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ABSTRACT

A novel, sensitive, and specific LC-MS/MS technique was developed for the quantification of Relugolix in plasma
and validated as per the regulatory guidelines. Elution of Relugolix and Canagliflozin was achieved on Inertsil C18
(150mm x 2.10mm 1i.d, 5.0 um particles size) column with acetonitrile and 0.1% HCOOH as a mobile phasic system
in the fraction of 90:10 with a flowrate of 0.8 mL/min. The sciex API 6000 triple quadrupole mass equipment was
executed with the mode of multiple reactions and m/z 624.18/127.03 for Relugolix and m/z 445.14/267.12 for the
Canagliflozin, were the optimized transitions. Relugolix exhibited a rectilinear plot in the range of 3.9 —
1500.0 ng/mL concentrations. The LC-MS/MS validated methodology was efficiently utilized for the assessment of
Relugolix in the rabbit plasma. From the pharmacokinetics data, the mean of Cmax and Tmax were 42.01 £ 0.99 ng/mL
and 5.922 + 0.157, individually. Plasma conc. reduced with ti» of 8.28 £ 0.174. AUCy—.Last Value obtained was
303.437 + 8.01 ng. h/ml, respectively. In short, the method that was produced has been successfully tested, and
pharmacokinetic parameters were shown after healthy rabbits were given Relugolix orally.
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INTRODUCTION

A GnRH (gonadotropin-releasing hormone) receptor antagonist called relugolix is utilized to treat a
number of hormonally sensitive disorders. It was originally authorized in Japan in 2019 for the
symptomatic management of uterine fibroids beneath the name brand Relumina6, and more recently by
the FDA in the United States (US) in 2020 for the prevention of advanced prostate cancers under the
brand name Orgovyx. Additionally, relugolix has been investigated for the treatment of endometriosis
symptoms."? Since degarelix and other comparable therapies require subcutaneous administration, the
drug is the 1% orally directed antagonist for GnRH receptors agreed for the management of prostate
cancer. This makes relugolix a low burdensome therapeutics choice for the patient who may otherwise
need to visit a clinic for administration by medical staff.>*
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Fig.-1: Relugolix Chemical Structure

Relugolix was shown to be better than leuprolide, another androgen deprivation drug used to treat prostate
cancer, in the depression of testosterone levels in addition to being very simple to apply. The actions of
testosterone seem to be at least partially responsible for the etiology and development of prostate cancer.
5 Androgen deprivation therapy(ADT) has become the standard in the management of prostate cancer,
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especially in advanced illnesses, since it has been shown to cause cell death and tumor shrinkage in
several well-differentiated prostate cancer cell lines. It is designated chemically as 1-[4-[1-[(2,6-
difluorophenyl)methyl]-5-[(dimethylamino)methyl]-3-(6-methoxypyridazin-3-yl)-2,4-dioxothieno[2,3-
d]pyrimidin-6-yl]phenyl]-3-methoxyurea with molecular formula and molecular weight of
Ca9H27F2N70sS and 623.64 g/mol correspondingly(Fig.-1).6*
Literature on Relugolix shows only a single technique was reported for the quantitation of Relugolix by
LC-MS/MS.° The reported method has low recovery rates. So, LC-MS/MS skills are needed to analyze
biological samples, which can help with forensic, pharmacodynamics, and pharmacokinetic studies.
In this work, we made a method that used plasma and then used the same methodology on  the healthy
rabbit.

EXPERIMENTAL
Reagents
Relugolix (99.81% pure), and Canagliflozin (99.92% purity) were procured from Metrochem API Private
Limited, India. Analyte-free plasma having KoEDTA was acquired from RedCross blood bank,
Rangareddy, Telangana, India. Purified water from Milli-Q equipment (U.S.A) was employed for the
water of LC-grade in the present study. LC-grade acetonitrile (ACN) and HCOOH were gained from local
markets. The pharmacokinetics on healthier rabbit animals was permitted by the Institutional Ethical
Committee with Ethical no: 1447/PO/Re/S/11/24/A.

Liquid chromatography and Mass Systems

Shimadzu LC20 ADvp, Japan consisting of a SILHTC autosampler, LC20 AD mobile phase delivery
system combined with sciex API6000 tandem mass system, Canada were utilized for the current study.
All the data obtained from the system was processed with applied biosystems version 1.4.2 software.

Standards for Calibration Curve

Stock solutions for Relugolix and Canagliflozin were processed individually in diluent (mobile phase).
This stock was subjected to dilutions by taking Relugolix diluted solutions (20uL) along with KoEDTA
pooled plasma (960 pl) samples. Finally, 20uL of Canagliflozin was mixed with all solutions to get
concentration levels of 3.9-1500.0 ng/ml, which was monitored at-20 °C.

Quality Controls

Three levels of low-quality controls (L.Q.C), median quality controls (M.Q.C), and highest-quality
controls (H.Q.C) were processed. Blank plasma was spiked with Relugolix to acquire conc.
(concentration) of 11.0 ng/mL, 750.0ng/mL and 1100.0ng/mL for L.Q.C, M.Q.C, and H.Q.C separately
and warehoused at-20°C.

Liquid Chromatography

Chromatographic isolation was achieved on C18-Inertsil (150mm X 2.10mm i.d, 5.0um) column with
HCOOH(0.1%) and acetonitrile in a quotient of 100: 900, as a movable system having a speed of flow at
0.8mL/min.

Mass Optimization

ESI source with a +ve ionization approach was utilized in the mass instrument. MRM (multiple reaction
monitoring) modes were executed with the parameters of (Table-1): voltage of capillary at-2000(V);
nebulizer gas flow 20 psi; voltage of tube lens-100(V); the flow of auxiliary gas at 25 psi. The source
temperature was set at 500°C. The parent/product ion transitions in MRM mode were 624.18/127.03 m/z
for Relugolix and m/z 445.14/267.12 for Canagliflozin.'%!?

Preparation of Sample

Processing of the sample was executed by utilizing blank plasma, analyte, and IS stock solutions, which
were subjected to vortexing upto SMin. 4 mL of acetonitrile was added to the resulting solutions and
centrifuged at 4500 rpm for 10 minutes at 04.0 °C. The organic segment from that was dried using an
evaporator, and 500 pL. of mobile phase was added to a dried remainder. Additionally, that solution was
put into auto-sampler vials before being infused into the chromatographic apparatus.
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Table-1: Parameters of Mass System

Parameter Relugolix Canagliflozin
DP (Declustering potential) (V) 60 50
Dwell time (MS) 100 100
EP (Entrance potentials) (V) 10 10
CUR (Curtain gas flows) (psi) 35 35
CE (Collision energies) (V) 25 32
Ton source voltages (V) 5500 3500

Method Validation
Optimized and developed technique was executed for the validation with respect to the FDA and EMA
guidelines.'*17

Sensitivity and Linearity

The rectilinear graph was created between peak response quotients of Relugolix and canagliflozin in
contrast to the actual concentration of Relugolix standard concentrations with drug concentration
oscillating from 3.9-1500.0 ng/m1."?

Specificity
8 wvariables of human K;EDTA blank plasma sample solutions were analyzed to establish the
nonexistence of interfering constituents at retaining timings (RT) of Relugolix and canagliflozin.

Accuracy and Precision (A and P)
A and P parameters were analyzed from 6 replicate infusions of control samples (3 batches). These
parameters were evaluated within 3 successive days.

Recovery Studies

Recoveries were quantified by contrasting of findings of sample extracts with that of plasma-spiked
sample solutions afterward the extraction process. Recovery processing was executed at 3 QC
concentrations and dilute standard controls were evaluated against the 6 mean sample extracts.

Matrix and Carryover Effect

The matrix effect was evaluated at low and high QC levels with 6 infusions into LC-MS/MS system. The
effect of carryover was analyzed by the estimation of response peak by the infusion of matrix blank after
the infusion of the higher calibration standards. !>

Stability

LQC and HQC standards were subjected to a stock solution, freeze-thaw stability, short-term temperature,
bench-top, autosampler, and wet extraction stabilities. Respective solutions were evaluated against the
fresh sample solutions.

Pharmacokinetics in Rabbits

Six healthy white rabbits of both sexes were used in the study (2-3 kg). Animals were kept in a room with
a temperature of 25.0°C, a relative humidity of 45.0%, a light/dark cycle of 12.0 hours, and a 100% fresh
air exchange. The rabbits were given water and their normal food. After taking 15 mg of Relugolix by
mouth, blood samples were taken at set times and put into a polypropylene tube with EDTA solution until
24 h after the last dose. The sample was spun at 6000 rpm for ten minutes to separate the plasma, which
was then kept at —20.0°C. Almost 10uL of the sample was put into the LC-MS/MS, and the non-
compartmental method analysis with WinNonlin 03.30® software (Pharsights Mountain Views, CA,
USA)'*1722 was used to figure out the pharmacokinetic constraints.

RESULT AND DISCUSSIONS
Specificity
The specificity of the study showed that there are no interferences at the elution time of Relugolix and
canagliflozin when the response of peak in sample blanks was made compared with to response of the
LLOQ sample that contains canagliflozin mixture (Fig.-2 and 3).
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Fig.-2: Relugolix Blank Chromatogram
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Fig.-3: Relugolix LLOQ Chromatogram
Sensitivity and linearity
The linearity plot was straight, with the equation y = 0.001610x + 0.0052, and the 7* value was greater
than 0.999(0.9997). For Relugolix, the LLOQ level concentration for the methodology was 3.9 ng/ml.
The outcomes showed how important the process was. At these concentrations, the better signal-to-noise
ratio showed that LLOQ can be lowered even more.

Recovery Study

The evaluated mean recovery values for the 3 control standards for Relugolix were 97.92%—-98.88%
(Table- 2). Canagliflozin recovery was estimated by comparing it with the reference solutions. The
average recovery of canagliflozin was 97.69% (Fig.-4 to 6 and Table-2).
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Fig.-4: Relugolix LQC Chromatogram
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Fig.-5: Relugolix MQC Chromatogram
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Fig.-6: Relugolix HQC Chromatogram

Table-2: Relugolix and Canagliflozin Recovery Study

S. No. L.Q.C M.Q.C H.Q.C Canagliflozin
1. 93.65 103.25 97.28 98.24
2. 94.87 95.36 98.15 99.18
3. 102.72 96.22 103.26 101.03
4. 104.18 101.69 102.84 98.64
5. 96.77 100.86 95.19 97.35
6. 95.34 94.11 96.54 100.37
Mean % Recovery 97.92 98.58 98.88 99.135
Standard Deviation 4.42 3.81 3.378 1.37
%CV 4.52 3.86 3.43 1.38

Carryover and Matrix Effects
No peak response was obtained in the blank after the higher calibration standard. The % C.V for the
matrix effect of L.QC and H.QC was 2.39 % and 2.23 % for Relugolix (Table-3).

Table-3: Relugolix Matrix Effect

S No LQC HQC
) Relugolix | Canagliflozin IS normalized Relugolix | Canagliflozin IS normalized
1. 1.07 1.01 1.06 1.09 1.02 1.07
2. 1.06 1.03 1.03 1.06 1.03 1.03
3. 1.04 1.02 1.02 1.05 1.02 1.03
4. 1.02 1.01 1.01 1.04 1.02 1.02
S 1.09 1.01 1.08 1.03 1.01 1.02
6. 1.05 1.03 1.02 1.02 1.03 0.99
Av 1.04 1.03
S.D 0.03 0.02
% C.V 2.39 2.23
The A and P

Intra-batch accuracy findings in between 96.11-103.09% and precision outcomes were between 2.22—
4.95%. Inter-batch accuracy findings in between 94.62—102.54% and the precision outcome were between
0.92-4.57% (C.V) (Table-4).

Table-4: Relugolix Intrabatch and Interbatch P and A

QC Conc. (ng/ml) Conc. found® (ng/m1)+S.D % Accuracy % C.V
LLOQ 3.9 3.781+0.084 96.95 222
IIDI:tf:‘h LQC 1 11.340.38 103.09 3.35
MQC 750 731.29+21.84 97.50 2.99
HQC 1100 1057.21452.37 96.11 4.95
LLOQ 3.9 3.69+0.034 94.62 0.92
LQC 11 11.28+0.42 102.54 3.72
Inter- MQC 750 762.82+32.74 101.71 4.29
batch HQC 1100 1083.54+49.57 98.50 4.57

a: Average of 6 replicates
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Stability
From the stability tests, it was found that Relugolix was stable under the conditions tested. The outcomes
of the test stabilities were shown in Table-5. The P value was less than 15%, and the analyte was stable

between 85% and 115% of the time.
Table-5: Relugolix Stability Findings.

Parameters QC | Concen.(ng/mL) Mean C}gglclfgnéﬁi/mm of %C.V %Recovery
| LQC 11 11.22 437 101.96
Freeze-thaw stability =35 1100 1125.96 3.84 102.36
- LQC 11 10.59 2.64 96.25
Benchtop stability = = 1100 1088.80 3.74 98.98
| LQC 11 11.53 1.99 104.83
Wet extract stability =y = 1100 1050.35 3.85 95.49
| LQC 11 10.53 4.18 95.77
Autosampler stability |5 1100 1150.73 3.75 104.61

Concen.- concentration

Pharmacokinetics in Rabbits

The plasma concentrations—time profile graph of Relugolix, after the administration of the drug through
the mouth was represented in Fig.-7 and Table-6. The mean of Cmax and Tmax were 42.01 = 0.99 ng/mL and
5.922 £ 0.157, respectively. Plasma conc. reduced with ti2 of 8.28 + 0.174. AUCo— 1.t value obtained was
303.437 + 8.01 ng. h/ml, respectively (Table-7).
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Fig.-7: Relugolix Plasma-Time Profile in Rabbits

Table-6: Concentration of Plasma at Several Time Intervals of 6 Rabbits
Concentrations (ng/mL)

Time in hrs AL -1 AL-2 | AL-3 | AL-4 | AL-5 AL -6 Avg S.D
0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
0.5 4.78 4.35 4.57 4.46 4.35 3.93 0.282989 | 6.420681

1 6.69 6.79 5.95 6.27 6.37 6.41 0.305355 | 4.765494

1.5 9.66 9.34 10.09 9.77 8.92 8.71 0.527467 | 5.601378
2 11.89 12.53 11.26 11.15 11.58 12.85 0.689644 | 5.806486
3 15.93 14.87 14.34 17.21 16.99 16.46 1.156923 | 7.246179
4 24.21 22.3 21.88 24.85 25.49 24.43 1.444789 | 6.055158
6 41.84 40.78 43.12 43.54 | 41.42 41.31 1.090854 | 2.597047
8 21.35 19.65 20.82 22.73 21.35 20.39 1.043648 | 4.958873
12 10.83 9.98 11.68 10.51 10.19 10.83 0.59984 | 5.619909
16 6.9 6.48 6.69 7.33 7.22 6.9 0.318021 | 4.595048
20 4.14 3.72 3.72 4.14 3.39 3.61 0.297876 | 7.863807
24 0 0 0 0 0 0 0 0

AL - animal; Avg: average; S.D- Standard deviations.

QUANTITATION OF RELUGOLIX IN PLASMA SAMPLES BY LC-MS/MS

499

Siddhartha Lolla and Kumar Shiva Gubbiyappa



Table-7: Rabbit Pharmacokinetics

RASAYAN J. Chem.
Vol. 16 | No. 1 |494-501| January - March | 2023

Parameter AL -1 AL -2 AL -3 AL -4 AL -5 AL -6 Mean STD
Crax 41.84 40.78 43.12 43.54 41.42 41.31 42.01 0.99
log Crnax 1.62 1.61 1.63 1.64 1.62 1.62 1.62 0.01
Tinax 5.78 5.88 6.21 6.05 5.79 5.82 5.92 0.16
logTmax 00.76 00.77 00.79 00.78 00.76 00.76 00.77 0.01
Half time(ti2) 8.12 8.26 8.02 8.55 8.41 8.28 8.27 0.17
log ti 00.91 00.92 00.90 00.93 00.92 00.92 00.92 00.01
Ke 00.051 00.054 00.058 00.06 00.056 00.054 00.06 00.01
logke -01.29 -01.27 -01.24 -01.23 -01.25 -01.27 -01.26 00.02
AUCq1ast 306.94 289.19 302.97 316.29 303.82 301.42 303.44 8.01
log AUC o 1ast 2.49 2.46 2.48 2.50 2.48 2.48 2.48 0.01
STD-Standard deviation; AL - animal.
CONCLUSION

A unique, easy, and specific LC-MS/MS methodology was made for the Relugolix quantitation in
biological plasma and validated as per the regulatory guidelines. Elution of Relugolix and Canagliflozin
was achieved on Inertsil C18 (150mm x 2.10mm i.d, 5.0 pm particles size) column with acetonitrile and
0.1% HCOOH as mobile phase system in the fraction of 90:10 with a flow rate of 0.8 mL/min. The sciex
API 6000 triple quadrupole mass equipment was executed with the mode of multiple reactions and m/z
624.18/127.03 for Relugolix and m/z 445.14/267.12 for the Canagliflozin, were the optimized transitions.
Relugolix exhibited a rectilinear plot in the range of 3.9 — 1500.0 ng/mL concentrations. The LC-MS/MS
validated methodology was efficiently utilized for the assessment of Relugolix in the rabbit plasma. From
the pharmacokinetics data, the mean of Cmax and Tmax were 42.01 £ 0.99 ng/mL and 5.922 + 0.157,
individually. Plasma conc. reduced with t;; of 8.28 = 0.174. AUC_.Last value obtained was 303.437 +
8.01 ng. h/ml, respectively.
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