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Abstract

Inhaled betaz-adrenoceptor agonists (betax-agonists) are used extensively in the treatment of asthma
and exercise-induced bronchoconstriction, which is highly prevalent among elite athletes.
Consequently, elite athletes have a high use of betaz-agonists. Because of rising suspicions of
performance enhancing effects, restrictions toward the use of betaz-agonists were introduced in the
early 1970’s and still remain today. While the scientific basis for the performance enhancing effects
with acute high-dose inhaled betas-agonists is well-established, limited knowledge exists on the
effects of chronic administration of betas-agonists within the limits of the current anti-doping
regulations. Specifically, there is reason to believe that beta;-agonists can increase lean mass and
sprinting ability in humans, but at present this notion is largely based on data from rodents. In the
present thesis, three randomized, double-blinded, placebo controlled intervention studies were
conducted to evaluate the potential of beta-agonists to induce increases in lean mass in humans and

to evaluate the effects on exercise performance.

In Study I, 26 moderately trained, healthy, male participants (maximal oxygen consumption
(VOamax): =50 mL/min/kg bw) received either placebo (n=13) or oral salbutamol (n=13) daily and
completed an 11-week resistance training intervention (3 sessions weekly). Before and after the
intervention, we collected a muscle biopsy from m. vastus lateralis and evaluated 10-s maximal
sprinting ability on a bike ergometer and isometric and dynamic maximal torque of the quadriceps
muscle. In Study II, 67 moderately trained male participants (VOamax: =50 mL/min/kg bw) received
either placebo (n=29) or inhaled terbutaline (4 mg once daily; n=38) for 4 weeks. Participants were
additionally allocated to one of three interventions, where they either a) maintained their habitual
physical activity lifestyle (“no structured training; n=23), b) performed endurance training on indoor
spinning bikes three times weekly (“endurance training”; n=21), or c¢) performed whole-body
resistance training three times weekly (“resistance training”; n=23). Before and after the intervention,
we assessed lean mass by dual-energy X-ray absorptiometry (DXA), VOomax, and 30-s maximal
sprinting ability. In Study III, 61 well-trained, healthy participants (31 male, VOamax: =60
mL/min/kg/bw; 30 female, VOomax: =55 mL/min/kg bw) received either placebo (n=20), inhaled
formoterol (24 pg twice daily; n=21), or inhaled terbutaline (2 mg twice daily; n=20) for 6 weeks.
Participants did not complete a training intervention but maintained their own high volume of
training. Before and after the intervention, as well as every second week, we assessed lean mass by

DXA scanning, quadriceps isometric maximal contraction torque, VOamax, and sprinting ability.



In Study I we observed that high-dose oral betas-agonist administration during an 11-week resistance
training intervention increased muscle fiber cross sectional area more than placebo, and that this was
preferentially related to increased hypertrophy of myosin heavy chain Ila fibers. However, there were
no improvements with salbutamol in isometric and dynamic muscle strength of the quadriceps muscle
compared to placebo, and only mean power output was augmented with salbutamol during maximal
sprinting whereas peak power output was unchanged. In Study II, we observed that anabolic effects
are also achievable with high-dose inhalation of betas-agonist terbutaline in a dose that is permitted
by current anti-doping regulations with a therapeutic use exemption. In addition, the anabolic effect
of terbutaline was evident in the “resistance training” intervention — in line with the observations from
Study I — but also in the “no structured training” intervention. However, in the “endurance training”
intervention, the anabolic effect of terbutaline was blunted. Lastly, inhaled terbutaline had no effect
on anaerobic sprinting ability. In Study III, we observed an anabolic effect of twice-daily betas-
agonist inhalation of both formoterol and terbutaline, respectively, although less so than with the
once-daily administration regimen of terbutaline employed in Study II. However, once again there
were no apparent performance enhancements on muscle strength or anaerobic sprinting ability.
Conversely, formoterol lowered VOamax and both formoterol and terbutaline decreased markers of

aerobic exercise performance.

In conclusion, chronic betaz-agonist administration in humans is anabolic and this effect is achievable
with inhalation within doses permitted by the current anti-doping regulations. The effects of betas-
agonists on lean mass appear related to a drug class effect as in the present thesis betay-agonists
salbutamol, formoterol, and terbutaline all increased lean mass. Despite increasing lean mass, beta,-
agonists do not appear to improve muscle strength or anaerobic exercise performance in healthy
individuals. On the contrary, chronic betar-agonist administration may in fact be detrimental to
aerobic exercise performance. These results indicate that within the current anti-doping regulations,

there is very limited potential to enhance exercise performance with chronic betaz-agonist treatment.



Dansk resumé

Inhalerede betaz-adrenoceptor agonister (betax-agonister) er anvendt i vid udstreekning blandt
eliteatleter som behandling mod astma og anstrengelsesudlost bronkiekonstriktion, som er meget
prevalent i denne population. Som folge af en stigende mistanke om prestationsfremmende effekter
indfortes i starten af 1970’erne gennemgéende restriktioner for indtaget af betas-agonister. I de
efterfelgende ar blev det 1 kontrollerede studier bekraeftet at akut indtag af inhalerede betas-agonister
1 heje doser kunne medfere praestationsfremmende effekter. Derimod er det endnu sparsommeligt
belyst hvorvidt det er muligt at opné en praestationsfremmende effekt ved kronisk (dvs. dagligt i flere
uger) indtag af betay-agonister i doser som holder sig inden for graensen af de tilladte doser i henhold
til de geeldende anti-doping regler. Nermere bestemt forefindes der i dyrestudier videnskabelig
evidens som sandsynligger at betay-agonister kan inducere skeletmuskelhypertrofi og ege sprintevnen
i mennesker. Indeverende afhandling er baseret pa tre randomiserede, dobbeltblindede,
placebokontrollerede interventionsstudier med det formal at undersege hvorvidt det er muligt at opna

skeletmuskelhypertrofi med betaz-agonister og hvorvidt dette pavirker preestationsevnen.

I Studie I inkluderede vi 26 raske, moderat treenede, mandlige forsegspersoner (maksimalt iltoptag
(VOamax): =50 mL/min/kg) som dagligt indtog enten placebo (n=13) eller oral salbutamol (n=13) og
gennemforte en 11-ugers styrketreningsintervention (3 treninger per uge). For og efter
interventionen indsamlede vi en muskelbiopsi fra m. vastus lateralis og undersogte desuden maksimal
sprintevne under en 10 sekunders test pd cykelergometer og isometrisk sédvel som dynamisk
muskelstyrke af quadricepsmusklen. I Studie II inkluderede vi 67 raske, moderat treenede, mandlige
forsogspersoner (VOomax: =50 mL/min/kg), som dagligt indtog enten placebo (n=29) eller inhaleret
terbutalin (4 mg én gang dagligt; n=38) i1 4 uger. Forsegsdeltagerne blev desuden inddelt i én af tre
interventioner som bestod i enten: a) vedligehold af deres daglige habituelle fysisk-aktivitetsniveau
(”ingen struktureret trening”, n=23), b) udholdenhedstrening pa indenders spinningscykler tre gange
ugentligt (“udholdenhedstraening”, n=21), eller helkropsstyrketreening tre gange ugentligt
(styrketreening”, n=23). For og efter interventionen bestemte vi fedtfri masse ved dual-energy X-ray
absorptiometry (DXA) skanning, VOamax, 0g sprintevne under en 30 sekunders maksimal test pi
cykelergometer. I Studie II inkluderede vi 61 veltrznede, raske forsogsdeltagere (31 mand, VOamax:
~60 mL/min/kg; 30 kvinder, VOzmax: =55 mL/min/kg) som modtog enten placebo (n=20), inhaleret
formoterol, (24 pg to gange dagligt; n=21) eller inhaleret terbutalin (2 mg to gange dagligt, n=20)1 6
uger. Forsggsdeltagere udferte ingen traeningsintervention, men vedligeholdt derimod deres vanlige

hgje treningsvolumen. For og efter interventionen, samt hver 2. uge under interventionen, bestemte



vi fedtfri masse ved DXA-skanning, maksimal isometrisk styrke af quadricepsmusklen, VOamax, 0g

sprintevne under en 30 sekunders maksimal test pa cykelergometer.

I Studie I observerede vi at hegjdosis oral betaz-agonist indtag under en 1l-ugers
styrketraeningsintervention egede muskelfibertversnitsareal mere end placebo, og at dette var
fortrinsvis relateret til hypertrofi af myosin heavy chain Ila fibre. Imidlertid observerede vi ingen
forbedringer med salbutamol i isometrisk og dynamisk muskelstyrke sammenlignet med placebo, og
kun middeleffektudvikling var forbedret med salbutamol under sprinttesten, mens maksimal
effektudvikling var uendret sammenlignet med placebo. I Studie II observerede vi at anabole
effekter ogsd kan opnéds med hejdosis inhalation af betaz-agonisten terbutalin i en dosis der er inden
for de fastsatte greensevaerdier i henhold til de nuvarende dopingregler ved besiddelse af en
“therapeutic use exemption”. Den anabole effekt forekom i ”’styrketrening”-interventionen — hvilket
er i overensstemmelse med Studie I — men ogsa i “ingen struktureret traening”-interventionen.
Derimod var der ingen stigning i fedtfri masse i “udholdenhedstraening”-interventionen. Slutteligt
observerede vi ingen fremgang i sprintevne med inhaleret terbutalin. I Studie III observerede vi en
anabol effekt af to-gange-daglig betay-agonist inhalation med bade formoterol eller terbutalin, som
dog var mindre end stigningen observeret med én-gang-dagligt administrering af terbutalin som i
Studie II. Endnu engang var der ingen prestationsfremgang i muskelstyrke eller sprintevne med
hverken formoterol eller terbutalin. Tvaertimod var der en forringelse i VOamax med formoterol, og

bade formoterol og terbutalin forringede markerer for acrob praestationsevne.

Afslutningsvis konkluderes det at kronisk indtag af betaz-agonist i mennesker har en anabol effekt,
og at denne effekt er synlig selv ved indtag i doser inden for dem fastsat i de nuvarende anti-doping
regler. Effekterne af betas-agonist-indtag pé fedtfri masse ser ud til at vaere relateret til en klasseeftfekt,
da alle de anvendte betax-agonister (salbutamol, terbutalin og formoterol) i indevarende afthandling
inducerede stigninger i fedtfri masse. Pa trods af disse stigninger i fedtfri masse oger betaz-agonister
tilsyneladende hverken muskelstyrke eller sprintevne 1 raske personer. Tvartimod ser kronisk beta,-
agonist indtag ud til at vaere uhensigtsmeessig for den aerobe praestationsevne. Disse resultater viser
at der inden for de nuverende anti-dopingregler er meget begrenset mulighed for at opna

praestationsfremmende effekter med kronisk beta>-agonist-indtag.
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