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Abstract

GastroPlus is a popular mid-21st century modeling software used in the drug development
world to simulate in vivo drug behaviours based on in vitro and physicochemical data. It
combines the most important parameters of solubility, permeability, dissolution, particle size,
pKa and gastrointestinal physiology to mimic drug absorption, distribution, metabolism and
excretion (ADME). To make it easier to anticipate plasma concentration—time profiles in
various physiological and dosage settings, the platform integrates sophisticated compartmental
modeling of the gastrointestinal tract and systemic pharmacokinetic processes.Additionally,
GastroPlus is a crucial tool in drug development for dose selection, bioavailability increase,
formulation design optimization, and reducing the need for extensive animal and human
research. It turns out to be a useful technique for preclinical and clinical assessments to
determine how food, disease states, and population variability affect drug efficacy.
Furthermore, it can be integrated with pharmacokinetic and pharmacodynamic (PK/PD)
modeling, which helps in lead optimization and regulatory submissions.GastroPlus is a
complete in silico tool that can improve oral medication absorption and systemic exposure
prediction accuracy, reduce development costs, shorten time to market for new therapies, and
increase efficiency.
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INTRODUCTION:

A fundamental aspect of contemporary drug development and clinical pharmacology is the
absorption, distribution, metabolism, and excretion (ADME) of pharmacological molecules.
These pharmacokinetic processes are caused by the drug's physicochemical characteristics,
formulation elements, and the physiological milieu of the human body. The prediction of the
ADME behaviour is important to optimise the efficacy of the drug, to reduce the toxicity, and

11


mailto:mutibakamal@gmail.com

to enhance the pharmaceutical success rate. During recent years, computational modelling and
simulation techniques have gained importance for forecasting in vivo drug performance,
decreasing experimental costs and aiding in the regulatory decision-making process in the drug
development process (Morningstar-Kywi et al., 2023).

Of these tools, physiologically based pharmacokinetic (PBPK) modelling has proven to be a
very powerful tool that can combine information about the drug with information about the
human physiology to simulate the drug's behaviour in the body, specifically. By taking into
account gastrointestinal transit, organ blood flow, enzyme activity, tissue distribution, and
other factors, the PBPK models provide a mechanistic explanation of drug absorption and
systemic disposition. Pharmaceutical research frequently uses these models to optimise
dosages, create formulations, look into drug-drug interactions, evaluate bioequivalency, and
forecast pharmacokinetics in certain populations (Tubic-Grozdanis et al., 2008).

PBPK modeling can be supported by a few software platforms, including PK-Sim, Simcyp
Simulator, and GastroPlus. Because of its advanced mechanistic modelling capabilities, user-
friendly interface, and superior predictive capacity, GastroPlus has proven effective in both
academia and the pharmaceutical business. GastroPlus, developed by Simulations Plus, allows
for modelling the whole body using compartmental absorption and transit models and whole
body PBPK models, allowing for a comprehensive simulation of all oral and non-oral drug
delivery systems (Hamdi & Mohamed, 2022).

One unique aspect of GastroPlus is the Advanced Compartmental Absorption and Transit
(ACAT) model, which mechanistically models gastrointestinal drug absorption by breaking up
the gastrointestinal tract into multiple physiological compartments. Because of the inclusion of
many important variables like pH variation, intestinal permeability, gastric emptying time,
dissolution, precipitation, metabolism and regional absorption, the ACAT model can be used
to predict the oral drug absorption and bioavailability with high precision. This functionality
has proven to be useful in formulation optimisation, biowaiver applications, and predicting in
vivo performance based on in vitro data (Arafat et al., 2021).

GastroPlus can also perform advanced PBPK simulations to predict tissue distribution, plasma
concentration—time profiles, food effects, and pharmacokinetic variability between patient
populations, in addition to oral absorption modelling. The software is being used in more and
more aspects of drug development, ranging from discovery, selection of drug candidates, to
clinical trial design and submission to the regulators. The use of its has increased considerably
due to the increasing regulatory attention on model-informed drug development (MIDD)
approaches (Almajidi et al., 2025).

This review will give a general overview of the evolution of GastroPlus in drug development,
the mechanistic basis of the ACAT model, and the use of GastroPlus in PBPK modelling.
Moreover, the review emphasises the importance of GastroPlus in improving prediction
accuracy, formulation development, and decision-making in the field of pharmaceutical
research and development.

GastroPlus Software:

GastroPlus is among the most popular physiologically based pharmacokinetic (PBPK)
modelling software platforms available today in drug development. Simulations Plus
developed the software, and it combines in one package the drug-specific physicochemical
properties along with human physiological parameters to allow for prediction of the absorption,
distribution, metabolism and excretion (ADME) processes. GastroPlus is widely used in pre-



clinical and clinical development to support the formulation optimisation, selection,
bioequivalence studies and prediction of food and drug—drug interactions (Wang et al., 2023).

The Advanced Compartmental Absorption and Transit (ACAT) model is a major advantage of
GastroPlus, as it is a mechanistic model of oral drug absorption across multiple GI
compartments. The ACAT model includes the effects of pH changes, dissolution, precipitation,
permeability in the intestine, transit time and first-pass metabolism to predict oral
bioavailability of the drug. This feature is particularly beneficial to poorly soluble drugs and
modified-release dosage forms. Additionally, GastroPlus can incorporate tissue distribution,
enzyme activity, and transporter activity, enabling whole-body PBPK modelling. The software
enables researchers to simulate plasma concentration—time profiles and evaluate
pharmacokinetic behaviour in healthy and special populations. PBPK modelling is gaining
wider acceptance as a component of model-informed drug development by regulatory agencies
(Hui et al., 2024). Regulatory agencies now consider PBPK modelling as a part of model-
informed drug development. The predictive capability and mechanistic approach make
GastroPlus an invaluable tool to cut down on experimental workload, speed up formulation
development and aid decision making throughout the pharmaceutical development process.

Principles of Pharmacokinetics and Modelling

The foundation of the GastroPlus model is the principles of pharmacokinetics that include
absorption, distribution, metabolism and excretion (ADME). The software is used to simulate
the behaviour of a drug within the human body after it has been administered, using mechanistic
mathematical models. GastroPlus simulates systemic medication exposure and plasma
concentration-time curves by combining physicochemical and physiological factors.
Physiologically based pharmacokinetic (PBPK) modeling and compartmental pharmacokinetic
techniques are integrated in the program. In PBPK models, the actual organs and tissues are
connected by blood flow, whereas in standard compartmental models, the body is separated
into fictitious compartments. To provide a more accurate forecast of tissue distribution, oral
absorption, and elimination, GastroPlus uses PBPK models (Silva et al., 2022).

One of the fundamental and most important parts of developing accurate models in GastroPlus
is obtaining the proper and reliable literature and experimental data. Simulations include
parameters like solubility, pKa, permeability, LogP, plasma protein binding and intrinsic
clearance. Software then predicts oral bioavailability, absorption rate, half-life and systemic
exposure (Arora & Khurana, 2022). GastroPlus is designed to help support model-informed
drug development, enabling rapid assessment of changes to formulations, food effects and
population variability. It is designed in a mechanism that helps to understand the behaviour of
the drug and helps to minimise in vivo research (Kuentz et al., 2006).

Cheminformatics Predictions

GastroPlus uses cheminformatics predictions to assist early-stage drug development and
PBPK. The software is often used in conjunction with another software developed by
Simulations Plus called ADMET Predictor to get the properties of the physicochemical and
pharmacokinetic properties directly from the structure. When there is limited experimental
data, these predicted parameters can be used as inputs for GastroPlus simulations. Predictive
properties are important, such as pKa, solubility, logP, logD, permeability, diffusion
coefficient, plasma protein binding and metabolic stability. They have a significant effect on



drug absorption and systemic exposure (Kadiri et al., 2024). These values enable GastroPlus
to create initial PBPK models early in development.

One of the most important benefits of the integration of cheminformatics is the rapid screening
of drug candidates. Multiple compounds can be assessed and their oral absorption, dissolution
properties and pharmacokinetic performance predicted before laboratory testing. This saves
development costs and assists in rationalising the selection of formulation. But prediction
accuracy hinges on the quality of the algorithms used for computation and the datasets available
(Pernaa, 2022). Thus, GastroPlus models are usually adjusted based on in vitro and clinical
information. Despite the constraints, the use of cheminformatics tools in conjunction with
GastroPlus in a model-informed drug development process can be very efficient and help
optimise candidates significantly faster (Batchelor, 2026).

Dissolution and Absorption

The specific concepts of dissolution and absorption play a key role in GastroPlus modelling,
especially in the Advanced Compartmental Absorption and Transit (ACAT) model. The
software is based on a mechanistic approach that takes into account the many physiological
compartments of the gastrointestinal tract to mechanistically predict the oral drug absorption
(Hamdi & Mohamed, 2022). Factors that are accounted for in each compartment include pH,
fluid volume, transit time, and absorption surface area. GastroPlus predicts dissolution and
membrane transport by examining the relationship between pKa, ionisation, solubility,
permeability and lipophilicity. Weak acids and weak bases will have different ionisation
profiles at different pH levels in the gastrointestinal tract and will directly affect absorption
profiles. The software also takes into account precipitation, supersaturation, and dissolution
rate limits (Krstevska et al., 2025).

ACAT is especially applicable for drugs with poor solubility and modified-release. GastroPlus
can be used to simulate the regional absorption, food effects, and formulation-dependent
dissolution behaviour in order to predict the oral bioavailability. These simulations are used in
order to optimise particle size, salt forms, excipients and release characteristics. GastroPlus can
be used for in vitro—in vivo correlation (IVIVC) and bioequivalence assessment by combining
in vitro dissolution data with physiological parameters (Hens et al., 2022). This mechanistic
approach is a replacement for extensive clinical studies and enhances the prediction of the oral
drug performance under various physiological conditions (Silva et al., 2022).

Compartmental Pharmacokinetics

GastroPlus's built-in compartmental pharmacokinetic modelling capabilities enable analysis
and prediction of systemic drug exposure. Compartmental models assume the body is divided
into one or more hypothetical "compartments" in which the drug is uniformly distributed. It is
well known that these models are employed to estimate the pharmacokinetic parameters like
clearance, volume of distribution, elimination rate constant and half-life (Jadhav et al., 2023).

The software can be used to model observed plasma concentration-time data with one, two, or
multi-compartment models. This can be helpful to describe the absorption and elimination of
the product before building more complicated PBPK models. GastroPlus can compare the
compartmental predictions with mechanistic PBPK simulations to assess model performance.
While the model is simple and can be used to fit data, it is not physiologically detailed.
GastroPlus is able to address this limitation by incorporating compartmental analysis with
mechanistic absorption and distribution models. Researchers can thus be able to bring together



the empirical pharmacokinetic analysis with physiologically meaningful simulations(De Sutter
et al., 2024).

Compartmental pharmacokinetic functions are particularly applicable when optimising doses,
conducting bioequivalence studies, and performing clinical pharmacokinetic evaluation in
GastroPlus. Incorporating actual clinical information with the ability to simulate behaviour at
the system level enhances knowledge of systemic drug behaviour and aids rational decision-
making during pharmaceutical development (Liu et al., 2025).

Midpoint Presentation

Molecular property, parameter implementation and preliminary model performance are the
focus of the midpoint step in the GastroPlus modelling. This is the point when the researchers
analyse the relationship between physicochemical and pharmacokinetic parameters and the
predicted drug behaviour in the simulated system and pinpoint parameters that need to be
improved. Important factors like pKa, solubility, permeability, particle size, logP, plasma
protein binding, and intrinsic clearance are all included in GastroPlus. The PBPK model uses
these characteristics to compute oral absorption, tissue distribution, metabolism, and systemic
exposure (Yasin et al., 2025). The dependability of the simulation results depends heavily on
the parameter selection.

Researchers can use GastroPlus to compare their observed experimental or clinical results with
projected plasma concentration—time patterns. Sensitivity analysis is frequently used to identify
factors that significantly affect the model's performance. Predictions of bioavailability are often
influenced by features like as intestinal permeability, dissolution rate, and metabolic clearance.
Model structure and input data constraints can also be found using the midpoint assessment.
Researchers can alter tissue partition coefficients, optimize dissolution profiles, or include
additional metabolic pathways to improve prediction accuracy. As the iterative evaluation
continues, GastroPlus will further develop knowledge of how molecular characteristics
correlate with pharmacokinetic properties (Khadka et al., 2023).

Metabolism and Transport

GastroPlus has the ability to include enzyme metabolism and transporter activity within its
PBPK models to more accurately predict systemic drug exposure. The main enzymes that
metabolise drugs are the cytochrome P450 enzymes (CYP3A4, CYP2D6 and CYP2C9), and
the transport proteins that affect absorption and distribution to tissues are P-glycoprotein. The
software allows for the integration of enzyme kinetics, transporter expression and first pass
metabolism in mechanistic models. GastroPlus can model non-linear pharmacokinetics due to
saturation of enzymes or transporters at higher drug concentrations (Yin et al., 2024). The
functions are especially useful for predicting drug—drug interactions and oral bioavailability
variability.

Transporters have a major influence on absorption and elimination by regulating the transport
of drugs across biological membranes. GastroPlus includes transporter-mediated uptake and
efflux processes in the gastrointestinal and hepatic compartments. This enhances the prediction
of systemic exposure and tissue distribution. The software is also used extensively with respect
to the evaluation of the metabolic interactions between co-administered drugs. Researchers can
simulate enzyme inhibition or induce and determine the consequences on plasma concentration
profiles. GastroPlus can be used to facilitate safer dose selection, assessment of drug



interactions, and regulatory decision-making in drug development by including metabolism
and transport processes (Perrier et al., 2023).

PBPK Models

Physiologically based pharmacokinetic (PBPK) modelling is a key component of the
capabilities of GastroPlus and is the basis for its predictions. PBPK models view the body as a
set of interconnected compartments (organs and tissues). These models include anatomical,
biochemical and molecular parameters and simulate drug disposition mechanistically.
GastroPlus combines drug-specific parameters (including solubility, permeability, lipophilicity
and intrinsic clearance) with physiological parameters (organ blood flow, tissue composition
and enzyme expression) (Yang et al., 2025). This allows prediction of absorption, tissue
distribution, metabolism and excretion by various populations. One of the primary benefits of
GastroPlus PBPK models is the ability to simulate pharmacokinetics in special populations,
such as pediatric, geriatric, hepatically impaired and renally impaired patients. The software
can also predict food effects, drug-drug interactions and first-in-human dosing (Gomes & Vale,
2025).GastroPlus integrates PBPK frameworks and the ACAT absorption model and enables
the simultaneous evaluation of gastrointestinal dissolution and systemic distribution. This
approach is integrated and enhances the accuracy of prediction for oral formulations while
enabling model-informed drug development. The mechanistic structure and regulatory
relevance make GastroPlus an important tool for pharmaceutical research and regulatory
submission (Godinho, 2025).

Model Refinement

In order to properly simulate observed pharmacokinetic data, initial PBPK models must be
optimised to improve the model, which is a necessary step in model refinement. The
Refinement aims to fine-tune the model parameters, test the sensitivity, and compare the
model's output to experimental or clinical results. The sensitivity analysis tools in GastroPlus
help determine parameters that are significant to the PK outcome. Plasma concentration—time
profiles can be significantly affected by variables like permeability, dissolution rate, tissue
partition coefficients, gastric emptying time, and metabolic clearance. Models are enhanced
with observed dissolution data, permeability studies, metabolic stability data, and clinical
pharmacokinetic data. This is a recursive procedure that will increase the prediction accuracy
as well as the certainty of the procedure (Shijith et al., 2025). GastroPlus also allows for the
modification of enzyme kinetics, transporter activity and regional absorption parameters.
Drugs with poor solubility, modified-release systems and those that exhibit nonlinear
pharmacokinetics are examples of compounds that require special attention for model
refinement. GastroPlus combines observed data and mechanistic simulations to aid in building
accurate PBPK models for formulation optimisation and regulatory purposes (Zagaja et al.,
2026).



Table 1: Functional Capabilities of GastroPlus and Types of Output in PBPK Modelling.
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Well-refined models can more closely predict bioavailability, food effects and drug—drug
interactions. This leads to improved scientific validity and utility of GastroPlus simulations for
model-informed drug development.

The table below shows the key functional components and simulation capabilities of
GastroPlus in pharmaceutical research and drug development. It emphasises the major uses of
each GastroPlus module, such as oral absorption modelling, physiologically based
pharmacokinetic (PBPK) modelling, compartmental pharmacokinetic (CPK) modelling,
dissolution modelling, metabolism and transporter modelling, food effect modelling, and
formulation modelling. The table also illustrates the different output formats that can be
produced by the software, including numerical pharmacokinetic parameters, statistical data,
graphical concentration—time profiles, dissolution curves, sensitivity plots, and tissue
distribution charts. The results of these outputs allow a mechanistic and quantitative
investigation of the behaviour of the drug under various physiological and formulation
conditions. Additionally, the figure highlights the use of GastroPlus for computational
modelling of experimental data for bioequivalence assessment, virtual clinical trials, dose
optimisation, and model-informed drug development. In summary, the summarised functions
highlight the versatility of GastroPlus as a predictive simulation platform suitable for use to
advance formulation strategies, minimise experimental trial effort, and maximize decision
making throughout the drug development process, both in preclinical and clinical phases.

Steps in the GastroPlus Simulation workflow

GastroPlus contains a simulation workflow that is step-wise and incorporates the
physicochemical, biopharmaceutic, and physiological data into a predictive pharmacokinetic
outcome. The workflow starts with the entry of the drug-specific physicochemical properties,
including molecular weight, pKa, logP/logD, solubility, permeability, particle size and plasma
protein binding. These parameters are the intrinsic absorption and disposition parameters of the
compound (Krstevska et al., 2025).In the second step, in vitro dissolution data are included to
account for the drug release behaviour, which is dependent on formulation. This is especially
critical for modified release and poorly soluble drugs, for which dissolution rate is a key factor
affecting oral bioavailability. This information is used in the Advanced Compartmental
Absorption and Transit (ACAT) model to simulate gastrointestinal dissolution and regional
absorption.Then the physiological parameters are set for the model, such as the pH of the
gastrointestinal tract, transit times, blood flow of organs, expression of enzymes, and activity
of transporters. The system parameters can be used to simulate under various conditions
(fasted, fed, healthy, diseased).

Then, parameter optimisation is carried out based on experimental or literature data on the
pharmacokinetics. Adjusting key parameters like clearance, permeability, and dissolution rate
to enhance predictions with the model fitting process.The PBPK simulation is then run, and
outputs are obtained representing plasma concentration—time and tissue distribution. Validation
is carried out by comparing the simulated results to the clinical or preclinical data. Lastly,
GastroPlus can offer predictive outputs such as Cmax, Tmax, AUC, bioavailability and
regional absorption profiles that aid in decision-making for formulation development and drug
optimisation (Batchelor, 2026).
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Figure 1: Steps in the GastroPlus Simulation Workflow

Connecting with regulators to discuss the importance of GastroPlus.

GastroPlus is increasingly being used in regulatory science and model-informed drug
development (MIDD). Physiologically Based Pharmacokinetic (PBPK) modelling has been
acknowledged by regulatory agencies like the FDA and EMA as a scientifically sound method
for providing scientific information to aid in drug development decisions and minimise the
need for large clinical trials (Kollipara et al., 2024).PBPK simulations have been accepted by
the FDA for applications such as drug—drug interaction (DDI) prediction, dose selection,
pediatric extrapolation, and first-in-human studies. Likewise, EMA guidelines favour the use
of mechanistic PBPK modelling in the assessment of pharmacokinetics in various
physiological states and special populations. Due to its mechanistic absorption model (ACAT)
and whole-body PBPK framework, GastroPlus is often employed in regulatory submissions
(Yang et al, 2024).An important regulatory use is the justification of waiving
bioavailability/bioequivalence studies, where GastroPlus is used to predict in vivo
bioavailability/bioequivalence from in vitro dissolution data. This is especially useful for
Biopharmaceutics Classification System (BCS) based waivers. Furthermore, GastroPlus is
extensively used for virtual bioequivalence (VBE) studies, which compare a generic an



eference formulation using simulated PK profiles. Also, GastroPlus can be used to simulate
various clinical scenarios before clinical trials, enabling model-informed drug development
(Cviji¢ et al., 2023). This involves optimising dosing regimens, investigating food effects and
assessing inter-individual variability. Given the regulatory guidance that computational
modelling is gaining in popularity, GastroPlus is becoming a valuable tool to connect
preclinical information with clinical decision-making.

A comparison to other PBPK software

Physiologically based pharmacokinetic (PBPK) modelling platforms are broadly applied in
drug research, and there are several drug disposition simulation and prediction software
packages available. Of these, the most widely used systems are GastroPlus, Simcyp Simulator
and PK-Sim, which have unique advantages and disadvantages (Dallmann et al., 2024).

Software Limitations
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Figure 2 Comparison of GastroPlus to Other PBPK Softwares

One of GastroPlus's most unique features is its Advanced Compartmental Absorption and
Transit (ACAT) model, which simulates the behaviour of gastrointestinal formulations in a
detailed manner. Simcyp, on the other hand, is more widely used for the variability of the
population and for clinical trial simulation, while PK-Sim provides a flexible open-source
environment for academic research and model transparency (Pawestri, 2023).

In general, the choice of PBPK software application will be dependent on the research question;
GastroPlus is best suited for oral absorption and formulation studies, while Simcyp and PK-
Sim will be applied to population-based pharmacokinetic and academic studies (De Sutter et
al., 2024).

Future Direction:

Advancements in computational capacity, data science, and regulatory acceptance of model-
informed drug development will greatly influence the future of GastroPlus and physiologically
based pharmacokinetic (PBPK) modelling. A notable trend is the application of artificial
intelligence (AI) and machine learning (ML) to enhance PBPK models. Another promising
area of development is the use of artificial intelligence (AI) and machine learning (ML) in
conjunction with PBPK modelling (Garg et al., 2026). Parameter prediction can be improved
using Al-based models to predict key parameters like: solubility, permeability, metabolic



clearance, and transporter kinetics. These methods, in conjunction with the use of GastroPlus
simulations, enhance the accuracy of predictions at early stage of the drug development process
and minimize the need for large amounts of experimental data. Al also facilitates automatic
sensitivity analysis and quicker optimization of the formulation and dosing strategy, improving
the efficiency and cost-effectiveness of drug development (Kreutz et al., 2026).

Real-time clinical modelling is another direction of future research. As more clinical
pharmacokinetic data become available and digital health technologies become more prevalent,
PBPK models are projected to become dynamic, continually updating predictions in real-time.
One or more gastroPlus-based frameworks can incorporate patient specific information (e.g.
renal function, liver biomarkers, therapeutic drug monitoring) to continually update the PK
predictions during clinical treatment. In critical care and precision medicine settings, this will
result in much better individualisation of treatment, therapeutic drug monitoring, and adaptive
trial design (Ali et al., 2026).Digital twin pharmacology is a truly groundbreaking development
in PBPK. A digital twin is a virtual copy of a patient that can be used to model the real-time
physiologic and pharmacologic responses of that patient. Digital twins can incorporate
genomic, proteomic, metabolic, and clinical data to enable prediction of individual drug
response with high accuracy using GastroPlus as a mechanistic core. This allows for simulation
of various therapeutic scenarios before drug administration, enhancing safety and efficacy
results. Another way digital twin systems can help is by enabling virtual clinical trials, which
help limit the number of patients required and speed up regulatory approval (Samajdar et al.,
2025).

In conclusion, the integration of Al real-time data, and digital twin technology is poised to
transform the landscape of PBPK modeling. GastroPlus will also be a key component in this
transformation, moving beyond being just a predictive simulation tool to an intelligent and
adaptive platform for precision pharmacology and next-generation drug development.

CONCLUSION

GastroPlus has proven to be a critical computational resource for the modern pharmaceutical
research and drug development environment. It integrates physiochemical drug properties with
gastro-intestinal physiological parameters and offers a solid predictive tool for the
understanding of the oral drug absorption and of systemic pharmacokinetics. It is able to mimic
real-life clinical settings, such as fed/fasted states, disease states and population variability,
which is extremely useful to formulation scientists and clinical pharmacologists (Dhivya et al.,
2025).

By using GastroPlus, experimental workload is significantly reduced, late drug failure is
minimized, and rational dose optimization and formulation strategies are supported for drug
decision making. The benefits of this research are offset by the accuracy and precision of
predictions, which relies on the data quality and correct modelling validation. Thus,
experimental validation is still required in order to validate the results from in silico studies.

To conclude, GastroPlus is one of the most fundamental tools in today's model-informed drug
development (MIDD) workflow and is gaining increasing importance as a key enabler between
in vitro and in vivo results, and will ultimately play a role in safer, faster and cost-efficient drug
development (Chou et al., 2026).
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