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INTRODUCTION 

The oral route is the common, convenient and easiest route for delivery of various drugs, and many advanced 

approaches have been developed and studied to achieve specific objectives.
[1]

 Oral route is very common route for 

administration of drug, even also among the newly introduced drugs it will probably consider to be the most common 

in the coming years. There are many advantages for the widespread use of the oral route in drug delivery when 
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ABSTRACT 

This review outlines the concept of in silico GI simulation models for oral drug absorption. It highlights the gap 

between standard laboratory testing and actual clinical reality by providing the mechanistic prediction that shows 

physiological alterations in specific population by using simulation models. As the oral route is the most common 

route but still prediction of gastrointestinal absorption is a major challenge in drug development because the pH of 

GIT is different in both gastric environment and in small intestine. Highly acidic gastric environment to alkaline 

small intestine which can degrade acid labile drug, also there is lack of data on volume and composition of GI fluid 

in different population. In silico GI simulation models, such as physiologically based pharmacokinetics (PBPK), 

Advanced compartmental absorption and transit (ACAT), Compartmental Absorption and Transits (CAT), and 

various software platforms such as Simcyp, GastroPlus, and PK-Sim they provide mechanistic predictions for the 

oral absorption. These models combine anatomical, physiological, and drug-specific parameter that simulate 

absorption, distribution, metabolism and elimination processes. They also optimize dosing strategies, guide 

formulation development, and predict pharmacokinetic variability in different populations. In silico approaches 

reduce reliance on animal studies, accelerate development, and enhance regulatory decision-making in a oral drug 

therapy. These types of model can enable Virtual Clinical Trial in future which can replace human testing.  
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compared with other routes of administration such as pulmonary, intravenous and rectal delivery. Oral drug delivery 

system are safe and convenient for most of the patients as the patients can administer the dosage form to themselves so 

that discomfort is minimal.
[2,3]

 Early detection of these issues allows for better decision-making, whether that means 

adjusting the treatment or discontinuing the drug altogether in more severe cases. Drug absorption is affected by 

various factors such as interaction in the gastrointestinal tract, physicochemical properties, etc.
[4]

 The objective of this 

review is to provide comprehensive evaluating in silico gastrointestinal simulation models to predict oral drug 

absorption. It focuses on their mechanism, applications in drug development and prediction of ADME properties. There 

are some limitations of experimental oral absorption studies such as the pH of GIT ranges from acidic stomach to 

alkaline intestine which can degrade acid labile drug and also there is lack of detailed data on volume and composition 

of GI fluid across different populations.
[5,6]

 Mainly animals are used in preclinical studies for studying the effect of drug 

but animals have different gut pH levels, transit time and metabolic enzymes as compare to humans thus a drug 

showing optimum response in animals may not show same effect on humans. Since in vivo and human data are limited, 

therefore computational and/or mathematical tools are used for identification of absorption problems from discovery 

stage or early development stage,
[2]

 also designing oral formulations for large biomolecules like peptides and proteins is 

very challenging because of low stability and poor absorption in the gut thus molecular dynamics simulations are 

utilized.
[7]

 Models like Physiologically-Based Pharmacokinetic Modelling (PBPK) allow researchers to simulate entire 

body in which different variables like patients age, disease state and meal are applied to predict how absorption will 

change without the need of a clinical trials,
[6]

 also for understanding pharmacological and toxicological effect at the 

target site pharmacokinetic profile plays an important role.
[8]

 Modelling tools help in dose finding, formulation 

selection and design of clinical studies.  

 

Importance of In Silico Approach in Oral Drug Absorption 

This review examines in silico models designed to simulate a gastrointestinal process for evaluating drug 

pharmacokinetics after oral administration. To better characterize and understand these models, the Absorption, 

Distribution, Metabolism, and Excretion (ADME) processes are analyzed by in silico prediction models.
[9,10]

 In silico 

approaches serve as a predictive tool for digestive behavior, enabling the estimation of parameters such as drug 

digestibility and gastric emptying through extrapolation of existing data within defined model constraints. Overall, this 

review highlights the current advancements and applications of in silico modelling in representing the human digestive 

system.
[11]

 In addition to modeling gastrointestinal processes, in silico GI simulation models have become an essential 

tools for overcoming these challenges as they serves as mechanistic models.
[12]

 of drug absorption and distribution, 

allowing the prediction of pharmacokinetics in diverse populations, reducing the reliance on animal studies, 

accelerating progression from discovery to clinical trials, improving cost-efficiency, and providing supporting data for 

regulatory submissions.
[11]

 

 

GASTROINTESTINAL ABSORPTION SIMULATION 

Computer-aided biopharmaceutical characterization involves application of validated mathematical model and 

simulation techniques to predict, analyze, and optimize the ADME properties of drug, which give emphasis on 

gastrointestinal absorption. In silico absorption model must integrate mathematical representations of processes such as 

membrane permeation, solubility, dissolution, partitioning, particle size and growth, physiological descriptions of 

different gastrointestinal regions, including fluid volumes, transit times, and luminal pH.
[13]

 As they are the basic 
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processes of human gastrointestinal tract. Simulation of motility of gastrointestinal tract is very challenging due to 

complex human physiology, it plays a major role in mixing, absorption and elimination of drug.
[14]

 

 

History of Simulation Models 

The evolution of simulation models in biopharmaceutics has progressed significantly over the decades. In the 1980s, 

the first mathematical approach that is compartmental pharmacokinetic was used to describe drug absorption using a 

linear compartmental framework. During the 1990s, the Advanced Compartmental and Transit model (ACAT model) 

was introduced by YU and Amidon having nine gastrointestinal compartments. In the 2000s, physiologically based 

pharmacokinetic models integrated with gastrointestinal simulations were introduced with various commercial software 

platforms such as GastroPlus and Simcyp. They are used to enhance predictive capabilities, also it was estimated that 

high-throughput method gives a reliable, robust and animal-free evaluation.
[15]

 By the 2010s, Regulatory acceptance 

was provided to PBPK simulation data for drug submission and labelling purposes. In 2020s, the simulation techniques 

were incorporated with artificial intelligence (AI) and has enhanced the accuracy and efficacy of predictive modelling. 

The computational tools are also paired with machine learning to screen thousands of molecules. For example QSAR 

models were built using deep neural network to test permeability.
[16]

 Software modelling is also used to study large and 

complex molecules. A comprehensive analysis evaluates how computer-based QSAR models, cell assays and animal 

studies predict intestinal absorption across a dataset of 1000 diverse population.
[17]

 QSAR tools are paired with docking 

pipelines to design central nervous system agents, tracking how elective structural adjustment alter compound binding 

affinity with virtual distribution metrics.
[18]

 

 

GASTROINTESTINAL TRACT: ANATOMY AND PHYSIOLOGY 

The gastrointestinal tract is a tubular system which is hollow and it begins with the oral cavity, from where food is 

ingested which extends through the pharynx, oesophagus, stomach, small intestine (duodenum, jejunum, and ileum), 

and a large intestine (Caecum, transverse colon, ascending colon, sigmoid colon, descending colon), at last terminates 

at the rectum and anal canal.
[19,20]

 In human length of the gastrointestinal tract is approximately 9 meters.    

 

The stomach has a pH ranging from 1.2-3 which exhibits a highly acidic,
[5]

 its volume is around 900 mL with a transit 

time of 20-120 minutes. It is mainly responsible for the absorption of weakly acidic drugs. As we know that small 

intestine is divided in three parts then the duodenum has 4-5.6 pH with a volume of 25-50 mL which has a short transit 

time of around 5-10 minutes making it a region of high permeability. Another past of small intestine is jejunum which 

is subdivided into four other segments mainly the jejunum has a pH range of 6-7 and has volume of about 100 mL with 

transit time of 60-90 minutes. It is a major site for drug absorption. Last part of small intestine is ileum it has a pH 

range of 7-7.5 with a volume of 129 mL and transit time is 90-180 minutes, through this site moderate drug absorption 

occurs.  

 

The large intestine also has various parts first we will discuss about the caecum, which has a has a pH of around 7. 

Another one is the colon which exhibits a pH range of 6–7.5 which has low fluid volume and has a prolonged transit 

time of around 12–48 hours, results in limited drug absorption in that region. Around 40% of oral medications are 

approved over the last decade shows a significant food effect that changes in the body.
[21,3]

 

 

As the ACAT model divides the gastrointestinal tract into 9 compartments. Each of 9 compartments has its own fixed 

fluid volume. At fasted state models use smaller volumes but at fed state volume increases to 900-1000 mL.
[22]

 The pH 
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of gastric fluid affect degree of ionization of molecules of drug, influencing their permeation and dissolution behavior, 

along with the drug delivery systems performance. The gastric emptying time was measured by magnetic resonance 

imaging. Time required to get back to fasted gastric volumes, is approximately 45 min after a glass of water approx. 

240 mL and more than 6 h after a high-caloric breakfast.
[23,24]

  

 

BIOPHARMACEUTICAL CLASSIFICATION SYSTEM (BCS) 

In 1995, Amidon et al. introduced the concept of Biopharmaceutics Classification System (BCS) which is based on 

solubility and permeability.
[25]

 It is Categorized into four classes
[26,27]

 that are as follows:  

 

                                    

Figure 1: BCS Classification. 

 

The goal of biopharmaceutical classification system is to demonstrate how in-silico predictions of physical and 

chemical properties can be used to estimate solubility and permeability. The in-silico calculation of the physical and 

chemical properties are useful for the early classification of drugs according to the BCS classification that are useful in 

the research and development process of oral drug products.
[26]

 The rate-limiting step for oral drug absorption was 

determined according to this classification. The rate limiting step for class II is dissolution.
[28]

 In silico models are 

heavily utilized to address the dissolution limitations of BCS Class II ‘brick dust’ drugs.
[29]

 There are various 

applications for BSC Class drugs one of which is to improve the evaluation of Class I, an artificial gut simulator was 

developed that tracks dissolution and membrane transport simultaneously,
[30]

 Second is that class II compounds include 

coupling miniaturized biorelevant dissolution systems with computer modelling. A study used an advanced tiny-TIM 

artificial gut model with simulation to map an investigational drug.
[31]

 Another study shows that virtual trials are used to 

check isosorbide mononitrate which is a BCS Class I drug and researchers simulated how different batches dissolve and 

move through the body.
[32]

  

 

Table 1: Characteristics of BCS Classification Groups. 

Features BCS Class I BCS Class II BCS Class III BCS Class IV 

Rate limiting step Gastric Emptying  Dissolution  Permeability  
Both Dissolution and 

Permeability 

Biowaiver Possible 
Conditional (acid-

soluble) 

Possible with 

excipient control 
Not eligible 

Example 

Metoprolol, 

Propranolol, 

Diltiazem, 

Verapamil. 

Ibuprofen, 

Carbamazepine, 

Ketoconazole and 

Phenytoin. 

Cimetidine, 

Ranitidine, Atenolol, 

Cefadroxil, and 

Neomycin 

Hydrochlorothiazide, 

Furosemide and 

Cyclosporin A. 
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GASTROINTESTINAL SIMULATION MODELS 

Physiologically Based Pharmacokinetic (PBPK) Models 

Teorell introduced the fundamental framework for Physiologically based pharmacokinetic modelling (PBPK) was 

proposed in 1937.
[33]

 Also known as physiologically based biopharmaceutics modeling when PBPK analysis is applied 

for the applications of biopharmaceutics.
[34,35]

 These models are considered as the advances in in silico tools, that 

integrate both clinical and non-clinical data.
[36]

 PBPK based software programs, Gastroplus and SIMCYP were used for 

building PBPK models.
[37]

 The primary objective of PBPK models is to predict pharmacokinetic behaviour of a 

substance by utilizing its preliminary ADME properties.
[38]

 These models enable assessment of accumulation of a 

compound or drug in specific designated organs by accounting for the rates of absorption, distribution, and metabolism 

within individual tissues.
[39,12,13]

 Additionally, PBPK models are valuable for predicting pharmacokinetic variability 

across different populations, including variations in ethnicity, age groups, and disease conditions. Surveys and polls 

showed that approximately 70% of pharmaceutical developers actively employ early-stage PBPK/PD modelling in 

therapeutic areas.
[40]

 Structurally, a PBPK platforms are divided into two primary elements: a biological framework 

containing host-specific, drug-independent physiological variables, with a substance-specific module that are used 

characterizes different ADME properties in various tissue compartments.
[33]

 For example, Jain et al. (1981) used full 

body PBPK model to look at how zinc sulfate moves through rates. They did this by considering the rats body as a 

network of 21 connected organ parts.
[9]

 The PBPK model has some advantages some of them are as follows: 1)PBPK 

models provide a real representation of the human body because they are based on actual physiological parameters such 

as size of organs, perfusion rates, and tissue characteristics of different body parts. 2)They can predict human 

pharmacokinetics from in vitro and animal data, which reduces the need for extensive clinical trials. 3) These models 

are used throughout drug development in both early and late stages, to get a clear look at ADME processes. They make 

it easier to guess how a drug will work in different species and to change in specific populations, such as children or 

people with certain health conditions.
[42]

 This study is clearly stated in recent work by Robins et.al.(2024) who 

integrated PBPK framework within PK-Sim to show age related gastrointestinal updates
[43]

 4)PBPK modeling helps in 

predicting drug–drug interactions by incorporating enzyme and transporter mechanisms. 5)It also assists dose 

optimization by simulation of different dosing conditions and routes of administration. 6) PBPK models save time and 

cost during drug development in comparison to in vivo studies.
[44]

 Major regulatory bodies including are EMA and 

FDA approving their use much more often now. It also has some of the disadvantages such as 1) PBPK models require 

a large amount of detailed physiological and drug-specific data, which may not always be available. 2) This type of 

model developed is complex and requires expertise in pharmacokinetics and modelling software. 3) They are based on 

some assumptions, which causes uncertainty and affect prediction accuracy. 4) PBPK model validation is challenging 

process and also it depends on the availability of the reliable experimental data. This difficulty was seen during trials 

with seven different CYP3A4 substrate drugs, for calculating clearance gut enzyme data alone failed.
[45]

 5) These 

models depend on specialized software like PK-Sim or Simcyp, which are not always be accessible. 6) For new drugs 

those having limited data, the predictions may be less reliable, and the models can be computationally intensive, and 

they requiring proper technical resource.7) On combining in silico molecular descriptors with in vitro clearance data by 

random forest regression, reduces pharmacokinetics prediction errors in a dataset of around 600 compounds.
[46]

 

 

 

 

 

 



 

36 

World Journal of Pharmaceutical Science and Research                                                      Volume 5, Issue 10, 2026 

www.wjpsronline.com 

Variables included in this model 

1) Gastric Emptying: It is a physiological process influenced by the fed and fasted state. It is used for determining 

Tmax and Peak plasma concentration.  

2) pH - dependent Solubility: It integrates systemic GI pH with systemic blood and tissue pH to predict how the drug 

will distribute into different organ after it has been absorbed. This are useful for weakly basic drugs such as 

ketoconazole, posaconazole and dipyridamole. These drugs easily dissolves in acidic environment but precipitates 

in intestine for this reverse translation modeling is used to adjust these precipitation.
[47]

 Simulations were used to 

evaluate how acid-reducing drug alter the absorption of weaky basic drugs.
[48]

 

3) Dissolution Rate: It is based on the capacity of solvent of the GI fluid and the blood flow. 

4) Intestinal Permeability: It represents the highest level of complexity as it includes active transporters (p-

glycoprotein efflux transporter) and gut-wall metabolising enzyme (CYP3A4) in the enterocytes. 

 

Compartmental Absorption and Transit Models 

The Compartmental Absorption and Transit model (CAT model) was introduced by Amidon and Co-workers
[41]

 in 

1996. It represents a significant advancement in PBPK modelling. This model formulates the gastrointestinal tract into 

a series of compartments, including one compartment for stomach, one for the colon, one representing the plasma and 

seven for small intestine.  

 

The mathematical framework of CAT model relies on a system of ten ordinary differential equations (ODEs) and these 

equations are solved numerically by eighteen parameters.  

 

The CAT model has been appropriately applied to various case studies involving oral drug administration, 

encompassing both immediate-release and controlled-release formulations, including drugs classified under 

Biopharmaceutics Classification System (BCS) Class IV.
[9]

 The CAT model usually assumes that poorly water-soluble 

weak base such as cinnarizine dissolves quickly but they supersaturates when simulation was conducted for intestinal 

fluid.
[49]

 A multi-bolus continuous approach has been developed for tracking the movement of drug against local blood 

flow while reducing the need for complex parameter inputs.
[50]

 

 

Variables included in this model 

1. Gastric Emptying: In the basic CAT model, this variable is not included. The drug dose is typically assumed to 

enter the first segment of the small intestine directly. 

2. pH-dependent Solubility: This model generally assumes a uniform pH throughout the intestinal segments. There is 

no complexity of regional pH change. 

3. Dissolution Rate: The CAT model typically assumes the drug is already in solution (liquid phase). It does not 

provide a mechanistic calculation for the dissolution of solid dosage forms. 

4. Intestinal Permeability: It assumes a constant permeability (Peff) value across all segments of the small intestine. 

 

Advanced Compartmental Absorption and Transit (ACAT)  

Success of the CAT framework influenced researchers to introduced the ACAT Model (Advanced Compartmental 

Absorption and Transit), and software for ACAT is GastroPlus.
[51,53] 

Because the ACAT model is a commercial in nature 

but its specific operational details are unavailable, yet it has been proven to be highly successful in simulation of 

diverse drug delivery pathways. ACAT model divides the GI Tract into distinct 9 compartments, each have specific 
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physiological parameters mass balance equations govern drug between compartments
[9]

 and divides each compartment 

into six states  drug component including undissolved, degraded, dissolved, metabolized, unreleased and absorbed.
[53,54]

  

 

The mechanistic ACAT models are highly effective for evaluating virtual bioequivalence and establishes in vitro-in vivo 

extrapolation(IVIVE) for immediate-release formulations.
[53] 

 

Table 2: Compartments of ACAT model. 

Organs pH Volume of Media Transit Time Absorption  

Stomach 1.2-3 900ml 20-120 min Weakly acidic drugs 

Duodenum 4 –5.6 25-50 5-10 min High Permeability 

Jejunum I 6 – 6.5 100ml 60-90 Primary Absorption Site 

Jejunum II 6.5-7 100ml 60-90  

Ileum 7 –7.5 120ml 90-180 Moderate drug Absorption 

Colon 6 –7.5 Low fluid Volume 12-48 hours Limited Drug Absorption 

Caecum 7    

 

Variables included in this model 

1. Gastric Emptying: This model includes the stomach and uses a first-order rate constant which is applied to regulate 

that how a therapeutic compound migrates toward duodenum. 

2. pH-dependent Solubility: This model assigns pH values based on regions for 9 distinct segments (stomach to 

colon). It uses the Henderson-Hasselbalch equation to calculate ionization.
[56]

 

3. Dissolution Rate: It applies the Noyes-Whitney equation. It uses the drug's particle size and calculates dissolution 

based on the fluid volume of each segment. Studies shows that using exact particle distribution data in computer 

simulations is a reliable way to check the quality of different batches before testing them on real patients.  

4. Intestinal Permeability: It estimates that absorption is often higher in the proximal small intestine than in the distal 

segments. 

 

Table 3: Comparison of major gastrointestinal simulation models used for oral drug absorption. 

Model Concept Parameters Applications Strengths Limitations Software 

PBPK 

Combines drug 

specific features with 

physiological/bioche

mical data 

Physiology, 

absorption, 

distribution, 

metabolism and 

excretion 

Drug 

development, 

exposure 

prediction, 

evaluation of 

drug-drug 

interactions, and 

regulatory 

applications 

The use of a 

mechanistic 

approach and 

the capability of 

accounting for 

physiological 

variation 

Need for good 

physiological 

and drug-

specific input 

data 

Simcyp®,  

PK- Sim® 

CAT 

Compartmental 

modelling of 

gastrointestinal 

absorption and transit 

Gastrointestinal 

transit, 

dissolution, 

absorption and 

permeability 

Oral drug 

absorption and 

exposure 

prediction 

Relatively 

structured 

model of GI 

processes 

Potential 

oversimplifica

tion of some 

physiological 

processes 

GastroPlus® 

ACAT 

Describes the 

gastrointestinal tract 

using interlinked 

compartments 

Gastric 

emptying, 

intestinal 

transit, 

dissolution, 

solubility and 

permeability 

Regional 

absorption and 

oral drug 

exposure 

prediction 

Good for 

mechanistic 

representation 

of 

gastrointestinal 

absorption and 

transit 

Needs several 

physiological 

and drug 

parameters 

GastroPlus® 
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APPICATIONS OF IN SILICO MODELS 

1. In research and development: PBPK models are highly valuable across all drug research stages. They do three 

things: supporting regulatory communication, making  choices during clinical trials, and better understanding that 

why certain type of clinical results occur.
[33]

 

2. Safety evaluation of botanical products: Computational models are responsible for screening complex plant and 

herbal chemicals by combining QSAR and PBPK data. This approach predicts absorption which is responsible to 

test natural products safely.
[57]

  

3. Dosing and Interaction studies: There are various tools that are used for managing drug-drug interactions. For 

example researchers used PK-Sim to build simulation profile for the epilepsy medication such as valproic acid and 

estimated how its level is altered after coadministration of antibiotic meropenem.
[58]

 

4. Clinical Trial Designing: Computer-aided simulations are very important clinical trial protocol to investigate drug 

candidate. This simulation evaluates how other conditions such as aging, liver impairment, fasted and fed 

condition, and coadministration affects drug level in blood.
[59]

  

5. Industrial applications: Drug manufacturer uses these computational frameworks to conduct virtual bioequivalence 

trials.
[60]

 For example, modelling enteric-coated omeprazole capsules to identify dissolution specifications[61], also 

open-source PK-Sim software was utilized to simulate the oral absorption of pravastatin in populations suffering 

from inflammatory bowel disease and irritable bowel syndrome.
[62,63]

 

6. PBPK models are utilized to predict human pharmacokinetic (PK) profiles at anticipated clinical doses and dosing 

regimens, during the lead optimization phase. 

7. When the candidate were selected at selection stage, PBPK modelling is particularly valuable when a drug is 

metabolized by some enzyme such as polymorphic enzymes (CYP2D6 or CYP2C19). In such cases, simulations 

can estimate drug exposure in different subpopulations, including poor metabolizers, thereby aiding decisions on 

their inclusion or exclusion in first-in-human (FIH) trials.  

8. In the drug development phase, one of the most widely applied uses of PBPK modelling is the prediction and 

assessment of drug–drug interaction (DDI) risks.  

9. PBPK models are also employed to simulate drug exposure in patients with hepatic or renal impairment, which is 

critical for dose adjustment and safety evaluation.
[33]

 

 

SOFTWARE PLATFORMS 

GastroPlus 

GastroPlus is a mechanistically based simulation software that simulates various route of administration, including 

intravenous, oral, buccal, ocular, inhalation, and dermal or subcutaneous delivery in both humans and animals.
[64]

 The 

platform have a user-friendly interface with powerful science to help you make faster and informed project decisions. It 

is designed to model drug absorption, pharmacokinetics (PK), and pharmacodynamics (PD). It facilitates efficient 

analysis and supports informed decision-making during drug development.
[65]

 

 

The GastroPlus simulation framework includes physiologically based gut models for various species such as human, 

dogs, rats, mice, rhesus monkeys, cynomolgus monkeys, minipigs, rabbits, and cats. It also enables the prediction of 

drug dissolution and absorption. In addition, it combines a full body PBPK models to simulate systemic drug 

disposition and pharmacokinetic behavior. It is used to test various drug for example atorvastatin to check that generic 

tablets would behave same as branded tablet or not by comparing simulated curves. It shows that software is a great 
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tool for predicting bioequivalence.
[66]

 One more study uses GastroPlus to investigate how food intake and acid reducing 

proton-pump inhibitors affect the encorafenib which is a cancer medication. This software successfully identified that 

this complex properties, showing that taking antacid will not lower the overall drug exposure in patients.
[67]

  

 

Sim-CYP 

A Simcyp which is a Population-Based ADME Simulator it is a mechanistic modelling and simulation platform, 

coupled with an extensive database, designed to predict the ADME processes of drugs and drug candidates across 

diverse populations. It spits these populations group according to their age, disease state, and ethnicity, which makes it 

easier to predict drug–drug interactions. Simulators integrates several key components, including drug-specific data, 

population demographics, pharmacokinetic (PK) parameters, and PK profiles.
[68,41] 

The ADAM (Advanced Dissolution 

Absorption and Metabolism) model in the Simcyp® software uses a compound’s properties along with population and 

study design information to determine how drug is absorbed and distributed in human body.
[69]

 

 

The functional capabilities of Simcyp include: (1) The ADAM model which has several compartment one for stomach, 

seven for small intestine and one for colon it includes factors that affects the rate and extent of oral drug absorption, 

like.
[70,71]

 and how much time it take to pass through the intestinal and colon.
[70]

 (2) It has Extensive database for virtual 

trials which include healthy people, Caucasians, and Japanese subjects. It also include special population such as 

morbidly obese individuals with moderate or severe liver and kidney failure. (3)Prediction of metabolically mediated 

drug–drug interactions, includes the simultaneous assessment of competitive enzyme inhibition which enable more 

accurate simulation of potential clinical outcomes.
[68]

 

 

PK-sim 

PK-Sim® is physiologically based pharmacokinetic modelling (PBPK) platform which is  open-source that simulates 

ADME processes of various drugs using physiological parameters. It employs a whole-body approach, integrating 

dissolution, absorption, metabolism, and excretion within a single, unified model. PK-Sim® is widely applied in drug 

development to predict oral absorption, optimize dosing regimens, and evaluate potential drug–drug interactions. 

 

For model construction the basic PBPK framework was used which is PK-Sim® and for protein-related MoBi is used. 

A ‘plug-flow-with-dispersion’ approach is used to represent oral absorption in PK-Sim which treats the small intestine 

like a single long continuous compartment that has varying physiological properties.
[42,72]

 

 

A key feature of PK-Sim® is that its ability to describe particularly drugs, in mammals using equations that simulate 

relevant physical and physiological processes. Uniquely, PK-Sim® fully integrates oral absorption, systemic 

dispersion, metabolism, and excretion inside a single simulation, allow for comprehensive whole-body PBPK 

analysis.
[24]

 There are some other tools used, one of which is the PhysPK software suite which features with Phys-DAT 

modelling framework. This software separates the gut into nine compartments. This software accurately predicts peak 

concentration and drug exposure.
[73]

 

 

DISCUSSION 

The in silico GI simulation models represent a valuable mechanistic technique for predicting oral absorption of drugs 

under various physiological scenarios. The PBPK, ACAT, and CAT models that are based on platforms like GastroPlus, 

Simcyp, and PK-Sim can take into consideration individual differences in GI pH, transit times, GI fluid composition, 
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and drug characteristics. Such modeling approaches may be applied to formulation development and dosing design as 

well as for prediction of pharmacokinetic differences between certain groups of patients. However, the reliability of 

these models is highly dependent on the quality of physiological and drug-related information available. Thus, the in 

silico models should be considered as supplements to, but not replacements for, experimental and clinical studies. 

 

CONCLUSION 

In silico gastrointestinal simulation models become an essential tool in a modern drug development, providing 

mechanistic predictions for oral drug absorption and systemic pharmacokinetics. PBPK, CAT, and ACAT models, 

supported by advanced software platforms such as GastroPlus®, Simcyp, and PK-Sim®, allow accurate representation 

of complex physiological processes which enable simulation in different populations, including special patient groups. 

The CAT model acts as a useful tool for screening at early stage, ACAT model provides detailed analysis of absorption 

and performance of the formulation. The PBPK of absorption and performance of the formulation. The PBPK model 

serves as a real whole-body representation, which makes it a gold standard for predicting clinical outcomes and drug 

interactions. Current limitations can be overcome by integrating these models, improve regulatory decision-making and 

also early identification of absorption limitations is facilitated by these models. They also guide BCS classification of 

drug, dosing strategies are optimized as well as predict drug interactions. When in silico models are integrated with 

experimental and clinical data it significantly reduces time and costs, enhances regulatory decision-making, and 

improves successful oral drug delivery despite challenges such as data requirements and computational complexity. 

Some future advances are AI-augmented simulations that refine predictive accuracy and also expand the scope of these 

tools in personalized medicine and in virtual patient population for creating Digital-twins, etc. 
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