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Abstract

Characterization of the equine metabolites of
LGD-4033 in urine using UHPLC-MS(/MS) for doping
control purposes
Liora Jackson

The aim of this project was to study and characterize the metabolites
of LGD-4033 in equine urine, with the final aim of using the results in
doping controls in equestrian sports. Urine samples had been taken at
different points in time from three horses that had received the
substance intravenously. The samples were both directly analysed using
a so called dilute-and-shoot approach and were also prepared with a
mixed mode anion exchange solid phase extraction. All analysis were
done with UHPLC-ESI-MS(/MS) in negative mode. A total of eight
metabolites were found, which were all combinations of phase I
hydroxylation and/or phase II glucuronidation. Of these a total of four
(one that is both monohydroxylated and glucuronidated, one that is
dihydroxylated, as well as two glucuronidated metabolites) would be
suitable for doping control.
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3 POPULÄRVETENSKAPLIG SAMMANFATTNING 

Liksom i idrotter där människor tävlar så förekommer doping ibland även inom hästsport. 
Syftet med denna studie har varit att undersöka hur en viss substans, LGD-4033, bryts ned 
(metaboliseras) och sedan utsöndras i hästurin med slutmålet att använda informationen vid 
dopingkontroller. 

LGD-4033 har utvecklats för att användas vid tillstånd som innefattar en försvagning av 
muskler eller ben, t.ex. vissa cancersorter och åldersrelaterad benskörhet. LGD-4033 verkar 
ha en effekt som liknar den hos anabola steroider men med färre biverkningar. Substansen är 
ännu inte godkänd för att använda som läkemedel. Trots detta, och trots dopingklassning, så 
finns det många bodybuilderhemsidor som säljer substansen och den har även påvisats vid 
dopingkontroller på människa. Det finns därför anledning till att tro att den kan komma att 
användas som doping inom hästsport också (trots att den även här är dopingklassad). 

Rent praktiskt så har detta projekt gått till på följande sätt: tre hästar har fått en engångsdos av 
substansen och därefter så har urin tagits vid ett antal tillfällen. Denna urin har renats på olika 
sätt för att sedan analyseras. 

Själva analysmetoden bestod av två delar. Del ett förkortas UHPLC vilket står för Ultra High 
Performance Liquid Chromatography och del två är en detektor. UHP beskriver helt enkel att 
det är ett instrument som är till för en analytisk (dvs liten men mycket noggrann) skala. Liquid 
chromatography, eller vätskekromatografi på svenska, är en vanlig separationsmetod på 
kemilaboratorier, se Figure 1 för en schematisk överblick. Vätskekromatografi består av 
någon typ av pumpsystem där vätska pumpas via slangar genom ett rör (kallad kolonn) fyllt 
med en typ av  gelé (separationsmedium). Genom att injicera en liten mängd prov innan 
kolonnen, så följer det med vätskeflödet. Efter kolonnen finns en detektor som hjälper till att 
avgöra vilka molekyler som kommer ut vid en viss tidpunkt. Det finns olika typer av 
separationsmedium, men gemensamt för alla är att de har en förmåga att hålla kvar olika 
molekyler olika länge baserat på en viss egenskap. Vanliga egenskaper att separera är på 
storlek eller på hur fett-/vattenlösliga olika molekyler är, det senare är det som har använts 
här. Det innebär att molekyler som är mer fettlösliga än vattenlösliga kommer att komma ut ur 
kolonnen senare och därmed även komma till detektorn senare.  

  

Figure 1: Schematisk bild över HPLC-system som från vänster till höger visar: vätska som pumpas genom en kolonn (med 

möjlighet att injicera ett prov innan), för att slutligen nå en detektor. 

I det här fallet så har en masspektrometrisk detektor av typen Q-ToF (quadrupole time-of-
flight) använts. I den så gör man så att molekylerna antingen får eller blir av med en proton, 
så att de blir positivt eller negativt laddade. När dessa laddade molekyler hamnar i ett fält 
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kommer de att röra sig olika fort och därför nå själva detektorn vid olika tidpunkter. Det som 
avgör en molekyls hastighet är dess storlek (massa) dividerat på dess laddning, vilket skrivs 
m/z. En Q-ToF ger massan med mycket hög noggrannhet vilket innebär att det går att dra 
slutsatser om vilka och hur många av olika atomslag som finns i en viss molekyl. 

Kroppsfrämmande substanser metaboliseras innan de försvinner ur kroppen. Det innebär den 
substans man har tagit kommer att genomgå någon typ av strukturell förändring, exempelvis 
att några kemiska grupper sätts på eller tas bort, vilket förändrar substansens egenskaper. 
Genom att studera de massor som finns i proven och jämföra dessa med dels information om 
substansen till att börja med, men även känd information om hur hästar vanligtvis 
metaboliserar olika substanser och tidigare studier gjorda på människor, så går det att dra 
slutsatser om hur substansen har metaboliserats. I dopingkontroller kan man då leta efter 
dessa massor och om de finns så kan det vara fråga om doping.  

Under denna studie så har massor motsvarande åtta olika kombinationer av två grupper som 
sätts på substansen hittats. De fyra mest förekommande av dessa kombinationer är desamma 
för alla tre hästar, vilket innebär att de är lämpliga för dopingkontroller.  
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5 INTRODUCTION 

The purpose of this project was to study and characterize the metabolites of LGD-4033 in 
equine urine by using UHPLC-MS, with the final aim of using the results in doping controls 
in equestrian sports. 

LGD-4033 is a substance in the class of non-steroidal selective androgen receptor modulators 
(SARMs) that is currently in a phase II clinical trial1,2. SARMs have been specifically 
designed in order to be used for androgen replacement therapy. Like testosterone (and other 
anabolic steroids) SARMs target the androgen receptor (AR) giving an increased body mass 
and strength in muscle and bones but with less side effects3. 

SARMs have been designed by structure-activity relationship and have been improved 
through computer modelling of the target AR4. Even though none of these are approved for 
therapeutic use yet, some of them have by now reached the black market, and have in a few 
cases been found in samples from human athletes5–7. SARMs have since 2008 been classified 
as doping and are prohibited by The World Anti Doping-Agency 
(WADA) as they are thought to be performance enhancing8. 
Apart from being dangerous, since using a non-approved black 
market obtained product precedes the rigorous testing a drug 
needs before approval, and since it is not for sure that it actually is 
the pure substance it claims to be, this also calls for the need to be 
able to detect the substances and their metabolites for doping 
control.  

Two separate studies by Thevis et al.9 and Geldof et al.10 aim to 
determine the structure and purity of  black market LGD-4033, 
as well as studying the metabolites in in vitro systems. The in 
vitro systems give a pointer of which metabolites will be found 
in in vivo systems as well as allow for a higher yield of metabolites which in turn allows 
structure analysis by NMR. There are two principal reasons for wanting to look at metabolites 
alongside the parent compound in doping controls; the first reason is the possibility to trace 
metabolites for an extended time compared to the parent compound and the second reason is 
that presence of metabolites reduces the risk that the compound was added to the sample after 
it was taken from the horse11. In both of the studies the LGD-4033 substance was bought on 
the online black market. The studies both confirm the same structure, 4-(2-(2,2,2-trifluoro-1-
hydroxyethyl)pyrrolidin-1-yl)-2-(trifluoromethyl)-benzonitrile (Figure 2) confirmed by 
several techniques including MS and NMR. In the study by Thevis et al.9 three different in 
vitro systems were used to study phase I metabolites; human liver microsomes (HLM),the 
fungus Cunninghamella elegans (C. elegans) and electrochemical conversion. The HLM 
preparation gave five phase I metabolites, all detected in negative mode HRMS. Three of 
them where monohydroxylated, two of them with the hydroxylation on the pyrrolidine ring 
and one with it on the aromatic moiety.Two dihydroxylated metabolites were also found, one 
with both hydroxy groups on the pyrrolidine ring and one with one on each part, the other two 
methods confirm monohydroxylated metabolites primarily, with some possible trace amounts 
of dihydroxylated metabolite. In all cases the hydroxylations occured on the pyrrolidine ring. 
The fungal incubation gave a high enough yield of one of the monohydroxyled species and 
one of the dihydroxylated species to investigate their structure by NMR, where all 
hydroxylations were confirmed to be on the pyrrolidine ring. In the study by Geldof et al.10 
HLM and S9 liver fractions were used  in order to study both phase I and phase II (or more 

Figure 2: Structure of LGD-4033 
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specifically glucuronidation) metabolites. All found metabolic transformations occurred on 
the pyrrolidine ring. They found a specie that was monohydroxylated combined with keto-
formation, cleavage of the pyrrolidine ring, a specie that was both hydroxylated and 
methylated, and a dihydroxylation. Both the parent compound and the monohydroxylated 
specie combined with keto-formation were found to further undergo glucuronidation. All 
analyses were done in both positive and negative HRMS. 

In a case correspondence report by Cox and Eicher7 urine from human doping tests where 
LGD-4033 had been found was used in order to screen for metabolites and to compare these 
with those from previous in vitro studies. Compared to the in vitro studies some differences 
were noted. The found metabolites were monohydroxylated, found for both rings, 
hydroxylated with a double bonded oxygen, dihydroxylated, with both hydroxy groups on the 
pyrrolidine ring, and hydroxylated, on pyrrolidine ring, together with ring cleavage. They also 
found two chromatographic peaks from the parent compound in human urine, this was 
suggested to be due to an in vivo epimerisation. Because of the differing results compared to 
the in vitro study it shows that the in vivo studies in the species in question are essential for 
doping control purposes. Since glucuronidase was used during the sample preparation all 
glucuronidations would be cleaved, meaning no glucuronidated metabolites were 
characterized. All results were MS/MS and presented in negative mode. 

Just like WADA banned SARMS in human competitions, the International Federation of 
Horseracing Authorities have prohibited them for race horses12. The horse metabolism does, 
however, differ somewhat to that of humans necessitating specie-specific studies for doping 
control purposes. In a review by Scarth et al.13, it was concluded that most of the phase I drug 
metabolizing enzymes from human seem to be present in horse as well, although for some of 
the CYPs in different proportions. As in humans, glucuronidation seems to be the major phase 
II metabolic pathway for most drugs. The majority of the phase II pathways in humans also 
seem to be present in horse.  

The actual structure determination of the metabolites can be made in a number of different 
ways but among the most prominent ones are liquid chromatography-tandem mass 
spectrometry (LC-MS/MS). In two reviews by Levensen et al.14 and Holcapek et al.15 a 
number of studies have been summarized aiming to connect different fragmentation patterns 
with chemical structures. Using these fragmentation patterns, in combination with knowledge 
about the structure of the parent compounds, it can be possible to deduce a tentative structure 
of the metabolites.  

When using LC or ultra high performance LC (UHPLC) in order to separate the compounds 
before an MS analysis it is important to get a good separation. Normally a reversed phase 
column is used, usually giving metabolites a decreased retention time compared to the parent 
compound. This can be explained by the fact that they are in general more polar than the 
parent compound since the purpose of metabolism is to get rid of xenobiotics by renal 
excretion15. Additionally, a gradient elution often needs to be employed, as well as a volatile 
ionic modifier. Using MS as an analysis method afterwards does, however, limit the choice of 
these additives to due to interference.  

As mentioned above, the purpose of this paper is to study the metabolites of LGD-4033 in 
equine urine. To the knowledge of the author this is a first-in-specie study.  
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6 EXPERIMENTAL 

6.1 CHEMICALS 

Acetonitrile, formic acid, ethanol, 25% ammonium hydroxide and methanol all of analytical 
grade or higher were obtained from Merck (Darmstadt, Germany). The water used for both 
sample preparation and the mobile phase was purified by a MilliQ-system, Merck Millipore 
(Darmstadt, Germany). 

LGD-4033 (4-[(2R)-2-[(1R)-2,2,2-Trifluoro-1-hydroxyethyl]-1-pyrrolidinyl]-2-
(trifluoromethyl)-benzonitrile) as an analytical standard was purchased from Toronto 
Research Chemicals (Toronto, Canada). SARM S22 ((S)-3-(4-cyanophenoxy)-N-[4-cyano-3-
(trifluoromethyl)phenyl]-2-hydroxy- 2-methylpropionamide) of analytical grade was obtained 
from Sigma-Alderich (St. Louis, MO, USA). 

6.2 SAMPLES 

The analysed samples come from three horses (A, B and C, see Appendix 11.1 for horse 
names) all given 0.3 mg LGD-4033/kg body weight intravenously. Urine was collected at 0 h 
(pre-administration), 3 h, 6h, 12 h, 24 h, 48 h, 72 h and 96 h after administration. 
Unfortunately, for horse A the 0 h and 12 h samples were missing when receiving them. For 
horse C the 96 h sample was missing as well as the 0 h and 12 h samples. This resulted in 
only horse B where there was a complete set of samples. The urine was sent with ice packs 
and kept in a freezer at all times except when the samples were thawed at room temperature in 
order to use them for analysis. They were then returned to the freezer. 

6.3 SAMPLE PREPARATION 

Two different sample preparation techniques were done on all samples. A simple 1:1 dilution 
of the samples was performed in order not to lose any metabolites, by diluting 500 µl of each 
urine sample with 474.4 µl of 0.1 % formic acid in water in a vial. 25.6 µl of 1.95 µg/ml S22 
in methanol was added as an internal standard to each vial, giving a final concentration of 50 
ng/ml S22 to be used for a semi-quantification of the metabolites over time. The second 
sample preparation procedure was a solid phase extraction using an Oasis mixed mode anion 
MAX 3cc 60 mg cartridge from Waters (Milford, MA, USA). The MAX cartridge was used 
according to standard protocols from Oasis16; 500 µl of each urine sample was added to 
marked test tubes, then 500 µl of 5% ammonium hydroxide was added to each test tube. The 
SPE-cartridges were conditioned with 2 ml methanol, equilibrated with 2 ml water and then 
the samples were added. The cartridges were washed with 2 ml 5% ammonium hydroxide, 
followed by the first elution step consisting of 2 ml methanol. The second and final elution 
step consisted of 2 ml 2% formic acid in methanol. For each sample the two test tubes 
containing the separate elution steps were evaporated to dryness under a stream of nitrogen at 
50°C. The samples were then reconstituted in 100 µl 0.1% formic acid in water and 
transferred into vials for analysis. 

6.4 ANALYSIS 

The analysis of the samples was performed with an Acquity UPLC system interfaced with a 
Synapt G2 Q-ToF mass spectrometer with the separation on an Acquity UPLC BEH C18 1.7 
µm column (2.1x100 mm) and MassLynx software to control the system, all from Waters 
(Milford, MA, USA). 
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The gradient used consisted mobile phase A) degassed 0.1% formic acid in water and mobile 
phase B) acetonitrile. The final gradient consisted of 0-1 min 5% B, 1-12 min gradient 5% -
95% B, 12-12.5 min 95% B and 12.5-14 min 5% B. The flow rate was set to 0.5 ml/min and 
the injection volume to 10 µl. Both positive and negative electrospray ionization were used 
for MSE, for MS/MS only negative mode was used. For MSE the settings were continuum 
mass 50-1200 m/z in resolution mode. The scan time was set to 0.2 sec and the collision 
energy was set to 4 V for low energy and a ramp from 20 V to 40 V for high energy. For the 
MS/MS scans the scan time was set to 0.1 sec and scans were done both with a low energy 
ramp and a high energy ramp. The low energy ramp went from 10 V to 45 V and the high 
energy ramp from 30 V to 70 V. 

For both the MSE and MS/MS the cone voltage was set to 30 V, capillary voltage to 2.5 kV, 
the desolvation temperature to 650 °C, source temperature to 120 °C, the cone gas flow to 50 
l/h and the desolvation gas flow to 800 l/h. The column temperature was set to 40 °C. 

A sodium formate solution (0.5 mM, 9:1, 2-propanol:water) was used for mass calibration of 
the Q-ToF. This was made according to instructions from Waters using formic acid and an in-
house stock solution of 2 mM sodium formate. For ensuring system performance a solution 
consisting of 10.1 µg/ml paracetamol, 4.0 µg/ml leucine-enkephalin and 4.6 µg/ml meloxicam 
was used before and after each run. For lock mass correction a leucin-enkephalin solution (0.2 
ng/μl in acetonitrile:0.1% formic acid in water, 1:1) was used. 

6.4.1 Metabolite search 

The metabolite search was done manually based on a list of possible metabolic pathways, 
made with regard to the structure of the parent compound and which chemical groups this 
contains and what metabolic pathways are common for these groups14,15. Previously found 
metabolites from in vitro9,10 and in vivo studies from humans7 were also included. A 
comparison was also done to total ion chromatograms from before and after administration, 
however, this could only be done on one horse, horse B, because of the missing 0 h samples 
from the other two. 

The criteria for identifying a substance that might be a metabolite were a retention time that 
varied no more than ±0.3 minutes between different runs and horses and a signal-to-noise 
ratio bigger than 3:1 (which is standard in doping control studies). For identifying metabolites 
and fragments in the spectra the criterion was a mass error no larger than 5 ppm compared to 
that of the theoretical mass of the corresponding fragment. 

6.4.2 Semi-quantification of metabolites over time 

The 1:1, urine:0.1% formic acid in water, samples with a 50 ng/ml concentration of S22 were 
analysed with MSE. The window for extracted masses was set to 0.100 and peak-to-peak 
amplitude was set to 50. The area under curve (AUC) for each metabolite peak was then 
divided by the AUC for S22. 

7 RESULTS AND DISCUSSION 

This is the first time  LGD-4033 has been administrated to horse as far as the author knows. 
This means that the urinary metabolites, along with their respective physical-chemical 
properties, are unknown. Which in turn means that the sample preparation, as well as the 
analysis could not be optimized according to these, instead the optimization was done using 
parent compound and the thought properties of the possible metabolites. This means that great 
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precaution was needed in order not to lose any so far unknown metabolites, and the best 
sample preparations were then tried on actual sample in order confirm that all of the so far 
found metabolites were present in the sample before choosing. Not wanting to discriminate 
any possible metabolites was also a reason for doing the dilute-and-shoot sample preparation, 
where the samples were simply diluted in mobile phase A. 

7.1 SAMPLE PREPARATION 

Dilute-and-shoot was tried with a blank sample spiked with 200 ng/ml LGD-4033 at dilutions 
1:1and 1:9 urine:0.1% formic acid in water until finally setting on 1:1 because this gave a 
higher response, and no signs of additional ion suppression compared to the 1:9 sample, i.e. 
all the same fragments could be seen. Liquid-liquid extraction was tried with both methyl-tert-
butyl ether and dichloromethane at pH 5, 7 and 9.4, the buffer:organic solvent volume ratio 
2:5, resulting in a total of six combinations. However, all of these gave less clean spectra and 
chromatogram than those prepared with solid phase extraction, therefore no liquid-liquid 
extraction was used for the final sample preparation. A total of three different solid-phase 
extractions were tried, where two were reversed phase: Varian C18 Bond Elut 500 mg 3ml 
and Oasis HLB 3cc, these were both tried on spiked blank urine. The Oasis HLB was chosen 
to try on actual sample, since the cartridges were quicker and easier to work with. The third 
solid-phase tried was the one finally settled on which was a mixed mode anion exchange 
Oasis MAX 3cc, this was found to give a clean enough extracted mass chromatogram to show 
the multiple chromatographic peaks that were found for some of the masses corresponding to 
metabolites better than a reversed phase cartridge. All found metabolites were found in the 
fraction from the second elution, this also gave a slightly cleaner chromatogram compared to 
an SPE-method with only one elution step since some impurities were washed away with the 
first elution step, see Appendix 11.2.  

7.2 ANALYSIS 

At first MSE was used in order to scan the entire spectrum of masses (between m/z 50 and 
1200) belonging to possible metabolites of LGD-4033. When a mass could be paired with one 
or two metabolic pathways, MS/MS was performed in order to study the fragmentation-
patterns without interference from overlapping peaks, since this was a bit of an issue see 
Figure 3. 
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Figure 3: Extracted mass chromatogram for the found metabolites (see Table 1 for m/z) from horse A 3h MAX in negative 

mode, mass window 0.1000. From the top: M1, M2, M3, M4 and M5.  

To begin with both positive and negative mode were used, however, the negative mode gave 
spectra with less noise than the positive mode. Additionally, both Thevis et al.9 and Cox and 
Eicher7 reported found metabolites and fragments in negative mode, making a comparison 
easier. Because of this all results shown in the report are collected in negative mode. All 
metabolites are found in their highest concentration in the 3 h sample. Fragmentation-patterns 
are easier to study at higher concentrations so all shown spectra come from these samples. It 
was not possible to determine the lowest detectable concentration of metabolites (since they 
were not commercially available as reference standards), but for the parent compound it was 
found that it was possible to make out the substance down to a concentration of 2.5 ng/ml in 
spiked urine.  

As opposed to previous studies that were done on human urine no indications of the parent 
compound were found in the equine urine, this is probably due to the generally more 
extensive metabolism in horse than humans13. No present parent compound also makes 
knowledge of the metabolites essential for doping control. One type phase I metabolism and 
one type phase II metabolism were found in various numbers and combinations. The phase I 
metabolism found was hydroxylation and the phase II metabolism was glucuronidation. The 
extracted ion chromatograms for these can be seen in Figure 3 and are summarized in Table 
1. 
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Table 1: Overview of parent compound and found metabolites. The chemical formula is presented in neutral charge. 

Precursor ion is the theoretical mass in negative mode. Retention times from horse A. 

Compound Chemical 

formula 

Metabolic 

transformation 

RT (min) Precursor 

ion (m/z 

negative) 

Signal-

to-noise 

ratio 

Found in 

all 

horses? 

LGD-4033 C14H12ON2F6 Parent compound N/A 337.0776 N/A No, not 

in any 

M1 (a-c) C20H20O8N2F6 Mono-

hydroxylation and 

glucuronidation 

5.02 

5.06 

5.39 

529.1046 15831 

2072 

3791 

Yes 

Yes 

Yes 

M2 C20H20O9N2F6 Dihydroxylation 

and 

glucuronidation 

5.25 545.0995 95 No, in 

2/3 

M3 C14H12O4N2F6 Trihydroxylation 5.88 385.0623 280 Yes 

M4 C14H12O3N2F6 Dihydroxylation 6.23 369.0674 1639 Yes 

M5 (a-b) C20H20O7N2F6 Glucuronidation 6.25 

6.46 

513.1096 5138 

458 

Yes 

Yes 

 

7.2.1 Parent compound 

As mentioned above, the parent compound was not found in any of the samples. In both a 
standard solution and in spiked urine the parent compound, however, had a retention time of 
7.90 minutes. Figure 4 shows the spectrum for the peak at 7.90 min in a standard solution 
with a concentration of 10 µg/ml LGD-4033 and Table 2 lists the corresponding fragments. 
The found fragments correspond well to those seen in studied literature7,9,10. 

Table 2: Low energy ramp MS/MS, negative mode, 10 µg/ml standard solution.  

Comp. Chemical 

formula 

([M-H]
-
) 

TR 

(min) 

Precursor 

ion  

(exper.) 

Error  

(ppm) 

Product  

ion (m/z) 

Chemical 

formula 

Error  

(ppm) 

Cleaved species 

LGD-4033 C14H11ON2F6 7.90 337.0765 -3.26 267.0736 C13H11ON2F3 -3.37 HCF3 

     239.0429 C11H6ON2F3 -1.26 HCF3, C2H4 

     211.0476 C10H6N2F3 -3.32 HCF3, C2H4, CO 

     185.0325 C8H4N2F3 -1.08 C6H7OF3 

     170.0214 C8H3NF3 -2.35 HCF3, C2H4, C3H3NO 

 

 



 

Figure 4: 10 µg/ml standard solution of LGD

In negative mode the parent compound can be seen as a [M
prominent fragments can be seen in 
267 and corresponds well to the parent compound having lost one of its 
gives the base peak.  Figure 5 
has been lost. For Figure 5 d-e
for these are 211, 185 and 170 respectively.
probably corresponding to the parent 

Figure 5: Structures corresponding to fragments from LGD
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10 µg/ml standard solution of LGD-4033, negative mode, low energy MS/MS. 

he parent compound can be seen as a [M-H]- at m/z 337. The most 
prominent fragments can be seen in Figure 5. Figure 5 a shows the a fragment with a
267 and corresponds well to the parent compound having lost one of its HCF

 b corresponds to m/z 239 where both a HCF3

e the pyrrolidine ring has been completely fragmented. The 
for these are 211, 185 and 170 respectively. The MSE scan also revealed a peak at 
probably corresponding to the parent compound forming an adduct with the formic acid.

Structures corresponding to fragments from LGD-4033. a m/z 267, b m/z 239, c m/z 211, d m/z 185, e m/z 170.

337. The most 
the a fragment with an m/z of 

CF3 groups, which 
3 group and ethene 

ring has been completely fragmented. The m/z 
scan also revealed a peak at m/z 383, 

forming an adduct with the formic acid. 

 

4033. a m/z 267, b m/z 239, c m/z 211, d m/z 185, e m/z 170. 
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7.2.2 Metabolites 

As seen in Table 1 a total of eight metabolites have been found. M1 and M5 both give several 
peaks in a chromatogram, indicating that the metabolic pathways are the same but that they 
are regio- or stereoisomers. 

A complicating factor for the identification of the metabolites was that the 0 hour sample 
(which is a pre-administration sample) was missing for horses A and C. This makes it difficult 
to confirm that a found m/z does not come from an endogenous substance, and requires 
studying the fragmentation patterns vigorously. 

High intensity MSE spectra was used for values of m/z for all metabolites (except for the 
metabolite M2) because these were found to be more accurate than those of the high collision 
energy MS/MS. All fragments reported were, however, also found for either the high or low 
collision energy ramp MS/MS. The reason for not using MSE for M2 was because of some 
overlap with a possible additional peak of M1 (that was not further studied). 

The set criteria for identifying a fragment were at times not fulfilled. This was probably due to 
low concentrations of metabolites in the samples, or poor ionization. A decision to include 
fragments with a mass error up to 50 ppm was chosen when enough fragments were found to 
support that they probably did belong to a certain metabolite.  

7.2.2.1 M1 a-c 

With retention times of 5.02, 5.06 and 5.39 three chromatographic peaks were found with an 
m/z of 529 (see Figure 3), this corresponds well to a metabolic pathway including both a 
phase I monohydroxylation and a phase II glucuronidation. The fragmentation pattern for all 
three are very similar. Both peak a and b have a fragment with m/z 237 which is a fragment 
that has previously been reported for monohydroxylated metabolite with the hydroxylation on 
the pyrrolidine ring7,9,10. Apart from this peak, all three metabolites show the same fragments 
a peak at m/z 227, 199, 185, 170, where the latter two were also found for the parent 
compound.  The peak at m/z 227 has been identified as a monohydroxylated specie where 
both HCF3 and C3H4O were cleaved7,9. The fragments are very alike those in a study by 
Thevis et al9 where position of the hydroxy group was confirmed to be on the pyrrolidine ring 
by NMR. Therefore, it can be presumed that it is on the pyrrolidine ring in this case as well. 
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Table 3: Horse A, 3h sample prepared with MAX-cartridge, MS
E
 data. All peaks also appear in MS/MS. 

Comp. Chemical 

formula 

([M-H]
-
) 

Peak TR 

(min) 

Precursor 

ion  

(exper.) 

Error  

(ppm) 

Product  

ion (m/z) 

Chemical 

formula 

Error  

(ppm) 

Cleaved 

species 

M1 C20H19O8N2F6 a 5.02 529.1050 0.76 237.0654 C12H8N2F3 5.91 HCF3, CO2, 

H2O, 

C6H8O6 

      227.0425 C10H6ON2F3 -3.08 HCF3, 

C3H4O, 

C6H8O6 

      199.0506 C9H7N2F3 11.55 C5H5O2F3, 

C6H8O6 

      185.0330 C8H4N2F3 1.62 HCF3, 

C2H4O, 

C3H3NO, 

C6H8O6 

      170.0158 C8H3NF3 -35.29 HCF3, 

C10H7ONF3, 

C6H8O6 

  b 5.06 529.1051 0.94 237.0614 C12H8N2F3 -10.97 HCF3, CO2, 

H2O, 

C6H8O6 

      227.0428 C10H6ON2F3 -1.76 HCF3, 

C3H4O, 

C6H8O6 

      199.0462 C9H7N2F3 -10.55 C5H5O2F3, 

C6H8O6 

      185.0323 C8H4N2F3 -2.16 HCF3, 

C2H4O, 

C3H3NO, 

C6H8O6 

      170.0225 C8H3NF3 4.12 HCF3, 

C10H7ONF3, 

C6H8O6 

  c 5.39 529.1043 -0.57 227.0423 C10H6ON2F3 -3.96 HCF3, 

C3H4O, 

C6H8O6 

      199.0508 C9H7N2F3 12.56 C5H5O2F3, 

C6H8O6 

      185.0320 C8H4N2F3 -3.78 HCF3, 

C2H4O, 

C3H3NO, 

C6H8O6 

      170.0208 C8H3NF3 -5.88 HCF3, 

C10H7ONF3, 

C6H8O6 

 

The peaks at m/z 185 and m/z 170 correspond to the aromatic moiety without any hydroxy 
groups, see Figure 5 d-e. Aromatic compounds are unlikely to fragment in a way that lead to 
water getting expelled17 which also points towards the fact that both hydroxy groups are on 
the pyrrolidine ring. 

There have also been indications that there are more than these three chromatographic peaks 
for this metabolic pathway. These are, however, quite small making it difficult to study the 
fragmentation patterns properly, which is why they are left out of the study. 

7.2.2.2 M2 

M2 gives a very small peak (see S/N ratio in Table 1) and can only be seen in 2/3 horses, 
suggesting that it happens to a low extent and/or has a low detectability. The m/z 545 suggests 
that the parent compound has undergone both two hydroxylations and a glucuronidation, see 
Table 4. Except for the phase II glucuronide, which is readily cleaved, M2 and M4 are 
expected to have very similar spectra since the phase I metabolic pathway is the same. 



16 

 

Unfortunately, this peak has an overlap with a possible additional peak for M1. Since M2 has 
such a low response MSE data cannot be used for this metabolite (since the spectrum will be a 
combination of both metabolites fragments). The fact that the m/z for the fragments is taken 
from MS/MS together with the fact that M2 gives a very small response (low signal to noise 
ratio) also means that the error is higher for this metabolite than the others. 

Table 4: Horse A, 3h sample prepared with MAX-cartridge, MS/MS data. 

Comp. Chemical 

formula 

([M-H]
-
) 

TR 

(min) 

Precursor 

ion  

(exper.) 

Error  

(ppm) 

Product  

ion (m/z) 

Chemical 

formula 

Error  

(ppm) 

Cleaved 

species 

M2 C20H19O9N2F6 5.25 545.0989 -1.1 281.0524 C13H8O2N2F3 -4.98 C6H8O6, H2O, HCF3 

     267.0616 C13H11ON2F3 -48.3 C6H8O6, OHCF3 

     237.0628 C12H8N2F3 -5.06 HCF3, CO2, H2O 

     226.0365 C10H6N2F3 4.87 C6H8O6, HCF3, 

CH3CH2CH-OH 

     185.0354 C8H4N2F3 14.6 C6H8O6, C6H7O2F3 

     170.0226 C8H3NF3 4.71 C6H8O6, HCF3, C2H4, 

C3H3NO2 

 

The fragments found in MS/MS do, however, correspond well to those of the dihydroxylated 
metabolite M4, see 7.2.2.4. Since glucuronides are readily cleaved off to glucuronic acid 
during ionization14, a similar fragmentation to that of the dihydrodroxylated specie M4 is to 
be expected. No peaks were found at m/z 369 (unfortunately no low energy MS/MS data is 
available, it is possible that it could be found there) which could suggest that the proposed 
metabolic pathway is incorrect. 

7.2.2.3 M3 

M3 gives a relatively small peak (see S/N ratio in Table 1). The m/z of 385 suggests a 
trihydroxylation. The size of the peak means that it is difficult to find fragments, yet it is well 
above the set criterion of a S/N-ratio >3:1. However, three fragments that strongly suggest 
that is it, in fact, a metabolite have been found and the relatively low mass error of 2 ppm 
suggest that it is, in fact, a trihydroxylated metabolite, see Table 5. These fragments also 
suggest that all three hydroxylations are on the pyrrolidine ring. 

Table 5: Horse A, 3h sample prepared with MAX-cartridge, MS
E
 data. All peaks also appear in MS/MS. 

Comp. Chemical 

formula 

([M-H]
-
) 

TR 

(min) 

Precursor 

ion  

(exper.) 

Error  

(ppm) 

Product  

ion (m/z) 

Chemical 

formula 

Error  

(ppm) 

Cleaved 

species 

M3 C14H11O4N2F6 5.88 385.0631 2.08 227.0425 C10H6ON2F3 -3.08 C4H6O3F3 

     185.0318 C8H4N2F3 -4.86 C6H7O4F3 

     170.0210 C8H3NF3 -4.71 C6H8O4NF3 

 

7.2.2.4 M4 

M4 corresponds to a dihydroxylated specie with an m/z of 369. The positions of the two 
hydroxy groups of the dihydroxylation are probably both on the pyrrolidine based on the fact 
that the fragments are very alike those found in an article by Thevis et al9 where the structure 
was confirmed by NMR, see Table 6. Another fact supporting that both hydroxylations 
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happened on the pyrrolidine ring is the fact that both a m/z 170 and m/z 185 were found, 
which suggests that no hydroxylation occurred on the aromatic moiety since they would not 
be expelled as water.  

Table 6: Horse A, 3h sample prepared with MAX-cartridge, MS
E
 data. All peaks also appear in MS/MS. 

Comp. Chemical 

formula 

([M-H]
-
) 

TR 

(min) 

Precursor 

ion  

(exper.) 

Error  

(ppm) 

Product  

ion (m/z) 

Chemical 

formula 

Error  

(ppm) 

Cleaved 

species 

M4 C14H11O3N2F6 6.23 369.0675 0.27 281.0530 C13H8O2N2F3 -2.85 H2O, HCF3 

     267.0741 C13H11ON2F3 -1.50 2O, HCF3 

     263.0429 C13H6ON2F3 -1.50 2H2O, HCF3 

     255.0741 C12H10ON2F3 -1.57 HCF3, CO2 

     253.0222 C11H4O2N2F3 -1.19 HCF3, C2H4, H2O 

     237.0633 C12H8N2F3 -2.95 HCF3, CO2, H2O 

     226.0347 C10H6N2F3 -3.10 HCF3, CH3CH2CH-

OH 

     185.0324 C8H4N2F3 -2.70 C6H7O3F3 

     170.0211 C8H3NF3 -4.12 C6H8O3NF3 

 

7.2.2.5 M5 a-b 

For m/z 513 two metabolites have been found that have been glucuronidated with no phase I 
metabolism. In the low collision energy MS/MS and the low energy extracted spectrum the 
most prominent peaks are those of the whole metabolites and one at m/z 337 corresponding to 
the un-fragmentised parent compound. Looking at fragmentation in both high collision energy 
MS/MS and the high energy extracted spectrum it bears great resemblance to the one of the 
parent compound, see Table 7. This would be expected for a glucuronidated compound since 
glucuronides are readily cleaved off to glucuronic acid during ionization14, leaving the parent 
compound with the original structure and therefore the fragmentation pattern of this, see 
Figure 5 and 6. 
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Table 7: Horse A, 3h sample prepared with MAX-cartridge, MS
E
 data. All peaks also appear in MS/MS. 

Comp. Chemical 

formula 

([M-H]
-
) 

Peak TR 

(min) 

Precursor 

ion  

(exper.) 

Error  

(ppm) 

Product  

ion (m/z) 

Chemical 

formula 

Error  

(ppm) 

Cleaved 

species 

M5 C20H19O7N2F6 a 6.25 513.1095 -0.19 337.0773 C14H12ON2F6 -0.89 C6H8O6 

      267.0742 C13H12ON2F3 -1.12 C6H8O6, 

HCF3 

      239.0429 C11H7ON2F3 -1.26 C6H8O6, 

HCF3, 

C2H4 

      211.0480 C10H7N2F3 -6.63 C6H8O6, 

HCF3, 

C2H4, CO 

      185.0323 C8H5N2F3 -3.78 C6H8O6, 

C6H7OF3 

      170.0214 C8H4NF3 -1.18 C6H8O6, 

HCF3, 

C2H4, 

C3H3NO 

  b 6.46 513.1096 0 337.0793 C14H12ON2F6 5.04 C6H8O6 

      267.0736 C13H12ON2F3 -3.37 C6H8O6, 

HCF3 

      239.0421 C11H7ON2F3 -4.6 C6H8O6, 

HCF3, 

C2H4 

      211.0480 C10H7N2F3 -1.42 C6H8O6, 

HCF3, 

C2H4, CO 

      185.0331 C8H5N2F3 2.16 C6H8O6, 

C6H7OF3 

      170.0233 C8H4NF3 8.82 C6H8O6, 

HCF3, 

C2H4, 

C3H3NO 
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Figure 6: Horse A, 3h sample prepared with MAX-cartridge, top shows spectrum for low collision energy ramp MS/MS and 

bottom shows high collision energy ramp MS/MS. 

As seen in Figure 6 for the low collision energy spectrum (top), the molecule peak is big, and 
some fragments, most of which can be found for the parent compound, is present. For the high 
collision energy spectrum (bottom), many of the found fragments correspond well to the 
parent compound. 

 

7.2.3 Semi-quantification of metabolites over time 

A semi-quantification of metabolites over time was done for two horses (see Figure 8) in the 
diluted samples using SARM S22 as an internal standard, see Figure 7 for structure. The 
reason for only doing the semi-quantification for two horses was a lack of time. SARM S22 is 
structurally an aryl propionamid analogue, but still has enough structural similarity with 
LGD-4033 to be used as an internal standard as they are both nitrogen containing species, 
although the amine varies somewhat, and they also have an aromatic moiety with a CF3 
group. The results from both horses show that the most discernible metabolites are the 
monohydroxylated and glucuronidated (with a retention time 5.02 minutes), the 
dihydroxylated (with a retention time of 6.23 minutes) as well as both of the glucuronidated 
ones (with the retention times 6.25 and 6.46 minutes). These show the highest relative peak 
area in addition to being the ones that are visible for the longest period of time. The size of the 
relative peak areas for the different metabolites do, nevertheless, differ a lot. This could be 
due to individual differences in the horses' metabolic systems, the amount of urine excreted 
following water consumption or it could be due to chemical degradation upon repeated 
freezing and thawing a different amount of times, or a combination of all three.  
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170.0191126.9476113.0280 211.0479 337.0871319.0645 505.5252369.1209 424.1062
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Figure 7: Structure of SARM S22. 

What both studied horses have in common is that all found metabolites show a quick and 
extensive excretion. The first and second samples were taken at 3 and 6 hours after 
administration, and even between these two there is a big difference in the concentrations. 
The last samples where it was clear that there were any traces of the studied metabolites were 
the 24 hour after administration samples. Since only one dose of the substance was 
administrated, it is not possible to draw any conclusions about how long the metabolites can 
be found upon repeated dosage, however, the short detection time suggests that it could 
become difficult to detect the substance in doping controls. 

Another factor to consider in the semi-quantification is that how readily a compound will 
ionize varies, meaning a higher signal for one metabolite compared to another does not 
necessarily correlate to that the concentration is actually higher. In order to verify the actual 
concentrations of the different metabolites, standard curves with known concentrations each 
metabolite would be needed, however, the metabolites are not commercially available as 
reference standards. 
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Figure 8: Semi-quantification of metabolites over time for horse B and C, for horse C some samples were missing including 

the 0 h pre-administration sample. The area under curve (AUC) for each metabolite was compared to that of the internal 

standard SARM S22 which was present in the same concentration in all samples. Only the four most prominent metabolites 

are shown here. 

 

8 CONCLUSION 

Compared to results from human samples7 a more substantial metabolism has been found for 
LGD-4033 in horse, which aligns well with the fact that horse metabolism in general is more 
extensive than that of humans 13. This can be seen as no parent compound has been found at 
any point of time which makes knowing the metabolites essential for doping controls. Other 
ways that the more extensive horse metabolism is displayed is the relatively short amount of 
time the metabolites can be found and the fact that all (but the glucuronidated M5) of the 
found metabolites have more than one metabolic transformation. 

All found metabolites includes of a number of hydroxylations and/or glucuronidations. This 
corresponds well to previous results of  human urine samples7. The most visible metabolites 
are the monohydroxylated and glucuronidated (with a retention time 5.02 minutes), the 
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dihydroxylated (with a retention time of 6.23 minutes) as well as both the glucuronidated ones 
(with retention times of 6.25 minutes and 6.46). Therefore, these would be suitable targets for 
doping controls. In order to incorporate these into routine doping controls in the future further 
studies would be needed in order to establish which retention times these have in the 
chromatographic methods employed by the controlling laboratories. Another factor to 
consider, is that a glucuronidase enzyme is often used on the samples during a doping control 
giving de-glucuronidated versions of the metabolites. In this case, there would be a 
monohydroxylated specie, an unchanged dihydroxylated specie and the parent compound. 
The retention times for these species will differ from that of the corresponding glucuronidated 
species. 

Due to several peaks for the corresponding m/z belonging to some of the metabolites it was 
difficult to know exactly how many different metabolites that had undergone a specific 
metabolic pathway, but as suggested by Cox and Eicher7 this could be because of 
epimerisation. In some of the metabolites this could also be due to positional isomers. 
Sometimes these overlap somewhat as does some other metabolite peaks. If I had more time I 
would try to get a better separation, either by trying another column, using a slower gradient 
or using a gradient with methanol instead of acetonitrile. I would also use SPE-cartridges that 
allow for a higher load, making it easier to get a higher pre-concentration factor, simplifying 
the study of the smaller peaks. However, to fully characterize the metabolites NMR analysis 
would be needed. 

9 ACKNOWLEDGEMENTS 

To start with I would like to thank my supervisor Annelie Hansson for always answering my 
questions, helping me, letting me share her office and for interesting discussions, both related 
to the project and related to life in general. I also want to thank my supervisor Mikael 
Hedeland for all of his guidance, support and always highly relevant questions. Furthermore, I 
would like to thank Ulf Bondesson, who in spite of not being an official supervisor, also was 
of great assistance to the project. I would also like to thank the entire department of 
Chemistry, Environment and Feed Hygiene for being welcoming and always giving a helping 
hand when needed. 

Additionally, I would like to thank Curt Petterson for being my examiner and Torbjörn 
Arvidsson for being my topic reviewer. 

Finally, I want to thank my fellow SVA-thesis-writer Emma Berndtson, for acting as my 
sounding board, taking lunch time walks with me and always being there for me.  

 

 

 

 

 



23 

 

10 REFERENCES 

1. Viking Therapeutics – VK5211 for Hip Fracture. Available at: 
http://www.vikingtherapeutics.com/pipeline/vk5211/. (Accessed: 24th April 2017) 

2. Acute Hip Fracture Study in Patients 65 Years or Greater - Full Text View - 
ClinicalTrials.gov. Available at: 
https://clinicaltrials.gov/ct2/show/NCT02578095?term=VK5211&rank=1. (Accessed: 
24th April 2017) 

3. Chen, J. Discovery and Therapeutic Promise of Selective Androgen Receptor 
Modulators. Mol. Interv. 5, 173–188 (2005). 

4. Bhasin, S. & Jasuja, R. Selective androgen receptor modulators as function promoting 
therapies. Curr. Opin. Clin. Nutr. Metab. Care 12, 232–240 (2009). 

5. Dushane Farrier, Canadian sprinter, suspended 4 years for doping violation - CBC 
Sports - Track and Field. Available at: 
http://www.cbc.ca/sports/olympics/summer/trackandfield/dushane-farrier-sprinter-
barred-1.3443044. (Accessed: 6th May 2017) 

6. Russian athlete suspended for four years for anti-doping violation. Available at: 
https://www.paralympic.org/news/russian-athlete-suspended-four-years-anti-doping-
violation. (Accessed: 6th May 2017) 

7. Cox, H. D. & Eichner, D. Detection of LGD-4033 and its metabolites in athlete urine 
samples. Drug Test. Anal. 127–134 (2016). doi:10.1002/dta.1986 

8. The World Anti-Doping Agency. The World Anti-Doping Agency Code, The 2016 
Prohibited List International Standard. 1–11 (2016). 

9. Thevis, M. et al. Characterization of a non-approved selective androgen receptor 
modulator drug candidate sold via the Internet and identification of in vitro generated 
phase-I metabolites for human sports drug testing. Rapid Commun. Mass Spectrom. 29, 
991–999 (2015). 

10. Geldof, L. et al. In vitro metabolism study of a black market product containing SARM 
LGD-4033. Drug Test. Anal. 168–178 (2016). doi:10.1002/dta.1930 

11. Hansson, A. et al. Characterization of equine urinary metabolites of selective androgen 
receptor modulators (SARMs) S1, S4 and S22 for doping control purposes. Drug Test. 
Anal. 7, 673–683 (2015). 

12. International Federation of Horseracing Authorities. International agreement on 
breeding, racing and wagering. http://www.horseracingintfed.com/Default.asp?secti 
(2016). 

13. Scarth, J. P., Teale, P. & Kuuranne, T. Drug metabolism in the horse: A review. Drug 
Testing and Analysis 3, 19–53 (2011). 

14. Levsen, K. et al. Structure elucidation of phase II metabolites by tandem mass 
spectrometry: An overview. J. Chromatogr. A 1067, 55–72 (2005). 

15. Holčapek, M., Kolářová, L. & Nobilis, M. High-performance liquid chromatography–
tandem mass spectrometry in the identification and determination of phase I and phase 
II drug metabolites. Anal. Bioanal. Chem. 391, 59–78 (2008). 

16. [ CARE AND USE MANUAL ] Oasis HLB Cartridges and 96-Well Plates. Available 
at: https://www.waters.com/webassets/cms/support/docs/715000109.pdf. (Accessed: 
16th May 2017) 

17. Watson, J. T. & Sparkman, O. D. Introduction to Mass Spectrometry: Instrumentation, 
Applications, and Strategies for Data Interpretation, 4th Edition. John Wiley & Sons, 
LTD (2009). 

 

  



24 

 

11 APPENDIX 

11.1 HORSES 

Below is a short list showing which horse corresponds to A, B and C in the report. 

Horse A: Robin 

Horse B: Sadie 

Horse C: Magic 

 

11.2 OASIS MAX VS OASIS HLB 

 

 

Figure 9: Comparison of TICs for the same sample prepared with Oasis MAX (top) and Oasis HLB (bottom). 
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