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Objective/Introduction

Methodology

Results

Conclusions
•	Three new PK studies demonstrate comparable bioavailability, safety, 

tolerability and palatability profiles for NaMuscla Prolonged Release (PR) 
500 mg oral suspension QD and NaMuscla Immediate Release (IR) TID 
167 mg hard capsules.

•	NaMuscla PR is a new once-daily formulation, provided as granules in unit 
dose sachets for oral suspension. 

•	NaMuscla PR is available in 167 mg, 333 mg and 500 mg sizes, to be 
reconstituted in 2.5 mL, 5 mL and 7.5 mL water respectively. 

•	The new PR formulation is convenient for patients with myotonia who 
require mexiletine treatment:

	 –	� NaMuscla PR formulation ensures prolonged release over 24 h, helping 
to maintain consistent therapeutic levels of mexiletine; 

	 –	� The PK profile of NaMuscla PR is comparable to the IR formulation, 
ensuring similar efficacy;

	 –	� By reducing dose frequency (from TID to QD), NaMuscla PR offers a 
convenient regimen. 

•	Together, these improvements to the formulation of NaMuscla mean that 
NaMuscla PR potentially improves patient adherence and outcomes, 
compared with standard mexiletine IR dosing regimens.

•	NaMuscla® is indicated for the symptomatic treatment of myotonia in adults with 
non-dystrophic myotonia (NDM).1–3

•	The pharmacokinetics (PK) profile of a new mexiletine formulation, NaMuscla 
Prolonged Release (PR; 500 mg granules for oral suspension in sachet, QD; Figure 1) 
was compared with NaMuscla® Immediate Release (IR; 167 mg hard capsules, TID).

•	NaMuscla PR is being developed as a once-daily PR formulation.
•	NaMuscla PR is presented as dry powder for suspension.

PK study details
•	Three studies were conducted in healthy subjects (planned N=24 per study; N=72 in 

total) to assess the PK of NaMuscla PR (Table 1).

Table 1. Methodologies for three new PK studies of NaMuscla PR. 
Study type Dosing Blood sampling Endpoints

Primary Secondary

Single-dose 
(fasting)

PR: 1 × 7.5mL oral 
suspension,
400mg/5mL; QD

IR: 3 × 167mg 
capsules, oral; TID, 
interval 8 h

4.0 mL sample pre-dose
then hourly for first 16 h  
post-dose
Further samples at 0.5 h, 
18 h, 20 h, 24 h, 30 h, 
36 h, 48 h, 72 h, 96 h 
post-dose 

AUC0-24 Tmax , Cmax 
AUC0-t , AUC0-∞ 

Kel , T½
AEs

Tolerability 
(taste and 

palatability)

Multi-dose
(fasting)

PR: 1 × 7.5mL oral 
suspension, 
400mg/5mL; QD; 
Days 1-5

IR: 3 × 167mg 
capsules, oral; TID, 
interval 8 h; Days 1-5

Days 1-5:
5.0 mL samples taken  
pre-daily dose
Day 5: total of 5.0 mL × 
20 samples taken hourly 
for first 16 h
Further samples at 0.5 h, 
18 h, 20 h, 24 h

AUC0-TAU
Cmin ss
Cmax ss 
Cav ss

Tmax ss , T½ , λz , Kel 
fluctuation % 

swing
AEs

Tolerability  
(taste and 

palatability)

Food effect
(fasting, 
standard low-fat  
breakfast or 
high-fat high-
calorie non-
vegetarian meal)

PR: 1 × 7.5mL 
oral suspension, 
400mg/5mL; QD

4.0 mL sample pre-dose
then hourly for first 16 h 
post-dose
Further samples at 0.5 h, 
18 h, 20 h, 24 h, 30 h, 
36 h, 48 h, 72 h, 96 h 
post-dose 

Cmax 
AUC0-∞

Tmax 
AUC0-t 

Kel 
T½

PR, prolonged release; QD, once-daily, IR, immediate release, TID, three-times daily; AUC, area under curve; C, concentration; min, minimum;  
ss, steady state; av, average; max, maximum; T, time; Kel elimination rate (constant); AE, adverse event; λz, terminal elimination rate (constant).

PK and statistical analyses
•	For all three studies, PK parameters were calculated with the Phoenix WinNonlin v8 

software program (www.certara.com).
•	Comparison of results between NaMuscla PR and NaMuscla IR TID was assessed by 

the geometric least squares mean method.
Safety
•	Adverse events (AEs), including events that required the subject’s removal from the 

study, were recorded.
Tolerability 
•	Each subject completed a questionnaire regarding taste and palatability (mouth feel) 

of the liquid suspension.
•	These questionnaires were also circulated to participants in other studies of NaMuscla PR.

•	In total, 65 healthy male subjects of South Asian ethnicity completed three PK 
studies of NaMuscla PR (Table 2).

Table 2. Subject characteristics.
Parameter Single-dose study 

(N=20)
Multi-dose study 

(N=22)
Food-effect study 

(N=23)

Mean SD Mean SD Mean SD

Age (years) 28.1 7.1 28.4 7.6 30.7 6.3

Height (cm) 167.0 6.2 165.6 5.8 167.4 5.3

Weight (kg) 62.9 8.9 59.8 7.1 65.2 5.6

Body mass index (kg/m2) 22.5 2.9 21.8 2.2 23.3 2.6
SD, standard deviation.

Single-dose study
•	Based on the primary parameters (AUC0-24 and Cmax), relative bioavailability for 

NaMuscla PR QD was comparable to IR capsule TID (Figure 2).
•	Median Tmax (h) was 8.00 h (range: 5.00 – 16.00 h).
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Figure 5. 90% of participants across several studies rated the taste and palatability 
of NaMuscla PR as good to very good; 84% rated mouth feel as good or very good.

Figure 1. NaMuscla PR is a new once-daily formulation of mexiletine granules 
in unit-dose sachets, consisting of a PR coated drug-resin complex along with 
formulation diluents for reconstitution as liquid oral suspension.

Figure 2. Linear plot of mean plasma concentrations versus time for NaMuscla PR 
QD and NaMuscla IR TID in healthy subjects under fasting conditions. Grey line 
(R) denotes reference NaMuscla Capsule IR; green line (T2) denotes test product 
subsequently developed as NaMuscla PR. Dotted horizontal line at 0.5 µg/mL 
denotes mean plasma level regarded as within anticipated therapeutic window.

Figure 3. Linear plot of mean plasma concentrations versus time for NaMuscla PR QD 
and NaMuscla IR TID in healthy subjects under fed conditions. Grey line (R) denotes 
reference NaMuscla Capsule TID; green line (T2) denotes test product subsequently 
developed as NaMuscla PR. Shaded zone between 0.5 µg/mL and 2.0 µg/mL 
denotes mean plasma concentrations within anticipated therapeutic window.

Figure 4. Mean plasma concentrations versus time for NaMuscla PR QD and 
NaMuscla IR TID in healthy subjects either fasting (A, blue line), receiving a low-fat 
meal, (B, pink line), or a high-fat, high-calorie meal (C, green line).
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Multi-dose study
•	Accumulation indexes were 1.67 for NaMuscla PR (T2) and 3.23 for NaMuscla IR, 

suggesting no notable accumulation of mexiletine after repeat administration.
•	Fluctuation% through steady state: NaMuscla PR (T2) QD, 85.24%; NaMuscla IR TID, 42.67%.
•	T/R ratio for AUC0-TAU ratio 100.46 (90% confidence intervals [CI]: 95.75, 105.40) at 

steady state, indicating comparable bioavailability at steady state for NaMuscla PR 
compared with NaMuscla IR TID.

•	Cmin T/R ratio of NaMuscla PR/NaMuscla IR at steady state, 81.71% (90% CI: 77.19, 86.49).
•	Mean Cmin steady state value derived for NaMuscla PR was maintained above  

0.5µg/mL for 21/22 (95%) of subjects (i.e., within the anticipated therapeutic window; 
see also Figure 3).
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•	Steady state maximal, minimal and average plasma concentrations (Css-max, Css-min and 
Css-avg, respectively) from NaMuscla IR TID and T2 formulations were comparable.

•	The comparable bioavailability and improved dosing regimen of NaMuscla PR 
suggest that the new formulation could enhance patient adherence and thereby 
improve overall treatment outcomes.

Food-effect study
•	NaMuscla PR showed increased bioavailability when taken with food compared to 

when fasting:
	 –	�Cmax increased 39% in subjects fed before taking NaMuscla PR; this increase was 

statistically significant (Table 3).
	 –	�A 24% increase in AUC0-24h was observed under low-fat meal conditions.

Table 3. Increased bioavailability of NaMuscla PR was observed under fed state.

Parameter​ Comparison​ Ratio (%)​ ~90% CI​ Maximum 
estimated ISCV% ​

Cmax (ng/mL)​

LFM vs. Fa  139.5​ 130-150​

Cmax: 14.34%​
AUC: 12.91%​

HFM vs. Fa  125.7​ 117-135​

HFM vs LFM 90.1​ 84-97​

AUC0-24h (h.ng/mL)​

LFM vs. Fa 124.6​ 117-133​

HFM vs. Fa 120.1​ 112-128​

HFM vs LFM ​ 96.4​ 90-103​
Cmax, maximum concentration, AUC, area under curve, LFM, low-fat meal; HFM, high-fat meal; Fa, fasting; CI, confidence interval; ISCV, intrasubject variability. 

•	Based on a comparison of Cmax and AUC0-∞, relative bioavailability of NaMuscla PR 
was higher in fed versus fasted subjects.

•	A high-fat meal did not enhance the magnitude of the positive food effect.
•	Median Tmax (h) was shorter in fed vs. fasted subjects but differences were not 

statistically significant (see also Figure 4).
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 Taste/palatability survey scores across
NaMuscla PR studies (N=226)
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Safety
•	All safety events reported were broadly in line with those seen in other studies with 

mexiletine:1–3

	 –	�No serious or life-threatening AEs were reported during the course of the three  
PK studies. 

Tolerability
•	In total, N=226 participants across studies of NaMuscla PR completed the questionnaire 

investigating taste and palatability of the oral suspension formulation (Figure 5): 
	 –	�204/226 (90%) of participants rated the taste of NaMuscla PR as good to very good
	 –	194/226 (86%) of participants rated its mouth feel as good or very good.
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