
Methocarbamol, a centrally acting skeletal muscle relaxant, is a BCS Class I compound characterised by rapid absorption and a short half-life, necessitating frequent dosing (three times daily, 
TID) to maintain therapeutic exposure. Despite its favourable permeability and solubility, the associated TID dosing burden presents challenges for patient adherence and optimal treatment. To 
address this, a Physiologically Based Pharmacokinetic (PBPK) model was developed using GastroPlus® and subsequently verified using several published clinical studies with immediate-release 
(IR) formulations. This enabled a reliable characterization of methocarbamol ADME properties and established a quantitative framework to support a rational formulation development. The 
validated model was subsequently used to define the target product profile (TPP) for the 1500 mg TID immediate release (IR) reference regimen (total dose of 4500 mg). This research work 
leverages model-informed drug development to design a simplified twice-daily (BID) multiparticulate formulation combining immediate- and modified-release (IR+MR) components to match the 
reference exposure. It also establishes a robust formulation design space that incorporates uncertainties related to lower gastrointestinal (GI) absorption and the release kinetics.
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RESULTS

Model Development & Validation
• A PBPK model was developed in GastroPlus® v9.8.3, informed by published
     clinical PK datasets.
• A series of published clinical studies informed model development, with datasets [1,2] 

used to refine fundamental model parameters such as permeability and clearance and 
independent datasets [3–5] supporting external validation.

• Model performance was assessed by comparing predicted vs. observed Cmax and AUC(0-t) 
(%prediction error).

Translating Pharmacokinetic Insight into Target Product Profile Definition
• The validated PBPK model was subsequently used to define the target product profile (TPP) 

for the 1500 mg IR TID reference regimen. The TPP was defined by:    
 Cmax
 C30 (the target onset of action concentration at time 30 min post dose)
 AUC(0-t)

• Cmin was introduced later as a supportive metric—not a primary criterion—but to track 
trough concentrations.

Design Space Exploration
• Hypothetical IR+MR multiparticulate dissolution profiles were generated within a ≤ 2250 

mg total BID dose constraint and evaluated for equivalence with TID reference regimen 
targets (C30min, Cmax, AUC(0-t) and Cmin) using ±20% acceptance criteria.

• Design space exploration was performed using “edge-of-failure” simulations using:
 MR release durations (T90%: 2–10 h)
 IR:MR dose ratios

Sensitivity Analysis
• Selected formulations were stress-tested by varying key uncertain model parameters, 

including:
 Colonic absorption
 MR formulation type (dispersed vs. integral)

• Outputs were used to define a two-dimensional (2D) formulation design space based on 
total dose and MR release rate.

The GastroPlus® model accurately predicted the observed methocarbamol IR PK parameters 
from published clinical studies, within ±30% prediction error for both Cmax and AUC(0-t) (Figure 
1-2) demonstrating robust model performance across both training and external validation 
datasets.

CONCLUSIONS

RESULT

The verified PBPK model established the TPP for the 1500 mg IR TID reference, with 
predicted Cmin of 12.3 µg/mL, Cmax  of 21.9 ug/mL, and AUC(0-t) of 204.6 µg·h/mL, which 
served as the target benchmark for the BID formulation design.

Hypothetical MR dissolution profiles were generated and incorporated into the PBPK model 
alongside the IR dose. “Edge-of-failure” simulations were then performed to assess 
sensitivity to dose ratio (IR:MR) and MR release rate (Table 2). These analyses indicated a 
suitable MR release window of T90% ~3–9 h, with robust PK performance across this range. 
At T90% = 4.5 h dose optimisation simulations indicated that an IR fraction ≥1200 mg 
(>53% of the total dose) is needed to match reference IR TID exposure, establishing the IR 
contribution target for the multiparticulate (IR + MR Prototype) formulation.

The expanded design space provided the flexibility needed to select and optimise IR+MR 
multiparticulate combinations within the established boundaries. Such flexibility enables 
formulators to explore and optimise IR+MR multiparticulate combinations within the 
approved design-space limits, informed by evolving PK and safety data generated during 
the early clinical study periods.

By accurately predicting clinical IR PK, the verified GastroPlus® PBPK model provided a robust foundation for prospective evaluation of MR formulation strategies. Simulations demonstrated 
that achieving 1500 mg IR TID-equivalent exposure requires a ≥53% immediate-release fraction and T90% 3–9 h release rate target within the BID dosing regimen, providing a clear quantitative 
target for the formulation design. The expanded design space (≤ 2500 mg dose constraint; T90% 3-12 h release window) affords flexibility in dose selection and MR release rate, allowing the 
1500 mg IR TID target profile to be translated into a multiparticulate IR+MR BID regimen. Although the clinical programme was subsequently discontinued, the methodology remains highly 
relevant, illustrating how model-informed development provides a robust and mechanistic framework for optimising MR formulations. A resilient, uncertainty-aware design space that accounts 
for GI variability supports formulation flexibility, clinical feasibility, and ultimately de-risks MR formulation development.
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MR Coating 1 Properties

FPA 500 mg X% coat Low dose; Modified 
release (Fast)

FPB 500 mg Y% coat Low dose; Modified 
release (Slow)

FPC 2500 mg (IR max 
1500 mg) Y% coat High dose; Modified 

release (Slow)

FPD 2500 mg (IR max 
1500 mg) X% coat High dose; Modified 

release (Fast)
1Coating level (by %weight gain) is used to control the release rate of 
the MR Multiparticulates.

Figure 1. Evaluation of GastroPlus® Model Performance using        
Published Clinical Studies*

Table 2. Edge-of-Failure Simulations: Dose and Release Profile  Sensitivity at Optimal Dose/Profiles

Figure 3. Proposed 2D Design Space

Table 3. Proposed Formulation for Corners of Design Space

Figure 2. GastroPlus® Obs.** vs. Pred. Plasma Concentration 
Profiles in Published Clinical Studies

**Observed PK data digitised from published mean 
concentration-time profiles (Cp-t) (PK-06: predictions only (no 
observed Cp-t data)

* Observed PK data directly extracted from the published 
literature.

A sensitivity analysis of MR 
formulation type (dispersed vs. 
integral) had minimal effect on 
the drug exposure (<1% 
difference in AUC(0-t)). 

Colonic absorption, however, 
was identified as a critical 
parameter; a 10-fold decrease 
in the C3/C4 (model parameters 
governing caecum and colon 
absorption) resulted in a ~12% 
reduction in fraction absorbed 
(Fa).

To address uncertainty in the GI 
tract, the design space was 
broadened to a ≤ 2500 mg BID 
dose (versus the original ≤ 2250 
mg dose constraint) and T90% 
3-12 h range (versus the 
original 3-9 h) and specified as: 
IR dose: 500 mg ≤ IR ≤ 1500 mg 
and MR release (T90%): 3–12h 
(Figure 3 and Table 3). 
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