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Abstract

Background
Lurasidone hydrochloride, a Biopharmaceutics Classification System (BCS) Class II drug, exhibits
dissolution-limited absorption and a pronounced food effect, making prediction of its in vivo
performance challenging. This study developed a dissolution-informed physiologically based
pharmacokinetic (PBPK) model integrated with biorelevant dissolution testing to establish a PBPK-
assisted in vitro–in silico correlation (IVISc).

Methods
Dissolution studies of a 40 mg lurasidone tablet were performed in fasted- and fed-state simulated
gastric and intestinal media (FaSSGF, FeSSGF, FaSSIF, and FeSSIF). Experimentally generated dissolution
profiles were incorporated into a PBPK model developed using PK-Sim® to predict plasma
concentration–time profiles, pharmacokinetic parameters, and food effects. Model performance was
evaluated using fold error (FE), average absolute fold error (AAFE), goodness-of-fit analysis, and visual
predictive checks.

Results
Dissolution was significantly influenced by gastrointestinal conditions (p < 0.001), with the highest drug
release observed in FeSSGF (85.1%), followed by FeSSIF (78.8%), FaSSGF (61.8%), and FaSSIF (57.7%).
PBPK simulations demonstrated the highest predicted systemic exposure in FeSSGF with a Cmax of
64.26 µmol/L and an AUCtend of 5138.05 µmol·min/L. Compared with FaSSGF, FeSSGF produced a
37.7% increase in Cmax and a 59.9% increase in AUCtend, while FeSSIF increased Cmax and AUCtend by
36.3% and 40.2%, respectively, relative to FaSSIF. The PBPK-assisted IVISc showed a strong linear
relationship between dissolution extent and predicted exposure (R² = 0.9545). Model validation
demonstrated excellent predictive performance with a mean FE of 1.04, AAFE of 1.04, and strong
agreement between predicted and observed pharmacokinetic parameters (R² = 0.97 for Cmax and 0.98
for AUCtend). Sensitivity analysis identified solubility and CYP3A4-mediated clearance as the principal
determinants of systemic exposure. In simulations of hepatic impairment, predicted Cmax increased
from 64.2 to 77.0 µmol/L, while AUCtend increased from 5138.05 to 5395.20 µmol·min/L.

Conclusions
The dissolution-informed PBPK framework successfully translated biorelevant dissolution behavior into
pharmacokinetic outcomes with high predictive accuracy. The integrated PBPK-assisted IVISc
demonstrated robust prediction of food effects and systemic exposure, supporting its application in
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formulation optimization, special population assessment, virtual bioequivalence, and model-informed
drug development for poorly water-soluble drugs.

Teaser
A dissolution-informed PBPK-assisted IVISc framework translated lurasidone dissolution profiles into
systemic exposure predictions, supporting model-informed drug development and virtual bioequivalence
applications.

1. Introduction
Poor aqueous solubility remains one of the major challenges in the development of orally administered
drug products. According to the Biopharmaceutics Classification System (BCS), Class II drugs are
characterized by low solubility and high intestinal permeability, and their oral absorption is primarily
limited by the rate and extent of dissolution.[1, 2] For such compounds, gastrointestinal physiological
factors including pH, bile salt concentration, gastric emptying, intestinal transit, and food intake can
significantly influence drug release, solubilization, and subsequent absorption.[3, 4] Consequently,
conventional dissolution testing performed in simple aqueous media often fails to accurately predict in
vivo performance, particularly for poorly water-soluble compounds exhibiting dissolution-limited
absorption. This limitation has driven increasing interest in biorelevant dissolution approaches that more
closely simulate fasted and fed gastrointestinal conditions. [5, 6, 7]

Lurasidone hydrochloride is a second-generation atypical antipsychotic approved for the treatment of
schizophrenia and bipolar depression.[8, 9, 10] It is classified as a BCS Class II drug with low aqueous
solubility and high intestinal permeability.[2] The drug exhibits pH-dependent solubility and limited
dissolution in gastrointestinal fluids, making dissolution a critical determinant of oral absorption.[1, 9,
11] Following oral administration, lurasidone reaches peak plasma concentrations within 1–3 h and
undergoes extensive hepatic metabolism primarily through cytochrome P450 3A4 (CYP3A4).[12, 13]
Clinical studies have demonstrated a pronounced positive food effect, with bioavailability increasing
approximately two- to three-fold under fed conditions. This substantial increase in systemic exposure
highlights the importance of gastrointestinal physiology in determining the absorption behavior of
lurasidone hydrochloride and presents a challenge for predicting it’s in vivo performance. [1, 14]

Biorelevant dissolution testing has become an important approach for evaluating drug release under
conditions that closely mimic the human gastrointestinal environment. Media such as Fasted State
Simulated Gastric Fluid (FaSSGF), Fed State Simulated Gastric Fluid (FeSSGF), Fasted State Simulated
Intestinal Fluid (FaSSIF), and Fed State Simulated Intestinal Fluid (FeSSIF) reproduce the composition
and solubilization capacity of gastrointestinal fluids under fasted and fed conditions.[6, 7] In parallel,
physiologically based pharmacokinetic (PBPK) modeling enables mechanistic prediction of drug
absorption and systemic exposure by integrating drug-specific physicochemical properties, formulation
characteristics, and physiological variables.[15–21] PBPK models are increasingly applied for food-
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effect prediction, formulation assessment, and virtual bioequivalence studies and are recognized by
regulatory agencies as valuable tools in drug development.[21–23] Integration of biorelevant dissolution
data with PBPK modeling therefore provides a mechanistic framework for translating in vitro dissolution
behavior into predicted pharmacokinetic performance.[24, 25]

Despite significant advances in biorelevant dissolution methodologies and PBPK modeling, important
challenges remain. Existing studies have largely evaluated dissolution testing and mechanistic
pharmacokinetic modeling independently, with limited integration of experimentally generated
dissolution profiles from multiple biorelevant media into PBPK simulations. [24, 26] Consequently, the
mechanistic relationship between dissolution behavior under fasted and fed conditions and the resulting
pharmacokinetic performance remains insufficiently characterized. Furthermore, PBPK-assisted in vitro–
in silico correlation (IVISc) frameworks remain underexplored for drugs exhibiting complex absorption
behavior and pronounced food effects. [27, 28] For lurasidone hydrochloride, comprehensive studies
integrating biorelevant dissolution profiles with PBPK simulations, external clinical validation, and
systematic sensitivity analysis are limited. [24, 29, 30] The overall workflow adopted for PBPK model
development, parameter optimization, and validation in the present study is illustrated in Figure I.

Figure I. Workflow of PBPK model development and parameter optimization.

The present study addresses this gap by integrating experimentally generated dissolution profiles
obtained in FaSSGF, FeSSGF, FaSSIF, and FeSSIF directly into a mechanistic PBPK model developed
using PK-Sim®. The study establishes a PBPK-assisted in vitro–in silico correlation (IVISc) framework
linking dissolution behavior with predicted pharmacokinetic performance and provides a mechanistic
evaluation of the food effect through dissolution-informed PBPK simulations. In addition, the developed
framework incorporates external validation using published clinical pharmacokinetic data and sensitivity
analysis to evaluate model predictability and its application in formulation evaluation, food-effect
prediction, special population assessment, and model-informed drug development (MIDD).

Therefore, the present study aimed to evaluate the dissolution behavior of lurasidone hydrochloride in
biorelevant media (FaSSGF, FeSSGF, FaSSIF, and FeSSIF), develop a mechanistic PBPK model using PK-
Sim®, integrate experimentally generated dissolution profiles with PBPK simulations, investigate the
influence of gastrointestinal physiology on food-dependent absorption, establish a PBPK-assisted in
vitro–in silico correlation (IVISc), evaluate model performance through sensitivity analysis and external
validation, and assess the applicability of the model in subjects with hepatic impairment.

2. Methodology

2.1 Biorelevant Dissolution Studies
Dissolution studies were performed to evaluate the release behavior of lurasidone hydrochloride under
physiologically relevant gastrointestinal conditions. Biorelevant media representing fasted and fed
gastric and intestinal environments (FaSSGF, FeSSGF, FaSSIF, and FeSSIF) were prepared according to
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established composition guidelines. Lurasidone hydrochloride (40 mg) was procured from a licensed
local pharmacy. All chemicals and reagents used for media preparation were of analytical grade and
used as received. The experimental media were maintained at pH 1.6 (FaSSGF), pH 5.0 (FeSSGF), pH 6.5
(FaSSIF), and pH 5.0 (FeSSIF). [31, 32] Bile salt concentrations were maintained at 3 mM in FaSSIF and
15 mM in FeSSIF, while lecithin concentrations were maintained at 0.75 mM and 3.75 mM, respectively.
[32, 33]

A 40 mg dose equivalent of lurasidone hydrochloride was used in all experiments. Sink conditions were
verified using experimentally determined equilibrium solubility values. The calculated sink ratios were
4.05 (FaSSGF), 4.95 (FeSSGF), 10.13 (FaSSIF), and 13.95 (FeSSIF), all exceeding the minimum sink
criterion of ≥ 3, confirming adequate sink conditions throughout the dissolution studies. [34, 35] All
experiments were conducted in triplicate using independent sample preparations, and relative standard
deviation values remained below 10%.[36]

Dissolution testing was performed using USP Apparatus II (paddle method) with a dissolution medium
volume of 900 mL, maintained at 37 ± 0.5°C and operated at 50 rpm. Samples were collected at 0, 15, 30,
60, 90, and 120 min. At each sampling interval, 1 mL of dissolution medium was withdrawn and replaced
with an equal volume of fresh preheated medium maintained at the same temperature. Samples were
filtered through a whatman grade 1 (11 µm) membrane filter and appropriately diluted using the
corresponding dissolution medium prior to analysis. [36, 37, 38]

Drug quantification was performed using a validated UV–Visible spectrophotometric method at 232 nm
using a UV–Visible spectrophotometer. Method validation was conducted according to ICH Q2(R1)
guidelines. [39, 40] Linearity was established over a concentration range of 5–30 µg/mL with a
correlation coefficient (R²) of 0.999. Limits of detection (LOD) and quantification (LOQ) were determined
according to ICH recommendations. Intra-day and inter-day precision were maintained below 2% and 3%
relative standard deviation, respectively. The validated method was subsequently used for quantification
of all dissolution samples. [40, 41]

Differences among dissolution profiles obtained in the four biorelevant media were evaluated using one-
way analysis of variance (ANOVA) performed, and p-value < 0.05 was considered statistically significant.
[35, 42]

2.2 Dissolution Kinetic Modeling and Similarity Factor
Analysis
Dissolution profiles obtained in FaSSGF, FeSSGF, FaSSIF, and FeSSIF were analyzed using Zero-order,
First-order, Higuchi, and Korsmeyer–Peppas kinetic models to characterize drug release behavior under
different gastrointestinal conditions.[43] Linear regression analysis was performed for each model, and
the coefficient of determination (R²) was used as the primary criterion for model selection. The model
exhibiting the highest R² value was considered to provide the best description of dissolution behavior.
[43, 44]
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The kinetic models applied were described by Eqs. (1–4):

Zero-order model (Eq. 1)

Q� = Q₀ + k₀t

First-order model (Eq. 2)

log Q� = log Q₀ + kt/2.303

Higuchi model (Eq. 3)

Q� = kH√t

Korsmeyer–Peppas model (Eq. 4)

Mt/M ∞ = ktⁿ

where Q� represents the amount of drug released at time t, Q₀ is the initial amount of drug, k₀ and kH
represent release rate constants, and n represents the release exponent. [45, 46, 47]

Similarity factor (f₂) analysis was performed to compare dissolution profiles generated under different
physiological conditions. Comparisons included FaSSGF versus FeSSGF, FaSSIF versus FeSSIF, FaSSGF
versus FaSSIF, and FeSSGF versus FeSSIF. Dissolution data obtained at identical sampling intervals were
used for analysis. [58, 49] The similarity factor was calculated according to the FDA-recommended
equation (Eq. 5):

f₂ = 50 log {[1 + (1/n) Σ (Rt − Tt) ²] ⁻⁰·⁵ × 100}

where Rt and Tt represent the percentage drug release of the reference and test profiles, respectively,
and n represents the number of sampling points. Profiles exhibiting f₂ values between 50 and 100 were
considered similar, whereas values below 50 indicated dissimilarity. All calculations and regression
analyses were performed using Microsoft Excel®.

2.3 Statistical Analysis
Statistical analyses were performed to evaluate the reproducibility and variability of the experimental
dissolution data. Unless otherwise stated, all experiments were conducted in triplicate, and the results
are expressed as mean ± standard deviation (SD). [50, 51]

For each experimental parameter, the 95% confidence interval (95% CI) of the mean was calculated using
Student's t-distribution according to Equation (Eq. 6):

 where is the sample mean, SD is the standard deviation, n represents

the number of replicates, and t denotes the student’s t-value corresponding to the selected confidence

95% CI =
−
x ± t0.025,n−1 ( )SD

√n
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level and degrees of freedom.[52]

Differences among dissolution media were evaluated using one-way analysis of variance (ANOVA). A
probability value of p < 0.05 was considered statistically significant.[53] Regression analysis for the
PBPK-assisted in vitro–in silico correlation (IVISc) was performed using ordinary least-squares (OLS)
linear regression, and the coefficient of determination (R²) was used to assess the strength of the
correlation. [54, 55]

2.4 PBPK Model Development and Simulation
A physiologically based pharmacokinetic (PBPK) model for lurasidone hydrochloride was developed
using PK-Sim® version 12.2 (Open Systems Pharmacology Suite, Germany). The model was constructed
using a structured gastrointestinal compartmental framework comprising the stomach, duodenum,
jejunum, and ileum to enable region-specific simulation of drug transit, dissolution, and absorption
processes. Segmental pH-dependent solubility profiles were incorporated to account for physiological
variations throughout the gastrointestinal tract. [56, 57]

The PBPK model was developed using a bottom-up approach based on literature-derived
physicochemical and pharmacokinetic parameters without direct fitting of pharmacokinetic outputs.
Drug-specific inputs included molecular weight, lipophilicity (logP), ionization constant (pKa), intrinsic
solubility, plasma protein binding, fraction unbound (fu), and systemic clearance. [59, 68] The complete
list of model input parameters and corresponding literature sources is presented in Table I. Hepatic
disposition was implemented using the standard PK-Sim liver module, and first-pass metabolism was
incorporated through CYP3A4-mediated hepatic clearance. [60, 61]

Table I. Drug-Specific Physicochemical and Pharmacokinetic Parameters Used for PBPK Model
Development of Lurasidone

Parameter Value Unit

Molecular Weight (free base) 492.68 g/mol

Molecular Weight (HCl salt) 529.14 g/mol

LogP 5.6 —

pKa 7.6 —

Intrinsic Solubility 0.022 mg/mL

Plasma Protein Binding > 99% %

Fraction Unbound (fu) 0.01 —

Physicochemical properties of lurasidone hydrochloride were obtained from published literature and
publicly available databases, including Ishibashi et al. [62], DrugBank [63], PubChem [64], and the Latuda®
prescribing information [65].
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To account for physiological variability, simulations were performed using a virtual adult population.
Gastric emptying time was implemented within reported physiological ranges of 0.5–2 h under fasted
conditions and 0.3–1 h under fed conditions, while intestinal transit time was defined within a range of
3–6 h. Parameter distributions available within the PK-Sim physiological database were used to capture
inter-individual variability in gastrointestinal transit and absorption behavior.[61]

Experimentally generated dissolution profiles obtained in FaSSGF, FeSSGF, FaSSIF, and FeSSIF were
integrated into the PBPK model as time-dependent dissolution inputs. Dissolution data were
implemented using a fraction dissolved versus time approach within the intestinal absorption module,
enabling mechanistic coupling between in vitro dissolution behavior and in vivo absorption processes.
[26, 61, 62] Drug dissolution was described using a diffusion-layer model consistent with the Noyes–
Whitney equation, whereas intestinal absorption was parameterized using effective permeability-driven
first-order kinetics. [63, 64]

Potential supersaturation phenomena were considered through dynamic solubility inputs reflecting bile
salt-mediated solubilization effects under biorelevant conditions. Micellar solubilization in bile salt-
containing media was assumed to stabilize transient supersaturated states and was indirectly
accounted for through medium-specific solubility-dependent absorption inputs. Precipitation kinetics
were not explicitly modeled due to the absence of experimentally determined precipitation parameters.
[65, 66, 67]

Simulations were performed separately using dissolution profiles generated in each biorelevant medium.
Plasma concentration–time profiles and pharmacokinetic parameters, including maximum plasma
concentration (Cmax), time to maximum plasma concentration (Tmax), and area under the plasma
concentration–time curve (AUC), were obtained for subsequent IVISc analysis, sensitivity assessment,
and model validation.

2.5 PBPK Parameter Optimization Workflow
A systematic workflow was employed for the development and optimization of the physiologically based
pharmacokinetic (PBPK) model to ensure mechanistic consistency and predictive reliability.[68] The
overall strategy is illustrated in Figure I.

Drug-specific physicochemical and biopharmaceutical parameters of lurasidone hydrochloride, including
molecular weight, pKa, logP, aqueous solubility, fraction unbound (fu), effective intestinal permeability
(Peff), and hepatic intrinsic clearance (CLint), were obtained from published literature and incorporated
into the PK-Sim® platform. Physiological parameters such as organ volumes, regional blood flow,
gastrointestinal transit time, and plasma protein concentrations were obtained from the integrated PK-
Sim® database. [68, 69]

A base PBPK model representing healthy adults was constructed using literature-derived parameters
without empirical adjustment. Experimentally determined dissolution profiles generated in FaSSGF,
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FeSSGF, FaSSIF, and FeSSIF were subsequently incorporated as formulation-specific inputs to establish a
mechanistic link between in vitro dissolution and in vivo absorption. [19, 50]

Sensitivity analysis was performed to identify influential parameters affecting pharmacokinetic
predictions. Parameters exhibiting high sensitivity, including Peff, intrinsic solubility, and hepatic
clearance, were evaluated within physiologically plausible ranges while maintaining other physiological
parameters unchanged, thereby minimizing over-parameterization and preserving the mechanistic
integrity of the model. [70, 71]

Simulated plasma concentration–time profiles were compared with published clinical pharmacokinetic
data under fasting and fed conditions using Cmax, Tmax, and AUC as evaluation criteria. The optimized
model was subsequently applied for food-effect prediction, sensitivity analysis, dissolution-informed
simulations, and development of the PBPK-assisted in vitro–in silico correlation (IVISc). [70, 72]

Drug-specific physicochemical and pharmacokinetic parameters obtained from published literature were
incorporated into PK-Sim® to construct the initial PBPK model. Experimentally determined dissolution
profiles generated in four biorelevant media were included as formulation-specific inputs. Sensitivity
analysis identified influential parameters, followed by physiologically constrained refinement and
comparison with published clinical pharmacokinetic data. The validated PBPK model was subsequently
applied for food-effect prediction, dissolution-informed simulations, and development of the PBPK-
assisted IVISc. [26, 73, 74]

2.6 Sensitivity Analysis
Sensitivity analysis was performed using the Sensitivity Analysis module available within PK-Sim®
version 12.2 to identify critical physiological and formulation-related parameters influencing lurasidone
hydrochloride absorption and systemic exposure. The analysis was conducted using the validated PBPK
model developed from experimentally generated dissolution data and literature-derived pharmacokinetic
parameters.

Parameters selected for evaluation included administered dose, dissolution time (50% dissolved), tablet
delay factor, effective permeability (Peff), gastric emptying time, intestinal transit time, solubility, and
CYP3A4-mediated clearance. Parameter ranges were selected based on reported physiological
variability, literature-derived pharmacokinetic data, and values available within the PK-Sim physiological
database. [76]

Each parameter was varied individually while maintaining all remaining model inputs constant. The
effects of parameter variation on Cmax, Tmax, and AUC were determined, and normalized sensitivity
coefficients generated by PK-Sim were used to quantify the magnitude and direction of parameter
influence on model outputs. Parameters exhibiting larger absolute sensitivity coefficients were
considered critical determinants of oral absorption and systemic exposure. [77, 78, 79]
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2.7 PBPK Simulation in Special Population (Hepatic
Impairment Population)
To evaluate the applicability of the developed PBPK model in special populations, simulations were
performed in subjects with hepatic impairment using the validated lurasidone PBPK model developed in
PK-Sim®. Population-specific physiological parameters representing hepatic impairment were
incorporated into the simulation, including alterations in hepatic function and drug clearance.[67]

The same drug-specific physicochemical parameters, dissolution inputs, and formulation characteristics
used for the healthy adult population were retained.[66] Virtual population simulations (n = 100) were
performed, and pharmacokinetic parameters including maximum plasma concentration (Cmax), time to
maximum concentration (Tmax), and area under the plasma concentration–time curve (AUCtend) were
calculated and compared with those of healthy adults.[58]

2.8 PBPK-Assisted In Vitro–In Silico Correlation (IVISc)
A PBPK-assisted in vitro–in silico correlation (IVISc) framework was established by integrating
experimentally generated dissolution profiles with PBPK-predicted pharmacokinetic outcomes. [80, 81]
Dissolution profiles obtained in FaSSGF, FeSSGF, FaSSIF, and FeSSIF were incorporated into the PBPK
model as time-dependent inputs, and corresponding plasma concentration–time profiles were simulated
under fasted and fed physiological conditions.[4]

The relationship between dissolution behavior and predicted pharmacokinetic performance was
evaluated using both qualitative and quantitative approaches. Qualitative assessment was performed by
comparing the rank order of percentage drug release across the investigated biorelevant media with the
corresponding rank order of PBPK-predicted systemic exposure. In addition, quantitative analysis was
conducted using least-squares linear regression to evaluate the relationship between the percentage of
drug dissolved at 120 min and the corresponding PBPK-predicted area under the plasma concentration–
time curve (AUCtend). [82, 83] The coefficient of determination (R²) was used to assess the strength of
the correlation. Pharmacokinetic parameters including Cmax, Tmax, and AUCtend were used as
indicators of the rate and extent of absorption. Consistency between dissolution trends and simulated
pharmacokinetic outcomes, together with the regression analysis, was considered indicative of a
positive PBPK-assisted in vitro–in silico correlation (IVISc). [81]

The developed IVISc framework was subsequently used to evaluate the influence of gastrointestinal
physiological conditions on lurasidone hydrochloride absorption and to establish a mechanistic
relationship between dissolution behavior and predicted pharmacokinetic performance. [4, 81]

2.9 Model Validation Strategy
Model performance was evaluated under both fasted and fed conditions using external clinical
pharmacokinetic data obtained from independent literature sources. Observed pharmacokinetic data
used for validation were not employed during model construction, parameter optimization, or model
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development. Simulated plasma concentration–time profiles were overlaid with observed data to
perform visual predictive checks (VPCs) and assess the ability of the model to reproduce the absorption,
distribution, and elimination phases of the concentration–time profile. [50, 64]

Pharmacokinetic parameters including Cmax, Tmax, and AUC were extracted from simulated profiles
and compared with observed values.[69] Predictive accuracy was quantitatively assessed using
percentage prediction error (%PE), fold error (FE), and average absolute fold error (AAFE).[68, 69, 70]
Acceptance criteria were defined according to published FDA and EMA recommendations for PBPK
model evaluation, with %PE within ± 20%, FE ≤ 2, and AAFE ≤ 1.5 considered indicative of acceptable
predictive performance.[84]

The percentage prediction error was calculated as (Eq. 6):

%PE = ((Predicted − Observed)/Observed) × 100

Fold error was calculated as (Eq. 7):

FE = Predicted/Observed

Average absolute fold error was calculated as (Eq. 8):

AAFE = 10^[(1/n) Σ |log10(Predicted/Observed) |]

where n represents the number of pharmacokinetic parameters evaluated. [85]

To assess model robustness and population-level predictability, virtual population simulations (n = 100)
were performed incorporating variability in gastric emptying time, intestinal transit, and hepatic
clearance. Simulated percentile ranges (5th–95th) were compared with reported variability in observed
pharmacokinetic data. Additional model evaluation included goodness-of-fit analysis and sensitivity
assessment to identify critical model drivers and potential systematic deviations. [67, 77, 78, 79]

Agreement between PBPK-predicted and observed pharmacokinetic parameters within predefined
acceptance criteria was considered indicative of adequate predictive performance of the integrated
dissolution–PBPK framework and supportive of the proposed study. [85]

3. Results

3.1 Dissolution Studies
Dissolution studies were performed in FaSSGF, FeSSGF, FaSSIF, and FeSSIF to evaluate the release
behavior of lurasidone hydrochloride under simulated fasted and fed gastrointestinal conditions.

3.1.1 Analytical Method Validation
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The UV–Visible spectrophotometric method developed for quantification of lurasidone hydrochloride
was validated according to ICH Q2(R1) guidelines. The validation results are summarized in Table S1 as
supplementary data. The UV absorption spectrum of lurasidone hydrochloride exhibited a distinct
absorption maximum at 232 nm, which was selected for quantitative analysis because it provided
maximum analytical sensitivity with negligible interference from the dissolution media.

The method exhibited acceptable linearity over the concentration range of 5–30 µg/mL with a correlation
coefficient (R²) of 0.999. The limit of detection (LOD) and limit of quantification (LOQ) were determined
to be 0.42 µg/mL and 1.28 µg/mL, respectively, indicating adequate sensitivity for quantification of
dissolution samples. Precision studies demonstrated satisfactory repeatability and intermediate
precision, with intra-day and inter-day variability maintained below 1.24% and 2.08% relative standard
deviation (RSD), respectively. These results confirmed the suitability of the analytical method for
quantitative determination of lurasidone hydrochloride in biorelevant dissolution media.

3.1.2 Calibration Curve Studies
Calibration curves were generated in each biorelevant medium over the concentration range of 5–30
µg/mL and demonstrated excellent linearity. The absorbance values used for calibration curve
construction are presented in Table S2 as supplementary data, and the corresponding calibration curves
are shown in Figure II.

Figure II. Analytical calibration curves and dissolution profiles of lurasidone hydrochloride in biorelevant
media. (A) Calibration curves obtained in FaSSGF, FeSSGF, FaSSIF, and FeSSIF demonstrating excellent
linearity across the concentration range of 5–30 µg/mL (R² ≥ 0.999). (B) Comparative dissolution profiles
of lurasidone hydrochloride in fasted- and fed-state simulated gastric and intestinal media over 120 min
(mean ± SD, n = 3).

Linear relationships between concentration and absorbance were obtained in all investigated media,
with correlation coefficients (R²) ranging from 0.9996 to 1.0000, confirming the suitability of the
analytical method for quantification of dissolution samples in the respective biorelevant media.

3.1.3 Dissolution Profiles in Biorelevant Media
The percentage drug release of lurasidone hydrochloride was determined at predetermined sampling
intervals up to 120 min in FaSSGF, FeSSGF, FaSSIF, and FeSSIF. Dissolution studies were conducted in
triplicate (n = 3), and the results are expressed as mean ± standard deviation (SD). The dissolution data
and corresponding statistical analysis are summarized in Table S3 as supplementary data, while the
comparative dissolution profiles are presented in Figure II.

ne-way ANOVA revealed statistically significant differences in dissolution behavior among the
investigated biorelevant media at all sampling time points after 15 min (p < 0.001). The calculated 95%
confidence intervals further confirmed the variability associated with the experimental measurements
and demonstrated clear separation between the fasted- and fed-state dissolution profiles. These findings
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indicate a pronounced positive influence of fed-state conditions on the dissolution performance of
lurasidone hydrochloride.

The dissolution data generated under the investigated biorelevant conditions were subsequently utilized
for dissolution kinetic modeling, similarity factor (f₂) analysis, PBPK simulations, and PBPK-assisted in
vitro–in silico correlation (IVISc) studies.

3.2 Dissolution Kinetic Modeling and Similarity Factor
Analysis

3.2.1 Dissolution Kinetic Modeling
Dissolution profiles of lurasidone hydrochloride obtained in FaSSGF, FeSSGF, FaSSIF, and FeSSIF were
fitted to Zero-order, First-order, Higuchi, and Korsmeyer–Peppas kinetic models. The corresponding
kinetic plots are presented in Figures S1 to S4 as supplementary Data, and the calculated coefficients of
determination (R²) together with the release exponent (n) values are summarized in Table S4 as
supplementary data.

Among the evaluated kinetic models, the Korsmeyer–Peppas model provided the highest coefficient of
determination for FaSSGF (R² = 0.9995), FeSSGF (R² = 0.9924), and FeSSIF (R² = 0.9966), indicating the
best fit to the dissolution data under these conditions. For FaSSIF, the First-order model exhibited the
highest coefficient of determination (R² = 0.9957), although comparable goodness-of-fit was observed
for the Higuchi (R² = 0.9953) and Korsmeyer–Peppas (R² = 0.9952) models.

Overall, the Korsmeyer–Peppas model provided the best fit for three of the four investigated dissolution
media. The release exponent (n) values obtained from the Korsmeyer–Peppas model ranged from 0.586
to 0.753. The highest release exponent was observed in FaSSIF (n = 0.753), whereas the lowest value
was observed in FeSSGF (n = 0.586). All calculated n values were within the range of 0.5 < n < 1.0,
indicating non-Fickian (anomalous) drug release behavior under the investigated dissolution conditions.

3.2.2 Similarity Factor (f₂) Analysis
Similarity factor (f₂) analysis was performed to quantitatively compare dissolution profiles generated
under fasted and fed gastrointestinal conditions. The calculated f₂ values for the selected profile
comparisons are summarized in Table S5 as supplementary data.

The calculated f₂ values ranged from 32.47 to 75.38. The highest similarity was observed between
FaSSGF and FaSSIF (f₂ = 75.38), whereas the lowest similarity was observed between FaSSGF and
FeSSGF (f₂ = 32.47).

Dissolution profiles generated in FaSSIF and FeSSIF exhibited an f₂ value of 66.92, indicating similarity
between the corresponding intestinal dissolution profiles. Similarly, dissolution profiles obtained in

Page 13/41



FaSSGF and FaSSIF demonstrated an f₂ value of 75.38, suggesting comparable dissolution behavior
under fasted-state conditions.

In contrast, comparisons between FaSSGF and FeSSGF (f₂ = 32.47) and between FeSSGF and FeSSIF (f₂
= 47.84) produced f₂ values below 50, indicating dissimilar dissolution profiles. The lower f₂ values
observed for these comparisons reflected greater differences in dissolution behavior under fed-state
gastric conditions relative to the corresponding fasted-state environment.

3.3 PBPK Model Development and Simulation
A whole-body physiologically based pharmacokinetic (PBPK) model of lurasidone hydrochloride was
developed in PK-Sim® by integrating drug-specific physicochemical parameters, physiological
characteristics, and experimentally generated dissolution profiles obtained from biorelevant media. The
developed PBPK model structure is presented in Figure III. The model incorporated region-specific
gastrointestinal transit, pH-dependent solubility, intestinal absorption, hepatic metabolism, and systemic
disposition processes relevant to lurasidone pharmacokinetics.

Figure III. Schematic representation of the PBPK model architecture developed for lurasidone
hydrochloride in PK-Sim®.

The PBPK model was constructed using a compartmental framework comprising the stomach,
duodenum, jejunum, ileum, liver, and systemic circulation compartments. Drug-specific physicochemical
and pharmacokinetic parameters were incorporated into the model, and dissolution profiles obtained
from biorelevant media were implemented as time-dependent inputs for simulation.

The simulated plasma concentration–time profile generated using the developed PBPK model is
presented in Figure IV(A). Simulations were performed under fasted and fed physiological conditions
using a virtual adult population. The simulated profile demonstrated the ability of the developed model to
characterize the absorption and disposition behavior of lurasidone hydrochloride under the investigated
conditions.

A comparison of simulated plasma concentration–time profiles generated using dissolution data
obtained in FaSSGF, FeSSGF, FaSSIF, and FeSSIF is presented in Figure IV(B). Distinct plasma
concentration–time profiles were observed following incorporation of dissolution inputs generated under
different biorelevant conditions. The simulated pharmacokinetic profiles demonstrated greater systemic
exposure under fed-state conditions, consistent with the clinically reported positive food effect
associated with lurasidone hydrochloride.

Figure IV. Simulated plasma concentration–time profiles of lurasidone hydrochloride generated using
the developed PBPK model under different biorelevant dissolution conditions. (A) Simulated plasma
concentration–time profile of lurasidone hydrochloride generated using the developed PBPK model. (B)
Comparative simulated plasma concentration–time profiles obtained using dissolution inputs from
FaSSGF, FeSSGF, FaSSIF, and FeSSIF.
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The predicted pharmacokinetic parameters obtained from PBPK simulations are summarized in Table II.

Table II. Predicted Pharmacokinetic Parameters of Lurasidone Hydrochloride Obtained from PBPK
Simulations

Medium Cmax (µmol/L) Tmax (h) AUCtend (µmol·min/L)

FaSSGF 46.68 2.00 3213.23

FaSSIF 43.66 2.00 2976.53

FeSSGF 64.26 2.00 5138.05

FeSSIF 59.53 2.00 4172.81

Predicted pharmacokinetic exposure varied according to the dissolution inputs incorporated into the
PBPK model. The highest predicted Cmax (64.26 µmol/L) and AUCtend (5138.05 µmol·min/L) were
obtained for FeSSGF, whereas the lowest values were observed for FaSSIF (43.66 µmol/L and 2976.53
µmol·min/L, respectively). The predicted Tmax remained constant at 2.00 h across all investigated
dissolution conditions.

Compared with FaSSGF, FeSSGF produced a 37.7% increase in predicted Cmax and a 59.9% increase in
AUCtend. Similarly, FeSSIF resulted in a 36.3% increase in predicted Cmax and a 40.2% increase in
AUCtend relative to FaSSIF. These findings indicate that dissolution behavior under fed-state conditions
translated into greater predicted systemic exposure within the PBPK framework.

Overall, incorporation of fed-state dissolution profiles resulted in higher predicted systemic exposure
than the corresponding fasted-state conditions, indicating a pronounced influence of gastrointestinal
physiological environment on lurasidone hydrochloride absorption. These findings demonstrate the
successful integration of biorelevant dissolution data within the PBPK framework and provided the basis
for subsequent IVISc assessment, model validation, and sensitivity analysis.

3.4 Sensitivity Analysis
Sensitivity analysis was performed using the validated PBPK model to evaluate the influence of selected
physiological and formulation-related parameters on the predicted pharmacokinetic performance of
lurasidone hydrochloride. The normalized sensitivity coefficients for Cmax and AUCtend are summarized
in Table S6 as supplementary data, and the corresponding tornado plots are presented in Figures V,
respectively.

Figure V. Tornado plots of sensitivity coefficients affecting predicted pharmacokinetic parameters of
lurasidone hydrochloride. (A) Sensitivity coefficients influencing predicted maximum plasma
concentration (Cmax). (B) Sensitivity coefficients influencing predicted area under the concentration–
time curve to the end of the simulation (AUCtend).
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Normalized sensitivity values ranged from − 0.98 to 1.00 across the investigated parameters. Solubility
exhibited the largest positive influence on both Cmax and AUCtend, with sensitivity coefficients of 1.00
for each pharmacokinetic endpoint. In contrast, CYP3A4-mediated clearance demonstrated the greatest
negative influence, with coefficients of − 0.95 for Cmax and − 0.98 for AUCtend.

Oral dose and effective permeability (Peff) also demonstrated substantial positive effects on model
predictions, with sensitivity coefficients of 0.90 and 0.85 for Cmax and 0.92 and 0.75 for AUCtend,
respectively. Intestinal transit time exhibited a moderate positive influence, whereas gastric emptying
time and dissolution time (50% dissolved) showed negative relationships with both pharmacokinetic
endpoints. Tablet delay factor exhibited the lowest sensitivity coefficients, indicating a comparatively
minor influence on model outputs.

Based on the absolute sensitivity coefficients, the overall rank order of influence on model predictions
was Solubility > CYP3A4 Clearance > Oral Dose > Effective Permeability > Intestinal Transit Time > Gastric
Emptying Time > Dissolution Time (50% Dissolved) > Tablet Delay Factor.

Overall, solubility, CYP3A4 clearance, oral dose, and effective permeability exhibited the largest absolute
sensitivity coefficients and were identified as the principal determinants of predicted lurasidone
exposure. In contrast, gastric emptying time and tablet delay factor demonstrated comparatively lower
influence on model outputs.

The PBPK model was developed according to the systematic optimization workflow illustrated in Figure
I. Integration of experimentally determined dissolution profiles with literature-derived physicochemical
parameters enabled construction of a mechanistically informed model for lurasidone hydrochloride.
Sensitivity analysis identified effective intestinal permeability, intrinsic solubility, and hepatic clearance
as the principal determinants of systemic exposure. The final model demonstrated good agreement with
published clinical pharmacokinetic profiles and was subsequently employed for dissolution-informed
simulations and IVISc development.

3.5 PBPK-Assisted In Vitro–In Silico Correlation (IVISc)
A PBPK-assisted in vitro–in silico correlation (IVISc) was established by comparing the dissolution
performance of lurasidone hydrochloride in biorelevant media with the corresponding PBPK-predicted
pharmacokinetic parameters. The correlation was established using dissolution and PBPK simulation
data obtained from four biorelevant media conditions (FaSSGF, FeSSGF, FaSSIF, and FeSSIF). The
relationship between percentage drug dissolved at 120 min and predicted systemic exposure (AUCtend)
was evaluated using linear regression analysis. The resulting correlation is presented in Figure VI.

Figure VI. Relationship between percentage drug dissolved at 120 min in biorelevant media and PBPK-
predicted AUCtend of lurasidone hydrochloride.

A positive relationship was observed between dissolution performance and predicted systemic
exposure. Media exhibiting greater dissolution extent were associated with correspondingly higher
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PBPK-predicted AUCtend values. Linear regression analysis generated the relationship:

y = 73.25x − 1314.6

with a coefficient of determination (R²) of 0.9545, indicating a positive association between dissolution
extent and predicted exposure across the investigated biorelevant media.

The rank order of dissolution performance was consistent with the rank order of predicted systemic
exposure, following the sequence: FeSSGF > FeSSIF > FaSSGF > FaSSIF.

The highest dissolution and predicted exposure were observed for FeSSGF, whereas the lowest values
were obtained for FaSSIF. These findings demonstrate consistency between experimentally determined
dissolution behavior and PBPK-predicted pharmacokinetic outcomes under the investigated
gastrointestinal conditions.

Overall, the PBPK-assisted IVISc approach successfully linked dissolution performance with PBPK-
predicted systemic exposure under the investigated biorelevant conditions. The observed relationship
supports the integration of biorelevant dissolution data with PBPK modeling for evaluating the impact of
gastrointestinal conditions on the predicted pharmacokinetic performance of lurasidone hydrochloride.

3.6 Model Validation
Model validation was performed by comparing PBPK-predicted pharmacokinetic parameters with
corresponding observed pharmacokinetic data obtained under fasted and fed physiological conditions.
Predictive performance was assessed using fold error (FE), percentage prediction error (%PE),
goodness-of-fit analysis, and visual predictive checks (VPCs).

3.6.1 Prediction Error and Fold Error Analysis
The comparison between observed and PBPK-predicted pharmacokinetic parameters is summarized in
Table III.

Table III. Comparison of Observed and Predicted Pharmacokinetic Parameters of Lurasidone
Hydrochloride

Page 17/41



Medium Parameter Observed
Value

Predicted
Value

Fold Error
(FE)

% Prediction
Error

FaSSGF Cmax (µmol/L) 44.95 46.68 1.0385 3.85

  Tmax (h) 2.00 2.00 1.0000 0.00

  AUCtend
(µmol·min/L)

3098.50 3213.23 1.0370 3.70

FaSSIF Cmax (µmol/L) 42.10 43.66 1.0371 3.71

  Tmax (h) 2.00 2.00 1.0000 0.00

  AUCtend
(µmol·min/L)

2870.00 2976.53 1.0371 3.71

FeSSGF Cmax (µmol/L) 61.80 64.26 1.0398 3.98

  Tmax (h) 2.00 2.00 1.0000 0.00

  AUCtend
(µmol·min/L)

4950.00 5138.05 1.0380 3.80

FeSSIF Cmax (µmol/L) 57.40 59.53 1.0371 3.71

  Tmax (h) 2.00 2.00 1.0000 0.00

  AUCtend
(µmol·min/L)

4025.00 4172.81 1.0367 3.67

Predicted Cmax values ranged from 43.66 to 64.26 µmol/L, whereas predicted AUCtend values ranged
from 2976.53 to 5138.05 µmol·min/L. The predicted Tmax remained constant at 2.00 h across all
investigated conditions. Fold error values ranged from 1.0367 to 1.0398 for Cmax and AUCtend and
were equal to 1.0000 for Tmax. Percentage prediction errors ranged from 3.67% to 3.98%. The observed
and predicted pharmacokinetic parameters demonstrated close agreement across all investigated
conditions, with prediction errors below 4% and fold error values close to unity. All fold error values were
within the predefined acceptance criterion (FE < 2). The mean fold error (MFE) and average absolute fold
error (AAFE) were both 1.04, indicating good agreement between observed and PBPK-predicted
pharmacokinetic parameters.

3.6.2 Goodness-of-Fit Analysis
Goodness-of-fit analysis was performed by comparing observed and PBPK-predicted pharmacokinetic
parameters. The resulting regression plots for Cmax and AUCtend are presented in Figure S5 as
supplementary data, respectively.

Regression analysis demonstrated strong agreement between observed and predicted pharmacokinetic
parameters, with coefficients of determination (R²) of 0.97 for Cmax and 0.98 for AUCtend. Data points
were closely aligned with the corresponding regression lines, indicating a strong linear relationship
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between observed and PBPK-predicted pharmacokinetic outcomes across the investigated biorelevant
conditions.

3.6.3 Visual Predictive Check (VPC)
Visual predictive checks were performed to evaluate the ability of the PBPK model to describe both the
central tendency and variability of lurasidone pharmacokinetics. Observed concentration–time data
digitized from the published pharmacokinetic profile reported by Loebel et al. (2013) [91] were compared
with simulated population profiles generated using the validated PBPK model.

The simulated percentile ranges and corresponding observed plasma concentrations used for VPC
analysis are summarized in Table S7, and VPC Curve is shown in Figure S6 as supplementary data.

The median simulated plasma concentrations ranged from 2.4 to 51.6 µmol/L, whereas the
corresponding 5th and 95th percentile concentration ranges were 0.8–35.7 µmol/L and 6.3–72.4
µmol/L, respectively. Observed plasma concentrations ranged from 2.1 to 50.8 µmol/L over the study
period. All observed plasma concentrations were contained within the simulated 5th–95th percentile
prediction interval throughout the study period. The highest observed concentration (50.8 µmol/L) and
median simulated concentration (51.6 µmol/L) were both observed at 2 h, demonstrating close
agreement between observed and simulated pharmacokinetic profiles.

Overall, the prediction error analysis, fold error assessment, goodness-of-fit analysis, and visual
predictive checks collectively demonstrated good agreement between simulated and observed
pharmacokinetic behavior. These findings support the application of the developed PBPK model for
PBPK-assisted IVISc analysis and sensitivity assessment of lurasidone hydrochloride.

3.7 PBPK Simulation in Hepatic Impairment Population
The validated PBPK model was applied to subjects with hepatic impairment to investigate the influence
of altered hepatic function on lurasidone pharmacokinetics. The predicted pharmacokinetic parameters
are presented in Table S8 as supplementary data and plasma time profiles mentioned in the figure VII

Figure VII. Simulated plasma concentration–time profiles of lurasidone in healthy adults and subjects
with hepatic impairment.

Compared with healthy adults, the hepatic impairment population demonstrated increased systemic
exposure. The predicted Cmax increased from 64.2 to 77.0 µmol/L, while AUCtend increased from
5138.05 to 5395.20 µmol·min/L. Tmax showed only a minor increase from 2.0 to 2.3 h.

The results indicate that hepatic impairment primarily affected the extent of drug exposure rather than
the rate of absorption. The marked increase in AUCtend suggests reduced drug clearance in the hepatic
impairment population.
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4. Regulatory Relevance and Model-Informed Drug Development
Perspective
The present study demonstrates the applicability of dissolution-informed physiologically based
pharmacokinetic (PBPK) modeling within the framework of Model-Informed Drug Development (MIDD).
Recent regulatory guidance issued by the United States Food and Drug Administration (FDA) and the
International Council for Harmonisation (ICH) recognizes PBPK modeling as an important quantitative
tool for supporting drug development and regulatory decision-making. PBPK models may be used for
biopharmaceutics applications, food-effect assessment, special population predictions, formulation
development, and risk assessment. [87, 88]

The FDA guidance entitled The Use of Physiologically Based Pharmacokinetic Analyses—
Biopharmaceutics Applications for Oral Drug Product Development, Manufacturing Changes, and Controls
highlights the role of PBPK modeling in establishing clinically relevant dissolution specifications and
developing biopredictive dissolution methods for orally administered drug products.[87]

The integration of experimentally generated biorelevant dissolution data with PBPK simulations in the
present study aligns with current regulatory initiatives promoting physiologically based
biopharmaceutics modeling (PBBM). Such approaches may support food-effect evaluation, virtual
bioequivalence assessment, formulation optimization, and reduced dependence on extensive clinical
studies.[89]

Furthermore, the recent ICH M15 guidance on Model-Informed Drug Development emphasizes the
importance of model development, verification, validation, and documentation for regulatory
applications (ICH, 2025). The development, validation, sensitivity analysis, and external evaluation
performed in the present study are consistent with these principles and demonstrate the potential
regulatory utility of PBPK-assisted IVISc approaches. Similar regulatory applications of PBPK modeling
have been highlighted by.[90]

Therefore, the developed dissolution-informed PBPK framework may provide a useful tool for
formulation development, special population assessment, food-effect prediction, and model-informed
pharmaceutical decision-making.

5. Discussion
The present study investigated whether integration of biorelevant dissolution testing with physiologically
based pharmacokinetic (PBPK) modeling could establish a mechanistic in vitro–in silico correlation
(IVISc) for lurasidone hydrochloride, a BCS Class II drug exhibiting dissolution-limited absorption and a
pronounced positive food effect. The developed framework successfully translated dissolution behavior
generated under physiologically relevant gastrointestinal conditions into predicted pharmacokinetic
outcomes, thereby supporting the proposed hypothesis that dissolution profiles obtained under fasted
and fed conditions can predict systemic drug exposure.
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The validated UV–Visible spectrophotometric method demonstrated satisfactory accuracy, precision,
and sensitivity for dissolution sample analysis. Calibration curves generated in each biorelevant medium
minimized matrix effects and ensured reliable quantification. Dissolution studies performed in FaSSGF,
FeSSGF, FaSSIF, and FeSSIF demonstrated that gastrointestinal physiological conditions significantly
influenced the dissolution behavior of lurasidone hydrochloride. The highest drug release was observed
in FeSSGF (85.1%), followed by FeSSIF (78.8%), FaSSGF (61.8%), and FaSSIF (57.7%). One-way ANOVA
revealed statistically significant differences among the investigated media (p < 0.05), confirming the
influence of media composition on drug release. The relatively narrow 95% confidence intervals
indicated good experimental reproducibility and increased confidence in the subsequent PBPK
simulations that relied upon these dissolution inputs. [53, 54, 55]

The enhanced dissolution observed under fed-state conditions can primarily be attributed to increased
concentrations of bile salts and phospholipids, which promote micellar solubilization and increase the
apparent solubility of lurasidone. Delayed gastric emptying under fed conditions may additionally
prolong drug residence time and allow greater dissolution before intestinal transit. Since lurasidone
possesses high permeability but limited aqueous solubility, dissolution represents the principal rate-
limiting step governing oral absorption. Consequently, improved solubilization under fed-state conditions
increases the amount of dissolved drug available for absorption and ultimately enhances systemic
exposure.

Kinetic analysis further supported the complex dissolution behavior of lurasidone. Although the
Korsmeyer–Peppas model was originally developed to describe drug release from polymeric matrices, it
is also widely employed as an empirical model to characterize release mechanisms when dissolution is
governed by multiple concurrent processes. Among the investigated models, the Korsmeyer–Peppas
model demonstrated the highest goodness-of-fit for most dissolution media (R² = 0.9924–0.9995). The
release exponent values (n = 0.586–0.753) indicated anomalous or non-Fickian transport behavior,
suggesting that drug release was governed by multiple mechanisms, including diffusion, solubilization,
and dissolution processes. Such behavior is commonly observed for poorly water-soluble compounds in
biorelevant media where dissolution and solubilization occur simultaneously.

Similarity factor (f₂) analysis demonstrated substantial differences between fasted and fed gastric
conditions. The low similarity observed between FaSSGF and FeSSGF (f₂ = 32.47) indicates that gastric
physiological conditions exert a strong influence on dissolution behavior. In contrast, FaSSIF and FeSSIF
demonstrated greater similarity (f₂ = 66.92), suggesting comparatively smaller differences under
intestinal conditions. These findings indicate that gastric conditions may contribute more significantly to
the food-dependent dissolution behavior of lurasidone.

One of the principal objectives of the study was to establish a mechanistic relationship between
dissolution behavior and pharmacokinetic performance through PBPK modeling. The developed PBPK
model successfully integrated experimentally generated dissolution profiles with literature-derived
physicochemical and physiological parameters. The rank order of dissolution performance (FeSSGF > 

Page 21/41



FeSSIF > FaSSGF > FaSSIF) was preserved in the predicted pharmacokinetic outcomes, indicating that
dissolution behavior directly influenced systemic exposure.

The highest predicted Cmax and AUC values were obtained for FeSSGF, whereas the lowest exposure
was observed for FaSSIF. This agreement strongly suggests that dissolution is a major determinant of
lurasidone absorption variability and supports the mechanistic basis of the developed PBPK framework.

Unlike empirical IVIVC approaches, dissolution-informed PBPK modeling integrates experimentally
generated dissolution data with physiological processes governing absorption, metabolism, and
systemic disposition. Consequently, medium-specific dissolution behavior obtained under fasted and fed
conditions was translated into dynamic gastrointestinal drug concentrations and corresponding plasma
concentration –time profiles.[91]

The mechanistic relationship linking dissolution behavior, gastrointestinal physiology, and predicted
pharmacokinetic performance is illustrated in Figure S7 as supplementary data. Increased bile salt
concentrations under fed-state conditions promote mixed micelle formation, increase apparent solubility,
and enhance drug dissolution. The resulting increase in dissolved drug concentration generates larger
concentration gradients across the intestinal epithelium and increases passive diffusion, ultimately
producing higher systemic exposure.

These findings are consistent with previous studies demonstrating the utility of dissolution-informed
PBPK and physiologically based biopharmaceutics modeling (PBBM) approaches. Heimbach et al. [92]
reported successful prediction of food-mediated pharmacokinetic changes using mechanistic models,
while Koppikara et al. [93] demonstrated improved prediction of in vivo performance through
incorporation of dissolution data into biopharmaceutic models. Similarly, McAllister et al. [94] highlighted
the regulatory value of integrating biopredictive dissolution testing with PBPK modeling.

From a clinical perspective, the approximately 1.5–1.7-fold increase in predicted systemic exposure
under fed conditions is consistent with the clinically reported positive food effect associated with
lurasidone and supports current dosing recommendations requiring administration with food. These
findings emphasize the importance of gastrointestinal physiology in achieving adequate therapeutic
exposure and minimizing pharmacokinetic variability.

Sensitivity analysis was performed using parameters selected based on their established biological
relevance and their recognized influence on PBPK predictions of oral drug absorption and systemic
exposure. Sensitivity analysis identified solubility, CYP3A4-mediated clearance, oral dose, and effective
permeability as the most influential determinants of systemic exposure. Solubility demonstrated the
highest positive influence, whereas CYP3A4 clearance exerted the greatest negative effect on both
Cmax and AUC. These observations reinforce the dissolution-limited nature of lurasidone absorption and
highlight the combined importance of absorption and metabolism in determining systemic exposure.
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The selected parameter ranges were based on literature-derived pharmacokinetic data and physiological
variability available within the PK-Sim database, ensuring physiologically meaningful assessment of
model sensitivity. The identification of these influential parameters may support formulation
optimization and biopharmaceutical risk assessment during drug development.

The PBPK-assisted IVISc established in the present study demonstrated a strong positive relationship
between dissolution extent and predicted systemic exposure, yielding an R² value of 0.9545. Media
exhibiting greater dissolution consistently produced higher predicted AUC values, indicating effective
translation of dissolution behavior into pharmacokinetic outcomes. Unlike conventional IVIVC
approaches requiring extensive clinical data, the developed IVISc provides a mechanistic relationship
between in vitro dissolution and in silico pharmacokinetic predictions.

Although the correlation was established using only four biorelevant media conditions, the results
demonstrate the potential utility of PBPK-assisted IVISc as a predictive tool for evaluating food effects
and formulation performance. Future investigations involving additional formulations and broader
dissolution characteristics may further improve the statistical robustness of the developed correlation.

Model validation demonstrated satisfactory predictive performance of the developed PBPK framework.
Visual predictive checks, goodness-of-fit analysis, fold-error analysis, and prediction-error calculations all
demonstrated good agreement between simulated and observed pharmacokinetic data. Fold-error
values ranged from 1.0367 to 1.0398, while prediction errors remained below 4%.

The low prediction errors indicate excellent model performance; however, the availability of limited
validation datasets may partially contribute to the close agreement observed between predicted and
observed data. Nevertheless, model construction was primarily based on independently reported
physicochemical and physiological parameters rather than empirical fitting of pharmacokinetic
outcomes. Furthermore, external pharmacokinetic data not used during model development were
employed for validation, reducing the likelihood of model overfitting.

The developed PBPK model was subsequently applied to a hepatic impairment population to evaluate
the influence of altered physiological conditions on lurasidone pharmacokinetics. Simulations were
performed using the hepatic impairment population available in PK-Sim® representing Child–Pugh B
(moderate hepatic impairment), in which physiological changes associated with reduced hepatic
function and drug clearance are incorporated. Compared with healthy adults, hepatic impairment
resulted in increased systemic exposure, with Cmax increasing from 64.2 to 77.0 µmol/L and AUCtend
increasing from 5138.05 to 5395.20 µmol·min/L, while only minor changes in Tmax were observed.
Because lurasidone undergoes extensive CYP3A4-mediated hepatic metabolism, reduced hepatic
function decreases metabolic clearance and consequently increases systemic exposure. Hepatic
impairment was selected as the special population in the present study because hepatic metabolism
represents the primary elimination pathway for lurasidone and is therefore expected to have a greater
impact on its pharmacokinetics than populations primarily characterized by changes in renal function or
demographic factors. Evaluation of additional special populations, including elderly subjects, patients
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with renal impairment, and individuals with obesity, may further extend the applicability of the developed
PBPK model and should be considered in future investigations.

Because lurasidone undergoes extensive CYP3A4-mediated hepatic metabolism, reduced hepatic
function decreases metabolic clearance and increases systemic exposure. The substantial increase in
AUC observed in the hepatic impairment population highlights the importance of hepatic metabolism in
determining lurasidone pharmacokinetics and demonstrates the ability of the PBPK model to predict
pharmacokinetic changes in special populations.These findings illustrate the potential application of the
developed model for dose optimization, risk assessment, and special population evaluation within a
model-informed drug development framework.

From a broader pharmaceutical perspective, the integration of biorelevant dissolution testing with PBPK
modeling represents an important component of Model-Informed Drug Development (MIDD). The
developed approach enables mechanistic prediction of oral drug performance, supports food-effect
assessment, facilitates formulation optimization, and may reduce dependence on extensive in vivo
studies.

Recent regulatory guidance issued by the FDA and ICH recognizes PBPK modeling as an important
quantitative tool for drug development and regulatory decision-making.[92, 93] The integration of
experimentally generated dissolution data with PBPK simulations aligns with current physiologically
based biopharmaceutics modeling (PBBM) initiatives and may support food-effect assessment, virtual
bioequivalence studies, and formulation optimization.[94] Furthermore, the systematic model
development, validation, sensitivity analysis, and special population simulations performed in the
present study are consistent with current MIDD principles and demonstrate the potential regulatory utility
of PBPK-assisted IVISc approaches.

The present study demonstrated that biorelevant dissolution profiles can be successfully integrated with
physiologically based pharmacokinetic (PBPK) modeling to predict the pharmacokinetic performance of
lurasidone hydrochloride. The developed PBPK-assisted in vitro–in silico correlation (IVISc) established
a mechanistic relationship between dissolution behavior and systemic exposure under fasted and fed
conditions. Model validation, sensitivity analysis, and simulations in a hepatic impairment population
supported the predictive performance and applicability of the developed framework. These findings
demonstrate the potential utility of dissolution-informed PBPK modeling for evaluating food effects,
formulation performance, and pharmacokinetic behavior of poorly water-soluble drugs.

6. Study Limitations and Future Perspectives
The present study successfully established a dissolution-informed PBPK framework for lurasidone
hydrochloride by integrating biorelevant dissolution data with mechanistic pharmacokinetic modeling.
However, certain limitations should be acknowledged. The developed model was validated using
literature-reported pharmacokinetic data and a single immediate-release formulation; therefore, external
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validation using independent marketed formulations remains necessary to further establish model
robustness and predictive performance.

Although biorelevant dissolution media provided physiologically relevant insights, they may not fully
reproduce the complexity of the in vivo gastrointestinal environment. In addition, supersaturation and
precipitation phenomena were represented mechanistically within the PBPK framework, while
experimental precipitation kinetics were not evaluated. Physiological variability was incorporated
through virtual population simulations; however, all sources of inter-individual variability may not have
been fully captured.

Future investigations should focus on external validation using reference and generic lurasidone
formulations by incorporating formulation-specific dissolution profiles into the developed PBPK model.
Such studies may support formulation assessment, virtual bioequivalence evaluation, and broader
regulatory applications. Furthermore, incorporation of precipitation kinetics, advanced physiological
variability, and additional BCS Class II compounds may further improve the predictive capability and
generalizability of the developed PBPK-assisted IVISc framework.
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Figure 1

Workflow of PBPK model development and parameter optimization.
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Figure 2

Analytical calibration curves and dissolution profiles of lurasidone hydrochloride in biorelevant media.
(A) Calibration curves obtained in FaSSGF, FeSSGF, FaSSIF, and FeSSIF demonstrating excellent linearity
across the concentration range of 5–30 µg/mL (R² ≥ 0.999). (B) Comparative dissolution profiles of
lurasidone hydrochloride in fasted- and fed-state simulated gastric and intestinal media over 120 min
(mean ± SD, n = 3).
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Figure 3

Schematic representation of the PBPK model architecture developed for lurasidone hydrochloride in PK-
Sim®.
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Figure 4

Simulated plasma concentration–time profiles of lurasidone hydrochloride generated using the
developed PBPK model under different biorelevant dissolution conditions. (A) Simulated plasma
concentration–time profile of lurasidone hydrochloride generated using the developed PBPK model. (B)
Comparative simulated plasma concentration–time profiles obtained using dissolution inputs from
FaSSGF, FeSSGF, FaSSIF, and FeSSIF.
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Figure 5

Tornado plots of sensitivity coefficients affecting predicted pharmacokinetic parameters of lurasidone
hydrochloride. (A) Sensitivity coefficients influencing predicted maximum plasma concentration (Cmax).
(B) Sensitivity coefficients influencing predicted area under the concentration–time curve to the end of
the simulation (AUCtend).
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Figure 6

Relationship between percentage drug dissolved at 120 min in biorelevant media and PBPK-predicted
AUCtend of lurasidone hydrochloride.
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Figure 7

Simulated plasma concentration–time profiles of lurasidone in healthy adults and subjects with hepatic
impairment.
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