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Abstract

Qualitative analysis of LGD-4033 and its metabolites in
equine plasma using UHPLC-MS(MS) for doping
control purposes
Emma Berndtson

A new class of drugs has been developed for treatment of muscle and bone mass 
wasting diseases called non-steroidal selective androgen receptor modulators 
(SARMs). Because of their positive androgenic effects such as muscle gain, they are 
desirable as performance enhancers. One of those substances is LGD-4033
 (4-[(2R)-2-[(1R)-2,2,2-trifluoro-1-hydroxyethyl]pyrrolidin-1-yl]-2-(trifluoromethyl)-
benzonitrile). It has been detected in human samples in routine doping control and 
another SARM has been detected in an equine blood sample in routine doping
control. 
It is therefore indicated that SARMs need to be screened for in routine testing in 
equestrian sport. 

The aim of this project was to identify what metabolites were found in equine plasma 
after an intra venous administration of LGD-4033 using UHPLC coupled with
QToF-MS 
and determine whether the parent compound or any of its metabolites were most 
suitable for doping control. 

With the sample preparation method protein precipitation, six possible metabolites 
were identified in samples from three horses. Two of the metabolites were identified
as 
phase I-metabolites (monohydroxylated and dihydroxylated). Four of the metabolites 
were identified as phase II-metabolites, where glucuronidation had occurred. 

The most suitable species for doping control were determined based on a semi-
quantification and were M1a, M2 and M3a. 
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Populärvetenskaplig sammanfattning 
Anabola steroider är vanligt förekommande inom dopingkretsar, då de gör så att man kan 
bygga muskelmassa snabbare. Idag finns det en ny typ av läkemedel, icke-steroidala selektiva 
androgen receptor modulatorer (SARMs) som har utvecklats för att behandla sjukdomar som 
leder till försvagning av muskler eller ben. SARMs ska ha den positiva muskeleffekterna men 
inte de biverkningar som man kan få av anabola steroider, som t.ex. problem med prostatan.  

Läkemedlet LGD-4033, som är ett av dessa utvecklade läkemedel, är substansen som denna 
studie var byggd på. LGD-4033 har ännu inte blivit godkänt som läkemedel men den har ändå 
tagit sig ut på den svarta marknaden. World Anti-Doping Agency (WADA) satte den här 
läkemedelsgruppen på sin lista över dopningsklassade preparat år 2008. Vilket innebär att 
användning av dem är förbjuden inom mänsklig idrott. En studie har visat att substansen 
LGD-4033 fanns i mänskliga atleters urinprov. SARMs är även dopningsklassade inom 
hästsport. Trots det man har hittat dem i blodprov från en häst under en rutinmässig 
dopingkontroll. 

Syftet med den här studien var att undersöka vilka nedbrytningsprodukter av LGD-4033 som 
fanns i hästplasma och i vilken ungefärlig utsträckning de förekom. Genom att veta hur 
läkemedlet bryts ned och hur länge produkterna finns i kroppen, kan man bestämma vad man 
eventuellt skulle behöva testa för i ett dopningstest.  

Studien innehöll plasmaprover som tagits från tre olika hästar vid olika tidpunkter, som alla 
hade fått en intravenös enkeldos av LGD-4033.   

Analysmetoden gick ut på att först separera, i det här fallet, läkemedlet och dess 
nedbrytningsprodukter från varandra i plasman och det gjordes med vätskekromatografi 
kopplat till en detektor. Separationen sker med vätskekromatografin som innebär att man 
injicerar sitt/sina prov i en vätska som sedan passerar en kolonn (ett rör fyllt med önskat 
material beroende på vad man vill separera) som då förhoppningsvis separerar de ämnena 
man är intresserad av. I den här studien användes material som separerade produkterna i 
avseende på deras vatten- eller fettlöslighet. Vätskan som man injicerar provet med kallas den 
mobila fasen, med den transporteras provet genom kolonnen.    

När man har separerat ämnena så kommer de då att passera en detektor, i det här projektet var 
det en masspektrometer. Det finns olika typer av masspektrometrar och den som användes i 
den här studien var av typen Q-ToF (quadrople time-of-flight). Då kommer molekylerna som 
kommer in i masspektrometern att antingen få en extra eller förlora en (positiv eller negativ) 
laddning. Molekylerna kommer att detekteras olika då det är ett elektriskt fält innan i vilket 
molekylerna transporteras. Hur fort de når detektorn beror på molekylens storlek och dess 
laddning som betecknas m/z (massa/laddning). 

Läkemedel bryts till stor del ned i levern, det finns då två typer av nedbrytning: fas I och fas 
II. Målet är att substansen ska bli så pass vattenlöslig att den kan komma att transporteras ut 
via urinen och det gör kroppen med hjälp av olika enzymer. Fas I innebär generellt att 
substansen får ett extra handtag där fas II sedan kan fästa sin mer vattenlösliga del.  

I denna studie har fyra typer av nedbrytningsprodukter hittats. Två som har genomgått enbart 
fas I metabolism, en som genomgått fas I och fas II metabolism och en fjärde som bara 



 
	  

2 

genomgått fas II metabolism. Tre av produkterna kan tänkas vara användbara för test inom 
dopingkontroll. 
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Introduction 
As humans age, muscle and bone mass decline, which can cause injures that can be fatal. 
Testosterone could be used as a treatment to increase muscle mass and strength due to aging 
or illness, which is caused by loss of type II muscle fibers but due to potential adverse effects 
on the prostate and the cardiovascular system the use of testosterone has been restrained as an 
anabolic therapy. This has led to the development of a new class of drugs, non-steroidal 
selective androgen receptor modulators (SARMs) [1-3]. One characteristic for these 
compounds is that they do not bind to aromatase, which is an enzyme that convert 
testosterone to the active metabolite estradiol, or 5α-reductase, which also is an enzyme that 
convert testosterone to an active metabolite, dihydrotestosterone (DHT). DHT is the substance 
that is linked to enlargement of the prostate, which can cause lower urinary tract symptoms 
(LUTS). The SARMs are known to act as full agonists in e.g. muscle and bone and as partial 
agonists in e.g. prostate. Acting as a full agonist in muscle and bone causes positive anabolic 
effects, while being a partial agonist in organs as the prostate produces less negative 
androgenic effects and therefore making the SARMs potential therapy method for muscle and 
bone wasting diseases [2].   

The substance LGD-4033 (Figure 1) is a SARM drug with a 
pyrrolidine-benzonitrile structure. LGD-4033 was 
developed by Ligand Pharmaceuticals [1]. Today it is also 
known as VK 5211, which is licensed by Viking 
therapeutics [4-6]. It is still under development, it is not 
available from the company and not yet an approved drug 
but it is possible to purchase it on the Internet foremost on 

sites where substances for performance enhancement are sold 
[7].  

The World Anti-Doping Agency (WADA) prohibited SARMs from human sports in 2008, 
because of the anabolic effects from these substances [8]. There have been reported cases of 
SARM use, LGD-4033 have been found and confirmed in human samples from USA and 
Canada [7]. The International Federation of Horseracing Authorities have also prohibited 
SARMs from equestrianism [9]. There has been one reported case of detected SARM in 
equine blood samples taken in a routine doping control [10]. This shows that there is an 
interest in this kind of substances to gain unfair advantages within e.g. horse racing.    

Drug metabolism differs between species, which makes it hard to predict what kind of 
metabolites can be formed and therefore studies should be made in different species. Since 
there is evidence that this class of drugs are being used as a performance enhancer within 
human sports and horse racing, it is important to know how these substances metabolises 
because that information can be used in doping controls. Most analytical methods used in 
detection of SARMs in drug testing are based on mass spectrometric methods [4]. 

Drugs metabolises by enzymes through different pathways. Drug metabolism is often divided 
into two phases, phase I and phase II. Phase I involves modifications through the chemical 
reactions oxidation, reduction or hydrolysis. Phase II involves conjugation, which means that 
the drug is conjugated with an endogenous species, e.g. sulfate or glucuronic acid. The aim of 
these reactions is to make the substance more hydrophilic so that the body can eliminate it 
through renal excretion [11].  There are other SARMs that have been studied mainly for 

Figure 1: Structure of LGD-4033 
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doping control purposes [10, 12-16]. The metabolism of SARMs, such as S1, S4 and S22, has 
been studied extensively in both in equine urine and equine plasma using liquid 
chromatography-mass spectrometry (LC-MS) [10, 12-13].   

The metabolism of LGD-4033 has previously been studied in vitro, using pooled human liver 
microsomes [17-18] and the fungus Cunninghamella elegans [17], and in vivo in human [7]. 
Through the in vitro studies five main phase I-metabolites and two phase II-metabolites have 
been found. Thevis et al. (2015) presented data on five metabolites where three were 
monohydroxylated and two dihydroxylated phase I-metabolites [17]. Geldof et al. presented 
also data on five phase I-metabolites where four of them had been monohydroxylated 
followed by other reactions (double bonded oxygen, cleavage of pyrrolidine ring and 
methylation), the fifth metabolite had been dehydroxylated. They reported two glucuronidated 
phase II-metabolites as well [18].     

The methods used when detecting LGD-4033 and its metabolites have been ultra-high 
performance liquid chromatography (UHPLC) coupled with MS/MS [7], liquid 
chromatography-(high resolution)MS (LC-(HR)MS) [17-18], nuclear magnetic resonance 
spectroscopy (NMR) [17-18] and gas chromatography-mass spectrometry (GC-MS) [18].  

The metabolites of LGD-4033 have not yet been investigated in equine plasma, which leads to 
this study. The aim of this study was to identify metabolites in equine plasma gathered from 
three horses after an intravenous injection of 0.3 mg/kg, using UHPLC coupled to quadrupole 
time-of-flight mass spectrometry (QToF-MS) and to determine what the most appropriate 
compound for detection of the substance in doping controls. 

Experimental  
Chemicals and reagents 
Acetonitrile was from Fisher Scientific (Loughborough, UK). Methyl tert-butyl ether, 
methanol, acetic acid and dichloromethane were from Merck (Darmstadt, Germany). Sodium 
hydrogen carbonate (NaHCO3), sodium carbonate (Na2CO3), sodium hydrogen phosphate 
(Na2HPO4), sodium dihydrogen phosphate (NaH2PO4), sodium acetate trihydrate 
(CH3COONa*3H2O) and trichloroacetic acid (Cl3CCOOH) from Sigma Aldrich (St Louis, 
MO, USA). Water was purified with a MilliQ system from Millipore (Billerica, MA, USA).  

In house stock solution of HCl and NaOH for pH adjustment.  

LGD-4033 (4-[(2R)-2-[(1R)-2,2,2-trifluoro-1-hydroxyethyl]pyrrolidin-1-yl]-2-
(trifluoromethyl)-benzonitrile) of analytical grade was purchased from Toronto Research 
Chemicals (Toronto, Canada).  

SARM S22 ((S)-3-(4-cyanophenoxy)-N-[4-cyano-3(trifluoromethyl)phenyl]-2-hydroxy-2-
methylpropionamide) was used as internal standard (IS) and was purchased from Sigma 
Aldrich (St Louis, MO, USA).  

Study samples 
The study was conducted on three horses (denoted A, B and C). The horses were given an 
intravenous injection of 0.3 mg/kg. Plasma samples were collected at time 0 (before 
administration) and at 5 min, 10 min, 15 min, 30 min, 45 min, 1 h, 1.5 h, 2 h, 2.5 h, 3 h, 4 h, 5 
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h, 6 h, 8 h, 12 h, 18 h, 24 h, 48 h, 72 h and 96 h after the administration. Access to a total of 
189 study samples. The samples were stored at -20°C.   

Procedure 
Sample preparation methods 
For sample preparation three different methods were performed on study samples; solid phase 
extraction (SPE) using a HLB cartridge, liquid-liquid extraction (LLE) with the organic 
solvent methyl tert-butyl ether (MTBE) and sodium acetate buffer with pH 5, and protein 
precipitation using acetonitrile.  

SPE with HLB column 
Study samples were thawed in room temperature. The SPE was performed on an Oasis HLB 3 
cc 60 mg Sorbent cartridge. The HLB cartridge was conditioned with 2 ml methanol and 2 ml 
water. Then 1 ml of study sample was added and the cartridge was then washed with 2 ml 5% 
methanol and the cartridge was then dried. To eluate the analytes 2 ml methanol was used. 
The solvent was evaporated dry at 50°C and under a stream of nitrogen. The residues were 
reconstituted in 50 µl of 0.1% formic acid in water and transferred to vials for analysis.  

LLE  
Study samples were thawed in room temperature. Then 200 µl of the study samples were 
added to test tubes. To the samples 2 ml of sodium acetate buffer with pH 5 was added 
followed by 5 ml of MTBE. The samples were extracted for 15 min in room temperature 
followed by centrifugation at 2200 rpm for 20 min at 18°C. The samples were then placed in 
freezer, -20°C, until the aqueous phase had frozen. The organic layers were then poured into 
new tubes and were then evaporated dry at 50°C and under a stream of nitrogen. The residues 
were reconstituted in 100 µl of 0.1% formic acid in water and transferred to vials for analysis.  

Protein precipitation 
Study samples were thawed in room temperature. First 1 ml of the study samples was added 
to test tubes. Then 3 ml of ice-cold acetonitrile was added and the test tubes were mixed by 
hand and placed in the refrigerator, 4°C, for approximately 20 min. Then the samples were 
centrifugated at 3000 rpm for 10 min at 18°C twice. The supernatants were then transferred to 
new test tubes and evaporated dry at 50°C and under a stream of nitrogen. The residues were 
reconstituted in 1 ml methanol followed by centrifugation at 3000 rpm for 10 min at 18°C. 
The supernatants were transferred to new test tubes and evaporated dry at 50°C and under a 
stream of nitrogen. The residues were reconstituted in 50 µl or 100 µl of 0.1% formic acid in 
water and transferred to vials for analysis.  

Analysis 
LC separation was performed using Acquity UPLC® BEH C18 column (2.1 x 100 mm, 1.7 
µm) from Waters Corp. Milford, MA, USA. The mobile phase consisted of A) 0.1% formic 
acid in water and B) acetonitrile. The percentage of the organic solvent in the used gradient 
program was linearly changed as follows: 5% to 95% B, 9.5 min; 95% B, 0.5 min; 95% to 5% 
B, 1 min; and re-equilibration to 5% B for 1 min. The method has a total run time of 12 min. 
The UPLC flow rate was 0.5 ml/min, injection volume was 10 µl and the temperature of the 
column was 40°C. 

An Acquity UPLC system interfaced with a Synapt G2 Q-ToF controlled with MassLynx 
software from Waters Corporation (Milford, MA, USA) was used. MSE and MS/MS analysis 
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was used, MSE mainly for detection and MS/MS for identification/fragmentation. Scan range 
was 50-1200 Da and scan time of 0.2 seconds for MSE analysis and 0.1 seconds for MS/MS 
analysis.  MSE was performed in both positive and negative mode. Cone voltage in MSE 
analysis was set to 30 V. Collision energy for low energy MSE was set to 4 V. The collision 
energy for high energy MSE was ramped from 20 V to 40 V.  

MS/MS was performed in negative mode where the collision energy was ramped between 15-
45 eV for phase I metabolites and 25-65 eV for phase II metabolites.  The system was mass 
calibrated using sodium formate (5 mM in 2-propanol:water (90:10). Automatic lock-mass 
correction was applied using a solution of leucine-enkephalin (2 ng/µl) in acetonitrile: 0.1% 
formic acid in water (50:50). Before and after every run the mass accuracy and retention time 
drift was evaluated by analysing a known test mix of paracetamol (10.1 µg/ml), leucine-
enkephalin (4.0 µg/ml) and meloxicam (4.6 µg/ml).  

Signal to noise definition  
High S/N means a well-defined peak in the chromatogram. The minimal S/N ratio was 3:1, 
meaning that if the peak of interest was three times higher than the noise of the 
chromatogram, it was a usable peak. The S/N was calculated using the signal to noise tool 
available in the MassLynx software. The S/N for the different methods can be seen in Table 1 
where the S/N is calculated with root mean square (RMS), which means that the greatest 
height of the signal above the mean noise is divided by the root mean square deviation from 
the mean of the noise [19].   

Semi-quantification 
The semi-quantification was performed on samples prepared with protein precipitation as 
sample preparation method and a tenfold preconcentration. To the study samples 49 µl of IS 
solution (108 ng/ml) was added. The study samples used came from horse C and the samples 
used were the taken up to 6 hours after administration. The final IS concentration after sample 
preparation was 50 ng/ml.   

Results and discussion 
Method development 
Different sample preparation methods were performed on blank plasma samples spiked with 
LGD-4033, see Table 1 for the results. The chosen sample preparation methods for the study 
samples were protein precipitation with acetonitrile, SPE with HLB cartridge and LLE with 
MTBE and pH 5. The decisions on which methods to be used were based on the results 
presented in Table 1 and the time consumption of each method.  

Since this is the first study of the metabolites of LGD-4033 in equine plasma known to the 
author, no metabolites are known and their respective physicochemical properties. The sample 
preparation methods used were based mainly on the properties of the parent compound. The 
probability of more acidic metabolites was considered when the methods were developed.  

Protein precipitation was the method first used and proved to be a method that was time 
effective and both the parent compound and its metabolites were detectable. 

The decision to use the HLB cartridge instead of the C18 was mainly based on the time 
consumption since the parent compound was clearly detectable with both cartridges. As can 
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be seen in Table 1 the C18 cartridge gave better S/N than the HLB cartridge but the HLB was 
determined easier to work with than the C18 cartridge.  

SPE with HLB cartridge was performed on study samples which had been prepared with 
protein precipitation and study samples without protein precipitation. Two precipitation 
approaches were tested, one using acid and one using organic solvent. Precipitation with acid 
was performed with trichloroacetic acid (TCA). Precipitation with organic solvent was 
performed with acetonitrile. When protein precipitation had been performed before the SPE 
no parent compound or metabolites were detected. The SPE without protein precipitation 
showed parent compound and metabolites but they were seen in lesser extent compared to a 
sample preparation consisting of only protein precipitation.  

The choice of LLE method was based on the detectability of m/z 267 (the most abundant 
fragment formed from the parent compound in negative ionization mode) in spiked blank 
plasma samples, results in Table 1, and the time consumption of the method. It was easier to 
work with MTBE rather than DCM, because with MTBE the organic phase was the upper 
layer, resulting in lower time consumption for MTBE. Although DCM with pH 9.4 showed a 
high S/N it was not chosen because of the time consumption as mentioned and the possibility 
of the metabolites being more acidic than the parent compound.  The S/N listed in Table 1 
shows that S/N for MTBE and DCM together with pH 5 were similar. When LLE with MTBE 
and pH 5 was used on study samples the parent compound and its metabolites were 
detectable. It is possible that the     

The three chosen methods were performed on study samples where the parent compound and 
metabolites were detectable as mentioned. Protein precipitation was the method that was 
determined to be the most suitable for this project.  

Table 1. Overview of the different sample preparation methods and different preconcentrations were 
used. S/N from the extracted MSE low energy-trace chromatogram in negative ionization mode for the 
product ion m/z 267 from spiked blank plasma samples.  

Sample	  preparation	  
method	  

S/N	  (RMS)	   Mass	  Error	  (ppm)	   Concentration	  
LGD-‐4033	  (ng/ml)	  

Method	  used	  for	  
study	  samples?	  

PP	  with	  acetonitrile	   453	   10.4	   1000	   Yes	  

SPE	  C18	   293	   2.70	   500	   No	  

SPE	  HLB	   207	   3.83	   500	   Yes	  
LLE	  MTBE	  pH	  5	   128	   -‐2.33	   200	   Yes	  

LLE	  MTBE	  pH	  7	   73	   -‐2.33	   200	   No	  
LLE	  MTBE	  pH	  9.4	   44	   -‐4.58	   200	   No	  

LLE	  DCM	  pH	  5	   126	   -‐2.70	   200	   No	  

LLE	  DCM	  pH	  7	   34	   -‐3.08	   200	   No	  
LLE	  DCM	  pH	  9.4	   175	   -‐5.70	   200	   No	  

PP	  with	  TCA	  +	  SPE	  
HLB	  

-‐	   -‐	   200	   No	  

PP	  with	  acetonitrile	  +	  
SPE	  HLB	  

-‐	   -‐	  	   200	   No	  
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LGD-4033 
Standard 
MS/MS analysis in negative ionization mode was performed on a standard solution of LGD-
4033, precursor ion [M-H]- m/z 337 and retention time 6.17 minutes, mass spectrum in Figure 
2 and MS/MS data in Table 2.  

Table 2. MS/MS data in negative ionization mode for m/z 337. Standard solution of 10 µg/ml. S/N 
calculated from the chromatogram. 

	  

Figure 2: MS/MS spectrum for LGD-4033 standard solution 10 µg/ml, in negative ionization mode. 

10 µg/ml 

m/z
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420

%

0

100

170413_ESB019 1460 (6.179) AM2 (Ar,18000.0,554.26,0.00,LS 10); Cm (1457:1467) 1: TOF MSMS 337.07ES- 
5.86e4267.0751

170.0215

150.0149130.0095

239.0435

185.0333

268.0783

269.0846 337.2056 431.0659410.1717

Formula	  [M-‐H]-‐	   Product	  ion	  (m/z,	  
experimental)	  

S/N	  (RMS)	   Mass	  Error	  (ppm)	   Cleaved	  Species	  

C13H10ON2F3	   267.0751	   307	   2.16	   -‐HCF3	  
C11H6ON2F3	   239.0435	   232	   1.16	   -‐	  HCF3	  	  

-‐	  C2H4	  
C8H4N2F3	   185.0333	   16	   3.48	   -‐	  C6H7OF3	  
C8H3NF3	   170.0215	   262	   -‐1.52	   -‐	  HCF3	  	  

-‐	  C2H4	  

-‐	  C3H3NO	  
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The highest peak m/z 267, corresponds to a loss of HCF3. The second highest peak m/z 170 
corresponds to the loss of the pyrrolidine ring. The third peak m/z 239 corresponds to a loss of 
HCF3 and ethene. The product ion with m/z 185 corresponds to a loss of C6H7OF3. For 
structures of the product ions see Figure 3. With MSE in negative ionization mode an adduct 
formation of the parent compound and formic acid was found, m/z 383 ([M-H]- + 46 Da).   

	  

Figure 2: (a) The product ions of [M-H]- m/z 337. Product ion m/z 211 has been reported by Cox et al. [7] and 
Thevis et al. (2015) [7,17-18]. (b) Proposed theoretical product ions with estimated position of ionization in 
negative mode.	  	  	  

Study samples 
The LOD of LGD-4033 for the method used (protein precipitation) was determined to 2.5 
ng/ml (see Appendix VI). The parent compound was detectable in samples from all three 
horses (A, B and C) after protein precipitation analysed in MSE negative ionization mode (see 
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Appendix I). After a tenfold preconcentration, the parent compound was detected in samples 
up to 3 hours in horses A and C. Horse B had detectable amounts in samples up to 3 hours 
after a fivefold preconcentration, see more in Semi-quantification.   

Detectable ions in the low energy-trace MSE in negative ionization mode were the parent ion 
m/z 337, the formed adduct ion m/z 383 and the product ion m/z 267. The adduct ion m/z 383 
and product ion m/z 267 were the most abundant ions from the parent compound. m/z 267 had 
the highest intensity, almost the double of m/z 383. The precursor ion m/z 337 had low 
intensity, almost a third of the intensity of m/z 383.   

Product ions according to previously published articles [7, 17-18] were found and 
corresponded with MS/MS data from a LGD-4033 standard, see Table 2.  

Possible metabolites 
The detection and identification of possible metabolites were performed with MSE and 
MS/MS in negative ionization mode. The requirement behind detection was a S/N ratio over 
3:1 in the extracted ion chromatogram. Identification of possible metabolites and their 
fragments was based on the mass of the possible ions. By comparing experimental mass and 
the theoretical mass a mass error could be calculated. If the mass error was <5 ppm, it was 
most likely the molecule of interest. If the mass error was between 5 and 40 ppm there was a 
possibility that it could be the thought of molecule, but more evidence would be needed. If the 
mass error was >40 ppm it would not be the molecule of interest.   

The results differ to some extent between the three horses. The different horses are denoted A, 
B and C, and it is mentioned in the text from which horse the data comes from. Differences in 
the horses are mainly seen in how long the different metabolites are seen in the samples, 
which will be referred to as detection time, and what metabolites are produced.   

Table 3. Detection time for each of the metabolites in the horses they were found and what sample 
preparation method was used and what preconcentration. 

Metabolite	   Detection	  time	  
(after	  
administration)	  

Horse	   S/N	  (RMS)	  
for	  first	  
sample	  

The	  highest	  
S/N	  (RMS)	  
measured	  

Sample	  
preparation	  
method	  

Preconcentration	  

M1a	   3	  hours*	   A	   23.3	   26.6	   Protein	  
precipitation	  

Tenfold	  

M1a	   4	  hours	   C	   17.4	   85.5	   Protein	  
precipitation	  

Tenfold	  

M1a	   6	  hours	   B	   16.0	   16.0	   Protein	  
precipitation	  

Fivefold	  

M1b	   3	  hours	   C	   6.4	   12.0	   Protein	  
precipitation	  

Tenfold	  

M2	   3	  hours*	   A	   11.6	   21	   Protein	  
precipitation	  

Tenfold	  

M2	   6	  hours	   B	   17.3	   17.3	   Protein	  
precipitation	  

Fivefold	  

M2	   5	  hours	   C	   10.7	   13.3	   Protein	  
precipitation	  

Tenfold	  

M3a	   3	  hours*	   A	   112.1	   333.5	   Protein	  
precipitation	  

Tenfold	  

M3a	   6	  hours	   B	   41.2	   66.4	   Protein	  
precipitation	  

Fivefold	  

M3a	   2.5	  hours	   C	   132.4	   284.8	   Protein	   Tenfold	  
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*Last study sample analysed with the noted sample preparation method and preconcentration. 
**The most abundant fragment m/z 227 was used.     

Six different metabolites were observed after sample preparation with protein precipitation. 
Two of the metabolites originate from phase I and the other four were phase II metabolites. 
Phase I metabolites were parent compound that underwent hydroxylation (M4, 
monohydroxylation and M2, dihydroxylation). Phase II metabolites were glucuronidated 
parent compound (M3) and glucuronidated monohydroxylated (M1) metabolite.  

M1a-b: Monohydroxylation followed by glucuronidation 
An extracted ion chromatogram for the glucuronidated monohydroxylated metabolite in MSE 
negative ionization mode with sample preparation protein precipitation and preconcentration 
(tenfold and twentyfold), for [M-H]- m/z 529, showed presence of one peak at 3.69 minutes 
(M1a) in samples from all three horses. In samples from horse C two peaks could be seen in 
the extracted ion chromatogram from MSE negative mode (see Appendix II), the first with a 
retention time of 3.69 minutes as found in the other two horses and the second peak with a 
retention time of 3.99 minutes (M1b).   

Table 4. MS/MS data in negative ionization mode for m/z 529 (Rt 3,67 minutes). Sample prepared with 
protein precipitation and a tenfold preconcentration, time of study sample was 15 minutes after 
administration in horse C.    

Formula	  [M-‐H]-‐	   Product	  ion	  (m/z,	  
experimental)	  

Mass	  Error	  (ppm)	   Cleaved	  Species	  

C10H6ON2F3	  
	  

227.0416	   -‐7.14	   -‐	  C6H8O6	  
-‐	  HCF3	  
-‐C2H4	  	  
-‐CO	  

C8H3NF3	   170.0198	   -‐11.52	   -‐	  C6H8O6	  	  
-‐HCF3	  
-‐C2H4	  

-‐C3H3NO2	  

 
The [M-H]- m/z 529 corresponds with LGD-4033 + 192, where 192 could consist of an 
oxygen (16) and an addition of glucuronic acid (176). The mass error for the parent ion, m/z 
529, in horse A was 1.96 ppm in study sample 15 minutes after administration, which was 
within the acceptable limits of this project.  

The first peak (M1a) was detectable in all three horses but with different detection times, see 
Table 3. The second peak (M1b) was detectable in samples up to 3 hours after administration.  

High energy-trace in MSE showed the parent ion [M-H]- m/z 529 with a retention time 3.70 
minutes (M1a) but there was no sign of fragmentation. MS/MS analysis was performed on 

precipitation	  
M3b	   3	  hours*	   A	   19.9	   40.0	   Protein	  

precipitation	  
Tenfold	  

M3b	   2	  hours*	   B	   8.2	   8.2	   Protein	  
precipitation	  

Twentyfold	  

M3b	   4	  hours	   C	   14.6	   19.6	   Protein	  
precipitation	  

Tenfold	  

M4**	   4	  hours	   B	   11.6	  	   11.6	   Protein	  
precipitation	  

Fivefold	  
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sample taken 15 minutes after administration with sample preparation protein precipitation 
and a tenfold preconcentration, see Table 4.  

A product ion with m/z 201, which would consist of the fragment m/z 185 from the benzylic 
ring of the parent compound with an additional oxygen (185 + 16). It would indicate that the 
hydroxylation has occurred on the benzylic ring while an ion with m/z 185 would indicate 
position on the pyrrolidine ring, since m/z 185 is a fragment found in LGD-4033, see Figure 3 
for structures.  

The product ion with m/z 170 listed in Table 4 and Table 2 indicates an unmodified benzylic 
ring and that the hydroxylation has occurred on the pyrrolidine ring. The product ion m/z 227 
listed in Table 4 can be explained as ion m/z 211 that is reported in literature [7, 17] as a 
product ion from [M-H]- m/z 337, but with an added oxygen. m/z 211, see Figure 3b, has been 
listed with the cleaved species HCF3, ethene (C2H4) and carbon monoxide (CO). A 
comparison between m/z 211 from the parent compound and m/z 227 from m/z 529 [M-H]- 
shows that the hydroxylation can be found on the pyrrolidine ring. Since no m/z 201 or m/z 
186 (170 + 16) has been found indicates further that the hydroxylation has occurred on the 
benzylic ring.  

The second peak at 3.99 minutes (M1b) did not show any other fragment than the intact 
glucuronide [M-H]- m/z 529 in MSE low- and high-energy traces. MS/MS analysis showed no 
fragmentation due to low intensity, therefore the structure cannot be determined.  

There are several possible positions for hydroxylation, it could occur on either the benzylic 
ring or the pyrrolidine ring. The MS/MS data gathered from M1a indicated a hydroxylation on 
the pyrrolidine ring. The metabolite has two hydroxyl groups, which means that there were 
two oxygens that could conjugate with the endogenous glucuronic acid. The hydroxyl group 
in the parent compound is positioned in asymmetric centre and could therefore generate two 
diastereomers when conjugated with the glucuronic acid. The added hydroxyl group on the 
pyrrolidine ring would generate another asymmetric centre and conjugation could then 
produce two diastereomers. In total, it would be possible for a glucuronidation to generate 
four diastereomers. This could be the explaniation behind the metabolite M1b, which was 
found only in horse C.    

To determine the exact position of the hydroxylation NMR analysis would be necessary, 
MS/MS analysis can determine on which part of the parent compound it has occurred.    

M2: Dihydroxylation 
Extracted ion chromatogram for the dihydroxylated metabolite in MSE negative mode, [M-H]- 

m/z 369, showed presence of one peak at 4.74 minutes (see Appendix III). The peak could be 
seen for all three horses after sample preparation with protein precipitation and a tenfold 
preconcentration in two of the horses (A, C) and a twentyfold preconcentration (a tenfold 
preconcentreation was never performed on samples from this horse) in the third horse (B), see 
Table 3 for detection times.    
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Figure 4: MS/MS spectrum for M2 in negative ionization mode. 

Table 5. MS/MS data in negative ionization mode for m/z 369. Sample prepared with protein 
precipitation and a tenfold preconcentration. Time of study sample was 1 hour after administration in 
horse C.   

Formula	  [M-‐H]-‐	   Product	  ion	  (m/z,	  
experimental)	  

Mass	  Error	  (ppm)	   Cleaved	  species	  

C14H9O2N2F6	   351.0656	   	  	  25.01	   -‐	  H2O	  
C13H8O2N2F3	   281.0587	   	  	  4.91	   -‐	  H2O	  

-‐	  HCF3	  
C13H6ON2F3	   263.0391*	   15.67*	   -‐2	  H2O	  

-‐	  HCF3	  
C12H10ON2F3	   255.0750*	   1.87*	   -‐	  HCF3	  

-‐	  CO2	  
C11H6ON2F3	   239.0403	   	  -‐12.22	   	  	  -‐	  H2O	  

	  	  -‐	  C3H3OF3	  
C12H8N2F3	   237.0699	   	  	  25.07	   -‐	  HCF3	  

-‐	  CO2	  
-‐	  H2O	  

C8H4N2F3	   185.0344	   	  	  9.42	   -‐	  C6H7O3F3	  

Sadie PP 10 MSMS 1 h neg

m/z
100 120 140 160 180 200 220 240 260 280 300 320 340 360 380 400 420

%

0

100

170425_EB004 2233 (4.726) AM2 (Ar,18000.0,554.26,0.00,LS 10); Cm (2229:2237) 1: TOF MSMS 369.07ES- 
120281.0591

237.0699
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183.1400 218.0630
264.0547
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*Data from another study sample 1 hour after administration in horse B, prepared with protein precipitation 
and a fivefold preconcentration.  

Dihydroxylation could occur in several positions and could in theory generate several 
metabolites. The hydroxylations could either occur on the benzylic ring, the pyrrolidine ring 
or one on each of the rings.  

If the hydroxylations have occurred on the pyrrolidine ring, unmodified benzylic ring 
fragments common with the parent compound would be detected, such as m/z 185 or m/z 170. 
If the hydroxylations have occurred on the benzylic ring possible fragments like m/z 217 (185 
+ 32) might be found, if the fragmentation pattern of the metabolite is similar to the parent 
compound, see Figure 3. If the modification occurs on both rings m/z 201 (185 + 16) and m/z 
186 (170 + 16) might be found, which would correspond with monohydroxylation on the 
benzylic ring and therefore indicating the second hydroxylation on the pyrrolidine ring.      

Product ions with m/z 239 and m/z 185 can be found in Table 5. These ions have also been 
found in the fragmentation of the parent compound, see Table 2, which is an indication of 
both hydroxylations occurring on the pyrrolidine ring. The loss of 2 H2O with fragment m/z 
263 indicate that a dihydroxylation has happened, because the parent compound only has one 
hydroxyl group which is not lost as water when ionized. Hydroxylations on aliphatic rings 
tend to lose water more easily than aromatic hydroxylations, since there are two water 
molecules lost it might be an indication of hydroxylations on the aliphatic ring rather than the 
aromatic. This has been proved in positive ionization mode [20-21], although it is possible to 
think that is occurs in negative ionization mode as well. Product ion m/z 281 was also found 
in the high-energy trace in MSE in negative mode, which could be explained as a loss of HCF3 
and water.   

Due to mass errors between 5 and 40 ppm and low intensities in the mass spectrum, see 
Figure 4, for the listed product ions in Table 5, further experiments, such as other sample 
preparation methods (to get higher intensities) and NMR would be needed for complete 
determination of the position of the oxygens.  

M3a-b: Direct glucuronidation 
Extracted ion chromatogram for the glucuronidated parent compound in MSE negative 
ionization mode with sample preparation method protein precipitation and a tenfold 
preconcentration, [M-H]- m/z 513, showed the presence of two peaks, at 4.76 minutes (M3a) 
and 4.91 minutes (M3b), which could be seen in all three horses (see Appendix IV). 
Preconcentrations lower than tenfold showed only one peak at 4.76 minutes (M3a) in MSE 
negative mode.  

The presence of two peaks could be explained as stereoisomers of the same compound. The 
parent compound has two asymmetric centres. The two peaks could indicate that the LGD-
4033 used in this study was not enantiomerically pure. Another theory is that the parent 
compound goes through a metabolic or chemical reaction which converts it to a ketone. When 
the ketone re-react back to the parent compound the position of the hydroxyl group in the 
molecule can be altered and therefore could the second peak is explained. Extracted ion 
chromatograms for the LGD-4033 ketone [M-H]- m/z 335 showed no peaks which could be 
explained by this ion.  
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To confirm that it is the glucuronidated parent compound that contribute to both peaks, a 
fragmentation pattern similar to the one generated by the parent compound could be predicted 
to be found.  

For the peak with the retention time 4.76 minutes the high-energy trace in the MSE negative 
mode showed ions m/z 513 and m/z 267. The product ion m/z 267 indicate some similarity to 
the parent compound, since m/z 267 is the most abundant fragment from the parent 
compound. The second peak with the retention time 4.91 minutes only the m/z 513 was seen 
in both the low- and the high-energy traces in the MSE negative mode.   

Table 6. MS/MS data in negative ionization mode for m/z 513 with retention time 4.76 minutes. 
Sample prepared with protein precipitation and 2.5 preconcentration, time of study sample was 10 
minutes after administration from horse A.  

Formula	  [M-‐H]-‐	   Product	  ion	  	  
(m/z,	  experimental)	  

Mass	  Error	  (ppm)	   Cleaved	  Species	  

C14H11ON2F6	   337.0689	   -‐25.68	   -‐	  C6H8O6	  

C13H10ON2F3	   267.0758	   4.79	   -‐	  C6H8O6	  	  
-‐	  HCF3	  

C11H6ON2F3	   239.0435	   1.16	   -‐	  C6H8O6	  
-‐	  HCF3	  
-‐	  C2H4	  

C10H6N2F3	   211.0495	   5.65	   -‐	  C6H8O6	  
-‐	  HCF3	  
-‐	  C2H4	  
-‐	  CO	  

	  C8H4N2F3	   185.0319	   -‐4.09	   -‐	  C6H8O6	  
-‐	  C6H7OF3	  

C8H3NF3	   170.0256	   22.60	   -‐	  C6H8O6	  
-‐	  HCF3	  
-‐	  C2H4	  

-‐	  C3H3NO	  
	  

As can be seen in Table 6, many of the product ions can be found in Table 2, which indicates 
that this metabolite fragments similarly to the parent compound. [M-H]- m/z 513 was seen in 
the MS/MS mass spectrum and had a mass error of 2.05 ppm, which was within the limits of 
this project. m/z 337 corresponds with the [M-H]- for the parent compound and m/z 211 has 
been reported as a fragment in previous papers [7,17] and therefore it is determined that the 
metabolite with retention time 4.76 minutes is a glucuronidated parent compound.  

See Table 3 for detection time of the metabolites in all three horses.  

M4: Monohydroxylation 
Extracted ion chromatogram for the monohydroxylated metabolite in negative ionization 
mode, [M-H]- m/z 353, showed presence of one peak at 4.84 minutes with the sample 
preparation methods protein precipitation and a fivefold preconcentration (Appendix V) and 
LLE with MTBE and pH 5. This possible metabolite has only been found in one (horse B) of 
the three horses.  

High intensities were difficult to reach with this metabolite and therefore there are partial 
fragmentation data because no successful MS/MS analysis was performed. M4 was therefore 
analysed only in MSE (both low energy- and high energy-traces), results presented in Table 7.   
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Table 7. MSE data in negative ionization mode. Protein precipitation and fivefold preconcentration on 
samples from horse B 2 hours after administration.   

Formula	  [M-‐
H]-‐	  

Precursor	  ion	  
(m/z,	  
experimental)	  

Product	  ion	  	  
(m/z,	  
experimental)	  

Mass	  Error	  
(ppm)	  

Cleaved	  
Species	  

MSE	  Energy	  
Trace	  

C14H11O2N2F6	  
	  

353.0710	   -‐	   -‐4.17	   -‐	   Low	  

C10H6ON2F3	  
	  

	   227.0417	   -‐6.70	   -‐	  HCF3	  
-‐C2H4	  	  
-‐CO	  

Low	  

C10H6ON2F3	  
	  

	   227.0425	   -‐3.18	   -‐	  HCF3	  
-‐C2H4	  	  
-‐CO	  

High	  

C8H3NF3	  
	  

	   170.0216	   -‐0.93	   -‐HCF3	  
-‐C2H4	  

-‐C3H3NO2	  

High	  

 

To determine where the possible hydroxylation has occurred fragments containing either the 
unmodified benzylic ring or modified benzylic ring should be found. Product ions such as m/z 
185 and m/z 170 would indicate an unmodified benzylic ring, which have been found in the 
other metabolites. The precursor ion [M-H]- m/z 353 was found in the low energy-trace along 
with the product ion m/z 227. The product ions m/z 227 and m/z 170 were found in the high 
energy-trace. Both ions m/z 227 and m/z 170 have been identified as fragments from 
metabolite M1a, see Table 4. Product ion m/z 227 corresponds with the product ion m/z 211 
formed from the parent compound but with an additional oxygen, see Figure 3b. The loss of 
126 mass units corresponds with loss of HCF3, ethene (C2H4) and carbon monoxide (CO). 
This fragment cannot confirm where the hydroxylation has occurred only that the reaction has 
occurred. However, the product ion m/z 170 indicates a hydroxylation on the pyrrolidine ring 
since the ion also has been found as a fragment of the parent compound, see Table 2 and 
indicates the consist of an unmodified benzylic ring.  

The three ions m/z 353, 227 and 170 were first detected with low responses in sample 1 hour, 
2 hours, 3 hours and 4 hours after administration from horse B in negative ionization mode.  

Since a monohydroxylated glucuronide was detected in all the three horses it seems likely that 
monohydroxylated parent compound would be detected. It is possible that horse B produces 
more of the monohydroxylated species and therefore saturate the phase II glucuronidation 
reaction, which results in detectable monohydroxylated species.  

Semi-quantification 
Since there has not been any previous studies in horses regarding this substance, a semi-
quantification was performed for an estimation of the concentrations of the different 
metabolites and parent compound. The internal standard (IS) used was the SARM S22, see 
Figure 5. SARMS S22 has some structural elements in common with LGD-4033, such as a 
benzylic ring with trifluoromethyl group and cyano group as substituents, and therefore would 
be a good candidate as internal standard. 
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Figure 5: Structure of SARM S22 

The result is presented in Figure 6, as the area under the curve (AUC) for the metabolite/ 
LGD-4033 divided by the AUC of the IS. The AUCs were calculated using the integration 
tool available in the MassLynx software. Integration was performed on the peaks presented in 
extracted chromatograms from MSE in negative ionization mode. For the metabolites m/z of 
the precursor ions was used, while for LGD-4033 the product ion m/z 267 was used because 
of its high response. Since it was a semi-quantitative method the results do not tell how much 
there was of each substance, but how detectable it was. The detectability is not only 
dependent on the amount but also how much of the substance that is able to ionize.    

	  

Figure 6: AUCm/AUCIS for LGD-4033 and its metabolites in one of the horses (C) during the first 6 h after 
administration. 

The parent compound LGD-4033 was the dominant substance 5 minutes after administration. 
The first metabolites formed are M1a and M3a, where M3a was the metabolite with the 
highest response. Since M3a was a metabolite with only one process (glucuronidation) it does 
not seem odd that this was detectable in higher extent. For M1a it is most likely that the 
hydroxylation must occur before the glucuronidation can happen and therefore it is not 
surprising to see it in lesser extent.  

The parent compound was detectable up to two hours and then in the three hours’ sample. The 
reason behind this could be that the direct glucuronidated parent compound (M3a-b) has 
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degraded to the parent compound during the sample preparation and therefore increase the 
detectable amount. The stability of the analytes in this project has not been studied; it is 
therefore hard to tell how stable the metabolites were and if the stability has affected the 
study. It is more likely though that it can be explained by the human factor. The study sample 
could have been wrongly marked when taken, or got mixed up during the sample preparation. 

M3a is the metabolite with the highest response. The concentration peaks at 15 minutes after 
administration and is detectable up to 2.5 hours.   

M1a is the metabolite with the second highest response, with a peak response at 15 minutes 
after administration. It is detectable up to 4 hours. The metabolite M1b is detectable from 30 
minutes after administration and up to 3 hours. The response appears to peak after 1 hour, but 
it is not as high as M1a making M1a more suitable as a metabolite used in doping control 
analysis.   

The metabolite that has the longest detection time was M2, which was detectable up to 5 
hours. It seems as M2 is produced in small quantity or is harder to ionize because of the lower 
detected response, but it was detectable for a longer time period compared to the metabolites 
that gave greater responses.   

M4 was not present in this horse and could therefore not be semi-quantified. As mentioned 
above M4 was detectable between 1 and 4 hours when the sample preparation method was 
protein precipitation and had a fivefold preconcentration.  

As mentioned above M1a and M3a were detectable after 5 minutes, which indicates that the 
metabolism of LGD-4033 is rapid. The relative short detection times of all the metabolites 
indicates an extensive excretion of this substance.  

Based on the performed semi-quantification, the most suitable compounds for doping control 
purposes is M1a (monhydroxylated glucuronide), M2 (dehydroxylated specie) or M3a 
(glucuronidated parent compound). If the samples were to be treated with the enzyme 
glucuronidase during doping control it would be appropriate to screen for the 
deglucuronidated species ([M-H]- m/z 337 and [M-H]- m/z 353), M2 would be unchanged 
([M-H]- m/z 369). By cleaving the glucuronide, the retention time would differ between the 
glucuronidated and the deglucuronidated species.  
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Conclusion 
The aim of this project was to identify the metabolites of the substance LGD-4033 in equine 
plasma using UHPLC-QToF-MS. During this project six possible metabolites (M1a-b, M2, 
M3a-b, and M4) have been discovered using protein precipitation as sample preparation 
method. M1a-b was hydroxylated (phase I) and conjugated with glucuronic acid (phase II). 
M3a-b were direct conjugated with glucuronic acid (phase II), while M2 and M4 were 
hydroxylated (phase I).   

Four of the metabolites (M1a, M2 and M3a-b) were detected in all three horses. Metabolite 
M1b was detected in only one of the horses (horse C). Metabolite M4 was also detected in 
only one of the horses (horse B). The parent compound was detectable in all three horses up 
to three hours. The limit of detection (LOD) was estimated to 2.5 ng/ml of LGD-4033.  

In the metabolites where hydroxylation occurred (M1a-b, M2 and M3a-b), data indicated that 
all the hydroxylations happened on the pyrrolidine ring of the parent compound. For M1a-b it 
could not be determined where the glucuronidation did occurred.  

A semi-quantification showed that the metabolism of LGD-4033 was rapid (metabolites 
detected after 5 minutes) and extensive (metabolites were detected up to 5 hours).  

For detection of LGD-4033 in doping control M1a, M2 and M3a would be suitable as target 
molecules. M1a and M3a gave the highest responses and M2 had the longest detection time. If 
the method used in doping control involves addition of glucuronidase the target molecules 
would be the parent compound (former M3a), the monohydroxylated specie (former M1a) and 
unchanged M2.   

In future projects, it would be useful to perform experiments with glucuronidase, especially 
with the monohydroxylated glucuronidated metabolite to further determine the position of the 
hydroxylation. By cleaving the glucuronic acid, it might be possible to determine further 
where the hydroxylation has occurred.  

The preconcentration was not considered from the beginning of this project and if the project 
was to be redone it would have been considered from the beginning. Otherwise it would have 
been desirable to investigate other kind of cartridges for the sample preparation and optimise 
the method so that the sample amount could be decreased.  

Since two of the metabolites, M2 and M3a, have the same retention time a longer gradient 
could be of value, so that M2 and M3a could be separated. 

The data were generally collected in negative ionization mode but it could be interesting to 
further investigate the data collected in positive mode. The positive data could perhaps gain 
further information about where the hydroxylation have occurred or detect other metabolites. 
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Appendix I 
LGD-4033 in study samples 0 hours (below) and 10 minutes (above) after administration in 
horse C. Extracted ion chromatogram for m/z 267 in MSE negative ionization mode (low 
energy-trace). Retention time 6.18 minutes.  
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Appendix II 
M1a-b in study sample 0 hours (below) and 30 minutes (above) after administration in horse 
C. Extracted ion chromatogram for [M-H]- m/z 529 in MSE negative ionization mode (low 
energy-trace). M1a retention time 3.67 minutes. M1b retention time 3.99 minutes.   
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Appendix III 
M2 in study sample 0 hour (below) and 1 hour (above) after administration in horse C. 
Extracted ion chromatogram for [M-H]- m/z 369 in MSE negative ionization mode (low 
energy-trace). Retention time 4.73 minutes.  
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Appendix IV 
M3a-b in study sample 0 hour (below) and 45 minutes (above) after administration in horse 
A. Extracted ion chromatogram for [M-H]- m/z 513 in MSE negative ionization mode (lo –
energy-trace). M3a retention time 4.73 minutes. M3b retention time 4.91 minutes.   
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Appendix V 
M4 in study sample 0 hour (below) and 1 hour (above) after administration in horse B. 
Extracted ion chromatogram for product ion m/z 227 in MSE negative ionization mode (low 
energy-trace). Retention time 4.83 minutes.  
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Appendix VI 
Standard curve used for determination of LOD. 
Samples were prepared with protein precipitation and a tenfold preconcentration. AUC was 
calculated on the peaks generated by m/z 267.   
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