 17p-HSD
11-Deoxy- :
corticosrerom (DOC) 11-Deoxycortisol (S) Testosterons
1 11-hydroxylase l 11P-hydroxylase / \anastr 0zole
Corticosterone Cortisol (F) Dihydrotestosterone Estradiol

1 Thvdroiase tamoxifen

18-OH Corticosterone

1 18-HSD

Aldosterone




Quiz 2
WADA 2018
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THE WORLD ANTI-DOPING CODE
INTERNATIONAL
STANDARD

PROHIBITED LIST

JANUARY 2018

WORLD
ANTI-DOPING
AGENCY

play true

st shall be mzintained by WADA an
een the English and French vers

hall be published in English ana French
he English version shall prevail.

This List shall come into effect on 1 January 2018
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SUBSTANCES & METHODS

TIMES

IN ACCORDANCE WITH ARTICLE £.2.2 OF THE WORLD ANTI-DOPING CODE. ALL PRONISITED SUBSTANCES SHALL
BE CONSIOERED AS SPECIFIED SUBSTANCES™ EXCEPT SUBSTANCES IN CLASSES S1, 52, S4.4, 545, S6A AND

PROMIBITED METHODS M1, M2 AND M2,

PROHIBITED SUBSTANCES

7] NON-APPROVED SUBSTANCES

Any 5Rar™acolog Cal substance whch is mot
addressed by any of the sudsequent sectons of the
Lis? ang with no Curment approval by any governmental
reguilatory healzh authorty for human therapeut< use
le §- Orugs under pre-C. NCaLor Cncal ceve.cp™ment
0F 3 SCONNUd. CaSgNer Orugs, SUDSIACes APProved
only for veterinary usel 'S PrON DS M Al Umes.

ANABOLIC AGENTS

Anabolic age~ts are prohidted.

a. Exogencus® AAS, inclading:

1-Argrostened ol 150-androst-1-ene-30.178-c ol

1-Angrostesecione [50-an0rost-1-e~e-1.17-Gomel

1-Angrosterone [3o-ryooay-50-androst- 1 -ene-17-0ne)

1-Testosterone [173-»yoroey-50-ancrost-1-en-3-0%el

&-Hycronytestosterone i 178-¢ hydromya~d-ost-4-e~-3-
onel

Bo.andol lestr-é-ene-30.178-c0l

Bouasteone

Causterone.

C.ostedol.

Darazsl ) Zlcsazoiold 5 2.3lpregna-4-en-20-yn-170-0d

Dehydrochiormethyitestosterone [4-chioro-178-Sysrony-
170-methylancrosta- 1 4-d en-3-0n

Descrymethytestosterore [170-metryl-50-androst-
2-en-178-0ll

Drostanoione

Evylastrenel [19-norpregna-é-en-170-0d

Fluomymeste-cre

Formedolone.

Furazazol [170-methy! [1.2 Slexasazoiold 4°2.3)-50-
androstan-178-0ll.

OGestrinone

Mestanoone
Mesteroione

Metanc encne [178-~y2-ony-170-met ylancrosta-1 4-c e~

3-onel:

Meterooe

Metranarol

Metrasterone [178-nydrony- 20, 170-2 methy.-So-
angrostan-3-onel

Methyis encione |178-hyoromy- 170-methylestra-4 9-dien
3.onel.

Methyi-1-testosterone [178-hycramy- 170-methyl-50-
androst-1-en-3-orel

Methyinortestosterone (178-ydrowy- 170-methylestr-4-en-

3-onel

Metrytestostersre

Metrtolone [metry2rienoione, 178-hyoromy-170-
metryestra-4.5.11-1ren-3-0mel

Mido.evone

Nortoletone.

NO7C.08%e00..

Norethancroone.

Ouaso.one

Cuxangroione;

Crymestercre

Omymetroione

Prostanczol. [178-(Retraryorooyan- 2y louyl- 1 ¥-
oy azoiol3 4 23)-50-ancrostanel

Qundboiore.

Stanazolol

Stendoone.

Tetrayarogestrione [17-mycrcuy-188-20me-19-no-- 170~
pregna-4.9.11-trien-3-0nel

Trertoione [173-ryaroayestr-4.9.11-trign-3-0ne)

273 other SUBSIANCes With 8 Smia” chemical structure
or 3™ ar bongcal effectis]

b AAS when

19-Norancrostened ol lestr-4-ene-3.17-diol)

19-Norararostenedione [estr-é-ene-3,17-glonel;

Androstanoione |50-ginydrotestosterone, 178- mydrewy-50-
androstan-3-onel

Andrestened ol [angrost-S.ene-38.178-gl0ll

Androstened one lancrost-4-ene-3.17-a onel

Boldenone

Boldione landrosta-1 4-diene-3.17-clone)

Nangroione [19-nortestosterone).

Prasterone [¢etysroepiandrosterone, OHEA
33-hydraryandrost-5-en-17.0%e).

Testosterone

and ther metatolites and ‘somers, including but
not Limited to

3p-Hydrawy-5a-androstan-17-0me.
Sa-Angrost-2.ene-17-0ne.
Sa-Androstane-3a,17a-diol;
5a-Androstane-3a,178-¢el;
5a-Androstane-38.17a-s ¢l
Sa-Androstane-33.17p-diol

Sp-Ardrostane-Ja V 79-diol

Ta-Hydrowy-DHEA,

TB-Hydrowy-DHEA

&-Ardrostenediol landrost-4-ene-33. 178-dcl)
§-Androstenedione landrost-5-ene-1,17-dione);
7-Keto-DHEA

19-Norandrosterone

19-Noretacholancione.

Androst-
Androst-4 B
Androst-4-ene-33,17a-¢ol;
Androst-5-ene-3a,17a-diol;
Androst- -
Androst-5-ene-33.170-gi0l;
Androstersre;

Ep -d hydrotestosterone.
Eptestostercre;
Etiocholancione.

e —

2. OTHER ANABOLIC AGENTS

Including, but not limited to:

Clenbutercl, seiectve ANCTCGEN TeCeRior Medu.ators
[SARMS, ¢ §. andarine. LOD-4033. ostarine and RAD1L0I
LE0ore, 2erans. 474 2 Datero.

Far purposes of tha section,

* Ten0genous” relers 10 8 SUBSLANCE Whih & S0t 0rBrariy
prodaced by e becy *aturaty

0 CenBogensus’ relers 19 @ SUbAIASCE WAKKH S 608nar iy produced
by Pe body "aturaly

%] PEPTIDE HORMONES, GROWTH FACTORS,

RELATED SUBSTANCES, AND MIMETICS

The following substances, and other substances with

are oot bited

1. Erythropoet g [EPQ) and agents atfecting enythropoesis,
Acluding, but ot Lim ted to
1.1 Entrrosoietn-Recestor Agonists, e g
Dartepceting |dEPO);
Entrropoetns [EPOL
EFO based constructs [EPO-Fe, methory polyetyiene
giycol-epoetin beta ICERA)
EPO-mimatc agents a7d ther constructs
le g CNTO-530, peg mesatidel

1.2 Hypoxia- naucisle factor [HIF] activating agents, e.g
Argon;
Cobaut,
Molaustat;
Roxadustat [FG-4592);
Xenon

1.3 GATA innibtors. e g
K-11706

TGF-@) innbiters, 0 g
Luscatercest,
Satatercept




1.5 Innate "esa” recestor agonists, eg
Asalo EPO,
Cartamylated EPO ICEPOL

2. Pegtice Hormones an¢ Hormone Modulators,

2.1 Chorionic Gomagetrophin [CG| and Luteinizing
Hormone [LH] and their releasing facters. o5
Buserein, desioreln, gonasoreln, goserein
leuproreln, nafaceln and triptorelin, in males.

2.2 Corticotrophing and their releasing factors, e.g
Corticoret .

2.3 Growt™ Hormane IGH], ts fragments and releasing
factors, ncluding, But Nt imited to
Growt™ Hormone fragments, e.g
AQD-7434 ang hGH 176-191;
Growt™ Mormone Releasing Hormone IGHIRM) ana
15 anaiogues. e §
CJC-1293, CUC-1295, sermorelin and tesamorelin
Growt» Hormaone Secretagogues IGHSL e 5
Phrelin and ghreln mimetics, 0.5
2MaMOTEL A, SITONeLn and tabmoreln
GH-Reeas g Pectides IGHRPs e g
alexamoreln, GHRP-1, GHRP-2 [pralmorelin)
GHRP-3. GHRP-4, GHAP-5, GHRP-6, ana hexarein

3. Groatn Factors and Growth Facter Modu.ators,
NCWE "G, But "ot Lmited %
Fibrodlast Growth Factors IFGFsl;
Hesatocyte Gromeh Factor [HGF]
Insuln-Lice Growth Factor-1 IGF-1] an¢ its analogues.
Mechano Growtn Factors IMGFs)
Pateiet-Derivec Growes Factor IPDGF).
Trymos -84 ang 15 derhatves e g T8-500
Vascular-Encothelal Growth Facter IVEGF)

ASStonal growt factors o gromth facter modulators
atfect ng muscie. tendon or Lgament prote» synthes's/
Gegracation. vascularsation. energy utizaten,
regenerative Canacty or fore type swichng

T

s3 BETA-2 AGONISTS
Al selectve 872 non-seiective Deta-2 ag0nsts,
AC.UC "G 3. 0P1Ca. SO™METS. 378 prON D ted

Fencterol;
Formoterel
Hgeramine
Ircacaterol
O.ocate v

Recoterol
$a.0utamo.
Saimetersi;
Tervataine
Tulotuteroi,
Viarterol

Except:

o Inhaied salbutamol: manimum 1600 micrograms over
24 hours in givided Soses not 10 exceed BIC micrograms
over 12 hours starting from any dose

o Inhaied formaoters.: maxmum delvered cose of
54 micrograms over 24 hours.

o Inhaied salmeterol maxmum 200 micrograms over
24 hours

The presence in urine of salbutamol » excess of 1000 ng/mi
or formoterol in excess of 40 ng/mi is not consistent with
erapeut € use of the SUDSLANCE 370 Wil e CONE0eTRC 35 a0
Adverse Analytcal Findng AAF] uniess the Arhlete proves,
through a controlied pharmacoiinetic study. that the
N0l TESUIt WA the COTSEIURnCR Of 3 INTRDRVIC Cose
[ty m*aiaton) up 19 the MaxmuT Sose Indicated above

7] HORMONE AND METABOLIC
MODULATORS

e foliowing hormone and metabolic madulators

1. Aromatase inhDitors iInCluging. but not Limited %
L-Ararostene-36.17 tione l6-onol
Amnogastetnm ce
Anastrozole
Ancrosta-1.4.6-triene-).17-dore [angrostat-enedionel

Arcrosta-1 5-dene-7,17-¢one larimistane) Except

Exemestane + Drosp renone; pamabrom; and ophthaimic use of
Formestane; carbonic anhydrase inhibitors le.g. dorzeiamide,
Letrozole; brinzolamide).

Testolactore o Lecal agminstration of felypressin in dental

anaesthesia
2. Selectve estrogen receptor mogulaters [SERMs)

incwding, but not limited to The cetection in an Athlete’s Sample ot all times o

Razxfere, In-Competition, as applicadle, of any quantity of
Tamexiten, the following SuSstances subject 10 threshoid
Toremene. limits: formoterol, salbutamol, cathine, ephedrine,

methyiepnedring and pSeudceptanne, In Conjuncton

3. Other ant -estrogenic substances including, but not with a diuretic or masking agent, will be cons'dered as

Limitea to: an Agverse Analytical Finding (AAF) uniess the Athlere
Clemifene has an approved Therapeutic Use Exemption (TUE] Sor
Cyclofeni; that substance in addition to the one granted for the
Fulvestrant diuretic or masking age~t

& Agents modify ng myostatin funsctionls] including, but
not limited, to: myostatin inhbitors.

§. Metatolic modulators

1 Actvators of the AMP-activated prote n Wrase
IAMPK], & g AICAR. SR009; ane Peraxsome
Proiterator Activated Receptor § [PPARS] agonists,
0§ 2-12-metryi-b-[14-metryi-2- - ltri fuorometivyl)
phenylthazol-5-y)methyithiolohencxyl acetic acid
IGW1516, GWS015184);

$.2 Insulins and insulin-mimetics;

§.3 Meldonium

SA4Trmetazd e

S5 DIURETICS AND MASKING AGENTS
Tre following ciuretics and masking agents ane
prohibted, 88 are other substances with a smilar chemical

Including, but not limited to:

* Desmopress n: prodbenecid: pLasma expanders,
5. istravenous administration of alburmis, Gextran,
Pydroxyethyt starch ang mannitol

* Acetarclamide; amiorde; bumetanide. canrenone;
chiortalidone, etacrynic acid. furosemide; indapamice;
metolazone; sgironolactone: thazdes, e . bendroflu-
methiazide, chiorothiazide and hydrochiorothiazde.
triamierene and vaptans. & § tolvaptan

—:“

ERTp—
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MANIPULATION OF BLOOD AND
BLOOD COMPONENTS

1. The Ad 104 12
BUI0LOGOUS. 2..0gENC MOMO
blood, o red blood cell products of any origin into the
Croyiatery system

2. Atfically enhancing the uptase, transport or delivery
of arygen
Inciuding, but not iimited to
Pertuorochemicals. efapronral [RSR13) and mos fec
haemaogiodin prOOUCTS. @ §. RIETOGLOLN-based bioad
SUDSIILLES 3NC MCTORNCADIULItEd MmO iobin
Products. excluding sussiemental rygen by ~ha.ation

3. Ary form of intravascular ™an pulaton of the biood o
blood components by physical or chemical meas

7] CHEMICAL AND PHYSICAL

MANIPULATION
The following are prohibites:
1. Tomperng, or Attempting fo Tamper. 10 alter the
ntegrity and va.id ty of Samples collected during
Doping Control
Inciuding. but not iimited to
Urine subst tution ana/or adultesation. e g. proteases.

2. Intavenous infusons and/or inectons of more tha
2 t0tal of 100 mL per 12 hour period encest for those
leg timately received in the course of hespital
treatments. SurgCal procecures or clnical dagnostc
rvestigations

The following, with the potential 1o enhance sport

performance. are prohidited:

1. The use of polymers of nuciec acids or nucieic acd
anasgues

2. The use of gene eSting agents Cesgred 1o Alter genome
Sequences and/or the transcriptional o ep geretc

regulaton of gene exzression

3. The use of normal or geneticaly modfed cells.

SUBSTANCES & METHODS

PROHIBITED /IN-COMPETITION

IN ADDITION TO THE CATEGORIES S0 TO S5 AND M1 TO M3 DEFINED ABOVE. THE FOLLOWING CATEGORIES

ARE PROHIBITED IN-COMPETITION:

PROHIBITED SUBSTANCES
STIMULANTS

All stimulants, inciuging 8l optical somers, e.g
d- and |- where relevant, are prohibited

Sé

Stimulamts include:
a: Non-Specified Stimulants:

Adrafinil
Amfegramone;
Amfetamine
Amfetaminii
Amipherazoie
Benfuorex;
Berzylpiperazine
Bromantan
Clobenzorex
Cocare
Croprepamide;
Crotetamide;
Fencamine;
Feratylline
Fenframire;
Fengropores
Fenturacetam [4-phanyip racetam lcarphedon]]
Furtenorex;
Lsdeaméetamine,
Mafenorex
Meghentermine:
Mesocard;
Matamfetamineld.)
g-methylamsretamine:
Mocafril
Norfertiuramine.
Prangimatrazine;
Phentermine;
Prenylamine.
Prointane

A stmulant not expressly Usted in ths section
s a Specified Substance

b Speciied Stimulants.

Including, but not imted 1o

1,3-0methy tutyaming;
&-Methylrexan-2-amine [methylmexa~eaminel,

Cathin
thincee and its analogues, .9 mephedrone
methedrone, 352 a - pyrrolidnovalerophencne.
Dimathylamphetamne
Ephedrine®**.
Epmephrine®*** (adrenaline]
Etamivan
Etiamfetamine.
Etiiefrine;
Famprotazone,
Fensutraza
Fencamfamin,
Heptaminol;
Hysroxyamfetamine |paratydraryampnetamicel
Isometheptere.
Levmetamietamine,
Mec.ofencuate
Metrylenedionymethampnetam ~e;
Methylephedrine®®®;
Matrylphanidate
Nixetramce.
Norfenelrine,
Octopamine
Quilofrine [methyisynephrinel;
Pemaline;
Pentetrazol;
Pranethylam re and its dervatiwes.
Prenmetrazine;
Phenpromethamine
Propyihesedrine.
Pseusorchedrine®




How Blood Doping Works

Elevated levels of red blood cells found in an athlete's bloodstream can be
a sign of blood doping.

BLOOD VESSEL
- RED BLOOD CELL

The blood of a typical adult maleis  Red blood cells (from a donor or

made up of 40 to 50 percent red previously removed from the

blood cells, which carry oxygen to athlete) or the hormone

tissues. Typical levels for women erythropoietin (EPO) are injected.

are 35 to 45 percent. The increase in red cells allows
muscles to work longer and harder
without cramping.

Sowrces: Harmson s Principlas of intarng’ Medione; Quest Degnoste Laboratones



PROHIBITED METHODS

[VF] MANIPULATION OF BLOOD AND
BLOOD COMPONENTS

The following are prohibitec:

1. The Admansiration or rentroduction of any quantty of
autologous. aliogenic homologous) or “eterdiogous
blood, o red blood cell products of any erigin into the
Croyiatery system

2. Atfically enhancing the uptase, transport or delivery
of arygen
Inciuding, but not iimited to
Pertuorochemicals. efapronral [RSR13) and mos fec
haemaogiodin prOOUCTS. @ §. RIETOGLOLN-based bioad
SUDSIILLES 3NC MCTORNCADIULItEd MmO iobin
Products. excluding sussiemental rygen by ~ha.ation

3. Ary form of intravascular ™an pulaton of the biood o
blood components by physical or chemical meas

7] CHEMICAL AND PHYSICAL

MANIPULATION
The following are prohibites:

ntegrity and va.id ty of Samples collected during
Doping Control

Inciuding. but not iimited to

Urine subst tution ana/or adultesation. e g. proteases.

2. Intavenous infusons and/or inectons of more tha
2 t0tal of 100 mL per 12 hour period encest for those
leg timately received in the course of hespital
treatments. SurgCal procecures or clnical dagnostc
rvestigations

The following, with the potential 1o enhance sport

performance. are prohidited:

1. The use of polymers of nuciec acids or nucieic acd
anasgues

2. The use of gene eSting agents Cesgred 1o Alter genome
Sequences and/or the transcriptional o ep geretc

regulaton of gene exzression

3. The use of normal or geneticaly modfed cells.

SUBSTANCES & METHODS

PROHIBITED /IN-COMPETITION

IN ADDITION TO THE CATEGORIES S0 TO S5 AND M1 TO M3 DEFINED ABOVE. THE FOLLOWING CATEGORIES

ARE PROHIBITED IN-COMPETITION:

PROHIBITED SUBSTANCES
STIMULANTS

All stimulants, inciuging 8l optical somers, e.g
d- and |- where relevant, are prohibited

Sé

Stimulamts include:
a: Non-Specified Stimulants:

Adrafinil
Amfegramone;
Amfetamine
Amfetaminii
Amipherazoie
Benfuorex;
Berzylpiperazine
Bromantan
Clobenzorex
Cocare
Croprepamide;
Crotetamide;
Fencamine;
Feratylline
Fenframire;
Fengropores
Fenturacetam [4-phanyip racetam lcarphedon]]
Furtenorex;
Lsdeaméetamine,
Mafenorex
Meghentermine:
Mesocard;
Matamfetamineld.)
g-methylamsretamine:
Mocafril
Norfertiuramine.
Prangimatrazine;
Phentermine;
Prenylamine.
Prointane

A stmulant not expressly Usted in ths section
s a Specified Substance

b Speciied Stimulants.

Including, but not imted 1o

1,3-0methy tutyaming;
&-Methylrexan-2-amine [methylmexa~eaminel,

Cathin
thincee and its analogues, .9 mephedrone
methedrone, 352 a - pyrrolidnovalerophencne.
Dimathylamphetamne
Ephedrine®**.
Epmephrine®*** (adrenaline]
Etamivan
Etiamfetamine.
Etiiefrine;
Famprotazone,
Fensutraza
Fencamfamin,
Heptaminol;
Hysroxyamfetamine |paratydraryampnetamicel
Isometheptere.
Levmetamietamine,
Mec.ofencuate
Metrylenedionymethampnetam ~e;
Methylephedrine®®®;
Matrylphanidate
Nixetramce.
Norfenelrine,
Octopamine
Quilofrine [methyisynephrinel;
Pemaline;
Pentetrazol;
Pranethylam re and its dervatiwes.
Prenmetrazine;
Phenpromethamine
Propyihesedrine.
Pseusorchedrine®
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PROHIBITED METHODS

[VF] MANIPULATION OF BLOOD AND
BLOOD COMPONENTS

The following are prohibitec:

1. The Admansiration or rentroduction of any quantty of
autologous. aliogenic homologous) or “eterdiogous
blood, o red blood cell products of any erigin into the
Croyiatery system

2. Atfically enhancing the uptase, transport or delivery
of arygen
Inciuding, but not iimited to
Pertuorochemicals. efapronral [RSR13) and mos fec
haemaogiodin prOOUCTS. @ §. RIETOGLOLN-based bioad
SUDSIILLES 3NC MCTORNCADIULItEd MmO iobin
Products. excluding sussiemental rygen by ~ha.ation

3. Ary form of intravascular ™an pulaton of the biood o
blood components by physical or chemical meas

7] CHEMICAL AND PHYSICAL
MANIPULATION

The following are prohibites:

1. Tomperng, or Attempting fo Tamper. 10 alter the
ntegrity and va.id ty of Samples collected during
Doping Control
Inciuding. but not iimited to
Urine subst tution ana/or adultesation. e g. proteases.

2. Intavenous infusons and/or inectons of more tha
2 t0tal of 100 mL per 12 hour period encest for those
leg timately received in the course of hespital
treatments. SurgCal procecures or clnical dagnostc
rvestigations

The following, with the potential 1o enhance sport

. The use of polymers of NUCIe< ACES OF Nuciec e
anasgues

2. The use of gene eSting agents Cesgred 1o Alter genome
Sequences and/or the transcriptional o ep geretc

regulaton of gene exzression

3. The use of normal or geneticaly modfed cells.

SUBSTANCES & METHODS

PROHIBITED /IN-COMPETITION

IN ADDITION TO THE CATEGORIES S0 TO S5 AND M1 TO M3 DEFINED ABOVE. THE FOLLOWING CATEGORIES

ARE PROHIBITED IN-COMPETITION:

PROHIBITED SUBSTANCES
STIMULANTS

All stimulants, inciuging 8l optical somers, e.g
d- and |- where relevant, are prohibited

Sé

Stimulamts include:
a: Non-Specified Stimulants:

Adrafinil
Amfegramone;
Amfetamine
Amfetaminii
Amipherazoie
Benfuorex;
Berzylpiperazine
Bromantan
Clobenzorex
Cocare
Croprepamide;
Crotetamide;
Fencamine;
Feratylline
Fenframire;
Fengropores
Fenturacetam [4-phanyip racetam lcarphedon]]
Furtenorex;
Lsdeaméetamine,
Mafenorex
Meghentermine:
Mesocard;
Matamfetamineld.)
g-methylamsretamine:
Mocafril
Norfertiuramine.
Prangimatrazine;
Phentermine;
Prenylamine.
Prointane

A stmulant not expressly Usted in ths section
s a Specified Substance

b Speciied Stimulants.

Including, but not imted 1o

1,3-0methy tutyaming;
&-Methylrexan-2-amine [methylmexa~eaminel,

Cathin
thincee and its analogues, .9 mephedrone
methedrone, 352 a - pyrrolidnovalerophencne.
Dimathylamphetamne
Ephedrine®**.
Epmephrine®*** (adrenaline]
Etamivan
Etiamfetamine.
Etiiefrine;
Famprotazone,
Fensutraza
Fencamfamin,
Heptaminol;
Hysroxyamfetamine |paratydraryampnetamicel
Isometheptere.
Levmetamietamine,
Mec.ofencuate
Metrylenedionymethampnetam ~e;
Methylephedrine®®®;
Matrylphanidate
Nixetramce.
Norfenelrine,
Octopamine
Quilofrine [methyisynephrinel;
Pemaline;
Pentetrazol;
Pranethylam re and its dervatiwes.
Prenmetrazine;
Phenpromethamine
Propyihesedrine.
Pseusorchedrine®







Belgian Bull
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PROHIBITED METHODS

[VF] MANIPULATION OF BLOOD AND
BLOOD COMPONENTS

The following are prohibitec:

1. The Admansiration or rentroduction of any quantty of
autologous. aliogenic homologous) or “eterdiogous
blood, o red blood cell products of any erigin into the
Croyiatery system

2. Atfically enhancing the uptase, transport or delivery
of arygen
Inciuding, but not iimited to
Pertuorochemicals. efapronral [RSR13) and mos fec
haemaogiodin prOOUCTS. @ §. RIETOGLOLN-based bioad
SUDSIILLES 3NC MCTORNCADIULItEd MmO iobin
Products. excluding sussiemental rygen by ~ha.ation

3. Ary form of intravascular man pulaton of biood o
blood components by physical or chemical meas

7] CHEMICAL AND PHYSICAL
MANIPULATION

The following are prohibites:

1. Tomperng, or Attempting fo Tamper. 10 alter the
ntegrity and va.id ty of Samples collected during
Doping Control
Inciuding. but not iimited to
Urine subst tution ana/or adultesation. e g. proteases.

. Intravenous infusons andfor inectons of more tha
2 t0tal of 100 mL per 12 hour period encest for those
leg timately received in the course of hespital
treatments. SurgCal procecures or clnical dagnostc
rvestigations

GENE DOPING

The following, with the potential 1o enhance sport

performance. are prohidited:

1. The use of polymers of nuciec acids or nucieic acd
anasgues

2. The use of gene eSting agents Cesgred 1o Alter genome

sequences and/or the transcriptional o wgeretc
regulaton of gene exzression

3. The use of normal or geneticaly modfed cells.

SUBSTANCES & METHODS

PROHIBITED /IN-COMPETITION

IN ADDITION TO THE CATEGORIES S0 TO S5 AND M1 TO M3 DEFINED ABOVE. THE FOLLOWING CATEGORIES

ARE PROHIBITED IN-COMPETITION:

PROHIBITED SUBSTANCES

STIMULANTS

AlL stimulants. inciuding 8.l 0ptical somers. e

Sé

Stimulamts include:
a: Non-Specified Stimulants:

Adrafinil
Amfegramone;
Amfetamine
Amfetaminii
Amipherazoie
Benfuorex;
Berzylpiperazine
Bromantan
Clobenzorex
Cocare
Croprepamide;
Crotetamide;
Fencamine;
Feratylline
Fenframire;
Fengropores
Fenturacetam [4-phanyip racetam lcarphedon]]
Furtenorex;
Lsdeaméetamine,
Mafenorex
Meghentermine:
Mesocard;
Matamfetamineld.)
g-methylamsretamine:
Mocafril
Norfertiuramine.
Prangimatrazine;
Phentermine;
Prenylamine.
Prointane

A stmulant not expressly Usted in ths section
s 2 Specified Substance

b Speciied Stimulants.

Including, but not imted 1o

1,3-0methy tutyaming;

&-Methylrexan-2-amine [methylmexa~eaminel,

logues, ¢ g mephedrone
methedrone, 358 a - pyrrolid rovalercphenone.

Dimathylamphetamine
Eohedrine®*®

Epmephrine®*** (adrenaline]
Etamivan

Etiamfetamine.

Etiiefrine;

Famprotazone,

Fensutrazate

Fencamfamin,

Heptaminol;

Hysroxyamfetamine |paratydraryampnetamicel

Isometheptere.
Levmetamietamine,
Mec.ofencuate
Metrylenedionymethampnetam ~e;
Methylephedrine®®®;
Matrylphanidate

Nixetramce.

Norfenelrine,

Octopamine

Quilofrine [methyisynephrinel;
Pemoline;

Pentetrazol;

Pranethylam re and its dervatiwes.
Phrenmetrazine;
Phenpromethamine
Propyihesedrine.
Pseusorshedrine®****;




Selegiine;

Sibutramine;

Strychnine;

Tenamfetamine [methylenedioxyamphetaminel;
Tuaminoheptane;

and other substances with a similar chemical structure
or similar biological effectls)

Except:

o Clonidine;

Imidazole derivatives for topical/ophthalmic use
and those stimulants included in the 2018
Monitoring Program*®

ncaftene. ACotine

nolamme, pgradrol, and synephrme These

es are included in the 2018 Monsioning Program, and

ot considered Prohubded Substances

**  Cathine Proddbited wher oncentration A urne & greater
than S miCrograms per malilter

erryephrre

or me and methylephednine Protsbeies when the

centraton of ether m urme © greater than 10 micrograsns
per milliter

soee Ennephrine [adrenaime] N
© g nasal ophNaImMologe., ¢
araesthelc agenis

seses Dooudoephedrine. Protibted when 25 concent
is greater than 150 mcrograms per milldser.

ohdled »

tration with local

ton M urme

0Cal aomansiraton,

NARCOTICS

Buprenorphine;
Dextromoramide
Diamorphine |heroin)
Fentanyl and ts dervatives
Hydromorphone.
Methagone
Morphine;
Nicomorphine
Oxycogone;
Oxymorphone;
Pentazocine
Pethidine

CANNABINOIDS

ids are pr

o Synthetic cannabinoids e.g. A9-tetrahydrocannabinol
[THC) and other cannabimimetics.

e Cannabigiol

] GLUCOCORTICOIDS

All glucocort cois are proh bites when agcministered
By oral, intravenous, intramuscular or rectal routes

SUBSTANCES PROHIBITED

IN PARTICULAR SPORTS

Including but not limited to:
Betamethasone;
Budesonide
Cortisone;
Deflazacort;
Dexamethasone
Fluticasone;
Hyarocortisone
Methylprednisolone;
Prednisolone
Prednisone;
Triamcinolone

BETA-BLOCKERS

Beta-blockers are prohibited /n-Competition anly, in

where indicated.

Archery [WA)*

Automobile [FIA)

Billiards lall disciplines) (WCBS)

Darts (WDF)

Golf [IGF]

Shooting (ISSF, IPC)*

Skiing/Snowbearding [FIS] in ski jumping, freestyle
aerials/nalfpipe and snowboard halfpipe/big air
Underwater sports [CMAS) in constant-weight apnoea
with or without fins, dynamic apnoea with and without
fins, free immersion apnoea, Jump Blue apnoea,
spearfishing, static apnoea, target shooting, and variable

i s e
Acebutolol; Labetalol;
Alprenolol; Levobunolol;
Atenolol; Metipranolol
Betaxolol Metoprolol;
Bisoprolol; Nadolol
Bunolo. Oxprenciol;
Carteclol; Pindolel
Carvedilol; Propranolol;
Celiprolol; Sotalel
Esmolol; Timalol.




WADA 2016 positive tests
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ANABOLIC

p-2 Agonists
15%

Testosterone

13%
Cannabinoids

26%

Stimulants Other AAS
19%

Diuretics &
Masking Cortico- 3%
Agents steroids her

e e e

WADA, 2016



WADA application 2018

3:15 PM b = 3:15 PM

Prohibited Substances Prohibited Methods

Q Search...

#

1-androstenediol (5a-andro...

i Subdtancesand Methods 1-androstenedione (5a-andr...

T % 5 M1. Manipulation of Blood and Blood
Prohibited at All Times (in-and > >

Components
out-of-competition) 1-testosterone (17B@-hydrox...
M2. Chemical and Physical >
a Manipulation
2. Substances and Methods 5 19-norandrostenedione [est...

Prohibited In-Competition M3. Gene Doping >

19-norandrosterone
3. Substances Prohibited in

particular sports 19-noretiocholanolone

NX<—A0IO0TVOZIre«e—IOTMMOO®>

If a Substance or Method is not defined in this list,
please verify with your Anti-Doping Organization.

If a Substance or Method is not defined in this list, If a Substance or Method is not defined in this list,

please verify with your Anti-Doping Organization.

please verify with your Anti-Doping Organization.




WADA application

it e o e e it Lo banin, PGNP o o W S

00000 ROGERS = 16:03 > ROGERS = 16:03
Logoff Home Profile
Last updated:2013-11-17 21:01 UTC E . R | Last updated:2013-11-17 21:01 UTC | 3
“rofile pe dim. lun. mar  mer jeu. ven.  sam.
Hconiing GRmat ) — 27 281 29 307 31 17 2
Demographic Profile v 4 Vv v Vi V| v
hier -
® lun. 18 nov. 2013 10:00, Regular a... 3/ 4/ 5‘/. 6/ 7 v 8 V| 9‘/
> Ll SR Sport/Discipline 10 11 12 13114 15 16
mar. 19 nov. 2013 10:00, Regular a.. \ _ v /‘ ./. X v v v
@ Groningen T 18 19 200 21 22 23
All day mer. 20 nov. 2013, C Security / v v X 4 Vi 1’4
' { 24 25 26 27 28] 29 30|
Al vi__ Vi AR A
History ® 10:00 - 18:00: hier

All day event Groningen

Profile Calendar




Quiz 3

Disorders of Sexual Development

PSR EITRE A i Tt g = VoA Tty T I Lt 2 IR G wwn _

Disorder
Turner syndrome
Klinefelter syndrome
True hermaphrodite
Mixed gonadal dysgenesis
Congenital Adrenal Hyperplasia
Complete AIS
Partial AIS
5a-reductase inhibition

Transexual

W A -



Quiz 4

Time-line of gender verification testing

PEBCPOT LIRS A, S0 iy g = e e R A e e S et e b = T VU T 29, 0 w1 e I PO B P S AR

DSD identified

as
Testusep (] Q
1966 — | physical exam
1968 | [~ Barr body

History of gender verification in sport

dsLY
1991 chromosome
1996 | [~ SRY gene

| | testing
1999 .| suspended

T e et

AlS: androgen insensitivity syndrome
CAH: congenital adrenal hyperplasia
XXY: Klinefelter's syndrome



Structure
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Structure
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. Introduction
. Epidemiology
. Types

—

. Safety

. Conclusions
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The New England
Journal of Medicine

C Copyrighs, 1996, by the Massachuseirs Medical Socicey

VOLUME 335 JuLy 4, 1996 NUMBER 1

THE EFFECTS OF SUPRAPHYSIOLOGIC DOSES OF TESTOSTERONE
ON MUSCLE SIZE AND STRENGTH IN NORMAL MEN

SHALENDER Brasiy, M.D., THonas W. Storss, PH.D., Nakcy Beaman, PH.D., Car.os CaLtecan, M.D.,
Brenpa CoevenGer, BLAL, JeErrReY PHILLUFS, M.D., THomas J. Bunnell, B.A., Rar Tricker, P=.D., Ana SHIsaz), R.P-_,
anc Ric-a2p Casagusl, PH.D., M.D.



Efficacy study

=3 ¥ 8 A ey "-'.“st!‘“"'*"’-"""IW'-O‘lﬂ-m&&a‘ %v-ﬁmﬂw

Double-blind, placebo-controlled trial

Four groups of men (n = 43):
physical exercise & testosterone 600 mg /w
physical exercise & placebo
no physical exercise & testosterone 600 mg / w
no physical exercise & placebo

Increase in mass muscle and strength with the use of
testosterone, especially in combination with physical
exercise

Bhasin S, et al. N Eng J Med 335:1, 1996



Efficacy
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g 21.0:
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7/ \/ 20.0°
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L L e
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Franke WW, et al. Clin Chem 43:1262, 1997



Doping Victims’ Association

Doping-Opfer-Hilfe e.V.

700 of the about 10,000 former GDR high-
performance athletes involved in the systematic
governmental doping programme based on the
anabolic steroid oral turinabol (dehydro-chlormethyl-
testosterone) in the 1970s and 1980s.

Nieschlag E, et al. Rev Endocr Metab Disord 2015)



Ways of administration

— ¥ oA Ty I ° .‘a""s!'“""'“’-""lw'-“l“-"“‘CM‘«;"M“MW

Stacking

Taking two or more anabolic steroids together,
mixing oral and/or intramuscular routes

Pyramiding

At the beginning of a cycle low doses of the stacked
substances are administered and the dose is
gradually increased for 6 - 12 weeks

In the second half of the cycle, the doses are slowly
decreased to zero

van Amsterdam J, et al. Regul Toxicol Pharmacol 57:117, 2010
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Effect ranking
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Detection times
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18 months

41l Nandrolone Phenylpropionate

Boldenone Undecyclate (Equipoise)
Methenolone Enanthate (Primobolan)
Trenbolone (Finaject)

Trenbolone Acetate

Injectable Methandienone (Dianabol

Testosterone-mix (Sustanon & Omnadren)
Testosterone Enanthate
Testosterone Cypionate

Oxymetholone (Anadrol & Anapolan)
Fluoxymesterone (Halotestin)
2 months Indictable Stanozolol (Winstrol)
Formebolone

Drostanolone Propionate (Masteron

Methandienone (Dianabol)
Mesterolone (Proviron)
Ethylestrenole
Noretadrolone (Nilevar)

Oxandrolone (Anavar)
Oral Stanozolol (Winstrol)

A Testosterone Propionate

3 weeks

1 weeks Testosterone Undecanoate (Andriol)

Clenbuterol

B ol - c drine Hydrochloride
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Adverse effects

- Non-specific
. common in all androgens
. Specific
. androgen-specific
. metabolite-specific / derivate-specific

. sex-specific



Anabolic steroids adverse effects
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" Haematopoiesis and coagulation | Liver . Skin®
Shyteocykes Cholestasis /Hyperbilirubinaemia Acne
Haemoglobin Strize di
Haematocrit Steatosis .
Polycythaemia Peliosis Profuse. sweating
Hypercoagulability v — A!opefna
Venous thromboembolism Hepatocellular carcinoma Hirsutism
Arterial thromboembolism Liver coma Male reproductive functions®
Stroke / Apoplexy Kidney Decreased testis volume
Musculo-skeletal system ermat 2
Premature epiphyseal closure (in adolescents) Creatinine 1, cystatin ¢ 1 18an el‘tﬂ]ltyd P 0genesis
Rhabdomyolysis Glomerulosclerosis Loes of libido
T‘.mdon mopewes (") Cholemic nephrosis . .
Ligamentous injuries ) Erectile dysfunction
Disc heriation Romal falkoee Gynaecomastia
Cardiovascular system Psycl.me and behavior Ansholic stemid induced
HDL | LDL 1, A.poAl ! Irritability J Hypogonadism ( ASH'I)
Coronary heart discase Nervousness, unrest Female reproductive functions®
Myocardial infarction : .
Hypertension (?) Aggmss"c““s' Anovulation
Abnormal ECG (QRS>114 ms) Reckless behavior Amenorrhoea
Arthythmia Self-aggressiveness Dysmenorrhoea
Left vmu'ic.ulm' hmy AAS dependence Inf emhty
Hypertrophic cardiomyopathy AAS withdrawal syndrome Breast atmphy
Dilative cardiomyopathy . -
Heart failure Depression Dysphonia
Sudden cardiac death Suicide thoughts Deepening of voice




Adverse effects

. Inhibition of testicular function

. Gynecomastia

. Polycythemia

. Hepatotoxicity

- Mood disturbances

. Disturbances of cardiac function
. Dyslipidemia

. Activation of coagulation cascade
. Virilization

. Inhibition of linear growth

. Infections



Inhibition of testicular function
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. Suppression of gonadotropin secretion

. suppression of endogenous testosterone secretion
. suppression of spermatogenesis
. decrease in testicular size

. Reversible effect in 3-4 months

Knuth UA, et al. Fertil Steril 52:1041, 1989



Anabolic steroids on sperm
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Knuth UA, et al. Fertil Steril 52:1041, 1989



Gynecomastia
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. Conversion of testosterone to estradiol

Dihydrotestosterone Stanozolol



Hepatotoxicity
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. Increase in liver enzymes
Cholestatic jaundice
Hepatic peliosis

. Hepatoma

[e]

o

Stanozolol

Cabasso A, et al. Med Sci Sports Exerc 26:2, 1994



Mood disturbances
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- Questionnaire in men, users and non-users of anabolic
steroids (n = 160)

. Users had increased incidence of:
. depression
. aggressive behavior

. Symptoms were more severe during the periods of
androgen intake

Pope HG, et al. Arch Gen Psychiatry 51:375, 1994



Disturbances of cardiac function
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. Sudden death
. cardiac hypertrophy, myocarditis

Hausmann R, et al. Int J Legal Med 111:261, 1998

Randomized, placebo-controlled trial
Body-building athletes (n = 8)
Nandrolone or or placebo for 8 weeks

No differences on ultrasonographic parameters

Hartgens F, et al. Int J Sports Med 24:344, 2003



Anabolic steroids adverse effects
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Table 2. Common cardiovascular complications caused by the most frequently used doping substances.

AMI CAD Cardiomyopathy Arrhythmias Hypertension SCD
AAS v v v v v v
Other anabolic agents (clenbuterol) v v vV v v V
hGH v v v v
EPO v v v v v
Beta-2 agonists v v v v
Diuretics v
Amphetamines v v v v ' v
Ephedrine v v vV v ' V
Cocaine v N | N N N
Narcotics v v
Cannabinoids v v v v v
v indicates an effect. AMI — acute myocardial infarction; CAD — coronary artery disease; SCD - sudden cardiac death; AAS — anabolic androgenic steroids;

hGH - growth hormone; EPO - erythropoictin.

Deligiannis, AP et al. Hellenic J Cardiol 53:447, 2012



Dyslipidemia
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. Effect of 17a-alcyliated derivatives

. decrease in HDL-cholesterol

. Increase LDL-cholesterol

Thompson PD, et al. JAMA 261:1165, 1989



Activation of coagulation cascade

SRS ELIRE A M K, Tt g A = L e bt S Lot gt I e Lahanie . DY S PPt e S

. Weight-lifting athletes, users to non-users of
anabolic steroids (n = 49)

. In users as compared to non-users:
. Increase in thrombin-antithrombin complex
. Increase in plasma prothrombin concentrations
. Increase in antithrombin Ill concentrations
. increase in protein S concentrations

. decrease in tPA and PAI-1 concentrations

Ferenchick GS, et al. Am J Hematol 49:282, 1995



Inhibition of linear growth

Early epiphyseal closure

Trial of adolescent player of american football (n
= 873)

anabolic drug users: 6%
use before the age of 15 years: 50%

use before the age of 10 years: 15%

Stilger VG, et al. J Community Health 24:131, 1999
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- Introduction
. Epidemiology
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Aims
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. Discussion on the efficacy and safety of hormones as
performance-enhancing drugs

. ldentification of men and women that use anabolic
steroids and complain of other clinical problems



Anabolic steroids
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Special characteristics
Epidemiology

Types

Efficacy

Safety



Man

Suspicion of use
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Competitive sport
Small testes
Azoospermia
High hematocrit
Low SHBG

Woman

Competitive sport
Hirsutism
Acne

Androgenic alopecia
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Anabolic steroids
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The dark side




The bright side
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Steroid biochemistry

Andrology - testosterone and sperm
Adolescent Medicine

Disorders of Sexual Development
Cardiovascular system

SERMs, aromatase inhibitors
Beta-agonists and Beta-blockers

Belgian bulls
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