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as a concentration of NA in 

2 in men and 5 

When nandrolonc is ingested l)f by 
humans three metabolites of HaIl' 

isolated and mCilsurcd in the mint 

in the urine for IllS basis 
th'" illegal usc of nandrolonc by 
This was bdsed on the PlI:lllisc that urint 
n1rl abolites could only have heen derived from 
exogenollS n,1ndrolollc.A study ill appc,1fed 

have found NA, or J similar in the 
of athletes who had not 

the roc staled that 

fe-vic\-v. 

325 

. 
In 

Br j Med 2002;36:325-329 

false positive tests for 
raised. ExplanatiollS [m 

lcsts have induded 

EVIDENCE FOR ENDOGENOUS NA 
The 
Ietl's 

256.' [n retrospect, 
(ilused by imcrferellce other endo;::enous com· 
pounds (Hoise) and perhaps ' 
positive Th(' authors the 
limitations of stud}; the 'lI1.llytkal technique 
lacking specilicity and sensitivity. 

Smdies in 1988 again raisl.'d tile 
in the urine of 

9, 14, and J7 ngrmL" results were lalcr 
atlrilmlc'd to Handrolonc contamin,rfed meat 
whkh ttll' Sll\.jccts !!lay have C<1ferL I" 

[11 1996, the fOC dedartxt that lhe prescnce 01 il 
slllall amount of :-;A in urille was nor consid· 
ered 10 doping offence." This 

possihililY 
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Chole~terol 

• Andrmtenadiona 

Te~lo$terone Oestradiol 

and the proposed 
formation of 

of cndogl'llollS NA prod uclioll , It Gill only he assnmed that 
this decision was reill'hnl on th..: hasis of ,bta collected by IOC 
laboratorks during routille drug testing, as the scierHilic evi, 
(knee at the tillle was equivocal. In the late 19905, ,1l1alytical 
pwcedlllcs for the detecrioll and quantificaliol! of steroid 
rnctal>ol.ites in mine had become inncasingly sellsitive," This 

have accOllllkd fm an ilppreciable number of positive 
samples for NA being analysed in certain allli-doping 

laboratories, Milny of tile positive sampks were from pilrtici, 
pauts of sports thilt had previollSly not been associated with 
arDilolic steroid use, I Further l'csc.udr with more sensitive 
eqllipmenl was uwil'rtJkcn to delermine if NA could Le pro' 
duced by tIre human This rcscMcil showed 
cOllvincing that NA was in tire urine of 
subjects l'n:c of exogenous namlrolon(', I " '" ).1-" The urine NA 
(,(lllcentralions ill these studies from (1.0 I to 1.79 
ng/mL In a .\tlJ(ly by Galan Marlin et " lligh NA concentra-
tjons in five SpOTlspcopk (4, 5, 6, 8, and 14 ng!ml) werc 
measured. One Vl'Ol[hlll in the stlllly, who was postmeno­
pans"l, had a NA concentralioll of 2:, Ilg!mL 11 coull! he argued 
Ihar tlIcst' athletes had administered nandrolonc," These 
ft.'sults are diJfimlt to explain and 
liull or these subjecis is necessary 
he fOJIlled, 

METABOLISM OF NA 
Aromotisotion 

further investiga, 
a definite opiniou eaIl 

Melailolk pathways for the end()genous production of NA in 
IIII.' 11llm<11l hody need 10 he COIlsidered, Under normal 
cirCllmstances, testosterone is ilroUlatised 10 oeslrogen by Ihe 
amHLltase cuzynlc complex.'" Androstenedione, the cliIeCl 

of testosterone, is also ;uolllatised to OC5!rOgCIl 

J) ~2 The irllporrant step in 
l1lewholic process is removal of tht Illclhyi grollp from tlie 
]1)lh carLon of either testosterone or JlIdrostellctiione. 
Nandrolont' differs stTllctmally hom testosterone awl antlms" 
tCllcdiol1e in lacking the methyl group at the 19th carhon, and 
it is ,hlditionally eli/rerent from androstenedione ill Silbstitn-
lion of a ketone gronp for an group ilf rhe l7th 
carbon, Is it [c,lsible thai (nalldlOiolle and 
melabolitcs) are intenncdiares in the aromatisation procesS? 
(li~; I). 

Animal studies, ill vilro experimellls, alld observatioIls ill 
1 lII111;ms, pmlicutar1y pregnant women, add support to the 
proposal lila! 1 ')-IlOfstcwitis Jfe llllennediatcs in the arornali­
salioll or androgeus fu oesnogen.,j 1) i!:l ~l 1S 16 j)"H Oestrogen 
(D1rCclltLJliollS in women increase significantly both at the 
lime of oVlllalion ;m(\ during pregnancy." Haised urine NA 
COIlCcIItrariollS have recently been identified in women al the 
lillie of ovn],1[ion" JJ ilno during pregnancy," Mareck-Engdke 
e/ ,1t" reported that durillg pregnancy r he concL'ntratioll of NA 
in hmnilll urille may reach 20 ng/mlln these cases, pregnancy 
is coIlnrm(~d with a blood test for human (horionit' 
gOlIiUlulrtlphin. 

www.bi'florirncd.eom 

Koher, lomborl 

A recent slndy by Rel.llik ct al" examined Ihe seqllelae of 
giving human dlorionic gOlladorrophill !O 10 mCIL Illllll<11l 
chorionic gOIladotrophin increases semlll tcslostcrun e ill 
hectlthy IlKU"'"') amI stimulal.es the awmalase enzyme, 
call sing a gradual incrc:rse ill ScnlI1l oestrogen," H" Tile 
serurn testosterone and oestrogen illcreasrd in the 10 subjects 
after lnnnan choriouic gonadotrophin iHhnillistration, and NA 
cxnetioll ill the mine increascd by 250%, lImay be (()nduded 
fmm this sludy lhat the increase ill nandrolollc biosynthesis 
was possibly associated,vith the increased aromatisaljoil of 
lestoslerone' 10 oestrogen. 

"Factors that could increose the Rux of 
precursors through the testosterone 

could theoretically increase lha omount of 
na.ndr'Dic)na produced." 

Although the pathways proposed are theorelical, the avail­
able evidenl'e suggest, lhilt it is possible for the 1I11x of andro, 
geIl precursors tllrough the lestosterone hiosynthctic pathway 
to result in the production of cndogenous llillHI roIOIl<.', Th<.'TC' 

fore it GIU be assllmed that factols thilt could [ucrease Ihe flnx 
of androgen prec1Irsors tllfough the teslosteroue biosynllIctic 
pathway could theoretically increase the amotlnt of nan, 
dmlone produced. 

FACTORS WITH THE POTENTIAL TO AFFECT NA 
METABOLISM 
Genetics 
There is a ,yide Iilnge of sefnnt testosterone concentratiolls ill 
men," large genetic inlerilldividllal imd imraindi, 
vidual variability sex steroid production and tXLIetion over 
a 24 hour period," The possibility tiJneforc exists that there is 
a vari;Jllle rate of NA exneriOlL Indeed, elldugeuous NA mine 
eXlTetion in a mille athlete varied bv 680% over a three 1Il0ll!l! 

and in another subject hy 72% over il 24 hour period," 
The ellZyme complex 17p-hydroxysteroili dehydrogenase, 
which is responsible for cOllverting androstenedione into tes· 
toslcrone, and the .JIOmatase euzyme complex, which 
couverts testo5tewue into ocslrogen, occur ill muscle and 
faL" ,7 TherdOle, it is conceivable that people will! higher 
mllscle and fat content lIlay be more proftciellt in the prmluc, 
rion of 19 .. norstemid intermediates. The aromatasr 
complex per 51? can also show considerable 
in expressioll and activity in certain people, wilh increased 
activity of Ihe aromatase enzyme pmdudng larger ilIIlmmts of 
oestrogen, This prompts the question of whether gcnetic 
uprcgulat!on of the aromatisalioll process in these people 
irKrCJSeS the production of 1'J-norstemids. 

Exercise 
Inrense exercise has heen associat,('d with wised levels of NA 
ill the mine,'"'' I.e Bizec et <Il" studied professional 
players over I ~ months ami collected 385 millc 
NA conccntratiolls afr<~r soccer games were 
higher tItan before garnes, For NA concenrrations ;Iftcr games, 
70% of the millc SilIIlples were below 0.1 ng/ml, and 20% were 
bet.weell 0,] and 0,2 IIg/mL NA in four mille samjlks Werl' 
above 1.0 ng/mL the maximum value 1. 79 ng/ml." \-VlltIl 

urine is tested for banned slIbslJHCCS Ihe specific 
of the urine silmple is meJsnred above I ,()20, mille 
mnccmrations all' adjllSted by il correction factor." This 
amlysis is based Oll tlte premise that IlrLne How rate amI mine 
mefabolile excretion rcmain COllstilllt during illld directly 
after exercisc, However, this is an erroneous assumption as it 
has heen shown thilt excretion of pseudoephedrine after CXCI 

cist' was increased in subjects in whom lJrine volume 
remained CllustallL'" Thus lIIille metabolite excretion may not 
rClilaill COllsTant during Jnd direcily after exercise, and 
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UlHlolll urine salI\ple collectiou afler exelcise lllay be 
umeliablL'."·" A mOlT aCClIrale measure would be 10 colkct a 
IlriUt sample over il .~4 hom period, allowing the calculation of 
u;crelinll ra!es of uriue melabolites." However, this is not 
practical, particlllarly when testing for 

The serum illtdrogen response to in can 
vary ilcconlillg !o the tYIx', duration, aud intensity oj the exer· 
cise lask.'"" Serum conccllIraliolls ofleslOstcHlllC, al1dmslene· 
,hout', ilnd dehydroepiaudIOSlewnt' increase will! shor1 I erH!, 
illlnlse exercise as the result of increased testicular produc­
lion hy an llllknown mechallism.'; All increase ill serull! 
testosterone' after exercise may also be cansed il decrease ill 
Ihe plasma vohHnc" or a decrease ill hepatic 54 11lc 
dfel! of eXE'JCise on s':nllll oestrogen is also extremely 
varial'k." 

collected ofter high 
concentration of NAN 

exercise 

It is e'ollccivable rllat the inncase ill circulating androgens 
illl'cople participating in shurt durarion, high illiensily exer· 
cise could result in the stimulation of the arornalase enzyme 
complex, resulting in all absolulc increase ill Ihe amollilt of 
NA ill the urinc. Therefore, thert' are sufficient data' "to 
snggc'st that il mine collected after high illll'nsity 
eXcn.i,t> could have a concentration of NA for reasons 
Olhel than dehydration. 

Trauma and stress 
As yd, llD sludy illvestigatl~d the possible effect lhat (fau·· 
miltic stress (mnsculoskelelal injury) may baw Oll 1<)· 
norsteroid metabolism. Intcrcslingly, two international lllale 
,Hhletes, one an illtcfllatioual rugby player" and Ihe otiler a 
pa.aOlympian (H Frasure, personal cOllllIlllrIication), rccclllly 
resl<"d posilive for NA above 2 ng/ml, after both 
snlfl:tcd significaut lnjmicsjust before passing i1 urine 
for drll).: H:'sling. Both athletes daimed to be inIlocent of a 
duping orrence. The mflcerllratioll of NA in the mine 
of butll athletes was aholll 6 ng/Jlll,which is slightly above 
roc CUI off concentralioll for men (2 Itg/ml). 

Rcmik ci al" have provided some insight into rhe effect of iI 
stress resj10me on naudwlo!le metabolism. 
was induced ill lO subjects hy intravcnou5 
lU/lq: iusulin. Urilllc samples wcre collected ill 0·-2, 2-·4, and 
'~-lO homs after the insulin injt:ction. They concluded Ihat 
hypoglycaemic SHess did not significantly alter NA excretion. 
!-ImV('vcr, illSpccrioll of their data shows that, in certain 

NA excretion increased ill the first two hours after 
of the hypogJycaclIlic stress. Had the study included 

more than 10 subjects, it is likely l!lat there wOllld have been 
sllfli.jellt statistical power ro show that the illLTease ill NA in 
tItt" tlrstlwo hours after hypoglycaemic stress would have pro­
duced a signilicanr finding. nYlxlglycaemic stress is associated 
with Ille prodllClion of hOfmones: 
cortisol, glucagon, hormone, and cortisol 
is plmluced in the adrenal COrlex when stimulated 
cmlicotwpilic honnollt'. Tlie laller also 
production of "nd 
th,. adrenal mfrex, to speclilate tllal the 
incrl'ilsed production androgens results ill in-
creased NA excretion as dcsnibed above. Further studies need 
to evalnale IVllell!cr [he increase in adrenal Jlldrogclls and 
theil ;JrOlnZHisatiol! could produce changes ill NA 
eXCll'tiou aner nallmatic 

Mineral cofadors and herbal products 
Tilt:!,,' is also a theofclical afgllIJlC'llt that ct'rtain suhStdllC,>S 
nllt prohibited in sport lllay altef nandrolollc metabolism. tor 
eXJlllple, tll" trace dellll'lIt zinc is a cofador in !Ililn)' eillymi( 
plOcesses ill tIle body, An incre:lse in serum testosterone ill 
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ziltc 
zinc dellcielll has been shown after 

Also, diets ddicicnl illlinc lesnlled ill 
a sigllifkalll decrc.)se ill SClIlll1 testosterone cuneemrali(]]L 
Therefore it cal! be comludeu tlia t IjllC 

production. Althollgh rhere is a liu,:aI 
serlllH zinc and serUlH tesfOste-rone collcenlrZltiOllS, it is !lot 
known whether doses of zinc are associ· 
ated with higher of testoslerone productiOlL Certain 
ilthletes <lre marginally zinc deficienl'·' because ofinadcLjllill<' 
illlake" and considerable swealloss."" As zinc Slallls may not 
Ill' optimal in thcse alhIclcs, call zinc 
cahancc IcstostclOnc prodllclion and could innease in 
tc:stosterone production increase th,~ prodllction of arollla!isa· 
lion illll'fIIwdiates7 Tllis question was panially addressed 
when a zillc/magnesimll supplement (30 mg zinc) was givell 
to football players nightly for dghl weeks. Tllis Ifcatntcnl 
increased her and bOllnd serum teslOsterone Ily ahout 33'X,.'·0 
These findings were lIot atlribmed to hacmoconccntratioll 
becaml' Ihe blood samples were taken 24 hours antI exercise. 
On the basis of Ihe possibility that 19-1lorslewid melabolism 
mar' be associated \-Vilh teslosterone melabolism and the am· 
matisatioll process, it is feasible that litlc suppierneIHation, 
combined wirh exercise, may increase namlrnlone metabolites 
ill the mine. 

The herbal product trihulus terrestris (tribestan), which has 
been used in Eastern cnltUles sillce ancient times to trcat 
impotence ami improve libido, is anmlrer substance that has 
been associated with all increased SCHUll test osterone 
collccmration (5 MiL:mov, H1rpubJishcd work). Could trihcSla1l 
in comhination with exercise increase NA in Ihe urilll'l 
FlU thn research is necessary. 

CHALLENGING THE IOC CUT OFF 
CONCENTRATION FOR URINE NA 
Uuril recently, studies involving large numbers of subjects to 
detefmine the physiological range for llle concelItratiOlI of NA 
in the urine of men ilnd women free or exogenous nandroloue 
were ];lddllg. Datil 011 the rang..: of NA could only be drawn 
from the analysis of uri.ne from sedclitilfY and recreational 

at rest.' "15"" The totalllumber of from all 
stndirs is about 150. No spccific menlion made in ilny 

of the stlldies of I he age of the lIlak subjects. This is rckvanr 
becallSe lestosterolle decreases will! advallcing 

"' Therefore olle expect 19-nOlsteroid production to 
also with advancing age, making the age of stndy 

populations all important consideration. The ill1l0Unt of NA in 
the lIIine from the subjects did not l~x.ceed I in 
the sllIdy of (,alan Martin ,·t aI," the concem, 
already been raised. 

"Thera is no by the IOC of why the 
threshold concentration for NA is in women." 

"l\vo It'cent SlUtiies illvoJving larger nurnbcrs of sportsmen 
have provid,'d further evidence. Urine samples collected after 
exerdse ill these smdies Sh(JWl~d tltat lite concentration of NA 
in the urine increased, and in certain mcnthe concentration of 
NA was close 10 the cut off concelltration of 2 ng/llll/' 25 

Should this he comhined with other stressnfS and pos,ihle 
supplement interwntions (mentioned above), Ihc concentra· 
tion of NA in the urine is iIlost 1Il1prediclable. 

The roc have also collected data and rneasnred 
N A urine excretioll in and female iltltktcs at the 
1 <)96 Nagano Olympic games, hlH Ihese dat a have no! been 
rdca,,'!! info thepllblic domain." It would be beneficial for tlh' 
IOC data 10 be made jlllliJic to SllPpO! t reasoniug beltiud the 
calculation of CUI off conceUllatiolls fOf NA in the urine of 
men and wOlllen. There is also lin explanatioll by the IOC: of 
why the Ihrc'shold concentration for NA is highef in women. If 
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the le,lSUll for it is th~ higher circlllating levels of 
I"mltlllarly at the lime of ovulation, is this not 
support for the presence of 19-nolstcroids as imermcdiates ill 
the alOlllatisatioll of audrogens to oestrogen?" llrudIord-llill 
has staled: "It is the ('ssellel? of science to disclose botll the 
data npoIl which a cOllclnsion is based and the methods by 
which Ihe ((llldusioll is obtailled"." 

Thl' IOC has defended the SfillUs quo on nandroIonc aJl(1 
con!irlilcd these threshold vailles of 2 ng/1II1 in men and 5 
llg!nrlill womeu ill Monaco in October 1999. The conditions 
of striCllialiility arc ill tile case of allY athlete 
conlIavcnillg the abovc 

METHODS TO TEST FOR NA 
A ,olnlion to the cant roVLTsy surroundiug nandrolone ill ~port 
is to develop Cl tesling procedure that call accurately diHerell­
[iatl' t'ndogenolls IlJlHlrolone merabolites from nandwlolle 
thai is ingested or injected. The technique of gas 

ratio llIilSS spectrometry 
(GC-C-lla,,1S) to cillcul;lle the ratio is cunclI tly 
developed as a method to fulfil this pnrpose.' "" This is 
all the principle> that lliltllral stemids have a different cilr!Joll 
isotopic signalLHe [[Om syutheriL steroids. The "C/"e; mtio for 
synthetic: naudrolunc metabolites is lower than that for 
endogenol15 mCla boJites, therefore administering exogenollS 
nillldrolo!lc' will lower t his ratio. This ratio has also been pro­
posed as a method of dNectillg the lise of synthetic lestosteT­
one as all a i!e[JlJtive 10 the testoslerollelepiresfOsterolle 
ratin."" However, a potl'llti:ll problem with GC-C-JRMS is Ihe 
lack of leprmlucihility awl sensitivi ty hccause of the low kwb 
of endogenolls l1alHlrolollc metabolites prescnt inthc body. At 
plescllt, 1 his method can only he to "high" LOllcel1lIa' 
tions of NA (60 in tlIe urine. 

I.e Bizcc ~t lEIS proposed eXJmilliug the steroid 
conjllgates ilS ilIl additiollal criterion to dislinguish between 
the cndogcllOltS or exogcIlollS origin of llJndrolollc lIlerabo­
lit es. Hndogenolls N A was fOHm\ to he 30% 
jll (omras! with ailministered n;}lIdrolonc. which was 
to he 100% conjugated to glunnonic acid when exul'led in the 
llrillt,'-' 

Kintz et ai" -" pruposcd that analysis of hair samples from 
athletes is another oplion to consider for dl'tccting the 
pn:sl'lIu' of cxogcllollS nandrolonc. The analysis of hair sam· 
pIes multi be used 10 accurately verify posilive rcmlts ohtained 
hy gas chromatography·mass spectrometry. 

Until the hail sample ilnd GC-C-IRN[S techniques have 
1>,'clI validated 011 .l l.nge scak, a pntdcnt approach aftcI the 
detection of NA illuriue samples above the Cllt offcollcclllril 
lion is for the athlete to have further blood rests before till' 
sample b dCcl.JIWi as is done for athletes with a high 
rcstostcllllle/cpitcslosterone ratio. 

CONCLUSION 
The .Jhusc 01 the steroid testosterone a nnv probltm 
for tI'!if', control ill sport." Perh:lps sallle can now be said 
for lIil!!(lrollllll'. Accordillg to the Olympic Jl10vt'IIH:nt .1llti­
doping code, NA is not a prohibited snbslance/' However, 
should NA in the mille exceed a certain thrcshold COlleentrJ­
lioll, the interpretation is that nandrolollc has becl! ingested 
lll' injeCled_ Tht'fC is scieillific evidence to show that NA 
GIl appear in. the of people free or l'xogenollS 
uandrolullc. Evidence snggests that NA may occm as an imer­
medi:lll' in tIl<' afOlnatisatioll of testostcroue to oestrogen, 
Hecent evickncl' li.15 shown that rhe amount of NAill' the 
lIrirh: can regniakd by the administration or hUlllilU chori­
Ollie: gnuadntrophin. Therefore, thrcshold concentrations fo! 
men (2 ng/ml) illld WOlllen (5 ug/ml) as ddim:d by the IDe are 
still "pen to deiJate became (oudllsive sdentific evidence 
s!lOwing how these val1les may he altered by various 
physiological slimuli is bcking. In accordauc,~ with this, 
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19-Norandrosterone INA) is produced Ani-iNl .. "nll';I\} 

an intermediate in the aromatisation of 
oestrogen. Intense exercise may increase its t'n,,,",,ntrr,tirm 

in the urine. Future laboratory lesting methods to dis­
from exogenous nandrolone metabo-

lites as this has for 
control in sport. 

multicenlre studies !lced to auswer further specific 'IUCSliol1S 
on the current urine threshold cOllct-'nl.rat ions for nill](lrohHll' 
metaholites and wht'tller physiological slressors and permit­
ted slIl'PlcmclII intervcntions can al[('[ NA excrelion. 
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