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S1 ANABOLIC AGENTS

•1. ANABOLIC ANDROGENIC STEROIDS (AAS)
• a. Exogenous* AAS
•b. Endogenous** AAS

•2. OTHER ANABOLIC AGENTS

• For purposes of this section:

• An androgen is any natural or synthetic steroid hormone that regulates the development and maintenance of male 
characteristics in vertebrates by binding to androgen receptors.

• * “ exogenous” refers to a substance which is not ordinarily produced by the body naturally.

• ** “ endogenous” refers to a substance which is ordinarily produced by the body naturally.



Exogenous AAS
• 1-Androstenediol (5α-androst-1-ene-

3β,17β-diol);

• 1-Androstenedione (5α-androst-1-ene-
3,17-dione);

• 1-Androsterone (3α-hydroxy-5α-
androst-1-ene-17-one);

• 1-Testosterone (17β-hydroxy-5α-
androst-1-en-3-one);

• 4-Hydroxytestosterone (4,17β-
dihydroxyandrost-4-en-3- one);

• Bolandiol (estr-4-ene-3β,17β-diol);

• Bolasterone;

• Calusterone;

• Clostebol;

• Danazol ([1,2]oxazolo[4',5':2,3]pregna-
4-en-20-yn-17α-ol);

• Dehydrochlormethyltestosterone (4-
chloro-17β-hydroxy- 17α-
methylandrosta-1,4-dien-3-one);

• Desoxymethyltestosterone (17α-methyl-
5α-androst- 2-en-17β-ol);

• Drostanolone;

• Ethylestrenol (19-norpregna-4-en-17α-
ol);

• Fluoxymesterone;

• Formebolone;

• Furazabol (17α-methyl [1,2,5] oxadiazolo
[3',4':2,3]-5α- androstan-17β-ol);

• Gestrinone;



Exogenous AAS
• Mestanolone;

• Mesterolone;

• Metandienone (17β-hydroxy-17α-
methylandrosta-1,4-dien- 3-one);

• Metenolone;

• Methandriol;

• Methasterone (17β-hydroxy-2α,17α-
dimethyl-5α-androstan-3-one);

• Methyldienolone (17β-hydroxy-17α-
methylestra-4,9-dien- 3-one);

• Methyl-1-testosterone (17β-hydroxy-
17α-methyl-5α- androst-1-en-3-one);

• Methylnortestosterone (17β-hydroxy-
17α-methylestr-4-en- 3-one);

• Methyltestosterone;

• Metribolone (methyltrienolone, 17β-
hydroxy-17α- methylestra-4,9,11-trien-3-
one);

• Mibolerone;

• Norboletone;

• Norclostebol;

• Norethandrolone;

• Oxabolone;

• Oxandrolone;

• Oxymesterone;

• Oxymetholone;

• Prostanozol (17β-[(tetrahydropyran-2-
yl)oxy]- 'Hpyrazolo[3,4:2,3]-5α-
androstane);



Exogenous AAS
• Quinbolone;

• Stanozolol;

• Stenbolone;

• Tetrahydrogestrinone (17-hydroxy-
18a-homo-19-nor-17α- pregna-4,9,11-
trien-3-one);

• Trenbolone (17β-hydroxyestr-4,9,11-
trien-3-one);

• and other substances with a similar 
chemical structure or similar biological 
effect(s).



Endogenous AAS when administered exogenously

• 19-Norandrostenediol (estr-4-ene-
3,17-diol);

• 19-Norandrostenedione (estr-4-ene-
3,17-dione);

• Androstanolone (5α-
dihydrotestosterone, 17β-hydroxy-5α-
androstan-3-one);

• Androstenediol (androst-5-ene-
3β,17β-diol);

• Androstenedione (androst-4-ene-3,17-
dione);

• Boldenone;

• Boldione (androsta-1,4-diene-3,17-
dione);

• Nandrolone (19-nortestosterone);

• Prasterone (dehydroepiandrosterone, 
DHEA, 3β-hydroxyandrost-5-en-17-one);

• Testosterone;

• and their metabolites and 
isomers, including but not 
limited to:

• 3β-Hydroxy-5α-androstan-17-one;

• 5α-Androst-2-ene-17-one;

• 5α-Androstane-3α,17α-diol;

• 5α-Androstane-3α,17β-diol;

• 5α-Androstane-3β,17α-diol;

• 5α-Androstane-3β,17β-diol;

• 5β-Androstane-3α,17β-diol;



Endogenous AAS when administered exogenously

• 7α-Hydroxy-DHEA;

• 7β-Hydroxy-DHEA;

• 4-Androstenediol (androst-4-ene-3β, 
17β-diol);

• 5-Androstenedione (androst-5-ene-
3,17-dione);

• 7-Keto-DHEA;

• 19-Norandrosterone;

• 19-Noretiocholanolone;

• Androst-4-ene-3α,17α-diol;

• Androst-4-ene-3α,17β-diol;

• Androst-4-ene-3β,17α-diol;

• Androst-5-ene-3α,17α-diol;

• Androst-5-ene-3α,17β-diol;

• Androst-5-ene-3β,17α-diol;

• Androsterone;

• Epi-dihydrotestosterone;

• Epitestosterone;

• Etiocholanolone.



Endogenous AAS when administered exogenously

• 7α-Hydroxy-DHEA;

• 7β-Hydroxy-DHEA;

• 4-Androstenediol (androst-4-ene-3β, 
17β-diol);

• 5-Androstenedione (androst-5-ene-
3,17-dione);

• 7-Keto-DHEA;

• 19-Norandrosterone;

• 19-Noretiocholanolone;

• Androst-4-ene-3α,17α-diol;

• Androst-4-ene-3α,17β-diol;

• Androst-4-ene-3β,17α-diol;

• Androst-5-ene-3α,17α-diol;

• Androst-5-ene-3α,17β-diol;

• Androst-5-ene-3β,17α-diol;

• Androsterone;

• Epi-dihydrotestosterone;

• Epitestosterone;

• Etiocholanolone.



OTHER ANABOLIC AGENTS

Including, but not limited to:

• Clenbuterol

• selective androgen receptor modulators (SARMs, e.g. andarine, LGD-4033
ostarine and RAD140)

• tibolone

• zeranol and zilpaterol
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Selective Androgen Receptor 
Modulators (SARMs) 

• a class of therapeutic compounds that have similar properties to anabolic
agents, but with reduced androgenic properties. This property
allows SARMs the advantage of androgen-receptor specificity,
tissue selectivity, and the lack of steroid-related side effects.



Tibolone

• Tibolone is a synthetic steroid with weak estrogenic, progestogenic, 
and androgenic activity, and hence is an agonist of the estrogen, 
progesterone, and androgen receptors. It is a prodrug of several 
metabolites. The estrogenic effects of tibolone may show tissue 
selectivity in their distribution.



History

• WWII – German scientists synthesized other anabolic steroids and 
experimented on concentration camp inmates to treat chronic 
wasting.

• Also given to German soldiers hoping to increase their aggression.

• Adolf Hitler rumored to take anabolic steroids.

• 1931 – male hormone androstenone isolated

• 1934 – androstenone synthesized

• 1935 – testosterone identified and synthesized

• 1937 – clinical trials on humans with testosterone began



History

• 1940s - Soviet Union and Eastern Bloc Countries 
(East Germany) established steroid programs in 
Olympic and amateur weight lifters

• 1958 – Dianabol (methandrostenolone) approved in 
U.S. by the FDA





Definitions

• Androgens: all male sex hormones, usually testosterone, but also 
testosterone derivatives

• Androgenic: refers to masculinizing properties such as libido, aggression, 
acne, hair growth and loss

• Anabolic:  refers to assimilation of nitrogen into tissue (muscle growth)

• Cannot completely separate one from the other







Chemical 

structures of some 

commonly abused 

anabolic steroids







testosterone, 17β-hydroxy-4-androsten-3-one

http://en.wikipedia.org/wiki/Testosterone




Production and Regulation

of Testosterone

T = testosterone

Only 2% is free testosterone

and 98% is bound
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Adapted from Bagatell CJ, Bremner WJ. N Engl J Med. 

1996;334:707-715.
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Adapted from Braunstein GD. In: Basic & Clinical Endocrinology. 

5th ed. Stamford, Conn: Appleton & Lange; 1997:403-433.





Anabolic Steroids
Biochemical Mechanisms

• Steroid  hormones mainly interact 
with cells by binding to proteins called 
steroid receptors

• After binding, proteins move into the 
cell nucleus and can alter the 
expression of genes or activate 
processes in other parts of the cell





Testosterone Deficiency with Aging

• Decline in Testosterone with age
• Decrease in testosterone production

• Decrease in testosterone clearance

• Increase in SHBG
• may be due to higher serum estradiol levels from increased adipose tissue

• Therefore, bioavailable T decreases more than total T

• Circadian rhythm (higher T values in AM) lost with aging

Tenover,L.J. End.Metab.Clinics NA:27,969,1998





Target Organs and Physiological Effects of Testosterone and Metabolites

 CNS ( libido, well-being, aggression, spatial cognition)

 Hypothalamus/ Pituitary ( GnRH, LH, FSH;  GH)

 Larynx (lowers voice)

 Breast (E2  size)

 Liver ( SHBG, HDL)

 Kidney ( erythropoietin)

 Genitals ( development, spermatogenesis, erections)

 Prostate ( size, secretions)

 Skin ( facial/ body hair, sebum production)

 Bone ( BMD)

 Muscle ( lean mass, strength)

 Adipose Tissue ( lipolysis,  abdominal fat)

 Blood ( hematocrit)

 Immune system ( auto-antibody production)



Anabolic Steroids
Medical Uses

• Bone marrow stimulation – aplastic anemia

• Growth stimulation – use GH now

• Appetite stimulate – AIDS, cancer

• Induction of male puberty – extreme delay

• Reversible male contraceptive - future

• Hormone replacement therapy (men)

• Gender dysmorphia - psyciatric



Muscle strength & volume following chronic testosterone administration to men



Muscle strength & volume following chronic testosterone administration to men



Performance enhancement of a former East German female shot-putter





Anabolic Steroids
Administration

3 common forms of AS administration:

• Oral – most convenient (dangerous - liver)

• Injectable – intramusclar not intravenous 
(HIV and Hepatitis)

• Transdermal – self adhesive skin patches 

http://images.google.com/imgres?imgurl=http://latimesblogs.latimes.com/photos/uncategorized/2007/03/14/steroids_2.jpg&imgrefurl=http://latimesblogs.latimes.com/politicalmuscle/2007/03/index.html&h=568&w=640&sz=25&hl=en&start=55&um=1&tbnid=KL1629QOJdujMM:&tbnh=122&tbnw=137&prev=/images?q%3Dsteroids%26start%3D40%26ndsp%3D20%26svnum%3D10%26um%3D1%26hl%3Den%26sa%3DN
http://images.google.com/imgres?imgurl=http://latimesblogs.latimes.com/photos/uncategorized/2007/03/14/steroids_2.jpg&imgrefurl=http://latimesblogs.latimes.com/politicalmuscle/2007/03/index.html&h=568&w=640&sz=25&hl=en&start=55&um=1&tbnid=KL1629QOJdujMM:&tbnh=122&tbnw=137&prev=/images?q%3Dsteroids%26start%3D40%26ndsp%3D20%26svnum%3D10%26um%3D1%26hl%3Den%26sa%3DN


شکل مصرف



شیوه مصرف

ی بیشترمصرف چند نوع استروئید آنابولیک همزمان به منظور درگیر شدن همه گیرنده ها و اثر بخش: توده ای•
.آثار سوء دارو را کم می کند. یک دوره چند هفته ای مصرف و یک دوره چند هفته قطع مصرف: چرخشی•
.دارداثر ترک داروی کمتری . به تدریج به اوج می رسد و بعد به تدریج کم می شود: هرمی•



نیمه عمر و زمان تشخیص





اتزریقی ه

Equipoise

جنریکنام نام اختصاصی 



خوراکی
جنریکنام نام اختصاصی 



موارد  دیگر



Anabolic Steroids Status in Sports

• Normal T:ET ratio 1.3:1

• Positive test result 6:1 or 4:1
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Steroid Chart پیش سازهای تستوسترون
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چرا پیش سازهای تستوسترون بهتر از خود تستوسترون هستند؟

• Only temporarily increases blood levels of 
testosterone, does not cause body to naturally 
produce testosterone. 

• Has higher conversion rates to testosterone. 

• Doesn’t convert into estrogen.

• Does not convert into DHT (cause of balding).
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Negative Side Effects

• Balding

• Acne 

• Enlarged prostate

• Reduced sperm count

• Increased aggression 

• Kidney & Liver damage

• Disrupt the menstrual cycle 

• Decrease levels of HDL cholesterol 







Anabolic Steroids
Adverse Effects

• Accelerate the rate of premature 
baldness (male and female)

• Acne – stimulates  the sebaceous glands

• Liver damage (cancer) – increased 
demand on liver as oral steroids are 
changed (increase bioavailability and 
stability)

http://images.google.com/imgres?imgurl=http://www.tqnyc.org/NYC063193/liver cancer-1.gif&imgrefurl=http://www.tqnyc.org/NYC063193/smoking.html&h=372&w=406&sz=75&hl=en&start=3&tbnid=pbSLev2hkIhDZM:&tbnh=114&tbnw=124&prev=/images?q%3Dliver%2Bcancer%26gbv%3D2%26svnum%3D10%26hl%3Den
http://images.google.com/imgres?imgurl=http://www.tqnyc.org/NYC063193/liver cancer-1.gif&imgrefurl=http://www.tqnyc.org/NYC063193/smoking.html&h=372&w=406&sz=75&hl=en&start=3&tbnid=pbSLev2hkIhDZM:&tbnh=114&tbnw=124&prev=/images?q%3Dliver%2Bcancer%26gbv%3D2%26svnum%3D10%26hl%3Den


Anabolic Steroids
Adverse Effects

• Tendon rupture has been linked to AS

• Stiffer and less elastic tendon

• No consistent AS –induced ultrastructural or 
biochemical alterations

• Probably tendon does not adapt as fast



Anabolic Steroids
Gender Specific Effects

• Gynecomastia – development of breast tissue in males

• Conversion of testosterone to estrogen by an aromatase 
enzyme



Anabolic Steroids
Female-Specific Effects

• Increase in body hair

• Male-pattern baldness

• Deepening of voice (permanent)

• Enlarged clitoris (permanent)

• Temporary decrease in menstrual cycle

• Affect fetal development during pregnancy



Anabolic Steroids
Behavioral Effects

• Controversial

• Mood swings

• Aggression (roid rage)

• Mania

• Depression

• Withdrawal

• Dependence



Steroid design issues

testosterone can be converted to estradiol by aromatase (aromatisation)

normal process, mediating testosterone effects on CNS

this has feminising effects - so is also to be avoided



Anabolic Steroids
Adverse Effects

• Risk of mortality among chronic AS users repoted to be 4.6 times 
higher than non-AS users

• Weekly doses of 600 mg ot testosterone or its equivalent for cycles 
lasting less than 12 weeks appear to cause few side effects during 
scientific studies

• Rule: bigger the dose, the bigger the muscle, the bigger the problem



Minimization of Side Effects
(during cycles and post cycle)

• Increase CV exercise to counter act effects on left ventricle

• Estrogen receptor modulators to reduce effect of aromatization of 
steroid hormones (tamoxifen) reduce gynecomastia

http://images.google.com/imgres?imgurl=http://www.ovc.uoguelph.ca/BioMed/Courses/Public/Pharmacology/pharmsite/98-409/Cancer/Cancer_images/tamoxifen.gif&imgrefurl=http://www.ovc.uoguelph.ca/BioMed/Courses/Public/Pharmacology/pharmsite/98-409/Cancer/Anticancer_drugs2.html&h=178&w=243&sz=3&hl=en&start=11&tbnid=E8cCjt_Eeou0hM:&tbnh=81&tbnw=110&prev=/images?q%3Dtamoxifen%26gbv%3D2%26svnum%3D10%26hl%3Den%26sa%3DG
http://images.google.com/imgres?imgurl=http://www.ovc.uoguelph.ca/BioMed/Courses/Public/Pharmacology/pharmsite/98-409/Cancer/Cancer_images/tamoxifen.gif&imgrefurl=http://www.ovc.uoguelph.ca/BioMed/Courses/Public/Pharmacology/pharmsite/98-409/Cancer/Anticancer_drugs2.html&h=178&w=243&sz=3&hl=en&start=11&tbnid=E8cCjt_Eeou0hM:&tbnh=81&tbnw=110&prev=/images?q%3Dtamoxifen%26gbv%3D2%26svnum%3D10%26hl%3Den%26sa%3DG
http://images.google.com/imgres?imgurl=http://www.prestige-pharmacy.com/images/tamoxifen.jpg&imgrefurl=http://www.prestige-pharmacy.com/product_info.php?products_id%3D63&h=328&w=375&sz=28&hl=en&start=18&tbnid=Ny5Xyt4S-whFfM:&tbnh=107&tbnw=122&prev=/images?q%3Dtamoxifen%26gbv%3D2%26svnum%3D10%26hl%3Den%26sa%3DG
http://images.google.com/imgres?imgurl=http://www.prestige-pharmacy.com/images/tamoxifen.jpg&imgrefurl=http://www.prestige-pharmacy.com/product_info.php?products_id%3D63&h=328&w=375&sz=28&hl=en&start=18&tbnid=Ny5Xyt4S-whFfM:&tbnh=107&tbnw=122&prev=/images?q%3Dtamoxifen%26gbv%3D2%26svnum%3D10%26hl%3Den%26sa%3DG


Post Cycle Therapy

• “Clomiphene or tamoxifen (Primary PCT drug)
1. Anastrozole – aromatase inhibitor

2. HCG – restore hormonal balance

• Human chorionic gonadotropin (HCG) is a hormone produced by the placenta after 
implantation. 



Steroid design issues

• testosterone can be converted in some tissues to 

dihydrotestosterone (DHT) by 5-reductase. This has 

androgenic effects - so is to be avoided as want the 

anabolic effects (doesn't happen in skeletal muscle).

• Finasteride (Propecia) – reduces the conversion of 

testosterone to DHT (high rate of alopecia)

ی فایده شود بنمیتبدیل آندروژنیککه استروئید به یک مشتق مواردیاین دارو در •
.است



Side effects: behavioural

addictive? to some extent -- users show:

withdrawal symptoms -- fatigue, depression, insomnia, 

restlessness, anorexia, decreased libido, dissatisfaction with body 

image, desire for more steroids(!)

but no big studies so don't know how common this is...

symptoms could be rare... or just unreported


