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Forms of Chemical Signaling

Autocrine A cell targets itself.

Signaling across gap junctions | A cell targets a cell connected by gap junctions.

Signaling Target
cell cell
Paracrine A cell targets a nearby cell.
Signaling ® ® Target
cell C.j cell
Endocrine A cell targets a distant cell through the bloodstream.

Signaling Target
cell - cell

bloodstream
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Zone 1 50-60% Max HR
Very light activity, such as warm up/cool down

. - g e 7 R iy R T §
¥

Zone 2- 61-70% Max HR
Light activity, such as slow-paced jogging, walking up a
flight of stairs, lightweight low resistance

Zone 4+ 81-90% Max HR

or heavy weight lifting

Zone 5- 91-100% Max HR
Extremely hard maximum exertion activity, such as
sprinting. All out effort!

Rmax ko V

Hard anaerobic activity, such as high rep ball slams, boxing,

Jouwwat or Arrtien Pavsotooy
Vol. 23, No. 3, September 1967,  Pristed is US.A.

1SEP 1967 // https://doi.org/10.1152/jappl.1967.23.3.353
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Maximal oxygen uptake in athletes’

BENGT SALTIN?* AND PER-OLOF ASTRAND

g = Department of Physiology, Gymnastik-och Idrottshigskolan,
2 : d Stockholm, Sweden

SaLmiN, Benot, Axp Per-OLor Astranp. Maximal oxygen
. uptake in athletes. J. Appl. Physiol. 23(3): 353-358. 1967.—
p oe During maximal running (treadmill) or bicycling the oxygen
- uptake was determined in 95 males and 38 female athletes
belonging to Swedish National Teams. The mean maximal
oxygen uptake for the 15 males with the highest values was
5.75 liters/min with an upper extreme of 6.17 liters/min. The
mean maximal pulmonary ventilation was 158.7 (140.0-203.3)
. liters/min and the mean maximal heart rate 185 (169-200)
L beats/min. As a team the five cross-country skiers achieved the
highest value 83 ml/kg X min (5.6 liters/min) and the highest
individual value (4R, world champion in cross-country skiing)
was 85.1 ml/kg X min (5.7 liters/min). Subject KK (3,000 m,
7:39.6) had 82 ml/kg X min (4.9 liters/min). The mean maxi-
L mal oxygen uptake for the best 10 female athletes was 3.6
L liters/min. The maximal pulmonary ventilation was 111.8
(91.6-131.0) liters/min and maximal heart rate 195 (185-204)
beats/min. A description of the system for collection of expired

air is also given.

maximal acrobic power; physical activity; exercise; pulmonary
¥ ventilation; heart rate

tem for collecting expired gas used in this study is there-
fore also given.

SUBJECTS

Ninety-five males and thirty-cight female subjects, 24
(range 13-47) years of age representing the Swedish
National Team in 19 different sports events for the males
and 9 different events for the females were studied. Many
of them are European, World, or Olympic champions.
Two foreign champions who have visited Stockholm for
competition during the last year were also included.

METHODS AND PROCEDURES

Oxygen uptake was determined by collection of ex-
pired air in Douglas bags and the volume measured in a
spirometer. The inner area of the mouth piece was 400
mn, the inner diameters of tubes in valve, stop cock, and
bag are 28 mm, and of the connecting tube (smooth, not
corrugated), 35 mm. The resistance in this system with a



Central motor drive results in muscle contraction and feed-forward mechanism to
co-ordinate endocrine response to exercise

Muscle contraction
increases energy turnover

ATP

Contraction

Feed-forward ADP + Pi

activation of
sympathoadrenal
system

Increased muscle
glucose uptake utilises
enhanced hepatic

glucose production
acids (NEFAs)

—

Adrenergic stimulation to mobilise hepatic glucose and adipose tissue NEFA

Muscle contraction
augments uptake of
non-esterified fatty




Thermoregulation

.
| Blood Flow

- Shunt to Skin
T sweat Response

T Conservation H,0 Loss

Immune System

) Intensity
T Duration
Mode

To poviéAo HERM

Cardiovascular
Adjustments

T Cardiac Response
T vasodilation Skin

HormonesT!

Endocrine
Response

EXERCISE

!

HEATGAIN |.—

T

Energy Production

Substrate Utilization
-1 cHO > Lipid
1 Anaerobic > Aerobic

FLUID LOSS

1. Qaon A: Zupmadnruikr diéyepon (cupPaivel o

SdeutepOAenTa Ao TNV Evapén TG AoKnong)-
Flight or Fight, €kkplon adpevadivng, avaotoAn
EKKPLOT)G LVOOLAIVNG KL EKKPLOT) YAUKAYOVOU

. ®aon B: ZupPaivel pHETA TO 1° AETTO TNG AOKNONG

KOl EVEPYOTIOLEL TO CUOTN A LTIOBAA QOG-
urtopuon Kat OAEG TIG «TPOPLKEG» OPHOVEG TIOU
dpouv o€ kaBe evdokpLVIKO Gpyavo. YTIEPEKKPLOT)
KopTL{OANG.

. @aon I': Avtidiovpnrikn, auEntikn Kat

TIPOAQKKTIVN, Ol «TPOPIKEG» OPHOVEG EXOUV
08NY1]0EL € EKKPLOT] TWV OPHOVWV OTIO T
opyava oToyoug, Evepyotmoinon tou RAAS, kat ot
OKEAETIKOL PUEG EKKPIVOUV KUTTAPOKIVES



Table 1 Endurance and Resistance-Based Exercises Classified by Different Levels of Intensity

Energy Pathway Representative
Category Term Effort Perception Relative Intensity Predominating Duration (min) Other Terminology
Endurance exercise activities
Light exercise Easy < 35% Aerobic =30 Short-term, submaximal
I/’OZI]I':I.}&
Moderate exercise Modest difficulty <70>35% Aerobic 30-180 Submaximal, prolonged
I/,OZI]I;I.){.
Heavy exercise Difficult < 100>70% Aerobic—anaerobic <120 Submaximal, prolonged,
FOo, s high intensity
Maximal exercise Strenuous 100% Aerobic—anaerobic <15 Maximal or max, high
1Os,ax intensity
Supramaximal exercise Extremely strenuous =>100% Anaerobic <1 All-out, power
I/,OZI]I;I.){.
Resistance exercise activities
Submaximal exercise Modest difficulty <70>35% Aerobic—anaerobic <1 Submaximal
IRM
Maximal exercise Extremely strenuous ~100% Anaerobic <0.1 All-out, power
IRM
Supramaximal exercise Extremely strenuous >100% Anaerobic <0.1 Negatives
IRM

'O —maximal oxygen uptake; 1RM—one repetition maximum.
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Table 2 Physiological Responses 1o an Acute Exercise Session Based upon Whether the
Activity |s Predominately Endurance or Resistance Exercise
Exercise—»activity
Predominating

- Mechanism of Cellular
Training Component

Actions [Direct Gene Activation
Hormone Endurance Resistance or 2nd Messenger)

Adrenocorticotrophic T T Znd messen ger

homone (ACTH)

Aldosterone T T Mhrect gene activation
Angiotensin T T 2nd messenger
Antidivretic hormone T T1 2nd messenger
(ATYHD

Cortisol T T Mhrect gene activation
Dehydroepiandrosterone | T Mhrect gene activation
(DHEA)

f-Endorphin T T 2nd messenger
Epinephnne (adrenaline) 1T TT 2nd messenger

Estro gens T T CHirect CETIE A0 TV ation
Follicle—stimulating T1l. nc T1l. nc 2nd messen ger

hommone (FSH)

Glucagon T T 2nd messenger
Growth hormone (GH) T T 2nd messen ger
In=zulin | T1l. nc 2nd messen ger
Insulin-like growth T. nc T. ne 2nd messen ger

factor-1 (IC3F-1)

Leptin T1l. ne T1l. ne 2rnd messenger
Luteinizing hommone Tl. ne T1l. ne rd Messenger
(LHD

MNorepinephrine 1T TT Znd messenger

(noradrenaline)

Progesterone Mrect gene activation

Prolactin (PRL)

EIZII_:I [IIEssoTl uer

["estosterone [CHrect gene activation

I.h:\-. rovscerie | D'd) Chrect CETIE AC TV ation

— | = |—=|—=|—

Fruodothy ronine (1T3) CHrect gene activation

Witarmin Ty

g

— | = | = | === | —

[Chrect sere ac v arnr

The ho OV O

IT. large incre

TS LS i rqliarely after the acriwviog.

v rélarive o before

T, incresse:; |, possible incresse or decrease; ne, no change; 7, unresolwved.
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Ntomapivn: Mewwvet tig mOavotnteg kKataOAYng

2gpotovivn: BeAtiwvel tn d1aBeon, TNV Kowvwviky cupTiepidopq,
TNV 0pEEN KL TNV TIEYN

Teotootepovn aL&AveL TNV HUIKY) pado Kot ALUTIVTO

Oiotpoyova: MELWVOUV TA CUUTITW AT TNG ELMNVOTIOVON



_ Vlpeouppooniol praaviopo gy

External Factors
Exercise/Nutrition

- a e

i "
Taylor & Francis
Taylir & Frantis Cooup

# Autocrine/Paracrine
Interactions

Muscle

EuROPEAN OURNA European Journal of Sport Science

OF SPORT SCIENCE

Endocrine

B Control | - [
Gut {. | : JI -y
- 1' T — ISSN: 1746-1391 (Print) 1536-7290 (Online) Journal homepage: http://www.tandfonline.com/loi/tejs20

Prevention, diagnosis and treatment of the
Overtraining Syndrome

Over/under-response

Response

l ‘ Romain Meeusen , Martine Duclos , Michael Gleeson , Gerard Rietjens,
Adaptation Maladaptation Jurgen Steinacker & Axel Urhausen

Restart cycle Restart cycle



EXERCISE
PHYSIOLOGY

anian
Binenergedics
and Its
Applications

FOUETH NCHTEHE

G & Rramalle
Thiaitais 1. Fabew
Ksnsth 51, Baldnin

Table 3 The Mapor symptoms of Lverralning >eparat2d nto Four Major

Categories ™"

Physiological— performance

Decreased pl:'rt-urnmm'l:'

Decreased 11LI|_.|}. Eut

Decreased muscular '\I.I.'I:'I:If.'_I.III

Increased FOa at subrmasamal

loads

Increaged muscle soreness

Changes in heart rate (rest,

exercise)

Prolonged recovery periods

Loss of appente

Chronic Gitigue

Crastroantestinal deturbances

Psychological

Feelings of depression

General apathy

]JLI-EL'LJll}. COncentrating

Emotional L[I"-lil]."lll.:-u

Fear of Cormpetition

Excitation—irntbility

R estlessnes—Iloss of sleep

Anorexic behavior

Immunological dysfunction

Increased susceptibility to infecton

Increased seventy of minor
infections

].}I:'I.'I.'I:'il.'\t'IJ t-lJ[Il.'l.ll.lllil.l. iLl.'l.l'n.'ll:\. th-[lt'LJlI.'UIZJIIIll."-

Decreased total l:-[l][:ll:ll.ll.':-ult'

Counts

Reduced response to mitogens

Decreased producton of
immuno globulin

Biochemical alterations

Drecreased hl:'ml.lj.r_ll.llun

Nt"f.’_il.l.l.'-u'l:' [ILlfllf.’_l:'[I ].'liIJ.iI.[Il.'t'

J[ILTI:';L'H-I:'I_] resd |.|:"-u'|:'|.‘-

Decreased free testosterone
lewvels

Decreazed ratio of free testosterone to corasol

ratio of more than 30%

Elevated comisol levels
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Symptoms of Overtraining TN .
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FIG. 1. The basic 'steran nucleus’, typical structural modifications and examples of modified molecules.
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+ ATO TNV ATTOMOVWOT) KOl TOV XA POAKTNPLOMO TG TECTOCTEPOVNG TO 1935,
€XOLV oUVTEDEL TOAAQ TTOPAYWYQ, OL LOLOTNTEG TWV OTIOLWV StadEpouv
OLTTO QLUTEG TNG TEGTOOTEPOVN.

The Insults of Illicit Drug Use on
Male Fertility

+ Auta ta tapaywya ovopdalovrotl avaBoAtka-avopoyova OTEPOELDT)
(AAS), 1} o cuyva@, avaBoAika otePOELdN.

+ ApPXIKQA, QUTEG Ol OUCLEG X PTCLLOTIOLOUVTAV UTIO ETIAYYEAMLATIEG AOANTES
kot bodybuilders. Ztig pépeg pag, TO «KOLVO» TOUG EXEL ETLEKTAOEL.

+ Mpoodarteg diedveic peleteg avadEpouv smno}\aopo VlO( av6psg 3—4 %
Kot 1,6 %Y1 YUVOUKEG

Annals of Epidemiology

journal homepage: www.annalsofepidemiology.org

Review article

The global epidemiology of anabolic-androgenic steroid use: a meta-analysis and
meta-regression analysis

Dominic Sagoe MPhil, PhD Cand *~, Helge Molde PhD ", Cecilie S. Andreassen PhD *¢,
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Use of doping agents, particularly anabolic steroids, in Av a B O A lG l.l o’ q /

sports and society

Lacet 2008, 372:1672482 - The use of doping agents, particularly anabolic androgenic steroids (AAS), has changed from being a problem v p o V O v lo p o ‘

+ AvaBoAiopadg: NMpowbnon tng avantuéng, ouvOeoT MPWTEIVWV Kl
KOAAQYGVOU Kot aUENoN TWV HUWV Kot avénon tov PeTafoAlopol
TWV OCTWV.

+ O avopoyoVvIiopOG eival ot UOLOAOYLIKES XAAAYEG OTO AVOPLKO
CWHA TIOL 0ONYOUV OTA SEVUTEPOYEVT] XUPAKTNPLOTIKA TOU GUAOV.
Ta avaBoAika otepoeldr) epdaviouv aogbevéatepn dETEVON
oToUuG avOpoyeVveig uTtodoxeig (avaBoAikn dpacn)

+ Ta avépoyova oTEPOELOT) CUVOEOVTOL LOYUPA OTOUG AVOPOYEVEILS
uTtod o) LG (tvOpoyevn] dpaan).



Ta avaBolka

+ 'ExouV yivel Sopikéc aAAayEC GTO HOPLO TNG TECTOOTEPOVNG
TIPOKELMEVOU VU HEYLOTOTION 00UV T avafoAiLkd
ATIOTEAECATA KOl VO EAayLoToTo 00UV TOL avépoyova.
Qot000, OAa ta AAS €xouv avdpoyovog eav yopnynoouv yia
OPKETO YPOVO, 0€ UYNAQ ETITEON KUL APKETEG OOOELG

CLINICAL THERAPEUTICS®*/VOL. 23, NO. 9, 2001

A Review of the Chemistry, Biological Action, and
Clinical Applications of Anabolic-Androgenic Steroids

Nasrollah T. Shahidi, MD

Department of Pediatric Hematology and Oncology, University of Wisconsin, Madison,

Wisconsin
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# B ewision of Uroloay, peparment. D@ SIgNE@r steroids — over-the-counter
K a t o l E school of medicme, 1928 Alcon oy, s SUPPlements and their androgenic
: : £t otk eds component: review of an increasing
problem
:::l:;?’wrcdieroid—mduced hypogonadism, designer
i i i i m . D. Kim

+ A6 TOU 0TOPATOG AV BOALKE (17 C-EGTEPOTIOLNUEV
OTEPOELOT)): TpotoToinomn yia va artoPeVYETUL TO PALVOUEVO
TPWTNG OLEAEVOTG, AP EAEYXOG NTIATLKYG AELTOVPYLAG.

MikpOg xpovog orig (wrg, EMOMEVWGS KAONEPLVESG OOTELS
(otavoloAOAN, 0€EavdpoAdvn, neBuletaotootepovn)

+ Napevtepilkad o€ EAALWOES SLAAVHMA, LEYAAVTEPOG X POVOGS LOTIG
Cwr), KIKPOTEPT AVAYKY) VI KAONMEPLVEG OOOELS, OEV
ennpeadouv tTo rfrop.



Ta&LVOUN O WG TEPOG TO ATIOTEAEC
+ «'Opola pe TeaTOOTEPAVN»: avaBoAikri/avépoyovo 1:1,
TIOPOMOLA LE TNV TECTOCTEPOVT). ZNHAVTLKY) aéno NG
KUIKY)G padog (EOTEPES TEGTOOTEPOVNG KOl
MEOUATECTOOTEPOVN)

+ «'Opota pe ) dwodpoteotoctepovn»: loyupa avdédpoyovo
dpaon, dev petafoAiletar o€ oloTpoyova, OV 001 yoUV OE
katakpatnon Natpiovu kat Vdatog (oTtavolOAN Kol
o&aAavodpovn).

+ «'Opota pe tn vadpoAovn, 0paom A POMOLN LE TIPOYECTEPOVN
Kol v BoALkr} 6paoT), avaoTEAAOUV TO A&OV OTOV
UTtOO A O, XPYIOT OE KALVIKO XYWPO
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B U Anabolic steroids and male infertility:
J a comprehensive review

JU INTERNATIONAL

Guilherme Leme de Souza* and Jorge Hallak®

TABLE 1 Commonest AASs in use worldwide, according to main effect

“ompound name Brand name

‘estosterone-like effect
Testosterone esters: cypionate Deposteron®, Testex Leo®
Testosterone esters: undecanoate Nebido®, Androxon®
Testosterone esters: blends Durateston®, Testoviron®, Sustanon®, Omnadren®
Methyltestosterone Methyltestosterone®, Metandren®
Methandrostenolone Dianabol®, Anabol®, Naposim®
Chlorodehydromethyltestosterone Turinabol®
Fluoxymesterone Halotestin®
Boldenone Equipoise®, Equilon®

JHT-like effect
Stanozolol Winstrol® Stromba®
Oxandrolone Anavar®
Oxymetholone Anadrol®, Hemogenin®, Anapolon®
Mesterolone Proviron®
Methenolone Primobolan®

Nandrolone-like effect
Nandrolone decanoate Decadurabolin®
Nandrolone phenylpropionate Durabolin®
Trenbolone Finaplix®, Parabolan®

Nandrolone undecanoate Dynabolon®
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Anabolic Androgenic Steroids Abuse and Liver Toxicity
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Sexual Behavior and Reproductive Tissues
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Consequences of Anabolic-Androgenic Steroid
Abuse in Males; Sexual and Reproductive
Perspective

Giovanni Corona'”, Giulia Rastrelli*", Sara Marchiani®*”, Sandra Filippi2 , Annamaria Morelli’™,

Erica Sarchielli*”, Alessandra Sforza', Linda Vignozzi®", Mario Maggi®

'Endocrinology Unit, Medical Department, Arzienda-Usl Bologna, Maggiore-Bellaria Hospital, Bologna, *Andrology Female Endocrinology
and Gender Incongruence Unit, Department of Experimental, Clinical and Biomedical Sciences, University of Florence, *Section of Human
Anatomy and Histology, Department of Experimental and Clinical Medicine, University of Florence, “Endocrinology Unit, Depatment of
Experimental, Clinical and Biomedical Sciences, University of Florence, Florence, ltaly

The real epidemiology and the possible consequences of anabolic-androgenic steroids (AAS) use still represent a very tricky
task due to the difficulties in the quantification and detection of these drugs. Chronic use of AAS, frequently combined with
other illicit substances, can induce tremendous negative effects on the reproductive system, but it is also associated with an
increased overall and cardiovascular mortality risk. In the present review we summarize and discuss the available evidence
regarding the negative impact of AAS on the male reproductive system, providing practical suggestions to manage these
problems. For this purpose a meta-analysis evaluating the effects of AAS abusers vs. controls on several hormonal, reproduc-
tive and metabolic parameters was performed. In addition, in order to overcome possible limitations related to the combined
use of different AAS preparations, we also retrospectively re-analyzed data on animal models treated with supraphysiologi-
cal dosage of testosterone (T), performed in our laboratory. Available data clearly indicated that AAS negatively affect en-
dogenous T production. In addition, increased T and estradiol circulating levels were also observed according to the type
of preparations used. The latter leads to an impairment of sperm production and to the development of side effects such as
acne, hair loss and gynecomastia. Furthermore, a worse metabolic profile, characterized by reduced high density lipoprotein
and increased low density linonrotein cholesterol lewvels alone with an increased risk of hvnertension has been also

Fipally sexual dysfunctions, often observed upon doping, represent one the most probable unfavorable effects of AAS abuse.
Keywords: Cardiovascular risk; Doping in sports; Hypogonadism; Infertility, gynecomastia; Sperm; Testosterone congeners
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REVIEW
Anabolic steroid misuse and male infertility: management and strategies to
Improve patient awareness

Dustin L Whitaker &, Gabriella Geyer-Kim and Edward D Kim

Department of Urology, University of Tennessee Graduate School of Medicine, Knoxville, Tennessee, United States

ABSTRACT

Introduction: Anabolic androgenic steroid use is an uncommon but important cause of male infertility.
As paternal age and anabolic steroid use increases, providers are more likely than ever to encounter
men with infertility and prior or concurrent anabolic steroid use. In this review, we outline the back-
ground, epidemiology and pathophysiology of anabolic steroid induced male infertility and provide
recommendations regarding the diagnosis, management, and future prevention of this condition.
Areas covered: Male reproductive physiology is a tightly regulated process that can be influenced by
exogenous sources such as anabolic steroids and selective androgen receptor modulators (SARMSs).
Data suggest that a combination of selective estrogen receptor modulators (SERMs), human chorionic
gonadotropin (hCG), aromatase inhibitors (Als), and recombinant follicle-stimulating hormone (rFSH)
may lead to spermatogenesis recovery.

Expert opinion: Anabolic steroid and SARM users continue to exhibit lack of understanding regarding
the potential side effects of their use on male fertility. Current literature suggests that spermatogenesis
can be safely recovered using a combination of SERMs, hCG, Als and rFSH although additional studies
are necessary. While anabolic steroid prevention strategies have largely been focused on the individual
level, further investigation is necessary and should be approached in a socioecological manner.
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Table 4 Initial Treatment of Diacnosed Adverse Effects of AASN/

PELD Use

Diacnosed AAS/PED ad-
verse effect

Potential treatment if unwilling to
discontinue use

Mood disorders, depression,
polysubstance abuse
Hypertension

Sexual dysfunction

Hepatic dysfunction
Dryslipidemia

Left ventricular hypertrophy
Accelerated atherosclerosis

Exogenous hyperthyroidism

Decreased BMD

Hypoglycemia

Diabetes mellitus
Polycythemia

Intensive behavior therapy

ACE mhibitors / ARBs as first line
Cessation of oral AAS prioritized
rather than immediate treatment with
PDE-5 inhibitors

Cessation of oral AAS, referral to
hepatologist

Statins (caution if current oral AAS
use)*

ACE mhibitors or ARBs, referral to
cardiologist

Statins (caution if current oral AAS
use)*

Education on risk of lethal arrhythmaa,
EK G if symptomatic palpitation/
tachycardia.

Bisphosphonates® or denosumab™ if
osteoporosis present

Provide with glucose testing supplies,
education on hypoglycemic symptoms
and management.

Dietary control, metformin
Phlebotomy

*Contraindicated in severe liver disease and unexplained transaminifis.
We suggest these agenis be avoided in men actively using hepatotoxic

oral AAS

+ = (Nf label for the purpose of treated Al-induced bone loss in men
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