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Abstract: Glucocorticoids (GCs) are a group of the most important and commonly used anti-
inflammatory, antiallergenic, and immunosuppressive drugs. Like narcotics, they can be addictive if
taken at increasing doses to achieve greater analgesic effects. The purpose of the study was to develop
initial and confirmation testing analytical methods that would allow for the identification of glucocor-
ticoid class substances in human urine to be used for routine analyses for the purposes of prosecution
in the case of abuse, for clinical toxicology, medical jurisprudence, as well as for routine testing of
athletes for the presence of prohibited substances in sports by means of ultra-high-performance liquid
chromatography-tandem mass spectrometry (UHPLC-MS/MS) using a new generation ionization
source UniSprayTM (U.S). This new method allows for the simultaneous detection of 27 glucocorti-
coids in human urine using LC-MS/MS. The tests conducted yielded relatively low LOD and LOQ
values, ranging from 0.06 ng/mL to 0.14 ng/mL and 0.75 ng/mL for LOD and LOQ), respectively.

Keywords: glucocorticoids; UHPLC-MS/MS; doping; urine

1. Introduction

Glucocorticoids (GCs) are a group of the most important and commonly used anti-
inflammatory, antiallergenic, and immunosuppressive drugs [1]. They may cause addiction
if taken at increasing doses to achieve greater analgesic effects. GCs occur both naturally
and synthetically [2]. They are produced from cholesterol by the zona fasciculate of
the adrenal glands [3]. With production and secretion regulated by the hypothalamic—
pituitary—adrenal axis, they help the body cope with physical and emotional stress. GCs
are important regulators of carbohydrate, protein, and lipid metabolism. They also affect
the immune response, water—electrolyte homeostasis, blood pressure regulation, and bone
metabolism. Other aspects of GC activity include effects on food intake, body temperature,
pain perception, and neuroendocrine function. In clinical practice, they are typically used
to treat inflammatory responses, such as joint and skin inflammation, and as adjuvant
treatment in autoimmune diseases [4].

The main glucocorticoids are cortisol (hydrocortisone) and corticosterone (cortisone).
Most mammals produce both steroids in different proportions depending on the species.
Cortisol is the dominant glucocorticoid in humans [5]. The pharmacological activity of
various synthetic glucocorticoids is calculated using a pharmacological scale that com-
pares them to hydrocortisone [2]. In anti-doping analysis, cortisol and cortisone are used
as biomarkers.

All synthetic glucocorticoids have strong anti-inflammatory activity compared to
hydrocortisone and regulate a number of processes. They are widely used in various
conditions due to their antiallergenic, anti-inflammatory, antipruritic, anti-swelling, and
immunosuppressive effects, as well as enhancing the maturation of pulmonary alveoli
and decreasing intracranial pressure [6]. However, their uses are not limited to topical
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applications. Due to their systemic effects, medical application of GCs is often associated
with many adverse effects, such as osteoporosis, stunted growth in children, linear atrophy,
bruising, acne, muscle atrophy, hypertension, secondary diabetes, and stomach ulcers,
as well as mental problems, including aggression, psychosis or depression [7]. This is
why these drugs should always be taken under a physician’s supervision due to the risk
of overdose [8].

Glucocorticoids are derivatives of cholesterol, with their chemical structure based on
1,2-cyclopentanoperhydrophenanthrene (sterane) (Figure 1). In the C-17 sterane skeleton,
A, B, and C mark cyclohexane rings, while the D indicates the cyclopentane ring [9,10].

Androstan Pregnan

Figure 1. Chemical structure of sterane ((*—stereocenters), androstane (C-19), and pregnane (C-21)
(Source: own elaboration based on [10])).

There are two types of steroids secreted by the adrenal cortex: androgens, whose
structure is based on the C-19 structure of androstane, and corticoids, which are derivatives
of pregnane (Figure 1).

Pregnane (C-21), unlike the structure of sterane, has additional methyl groups at
carbon 10 and 13, as well as a side chain at carbon 17. In addition, corticosteroids have a
hydroxyl group at position 17, hence their other name, 17-hydroxycorticosteroids. These
substances have mineralocorticoid and glucocorticoid effects [9,10].

Glucocorticoid activity is largely dependent on substituents attached to the structural
skeleton of pregnane [11]. The table below shows the arrangement of substituents in the
27 synthetic glucocorticoids investigated in the present research, along with their classifica-
tion by type (Table 1).

According to the definition of “doping” [12], GCs are prohibited in sports due to their
anti-inflammatory effects resulting in pain relief and increased physical capacity. Athletes
may use them both for therapeutic and performance-enhancing reasons. Glucocorticoids
were banned in sports in 2004 by the World Anti-Doping Agency (WADA) and included
as a section S9 “Glucocorticoids” in the WADA Prohibited List [13]. According to WADA
Prohibited List, all GCs are prohibited in competition when administered by any injectable,
oral (including oromucosal (e.g., buccal, gingival, sublingual)), or rectal route [14]. Other
routes of administration (including inhaled, and topical: dental-intracanal, dermal, in-
tranasal, ophthalmological, otic, and perianal) are not prohibited when used within the
manufacturer’s licensed doses and therapeutic indications [14].
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Table 1. Overall schematic and location of individual substituents in tested compounds along with their classification by type.
O
Synthetic
Type of Glucocorticoids
Methasone Acetonides
1,2 ;
A R¢ Rog Ri1 Ry6 Ry7 Ry Progesterone Hydrocortisone (16-Methylated)  and Related
6a-fluprednisolone = -F -H -OH -H -OH -OH v
21-desacetylamcinonide = -H -F  -OH — OQ -OH v
_0
21-deoxyprednisolone = -H -H -OH -H -OH —CHj3 v
Aclometasonel7 H -H -OH -CH; -OCOCH,CH, _OCOCH,CHj v
21-dipropionate
Amcinonide = -H -F  -OH —~0 -OCOCH;3; v
_0
Clobetasone butyrate = -H -F =0 -CHz; -OCOCH,CH,CHj; —Cl1 v
0
CH,
Clocortolone pivalate = -F -C1 -OH -CHj -H g & ’ 4
% ne CH,

Cloprednol = -Cl -H -OH -H -OH -OH v
21-dehydrocloprednol = -C -H -OH -H -OH =0 4
Dichlorisone = -H —Cl -Cl -H -OH -OH v
Diflorasone = -F -F -OH -CHj; -OH -OH v
Diflucortolone valerate = -F -F -OH -CHj; -H -OCOCH,CH,CH,;CHj3; (%4
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Table 1. Cont.
[0)
Synthetic
Type of Glucocorticoids
Methasone Acetonides
1,2 .
A R¢ Ry Rip Ry6 Ry7 Ry Progesterone Hydrocortisone (16-Methylated)  and Related
Difluprednate = -F -F -OH -H —OCOCH,;CH,CHj3 -OCOCHj3; v
CH,
. . .0 CH,
Fluocinolone acetonide = -F -F -OH w -OH 4
e
CH,
. —CH
Fluocinonide = F F -OH w0 s ~OCOCH; v
“0
CH,
Halcinonide ~  H F -OH WO H, al v
“0
Halobetasol = -F -F -OH -CHj; -OH —Cl v
Halometasone = -F -F -OH -CHj -OH -OH v
Isofluprednone = -H -F -OH -H -OH -OH
Loteprednol etabonate = -H -H -OH -H -OCOCOCH,CHj3 —-OCH,Cl v
Medrysone - —CH; -H -OH -H -H —-CHj3 (4
Meprednisone = -H -H = —CHj; -OH -OH 4
Paramethasone acetate = -F -H -OH -CHj; -OH -OCOCHj3; 4
\\\\\ [0 0 —_~ CH,
Prednicarbate = -H -H -OH -H T —-OCOCH,CHj; v
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Table 1. Cont.
Synthetic
Type of Glucocorticoids
Methasone Acetonides
1,2 .
A R¢ Ry Rip Ry6 Ry7 Ry Progesterone Hydrocortisone (16-Methylated)  and Related
CH,
0 r ‘
Prednisolamate = -H -H -OH -H -OH LN v
~—5 ~_
Resocortol - -H -H -OH -H -OH —CHj3
Tixocortol - -H -H -OH -H -OH -SH v

=—Double bond, —Saturated (Source: adapted from [10,11]).



Separations 2023, 10, 155

6 of 19

Grounded

\
Q

Probe

Moreover, WADA has defined minimum reporting levels for individual glucocor-
ticoids [15]. Considering the fact that the effects of various glucocorticoids are dose-
dependent, their urine concentrations may differ significantly depending on the compound,
and the rate of elimination may or may not depend on concentration values [4].

UniSpray ionization is a novel atmospheric ionization technique developed by Waters
Corporation that offers greater ionization efficiency compared to other available ionization
techniques such as ESI, APCI, and APPI. US uses high-velocity spray, created from a
grounded nebulizer impacting on a high-voltage target (stainless steel rod), to ionize
analytes similarly to ESI. However, this promotes extra droplet break-up and desolvation
via additional Coanda and vortex effects (Figure 2) [16-18].

- Creation of small volume secondary droplets through
impact and shear stress
’ - Enhanced desolvation and droplet evaporation

| | - Increased ionisation efficienty

z Target
8 (High Voltage

Sample Cone -

N S S — e

Figure 2. The ionization mechanism of the UniSpray source (Adapted with permission from Ref. [18].
2018, Waters Corp.)

The aim of the study was to develop initial and confirmation testing analytical methods
that would allow for the identification of glucocorticoid class substances in urine to be used
for routine analyses for prosecution in the case of abuse, clinical toxicology, or medical
jurisprudence, as well as for routine testing of athletes for the presence of prohibited
substances in sports by means of ultra-high-performance liquid chromatography-tandem
mass spectrometry (UHPLC-MS/MS) or by means of a new generation ionization source
UniSpray™ (US).

2. Materials and Methods
2.1. Chemicals and Reagents

The standards of pure substances were purchased from SIGMA-Aldrich (Poland),
Toronto Research Chemicals (Toronto, ON, Canada), LGC Standards (Lomianki, Poland),
Dr. Ehrenstrofer GmbH (Augsburg, Germany), USP Reference Standards (Basel, Switzer-
land), Steraloids (Newport, RI, USA), NMIA (Canberra, Australia) and Cayman Chemical
(Ann Arbor, MI, USA). LC/MS-grade methanol and acetonitrile were purchased from
Merck Millipore (Darmstadt, Germany) and Fisher Chemical (Hampton, NH, USA), re-
spectively. In turn, B-glucuronidase, disodium phosphate, and monosodium phosphate
were obtained from Roche and Honeywell, respectively. The Millipore DirectQ UV3 system
(Darmstadt, Germany) was used as the source of water (R > 18 MWcm). Urine samples
were gathered from volunteers and were free from investigated substances.
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Stock solutions of standard substances were prepared at the concentration of 1 mg/mL
in methanol and stored at —20 °C. Working solutions were prepared in methanol at the
concentration of 1 ug/mL, 10 ug/mL, and 100 pg/mL and stored at 4 °C.

2.2. Sample Preparation

A 1 mL sample of urine was fortified with standard substances at the seven different
concentration levels (0.75 ng/mL, 1.5 ng/mL, 3ng/mL, 7.5 ng/mL, 15 ng/mL, 22.5ng/mL,
and 30 ng/mL) and then with 3 pL of internal standard (ISTD—prednisone d4 at concen-
tration 10 pg/mL), 400 uL of phosphate buffer (1M, pH 6.5), and 30 uL of 3-glucuronidase
(from Escherichia coli). Samples were incubated for 1 h at 50 °C and then cooled down to
room temperature. Subsequently, 400 pL of 20% K,CO3/KHCO; (1:1, v/v) and 6 mL of
MTBE were added. After the extraction, the organic phase was collected and evaporated
to dryness. Finally, samples were reconstituted in 100 uL of ACN/H,O mixture (1:1, v/v).
The injection volume was fixed at 5 pL.

2.3. Instrumental Analysis
2.3.1. Liquid Chromatography Separation

Chromatographic separation was conducted using a Waters Acquity I-Class UPLC
System liquid chromatography with a BEH C18 column (100 mm x 2.1 mm, 1.7 um Waters,
Milford, MA, USA). The mobile phase consisted of 0.1% formic acid in acetonitrile (A) and
0.1% formic acid in water (B), and the flow rate was 300 uL/min at 45 °C. The concentration
of acetonitrile was gradually increased in a linear manner. It was changed from 5% to
35% within the first 2 min and then from 35% to 50% in 6 min. Next, the concentration
of acetonitrile was increased from 50% to 100% in 1 min and then kept constant for an
additional minute. Finally, the column was re-equilibrated for 1 min with the mobile phase
of the initial composition. Samples were stored at 4 °C in an autosampler.

2.3.2. Mass Spectrometry

The studied substances were traced in multiple reaction monitoring (MRM) modes
with a Xevo TQ-XS (Waters, Milford, MA, USA) mass spectrometer equipped with a new
atmospheric pressure ionization source marketed as UniSpray™ (Waters, Milford, MA,
USA). The desolvation gas flow was set at 1000 L/h at the temperature of 600 °C, and
the source temperature was 150 °C. The applied capillary voltage was 3.0 kV. The cone
and collision gas flow were set at 150 L/h and 0.19 mL/min, respectively. All analytes
were investigated in the positive mode of UniSpray™ and suitable MRMs were obtained
for them.

Traced MRMs and their corresponding MS settings are listed in Table 2. Based on
fragmentation patterns, ions with the highest intensity were used for the identification of
investigated analytes. All data were acquired and processed using MassLynx™ software
version 4.2 SCN1007 (Waters, Milford, MA, USA).



Separations 2023, 10, 155 8 of 19

Table 2. Empirical formulae, exact masses, retention times (RT), traced MRM transitions and MS set-up of the 27 tested compounds and internal standard.

Compound El:::fr:icl:l E;:SC; [M + H*] I({I;rflgg ( (I:{‘I;; ) Product Ions (m/z) /(Ion Ratio (%)) Eggrlg;i((:‘l[)
6a-fluprednisolone Cp1Hy7FO5 378.1843 379.1 3.30 £ 0.01 0.23 341.1 (100) /323.1 (68) /121 (66) /305.1 (60) 10/10/35/10
21-desacetylamcinonide CpsH33FO¢ 460.2261 461.2 5.80 + 0.01 0.12 357.1 (100) /339.1 (70) /213.1 (68) /441.1 (40) 10/15/30/10
21-deoxyprednisolone Cp1Hp804 344.1988 345.2 4.09 + 0.01 0.14 327.1 (100)/147.1 (94)/309.1 (81)/171.1 (73) 10/25/10/25
Aclometasonel?7 21-dipropionate CygH3,ClO; 520.2228 521.2 9.18 + 0.01 0.06 171.1 (100)/301.1 (89) /279.18 (76) /319.1(70) 35/20/15/15
Amcinonide CpgHzs5FO, 502.2367 503.2 9.14 4+ 0.01 0.08 339.1 (100)/321.1 (72) /293.1 (51) /483.1 (32) 15/20/20/10
Clobetasone butyrate Cp6H3,CIFOs5 478.1922 479.2 9.62 £+ 0.00 0.03 343.1 (100)/279.1 (77)/371.1 (68) /266.2 (65) 15/20/15/30
Clocortolone pivalate Cp7H34CIFOs5 494.2235 495.2 9.73 £ 0.00 0.04 477.1 (100)/337.1 (97)/171.1 (82) /457.1 (57) 10/15/25/15
Cloprednol Cy1Hy5ClO5 392.1391 393.1 4.28 +0.01 0.20 271.1 (100) /263.1 (97) /375.1 (46) /339.1 (15) 20/20/10/15
21-dehydrocloprednol Cy1H»3Cl05 390.1234 391.1 3.92 +0.02 0.14 309.0 (100) /373 (92) /221.1 (55) /263.1 (37) 15/10/30/30
Dichlorisone Cr1Hp6Cl,O4 412.1208 413.1 454 4+ 0.02 0.17 237.1 (100)/121.1 (62) /377.1 (38) /135.1 (35) 15/35/10/25
Diflorasone CyoHygF>rO5 410.1905 411.2 3.93 £ 0.01 0.12 121.1 (100)/253.1 (49)/135.1 (47) /371.1 (38) 25/20/25/10
Diflucortolone valerate CyoyH3F>O5 478.2531 479.2 9.61 £ 0.00 0.04 121.1 (100) /355.1 (62) /439.1 (33) /375.1 (29) 35/15/10/15
Difluprednate CyyH34FrO7 508.2273 509.2 8.39 + 0.01 0.14 303.1 (100)/279.1 (97)/261.1 (71) /321.1 (46) 15/15/25/15
Fluocinolone acetonide CosH3gF> O 452.2011 453.2 4.60 = 0.01 0.13 121.1 (100) /413.1 (48) /253.1 (40) /337.1 (35) 35/10/15/15
Fluocinonide CpeH3oF> 037 494.2116 495.2 7.45 £ 0.01 0.16 121.1 (100)/337.1 (69) /319.1 (54) /291.4 (51) 35/15/15/20
Halcinonide Cy4H3,CIFO5 454.1922 455.2 8.85 + 0.01 0.12 227.1 (100)/359.1 (66) /377.1 (48) /341.1 (46) 25/25/25/25
Halobetasol CorH,,CIF,0, 428.1566 429.1 6.30 + 0.01 0.14 121.1 (100)/253.1 (70) /389 (66) /409 (25) 30/20/10/10
Halometasone CyH,;CIF,05 4441515 4451 5.19 £+ 0.01 0.15 155 (100) /287 (23) /369 (15) /307 (13) 35/15/10/15
Isofluprednone Cp1HyyFOs 378.1843 379.1 3.30 + 0.01 0.20 341.1 (100)/147.1 (86)/237.1 (65) /265.1 (46) 10/25/15/20
Loteprednol etabonate Cy4H31ClOy 466.1758 467.1 9.06 £ 0.01 0.08 265.1 (100) /359 (86) /147.1 (60) /171.1 (58) 20/10/35/30
Medrysone CprH3,05 344.2352 345.2 743 £0.01 0.12 135.1 (100) /327.1 (77) /309.1 (50) /267 .2 (15) 20/15/15/20
Meprednisone C12Hp1NOy 243.1471 373.2 3.99 £+ 0.00 0.11 147.1 (100)/171.1 (55) /355.1 (54) /337.1 (47) 25/30/10/10
Paramethasone acetate Cy4H31FOq 434.2105 435.2 5.87 + 0.01 0.17 319.1 (100)/171.1 (76) /337.1 (65)/121.1 (62) 10/25/10/25
Prednicarbate CyyH360g 488.2410 489.2 8.99 £+ 0.01 0.09 381.1 (100) /289.1 (90) /307.1 (61) /471.1 (35) 10/15/15/10
Prednisolamate CoyH39NOg 473.2777 474.2 3.02 £ 0.01 0.22 86.1 (100) /132.1 (30) 35/30
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Table 2. Cont.
Empirical Exact . RT + SD RRT PN Collision
Compound Formula Mass [M + H*] (n = 168) (CV%) Product Ions (m/z) /(Ion Ratio (%)) Energy (eV)
Resocortol CppH3,04 360.2301 361.2 5.22 £ 0.01 0.13 325.1 (100)/269.1 (88) /121.1 (81) /287.2 (52) 15/15/25/15
Tixocortol Cy1H3p045 378.1865 379.1 3.31+0.01 0.15 147.2 (100)/121.1 (71) 25/25
Cortisol (Biomarker) C1H3005 362.2093 363 3.38 £ 0.01 - 121.0 20
Cortisone (Biomarker) Cp1Hy05 360.1937 361.5 3.41 +£0.02 - 163.1 26
Prednisone d4 (ISTD) Cy1H; D405 362.2031 363.1 3.37 £ 0.02 - 269.1 15




Separations 2023, 10, 155 10 of 19

3. Validation

The validation process was performed in accordance with the WADA technical docu-
ment TD2022IDCR [19].

The method was verified for selectivity, linearity, the limit of detection (LOD), the limit
of quantitation (LOQ), recovery (RE), intra-day precision, and carryover. Moreover, relative
retention times (RRT) were calculated for investigated substances.

3.1. Linearity

The linearity of the method was determined by the analysis of twelve calibration
curves prepared on blank urine samples with different pH values, and specific grav-
ity (1.006 g/mL =+ 1. 029 g/mL), at seven different concentration levels: 0.75 ng/mL,
1.5 ng/mL, 3 ng/mL, 7.5 ng/mL, 15 ng/mL, 22.5 ng/mL, and 30 ng/mL. Calibration
curves were determined by target analyte to ISTD ratio, and the measurement was repeated
four times for each point. The coefficient of determination (R?) was assessed using a
seven-point calibration curve over the range of 0.75 ng/mL to 30 ng/mL (Table 3).

Table 3. Calibration parameters, LOD, LOQ, and RE, for investigated substances in urine samples.

Substance LOD LOQ Linearity R2 4+ SD RE (%)+SD
(ng/mL) (ng/mL) (ng/mL) (n=12) [Mean]
6a-fluprednisolone 0.09 0.75 0.75-30 0.9723 £ 0.01 66.00 + 1.79
21-desacetylamcinonide 0.07 0.75 0.75-30 0.9704 4 0.02 80.00 &= 3.50
21-deoxyprednisolone 0.11 0.75 0.75-30 0.9724 - 0.01 88.70 == 4.16
Aclometasonel7 21-dipropionate 0.14 0.75 0.75-30 0.9453 + 0.04 80.30 +1.90
Amcinonide 0.15 0.75 0.75-30 0.9513 £+ 0.02 93.70 +2.77
Clobetasone butyrate 0.12 0.75 0.75-30 0.9583 + 0.01 97.30 £2.41
Clocortolone pivalate 0.14 0.75 0.75-30 0.9656 + 0.00 99.80 + 10.85
Cloprednol 0.04 0.75 0.75-30 0.9879 + 0.01 65.40 + 1.21
21-dehydrocloprednol 0.12 0.75 0.75-30 0.9567 £+ 0.03 78.70 + 4.52
Dichlorisone 0.09 0.75 0.75-30 0.9691 £ 0.02 71.80 + 1.25
Diflorasone 0.06 0.75 0.75-30 0.9697 + 0.03 75.90 + 1.03
Diflucortolone valerate 0.12 0.75 0.75-30 0.9571 £ 0.03 97.70 + 4.59
Difluprednate 0.11 0.75 0.75-30 0.9476 + 0.05 103.90 4+ 1.50
Fluocinolone acetonide 0.07 0.75 0.75-30 0.9704 £ 0.02 82.50 4 0.68
Fluocinonide 0.12 0.75 0.75-30 0.9648 + 0.02 96.00 + 2.33
Halcinonide 0.09 0.75 0.75-30 0.9737 £ 0.01 95.60 + 1.40
Halobetasol 0.08 0.75 0.75-30 0.9729 £+ 0.02 97.40 + 3.42
Halometasone 0.11 0.75 0.75-30 0.9663 £ 0.02 78.60 + 2.50
Isofluprednone 0.09 0.75 0.75-30 0.9641 £+ 0.03 66.10 + 3.80
Loteprednol etabonate 0.14 0.75 0.75-30 0.9536 + 0.03 97.30 + 0.56
Medrysone 0.09 0.75 0.75-30 0.9764 £+ 0.02 99.90 + 2.46
Meprednisone 0.06 0.75 0.75-30 0.9701 & 0.02 77.50 = 1.75
Paramethasone acetate 0.09 0.75 0.75-30 0.9743 + 0.02 85.90 £+ 1.61
Prednicarbate 0.12 0.75 0.75-30 0.9528 + 0.03 87.30 + 2.38
Prednisolamate 0.08 0.75 0.75-30 0.9859 + 0.01 28.30 + 1.04
Resocortol 0.09 0.75 0.75-30 0.9777 £ 0.01 87.00 + 1.46
Tixocortol 0.09 0.75 0.75-30 0.9654 + 0.03 77.40 + 2.79

SD-standard deviation.RE (%)-determined at (C/B) - 100.

3.2. LOD, LOQ, and RRT

The limit of detection (LOD) and limit of quantification (LOQ) were determined by
analyzing twelve urine samples fortified with target analytes at seven different concentra-
tion levels: 0.75 ng/mL-30 ng/mL. The measurement was repeated four times for each
point. Each concentration level was an average of four measurements. Criteria for LOD
were established at 3.3 -5D/a and for LOQ at 10 - SD/a, where ‘a’ is a slope that is checked
for every compound. Therefore, the obtained results for LOQ were estimated below the
lowest calibration standard, and the LOQ value (Table 3) was actually determined as the
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lowest calibration standard. Results of LOD and LOQ are summarized in Table 3, and
examples of sample calibration curves for selected compounds are shown in Figures 3-5.
The exemplary chromatograms of tested substances are shown in Figure 6.
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Figure 3. Calibration curve for cloprednol in urine 10.
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The coefficient of variation (CV) for the retention time of target analytes, standard
deviations for the retention time of target analytes and ISTD, and relative retention
time were established based on 168 different analyses conducted within two analytical
days (Table 2).

3.3. Extraction Recovery

The extraction recovery (RE) was determined by analyzing two sets of samples
(n = 12) spiked with target analytes at concentrations of 15 ng/mL. One set of urine
samples was fortified with targeted analytes prior to extraction and compared to a second
set of urine samples, fortified after extraction at the same concentration. The recovery
data were obtained for the various spiked compounds relative to the ISTD. The extraction
recovery was determined as follows: RE (%) = (C/B) -100, where C is the area under
the peak of the analyte added prior to extraction, and B is the area under the peak of
the analyte added after the extraction procedure. The mean recoveries obtained for the
27 glucocorticoids are shown in Table 3.

3.4. Selectivity

The selectivity of the method was assessed by the analysis of 12 different blank urine
samples. The extracted ion chromatograms at the retention times of the studied compounds
were examined for interfering peaks. Evaluation of chromatograms recorded for all selected
precursor ion—product ion transitions at the retention times of tested substances showed
the absence of strong interfering components in their identification.

To provide additional information on the selectivity of the confirmatory method,
95 routine screening samples that had been deemed negative were additionally tested.

3.5. Carryover

Carryover was evaluated by the injection of blank samples after a single QC sample
spiked with analytes at 120 ng/mL. The presence of carryover was evaluated by visual
inspection of the chromatograms obtained for blank urine samples.

3.6. Accuracy and Intra-Day Precision

The accuracy and intra-day precision were determined at five concentration levels,
3ng/mL,7.5ng/mL, 15ng/mL, 22.5 ng/mL, and 30 ng/mL, for each compound using
eightfold determinations for each concentration on the same day (intra-day). The preci-
sion assessment was specified based on the coefficient of variation values while accuracy
was based on standard error values obtained from eight different samples in a series of
measurements. The accuracy and intra-day precision are summarized in Table 4.
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Table 4. Intra-day precision and accuracy for investigated glucocorticoids.

Intra-Day
Compound Concentration
(ng/mL)
3 7.5 15 22.5 30
Precision Accuracy Precision Accuracy Precision Accuracy Precision Accuracy Precision Accuracy

(CV%) (%) (CV%) (%) (CV%) (%) (CV%) (%) (CV%) (%)
6a-fluprednisolone 6.90 3.33 5.99 4.00 6.20 3.67 4.93 1.39 7.26 5.83
21-desacetylamcinonide 10.54 0.001 11.14 3.67 4.80 0.08 592 5.83 6.01 3.54
21-deoxyprednisolone 7.98 0.83 5.01 0.50 7.86 0.17 6.57 3.67 5.16 8.04
Aclometasonel? 21-dipropionate 11.25 5.00 497 1.00 7.80 6.42 6.46 3.22 433 7.83
Amcinonide 8.75 6.67 9.68 8.17 443 0.58 6.36 4.89 4.75 9.58
Clobetasone butyrate 7.30 3.54 10.52 5.67 5.48 1.42 3.70 2.06 9.90 3.08
Clocortolone pivalate 9.96 2.08 11.96 0.33 6.95 1.58 5.52 1.33 9.62 4.63
Cloprednol 3.32 0.42 12.39 6.00 3.52 2.58 5.15 0.67 3.84 0.58
21-dehydrocloprednol 6.78 5.42 8.05 2.33 4.86 0.17 217 1.67 5.11 4.96
Dichlorisone 7.51 5.83 6.31 3.50 2.66 0.83 5.57 2.78 7.06 3.50
Diflorasone 7.51 5.83 4.79 1.33 2.43 1.75 4.80 3.72 3.66 6.54
Diflucortolone valerate 6.53 2.50 3.78 2.00 4.96 217 6.65 2.67 6.58 0.96
Difluprednate 10.22 4.58 5.07 2.67 7.96 0.75 6.07 4.83 7.63 5.75
Fluocinolone acetonide 3.66 5.83 2.72 222 2.95 2.00 3.24 0.22 5.18 2.25
Fluocinonide 10.20 1.25 7.18 1.83 5.48 0.58 2.55 0.89 6.22 517
Halcinonide 7.73 3.75 251 1.83 7.47 242 2.61 1.11 3.01 0.75
Halobetasol 2.51 1.25 2.17 1.83 2.19 1.92 1.45 2.33 5.59 6.50
Halometasone 6.55 2.08 2.14 0.50 3.40 0.83 2.87 2.39 473 1.63
Isofluprednone 7.69 458 2.33 1.17 2.25 0.58 3.81 0.50 4.69 1.67
Loteprednol etabonate 222 3.75 3.22 1.67 4.51 1.67 2.35 1.72 475 3.71
Medrysone 8.45 1.25 10.02 433 5.83 2.08 6.06 3.28 6.92 6.92

Meprednisone 7.26 5.00 4.42 2.33 6.50 1.42 3.05 2.11 6.83 1.29
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Table 4. Cont.
Intra-Day
Compound Concentration
(ng/mL)
7.5 15 22.5 30
Precision Accuracy Precision Accuracy Precision Accuracy Precision Accuracy Precision Accuracy
(CV%) (%) (CV%) (%) (CV%) (%) (CV%) (%) (CV%) (%)
Paramethasone acetate 4.19 5.00 3.27 1.50 3.87 0.33 3.71 1.11 3.66 4.33
Prednicarbate 6.16 0.83 478 2.83 4.89 0.67 3.65 1.28 3.70 2.67
Prednisolamate 5.89 4.58 7.05 0.50 1.91 0.58 3.04 0.67 5.26 6.63
Resocortol 6.51 5.42 5.09 2.50 2.87 1.25 1.58 3.06 6.41 6.17
Tixocortol 5.61 0.83 1.86 2.83 3.85 1.83 2.99 1.83 3.51 0.54
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4. Results and Discussion

Glucocorticoid activity is largely dependent on the substituents attached to the struc-
tural skeleton of pregnane [11]. All analyzed compounds underwent fragmentation into
at least four ions, with the exception of two: prednisolamate and tixocortol (Table 2). All
selected MRMs proved to be specific, as no interfering matrix-based signals were observed
for each MRM in the analysis of 95 chromatograms of 95 blank urine samples collected
from different individuals. This indicates the selectivity of the method. The MRM chro-
matograms of blank urine samples spiked with compounds (7.5 ng/mL) are shown in
Figure 6. All samples were free of matrix interference at their respective retention times in
the chromatograms.

Examples of chromatograms (see Figure 6) of selected MRM transmissions (Table 2,
bolded ones) for all investigated analytes confirmed that the described method uses UniS-
pray ion source is adequate for identification of all considered glucocorticoids.

All substances in the method are equally distributed over the chromatogram, and
their retention times were between 3.02 min and 9.73 min, as shown in Figure 7. As
mentioned in the section above, any components interfering in the identification of ana-
lytes have not occurred. Retention times obtained from 168 injections were very stable
(Table 2). Established RRT values met the WADA's criteria described in the Technical
Document TD2023IDCR [19].

0
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Figure 7. A plot of the chromatographic distribution of all 27 glucocorticoids in the method.

The extraction recovery of the method showed, with one exception (28.3% for pred-
nisolamate), that percentages of recovery ranged between 65.4% and 103.9% (Table 3).

Precision for all investigated substances was below 15, suggesting that the proposed
method is fit for purpose.

LOD, LOQ, and coefficients of determination (R?) are summarized in Table 3. The
process of validation demonstrated that the presented method meets the WADA's criteria
through expressed LOD and LOQ values, ranging from 0.06 ng/mL to 0.15 ng/mL for
LOD and 0.75 ng/mL, respectively. It seems that these values were also affected by the use
of the UniSpray source, which indicated the high sensitivity of the method. The calibration
curves (n = 12) were considered acceptable with all R? > 0.95.

Papers show only a few reports refer to the identification of synthetic glucocorticoids
in urine. Kim N.S et al. [8] obtained much higher LOD and LOQ values; however, they
identified targeted compounds in cosmetics. Another study [20] was conducted on horses
and dogs. In the present research on the accuracy and intra-series precision of the method
for identifying glucocorticoids, the obtained values were acceptable, considering that the
results were achieved at five different concentration levels (low, moderate, and high), as
mandated by method validation standards [21].
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Relative standard deviation was obtained at levels below and/or equal to (<) 15%,
regardless of the analyzed concentration and matrix composition. The obtained results
suggested that the presented method was suitable for testing urine.

CV values below 12.39% suggest high intra-method measurement repeatability (Table 4).
The accuracy ranges of the investigated substances were between 0.001% (for 3 ng/mL
21-desacetylamcinonide) and 9.58% (for 30 ng/mL amcinonide). The accuracy and preci-
sion values below 15% support the overall conclusion that they are sufficient for precise
quantitative measurements.

Carryover was not observed. Visual inspection of chromatograms of the blank urine
samples revealed no noticeable carryover (<0.1%).

5. Conclusions

The presented method with the use of the UniSpray source allows for the simultaneous
detection and identification of 27 glucocorticoids in urine by means of the LC-MS/MS
approach and is fit for purpose. The method discussed in this paper is rapid and straight-
forward while being selective and universal, meaning that it may be a useful tool both in
screening and targeted anti-doping analyses and toxicology procedures.
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