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Background: Eliglustat, a new oral substrate-reduction therapy, was recently approved as

a first-line therapy for Gaucher's disease type 1 (GD1) patients.

Purpose: The purpose of the present study was to develop and validate a simple UPLC-MS

/MS method for the measurement of plasma-eliglustat concentration and to investigate the

effects of amiodarone and quinidine on eliglustat metabolism in rats.

Methods: Eighteen rats were randomly divided into three groups (n=6): control (0.5%

CMC-Na, group A), amiodarone (60 mg/kg, group B), and quinidine (100 mg/kg, group

C). Thirty minutes later, 10 mg/kg eliglustat was orally administered to each rat and

concentrations of eliglustat in the rats determined by our UPLC-MS/MS method.

Results: Amiodarone and quinidine increased the main pharmacokinetic parameters

(AUC0→t, AUC0→∞, and Cmax) of eliglustat significantly and decreased clearance

obviously.

Conclusion: Amiodarone and quinidine can elevate eliglustat exposure and have an inhi-

bitory effect on eliglustat metabolism. Clearly, appropriate pharmacological studies of

eliglustat in patients treated with amiodarone or quinidine should be done in future.
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Introduction
Gaucher's disease type 1 (GD1), a rare lysosomal overload disease, is described by

enzymatic deficit and results in glucosylceramide overload in body tissue.1

Eliglustat (Figure 1A), a new oral substrate reduction–therapy drug, has recently

been awarded marketing approval as a first-line therapy for GD1 patients in Europe,

Japan, and the US.2,3 The metabolism of eliglustat is primarily through the

CYP2D6 enzyme and to a lesser extent the CYP3A pathway.2,4

As an important determinant, CYP2D6-metabolizer status can influence both

patient eligibility and recommended dose.5 Prior to prescription of eliglustat,

CYP2D6 genotyping is required by both the US Food and Drug Administration

and European Medicines Agency in marketing approval: slow metabolizers

should be given a 50%-reduced daily dose of eliglustat (risk of overdose-related

adverse effects), and the drug is contraindicated for ultrarapid metabolizers

(underdosing inefficacy).6,7 Moreover, potential drug–drug interaction is also

a significant determinant of the plasma concentration of eliglustat. Substrates,

inhibitors, or inducers of CYP2D6 can affect eliglustat-plasma concentration to

a clinically relevant extent.6 If patients are prescribed with drugs metabolized by
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CYP2D6, avoidance or dose reduction of eliglustat is

required to avoid adverse drug–drug interactions and

toxicity.8

Amiodarone, one of the most commonly used antiar-

rhythmic agents, can control a wide spectrum of atrial and

ventricular antiarrhythmic disorders, followed by sotalol,

class II, class IV, and other class III drugs.9 Both amiodar-

one and its metabolite desethylamiodarone have an inhibi-

tory effect on CYP2D6.10–12 Quinidine, also an

antiarrhythmic agent, is not metabolized by CYP2D6,

while it has long been established as a potent competitive

inhibitor of the enzyme.13–15 GD1 patients with arrhythmia

should be coadministered eliglustat and amiodarone (or

quinidine) as one treatment protocol. However, to the best

of our knowledge, there is no information about the effects

of amiodarone and quinidine on the metabolism of eliglu-

stat. Therefore, the goal of this study was to develop and

establish a UPLC-MS/MS method for the determination of

eliglustat and investigate drug–drug interactions between

eliglustat and amiodarone/quinidine by comparing plasma

concentrations and pharmacokinetic parameters of eliglustat

in rats.

Methods
Materials
Eliglustat (purity >98%), amiodarone (purity >98%), quini-

dine (purity >98%), and pirfenidone (IS; purity >98%,

Figure 1B) were supplied by Beijing Sunflower and

Figure 1 Mass spectra of eliglustat (A) and pirfenidone (B) in the present study.
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Technology Development (Beijing, China). HPLC-grade

acetonitrile and methanol were obtained from Merck

(Darmstadt, Germany). Analytical-grade formic acid was

bought from Beijing Sunflower and Technology

Development. Ultrapure water was prepared using a Milli-

Q water purification system (Millipore, Bedford, MA, USA).

Animal Experiments
Eighteen male Sprague Dawley rats with body weight of

180–220 g were obtained from the Laboratory Animal

Center of Wenzhou Medical University (Wenzhou,

China). Before experiments, rats were fasted for 12

hours, but water was freely available. All experimental

procedures and protocols were reviewed and approved by

the Animal Care and Use Committee of Wenzhou Medical

University and were in accordance with the Guide for the

Care and Use of Laboratory Animals. Eliglustat, amiodar-

one, and quinidine were all suspended in 0.5% carboxy-

methyl cellulose sodium (CMC-Na). Eighteen rats were

randomly divided into three groups (n=6) and orally given

solutions: control (0.5% CMC-Na, group A), amiodarone

(60 mg/kg, group B), and quinidine (100 mg/kg, group C).

Thirty minutes later, 10 mg/kg eliglustat was orally admi-

nistered to each group. Approximately 0.15 mL of blood

was collected at 0.333, 0.667, 1, 1.5, 2, 3, 4, 6, 8, 12, 24,

and 36 hours from the tail vein into heparinized 1.5 mL

polythene tubes. Subsequently, blood samples obtained

were immediately subjected to centrifugation at 4,000

g for 8 minutes, and 50 µL plasma was harvested after

separation and stored at −80°C until analysis.

Instrumentation And Analytical Conditions
Liquid chromatography was conducted on a Waters

Acquity UPLC system (Milford, MA, USA), which was

equipped with a sample manager (flow-through needle,

set at 10°C), a column oven (set at 40°C), and an I-Class

binary solvent–delivery manager. Chromatographic

separation was carried out on an Acquity BEH C18

column (2.1×50 mm, 1.7 μm). Meanwhile, the mobile

phase consisted of acetonitrile (solvent A) and 0.1%

formic acid in water (solvent B) delivered at a flow rate

of 0.30 mL/min, and linear gradient elution was

employed: 20% A at 0–0.5 minutes, 20%–50% A at

0.5–1 minute, 50% A at 1–2 min, 50%–20% A at 2–2.1

minutes, and finally the column was equilibrated with

20% A for 0.9 minutes. The entire run time was 3 min-

utes for an injection volume of 1 µL.

Quantification analysis was performed on a Waters Xevo

TQ-S triple-quadrupole tandem mass spectrometer equipped

with an electro-spray ionization source in the positive mode.

General parameters, such as gas, voltage, and temperature,

were optimized: cone gas 150 L/h, desolvation gas 800 L/h,

collision gas 0.15 mL/min, capillary voltage 1.5 kV, desolva-

tion temperature 600°C. Cone voltage and collision energy

were 20 Vand 15 eV for eliglustat and 25 Vand 20 eV for IS,

respectively. Multiple reaction–monitoring mode was used

for each transition: m/z 405.4 → 84.1 for eliglustat and

m/z 186.1 → 92.1 for IS. Masslynx 4.1 software (Waters)

was used for data acquisition and instrument control.

Sample Preparation
First, 5 µL IS working solution (50 ng/mL in acetonitrile)

was added to each plasma sample (50 µL) and mixed for

30 seconds. Then, the mixture was added to 150 µL

acetonitrile for protein precipitation. Subsequently, the

mixture was vortexed for 3 minutes and centrifuged at

13,000 g for 10 minutes. Finally, 100 µL clear supernatant

was transferred into an autosampler vial and 1 µL injected

into the UPLC-MS/MS system for analysis.

Method Validation
A complete validation of the bioanalytical assay was con-

ducted in light of the regulatory principles of the Food and

Drug Administration,16 which require assessment of selec-

tivity, calibration curve, lower limit of quantification,

accuracy, precision, matrix effect, recovery, and stability

under various conditions.

Statistical Analysis
Following quantification of the analyte concentration, the

mean plasma-eliglustat concentration–time curve was deter-

mined by Origin 8.0 (OriginLab, Northampton, MA, USA)

and the pharmacokinetic parameters of eliglustat calculated

by DAS (Drug and Statistics) software (version 2.0,

Shanghai University of Traditional Chinese Medicine,

China) in noncompartmental mode. Statistical comparisons

of the main pharmacokinetic parameters within each group

were carried out with SPSS 17.0 by one-way ANOVA. In all

cases, P<0.05 was deemed to be of statistical significance.

Results
Method Development
Figure 1 indicates the ion mass spectra of eliglustat and IS

in positive-ionization mode. Figure 2 shows typical
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Figure 2 Representative MRM chromatograms of eliglustat and pirfenidone in rat plasma samples: blank plasma (A); blank plasma spiked with standard solution (B); real
plasma sample (C).
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chromatograms of blank plasma samples from six different

batches, blank plasma samples spiked with eliglustat and

IS, and a real rat plasma sample after oral administration.

There was no interference from endogenous substances at

the retention times of the analyte and IS, which were 1.59

and 1.56 minutes, respectively. At a concentration range of

1–1,500 ng/mL, the regression equation of eliglustat was

y=9.72839×x±10.2905 (r2=0.9976). Sensitivity of the

method was calculated by the lower limit of quantification

and established as 1 ng/mLwithin a deviation of ±20%.

Intra- and interday accuracy ranged from −11.0% to

12.3%, and precision was 2.7%–11.6% (Table 1). The

recovery of eliglustat from the plasma matrix was

>86.9% (Table 1). The matrix effect of eliglustat was

calculated to be 92.1%–102.0%, showing no significant

ion suppression or enhancement existed during the proces-

sing and detection procedure. In addition, this proved to be

stable when plasma-eliglustat samples had been in the

autosampler (4°C) for at least 4 hours and at room tem-

perature for at least 3 hours, overthree complete freeze

(−80°C)–thaw (room temperature) cycles, and at −80°
C for at least 30 days. All these results were within the

acceptable range, and demonstrated that the method was

accurate and precise.

Effect Of Amiodarone On The

Pharmacokinetics Of Eliglustat
After a single oral administration of 10 mg/kg eliglustat,

mean plasma concentration–time curves of eliglustat admi-

nistered alone (group A) and in combination with amiodar-

one (group B) (Figure 3) and pharmacokinetic parameters

from noncompartment model analysis (Table 2) were deter-

mined. From the results, when eliglustat was combined with

amiodarone in group B, AUC0→t, AUC0→∞, and Cmax of

eliglustat increased by 63.9%, 66.6%, and 87.1% (P<0.05),

while eliglustat clearance (Cl) of in group B had

a significant reduction of 34.8% (P<0.05). These changes

in pharmacokinetic parameters indicated that amiodarone

had a clear inhibitory effect on the metabolism of eliglustat.

Effect Of Quinidine On The

Pharmacokinetics Of Eliglustat
The mean plasma concentration–time curves of eliglustat

administered alone (group A) and in combination with

quinidine (group C) are also given in Figure 3, and phar-

macokinetic parameters from noncompartment model ana-

lysis summarized in Table 2. For quinidine in group C, the

main pharmacokinetic parameters (AUC0→t, AUC0→∞,

and Cmax) of eliglustat increased by approximately 6.46-

fold, 6.41-fold, and 2.44-fold, respectively (P<0.01) and

Cl decreased by 86.6% (P<0.01). These results demon-

strated that quinidine also had an inhibitory effect on

eliglustat metabolism — even more.

Discussion
GD1 patients taking eliglustat should be queried about and

tracked for concomitant-medication use at every visit by

physicians, especially with regard to inhibitors of

CYP2D6. Above therapeutic plasma concentrations of eli-

glustat, increases in PR, QRS, and QTc intervals on elec-

trocardiography are predicted.2 Therefore, eliglustat is not

recommended for patients with preexisting cardiovascular

Table 1 Precision, Accuracy and Recovery of Eliglustat in Rat Plasma (n=6)

Analyte Concentration (ng/mL) Intraday Interday Recovery (%)

RSD% RE% RSD% RE%

2 10.5 −11.0 11.6 12.3 86.9±9.8

Eliglustat 800 6.9 7.8 7.6 8.6 88.5±6.4

1,200 2.7 4.1 3.0 4.6 89.0±6.6

Figure 3 Mean plasma concentration–time curves of eliglustat in different treat-

ment groups of rats. Group A, control (0.5% CMC-Na); group B, 60 mg/kg

amiodarone; group C, 100 mg/kg quinidine (n=6).
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disease, long QT syndrome, or in combination with class

IA or class III antiarrhythmic agents.2,6 However, it has

been reported that the effect of a single supratherapeutic

dose on QT/QTc interval was not considered clinically

relevant. Also, long-term adverse-event profiles from

four completed trials of oral eliglustat in adults with

GD1 have reinforced a favorable safety profile of

eliglustat.17 Until now, the influencfe of changes in class

III (amiodarone) and class IA (quinidine) antiarrhythmic

medications on pharmacokinetic parameters of eliglustat

had not been characterized in detail. Therefore, the pur-

pose of this study was to investigate drug–drug

interactions between eliglustat and amiodarone/quinidine

in rats.

In the present study, we developed and established

a UPLC-MS/MS method for the determination of eliglu-

stat in rat plasma. To the best of our knowledge, only one

paper had described a bioanalytical method of determining

eliglustat in plasma by HPLC prior, which required elabo-

rate sample preparation (liquid–liquid extraction), low sen-

sitivity (300 ng/mL), and long run time (12 minutes).18 We

instead chose a simple protein-precipitation method using

acetonitrile. High sensitivity (1 ng/mL) and short run time

(3 min per sample) in this study ensured high throughput

of the assay in sample analysis after a series of optimiza-

tions. The validated method was successfully applied to

study of drug–drug interactions between eliglustat and

amiodarone/quinidine in rats.

Amiodarone is a common antiarrhythmic drug and has

an inhibitory effect on CYP2D6.10–12 Quinidine is also an

antiarrhythmic drug and a long-established potent compe-

titive inhibitor of CYP2D6.13–15 From the results of this

study, all AUC0→t, AUC0→∞, and Cmax values for eliglu-

stat in groups B and C were higher than those of the

control group (group A), and Cl showed a significant

reduction. Furthermore, we found that quinidine had

more potent inhibition ability against eliglustat metabolism

according to the main pharmacokinetic parameters

(AUC0→t, AUC0→∞, Cl, and Cmax).

Because of the significant interactions between eliglustat

with amiodarone/quinidine, our study can provide a novel

direction for clinical medication and treatment of GD1

patients with eliglustat. The combination of eliglustat with

amiodarone or quinidine should be avoided or monitored in

the clinic, even when patients take these drugs at normal

therapeutic doses, because the pharmacokinetics of eliglustat

have been altered significantly. Moreover, clinicians and

patients can understand better that exposure to eliglustat

will be significantly increased and treatment-related adverse

events of eliglustat more serious and frequent when amio-

darone or quinidine is used in combination with eliglustat in

GD1 patients. As this study was performed on few rats,

further research should be done.

Conclusion
The presented eliglustat UPLC-MS/MS method was sim-

ple and reliable to determine the plasma concentration of

eliglustat in rat plasma. The applicability of the method

was demonstrated in a drug–drug interaction study

between eliglustat and amiodarone/quinidine in rats,

where both amiodarone and quinidine elevated the con-

centration of eliglustat and had an inhibitory effect on

eliglustat metabolism. Clearly, further studies should be

done on pharmacological changes with eliglustat in

patients being treated with eliglustat and amiodarone/qui-

nidine in the clinic.

Disclosure
The authors report no conflicts of interest in this work.

Table 2 Pharmacokinetic Parameters of Eliglustat in Different Treatment Groups of Rats. Group A, Control (0.5% CMC-Na); Group B,

60 mg/kg Amiodarone; Group C, 100 mg/kg Quinidine (n=6, mean ± SD)

Parameters Group A Group B Group C

AUC0→t (ng/mL•h) 621.39±238.73 1,018.61±452.56* 4,633.64±1,762.39**

AUC0→∞ (ng/mL•h) 625.57±239.53 1,042.43±465.67* 4,637.97±1,763.97**

MRT0→t (h) 3.25±1.03 3.69±0.84 4.38±0.55

MRT0→∞ (h) 3.45±1.21 3.73±0.86 4.44±0.56

t½ (h) 3.26±1.41 3.33±1.47 3.88±1.60

Tmax (h) 0.93±0.15 1.09±0.17 1.42±0.20*

Cl (L/h) 17.95±6.62 11.71±6.10* 2.41±0.86**

Cmax (ng/mL) 312.53±171.79 584.76±211.90* 1,076.28±366.40**

Notes: Compared with group A: *P<0.05; **P<0.01.
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