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Abstract

Quantitative determination of andarine and ostarine in rat serum was achieved using two selective liquid chromatography-
mass spectrometry methods (LC-MS). After extracting the analytes and internal standards (ostarine and andarine) from the
serum samples through a high throughput extraction method (protein precipitation), the samples were analysed by reverse
phase liquid chromatography using as mobile phase a mixture of methanol and 10 mM ammonium formate solution (75:25,
v/v). The analytes were detected following specific transitions in MS/MS mode of the QTOF mass spectrometer, after pre-
ionization by a negative electrospray ionization source (ESI-). Both methods were validated for a concentration range
between 50 - 10000 ng/mL according to the current official guidelines with regards to carry-over, selectivity, linearity,
within- and between-run accuracy, precision and can be applied to accurately measure andarine and ostarine levels in rat
serum samples in order to design a pharmacokinetic study or for doping control purposes.

Rezumat

Determinarea cantitativd a andarinei si ostarinei in serul de sobolan a fost realizatd utilizdind doud metode selective de
cromatografie de lichide cuplatd cu spectrometric de masa (LC-MS). Dupa extractia analitilor si a standardelor interne
(ostarina si andarina) din probele de ser printr-o metoda ,,high throughput” de extractie (precipitare de proteine), probele au
fost analizate prin cromatografie de lichide in faza inversa, utilizadnd ca fazd mobild un amestec de metanol si o solutie de
formiat de amoniu 10 mM (75:25, v/v). Analitii au fost detectati urmarind tranzitii specifice in modul MS/MS al
spectrometrului de masa QTOF, dupa ionizarea prealabila prin sursa de ionizare de tip electrospray negativ (ESI-). Metodele
au fost validate pe domeniul de concentratie 50 - 10000 ng/mL in conformitate cu reglementarile actuale in ceea ce priveste
carry-over-ul, selectivitatea, liniaritatea, precizia in aceeasi serie si intre serii diferite si pot fi aplicate pentru cuantificarea
nivelurilor serice de andarina si ostarina din probe de sobolan, pentru realizarea unui studiu farmacocinetic sau in controlul
dopajului.
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Introduction the interest for these substances is increasing amongst
athletes and teenagers [16-18]. Moreover, the development
of fast, sensitive, specific and robust methods in
different biological matrices (mainly in urine, but also
in hair) is researched in order to control the prohibited
consumption of these compounds, including SARMs
[4, 11, 19].

Regarding the therapeutic effects of novel SARM
compounds (YK11, S42 and GSK2881078) in certain
pathologies like osteoporosis, hypogonadism, cachexia
are still researched, even if the first representatives
of this class do not have yet a clearly defined
toxicological profile in long-term administration [5,
10, 13-15, 21].

Andarine and ostarine are two arylpropionamide-
derived substances from the category of Selective
Androgen Receptor Modulators (SARMs) with anabolic
effects, acting as agonists of the androgen receptors
located in bone and muscle tissue [3, 6, 8]. Actually,
these compounds are not available as approved
pharmaceutical substances, being introduced in the
Prohibited List of WADA (World Anti-Doping Agency)
since 2008 after several reports regarding their use
as doping agents [2, 12, 21].

The scientific literature offers a variety of studies
regarding the pharmaco-toxicological profiles of other
different doping agents, considering that nowadays
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Taking into account that the state-of-the-art regarding
the SARMs" subject includes several doping control
methods in urine, our purpose was to develop and
validate a fast and cost-effective LC-MS method for
the quantitative analysis of andarine and ostarine (parent
compounds) in rat serum samples through protein
precipitation, using as internal standards ostarine for
the andarine method and andarine for the ostarine
method. These methods are part of a pharmacokinetic
study for toxicological research purposes on animal
doping model in rats treated with andarine and ostarine,
respectively.

Materials and Methods

Chemicals, reagents

Andarine reference standard was purchased from Sigma-
Aldrich (Saint Louis, USA) and ostarine reference
standard from AbMole BioScience (Brussels, Belgium).
Methanol, acetonitrile and ammonium formate were
HPLC grade (Merck KgaA, Darmstadt, Germany).
Ultrapure water was produced by a Merck Millipore
Direct Q3 (Molsheim, France) water system.
Preparation of solutions

Stock solution of andarine (100 pg/mL) was daily
prepared by dissolving 2 mg of andarine reference
standard substance (weighed on a Partner Corporation
analytical balance) in 20 mL methanol, then 1 mL
of this solution was diluted with methanol to 10 mL
(final concentration 10 pg/mL).

Stock solution of ostarine (100 pg/mL) was prepared
by dissolving 2 mg of ostarine reference standard
substance in 20 mL methanol, then 1 mL of this
solution was diluted with methanol to 10 mL (final
concentration 10 pg/mL).

The internal standard solutions of ostarine and andarine,
respectively, were prepared in the same way as the
stock solutions, having the final concentrations 10
pg/mL.

Seven calibration working solutions of andarine,
respectively, ostarine, from 50 ng/mL to 10000 ng/mL
(50, 100, 500, 1000, 2000, 5000, 10000 ng/mL) were
prepared by diluting specific volumes of stock solutions
with 10 mM ammonium formate solution in ultrapure
water.

For the preparation of blank, standard calibration and
control samples serum obtained from untreated rats
was used.

Standard calibration solutions and quality control
samples were freshly prepared on the day of analysis.
100 pL of the appropriate working solution, 100 uL
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blank serum, and 20 pL internal standard solution
(10 pg/mL) were added in an Eppendorf tube to
which 600 pL of acetonitrile was added. The mixture
was vortexed for 2 minutes at 2000 rpm and centrifuged
at 12000 rpm for 10 minutes. The supernatant was
transferred to a HPLC vial in order to be injected
into the LC-MS/MS system.

Accuracy and precision of the method was verified
using quality control samples (QCs) at three different
concentrations (QCA, QCB, QCC). For andarine
method, the QCs concentrations were 150, 3000,
7500 ng/mL and for ostarine method the QCs
concentrations were 150, 4000, 7500 ng/mL. The
preparation of the working solutions was the same
for both andarine and ostarine methods respectively,
as for the determination of andarine, ostarine was
used as internal standard and vice versa.

Analytical methods

The HPLC system was a Flexar FX-10 (Perkin Elmer,
Waltham, USA) consisting of a binary pump, a solvent
degasser, an autosampler with controlled temperature
and a column thermostat. The mass spectrometry system
used was an QTOF 4600 series (ABSciex). Other
equipment: 5430R centrifuge (Eppendorf), ZX4 Advanced
IR vortex mixer (Velp), XA52.3Y balance (Radwag),
Direct 3Q UV water purification system (Merck-
Millipore).

Chromatographic separation for both methods was
performed on a Kinetex XB-C18, 3.0 x 100 mm,
2.6 um column thermostated at 25°C and the mobile
phase consisted of a mixture of water containing 10
mM ammonium formate (25%) and methanol (75%)
in isocratic elution. The pump delivered the mobile
phase at 0.5 mL/min, the injection volume was 2 pL
and the time of analysis was 2 min per sample analysed.
The detection of the analytes was performed in MS/MS
(Product ion) mode using negative electrospray
ionization (ESI-). The mass spectrometer ionization
source parameters were: spray voltage 1800 V, vaporizer
temperature 450°C, Ion Gas Source 1: 35, Ton Gas
Source 2: 23, Curtain Gas: 10.

For the detection, the sum of the monitored fragment
ions with m/z 289.05, 261.05, 205.05, 150.05 and
107.05 from parent ion m/z 440.10 for andarine, using
a collision energy of 32 V (Figure 1) and the sum of the
monitored fragment ions m/z 269.05, 185.05, 118.05
from parent ion 388.05 m/z for the detection of
ostarine using a collision energy of 23 V (Figure 2),
were used.
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Figure 1.
Mass spectra of andarine fragmentation (Product ion scan)
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Figure 2.
Mass spectra of ostarine fragmentation (Product ion scan)
Samples preparation regarding the selectivity, linearity, accuracy, precision,

Rat serum samples were freshly processed on the day
of analysis as follows: in an Eppendorf tube 100 puL of
10 mM ammonium formate, 100 pL serum sample,
20 pL internal standard solution of 10 pg/mL and
600 pL of acetonitrile were added, then the mixture
was vortexed for 2 minutes at 2000 rpm and centrifuged
at 12000 rpm for 10 minutes. The supernatant was
transferred to a HPLC vial and a volume of 2 pL
was injected into the LC-MS/MS system.

All sampling and analysis were performed under the
approval of The Ethical Committee for Scientific
Research of The University of Medicine, Pharmacy,
Sciences and Technology from Targu Mures, Romania
(Ethical Committee approval no. 144/16.07.2019).
Validation

Both methods were validated according to the current
European guideline of bioanalytical method validation
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analytes stability [1].

Selectivity was tested using six different serum blanks
in order to test the lack of interference from endogenous
compounds at the retention times of the analytes.
The carry-over was also tested, using blank sample
injections made immediately after the injection of a
high concentration quality control sample (QCC).
The concentration of both analytes was determined
using the internal standard method and the calibration
was performed using singlicate calibration standards
(seven standards at different levels of concentration
between 50 - 10000 ng/mL) in five different analytical
runs analysed on three different days. The calibration
curves were fitted with linear regression y = ax + b,
weighting 1/y*, where y — area ratio and x — concentration.
The within- and between-run precision (RSD%) and
accuracy (Bias%) were determined by analysing five
individual samples in the same analytical run and five
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samples, each in a separate analytical run, respectively,
at four different concentration levels: LLOQ, QCA,
QCB, QCC.

Another step of the method validation was the testing
of analytes stability in different conditions in order
to verify that analytes consistency is in accordance
with regulatory provisions regarding the limits of
variability in each process during a bioanalytical
protocol: freeze-thaw stability (FTS), short term room
temperature stability (STS) and post-preparative stability
(PPS). For the stability studies, QCA and QCC levels
were tested. Stock solutions were freshly prepared in
each day of analysis.

FTS was tested by using five aliquots at the QCA
and QCC concentration levels which were frozen and
thawed two times in two consecutive days, after seven
days of storage at -20°C. After the second freeze-
thaw cycle, the samples were analysed against the
calibration curve of the day.

Accordingly with the current European guideline of
bioanalytical method validation [1], the temperature of
-20°C was selected as suitable for testing the stability
at cooler temperatures. No long term stability was
performed because the time between collection, storage
and analysis was designed so that no more than 7
days of storage at -20°C would be expected, and
this type of stability was tested.

Four quality control samples at QCA and QCC levels
were prepared mixing 100 pL from the corresponding
QC working solution with 100 pL blank serum and
leaving the mixture at room temperature for 6 h
before testing STS.
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For the PPS, five aliquots at QCA and QCC levels
were tested, being stored after preparation for 18 h
in the HPLC's autosampler at 20°C.

All the stability serum samples were measured against a
freshly prepared calibration curve and the concentrations
obtained were compared to the nominal concentrations.
The stability would be proven if the differences between
the mean concentrations of the analysed samples in
various conditions and the nominal concentrations
were within the + 15% acceptance limit.

The ability to dilute samples with concentrations above
the upper limit of quantification (ULOQ 10000 ng/mL)
was also tested, by diluting a solution of 85000 ng/mL
for andarine and 80000 ng/mL for ostarine by a dilution
factor of 1:10. The accuracy and precision within- and
between-run of dilution tests had to be within + 15%.
The matrix effect was determined by using six QCA
and QCC serum samples and one of each QCA and
QCC sample prepared in ultra-purified water instead
of serum. For each analyte and internal standard, the
matrix factor (MF) was determined for each type of
matrix, by calculating the ratio of the peak area in the
presence of matrix to the peak area in the absence
of matrix.

Results and Discussion

Selectivity

The andarine method: no significant interference at
the retention time of andarine (1.45 min) and internal
standard (1.61 min) was observed, the blank samples
response being less than 20% compared to the response
of the LLOQ of the analyte (andarine) and less than
5% for the internal standard (ostarine) (Figure 3).
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Figur;:’).
Selectivity of the andarine method: the extracted chromatogram of the solution at LLOQ (50 ng/mL)

The ostarine method: no significant interference at the
retention time of ostarine (1.64 min) and internal
standard (1.5 min) was observed, the blank samples
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response being less than 20% compared to the response
of the LLOQ of the analyte (ostarine) and less than
5% for the internal standard (andarine) (Figure 4).
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Figure 4.

Selectivity of the ostarine method: the extracted chromatogram of the solution at LLOQ (50 ng/mL)

Regarding the carry-over of the two methods, the
responses were less than 20% of the response of the
LLOQ for the analytes and less than 5% for the
internal standards. No significant carryover was observed.
Linearity

The applied calibration curve model proved to be
accurate over the concentration range 50 - 10000
ng/mL for andarine and ostarine, respectively. Each
of the five calibration curves for each method was

linear with correlation coefficients between 0.9954
and 0.9973 for andarine and between 0.9958 and
0.9984 for ostarine.

Accordingly to the current European guideline of
bioanalytical method validation [1], the within- and
between-run accuracy and precision of the methods
were calculated and the results are presented in
Tables I, II, IIT and IV.

Table I
Accuracy and precision within-run for andarine method
Level LLOQ QCA QCB QCC
Replicate 50 ng/mL 150 ng/mL 3000 ng/mL 7500 ng/mL
1 50.90 147.88 323391 7015.38
2 55.61 128.17 3083.40 7106.57
3 57.12 132.32 2633.69 6562.65
4 56.41 159.07 2888.41 7246.87
5 53.27 122.82%* 2767.17 6663.99
Mean 54.66 147.88 292131 7015.38
SD 2.55 15.00 240.60 293.25
Mean Accuracy (%) 109.30 92.00 97.40 92.30
%RSD 4.70 10.90 8.20 420
*Qutlier
Table 11
Accuracy and precision between-run for andarine method
Level LLOQ QCA QCB QCC
Replicate 50 ng/mL 150 ng/mL 3000 ng/mL 7500 ng/mL
1 50.90 147.88 323391 7015.38
2 41.99 142.14 2625.72 6423.98
3 53.57 135.30 2680.64 6379.56
4 53.25 140.02 2967.73 6707.91
5 46.02 170.22 2459.39% 6943.90
Mean 49.14 147.11 2793.47 6694.14
SD 5.01 13.68 306.93 290.56
Mean Accuracy (%) 98.30 98.10 93.10 89.30
%RSD 10.20 9.30 11.00 4.30
*QOutlier
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Table 111
Accuracy and precision within-run for ostarine method
Level LLOQ QCA QCB QCC
Replicate 50 ng/mL 150 ng/mL 4000 ng/mL 7500 ng/mL
1 57.52 167.30 4080.89 8133.35
2 55.56 149.30 3801.61 6635.89
3 53.36 165.40 4895.12* 8410.90
4 56.39 162.58 4541.06 7863.23
5 50.52 160.52 4409.43 7312.11
Mean 54.67 161.02 4345.62 7671.09
SD 2.77 7.04 421.38 706.82
Mean Accuracy (%) 109.30 107.30 108.60 102.30
%RSD 5.10 4.40 9.70 9.20
*QOutlier
Table IV
Accuracy and precision between-run for ostarine method
Level LLOQ QCA QCB QCC
Replicate 50 ng/mL 150 ng/mL 4000 ng/mL 7500 ng/mL
1 57.52 167.30 4080.89 8133.35
2 54.89 168.02 4216.48 8514.92
3 53.16 164.41 4140.85 8511.73
4 55.53 152.88 3980.89 8332.06
5 60.97* 147.78 3978.66 7743.52
Mean 56.41 160.07 4080.89 8247.11
SD 2.98 9.17 102.98 322.29
Mean Accuracy % 112.80 106.70 102.00 110.00
%RSD 5.30 5.70 2.50 3.90
*QOutlier
Table V
Results of the stability studies for andarine and ostarine
Crominal (ng/mL) FTS STS PPS
150 (QCA) | 7500 (QCC) | 150 (QCA) | 7500 (QCC) | 150 (QCA) | 7500 (QCC)
Mean accuracy for andarine (%) 91.70 86.40 95.60 98.2 96.6 90.6
Mean accuracy for ostarine (%) 108.70 97.30 109.40 108.50 106.40 104.90
FTS, freeze — thaw stability; STS, short term room temperature stability; PPS, post-preparative stability
The analytes proved to be stable in various conditions Table VII

(Table V) and the calculated mean accuracy (%) was
between + 15%.
With regards to the dilution integrity (dilution
factor = 10), the accuracy and precision within- and
between-runs for the two validated methods are
presented in Table V1.
Table VI
Within- and between-run accuracy and precision of
dilution integrity for andarine and ostarine

Crominal (ng/mL) 8500 8000
Andarine | Ostarine
Mean accuracy within-run (%) 110.69 112.70
Mean precision within-run (%) 111.50 104.20
Mean accuracy between-run (%) | 100.70 100.20
Mean precision between-run (%) | 105.30 111.90

The results for matrix effect testing are presented in
Table VII, represented by the ratio of the analytes
area in the presence of serum and the analytes area in
water, normalized by the same ratio for the internal
standard.
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Matrix effect study results

QC nr. IS-Normalized MF
Andarine Ostarine
QCA QCC QCA QCC
1 0.96 1.08 1.22 0.93
2 1.14 1.00 1.04 0.92
3 0.98 0.94 1.00 0.87
4 1.14 1.14 0.99 0.94
5 1.06 0.93 1.08 1.02
6 1.23 0.97 1.04 1.00
Mean 1.08 1.01 1.06 0.95
%RSD 9.60 8.30 8.00 5.70

The two methods were developed and validated in
order to determine the SARMSs serum concentrations
in samples obtained from rats treated for doping
purposes by oral gavage with single dose andarine
(5 mg/kg bw/day) and single dose ostarine (3 mg/kg
bw/day), respectively. The biological samples were
collected after 30 minutes after administration the
single dose of andarine and ostarine, respectively.
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The biological applicability of the methods was
demonstrated as depicted in Table VIII which presents,
in summary, the results of the analysis of rat serum
samples obtained during these studies, after 20 days
of andarine administration and 5 days of ostarine
administration.
Table VIII
Results of rat serum samples treated with andarine
and ostarine
Average = SD

(Min-Max; ng/mL)

1817.86 + 582.90
(1073.69 - 2760.18)

2027.06 + 823.35
(901.06 - 3878.68)

Rat serum samples

Andarine (n = 20)

Ostarine (n = 20)

The developed methods allow the determination of
andarine and ostarine parent compounds in serum
samples. This approach is justified taking into account
that it is not always necessary to determine the specific
metabolites; as for example, ostarine is present un-
metabolized in urine up to 6 days after administration
[7]. On the other hand, the study of the metabolites
of these substances has certain drawbacks due to the
complex metabolic biochemical pathways and the
difficulties in procuring them as standards, therefore
the need to synthesize them in-house [9].

Moreover, the methods developed have a major
advantage due to not requiring any time consuming
and costly sample preparation, but rather a simple
protein precipitation technique, as all currently published
methods for andarine and ostarine determinations in
different biological matrices describe the use of liquid-
liquid extraction as method of processing the samples.
Another advantage of our LC-MS/MS methods, which
are almost identical, is the ability to determine both
andarine and ostarine, using one as the internal standard
for the other, and vice-versa, this being achieved in a
very short run-time of only 2 minutes for each sample.

Conclusions

The LC-MS/MS methods developed and validated
for the quantitative analysis of andarine and ostarine
provide accuracy and precision for determination of
the two SARMs in rat serum, with applicability in
pharmacokinetic and doping research purposes. The
methods provide rapid and simple analysis of the selected
SARMs in serum samples using high-throughput
sample preparation by protein precipitation, a short
sample run time and, nevertheless, with a limit of
quantification low enough to allow ostarine and
andarine determination in animal doping models.

The proposed methods proved to be suitable for
andarine and ostarine levels monitoring in rat serum
for our experimental studies. In order to be applied to
human serum samples, these methods need further
optimization and moreover, for doping tests applied
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to different biological samples like urine or hair, the
methods should be optimized and validated to obtain
an appropriate lower LLOQ, below 50 ng/mL.
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