
 
 

 
 

APPLICATIONS OF MECHANISTIC MODELING AND SIMULATIONS IN 

COMPOUND AND DOSAGE FORMS SELECTIONS 

by 

 

 

ERIC AKWASI MINTAH 

 

                            B. S. Chemistry, Texas Southern University, 2011 

 

                            M. S. Chemistry, Texas Southern University, 2012 

 

 

 

 

       A Dissertation Submitted to the Graduate Faculty of Mercer University College 

  

of Pharmacy in Partial Fulfillment of the Requirements for the Degree 

 

 

 

 

 

                                                  DOCTOR OF PHILOSOPHY 

 

 

 

 

                                                                Atlanta, GA 

 

 

                                                                    2017

 
 
 
 

 
 
 

PREVIE
W



ProQuest Number:

All rights reserved

INFORMATION TO ALL USERS
The quality of this reproduction is dependent upon the quality of the copy submitted.

In the unlikely event that  the author did not send a complete manuscript
and  there  are missing pages, these will be noted. Also, if material had  to be removed,

a note will indicate the deletion.

ProQuest

Published  by ProQuest LLC (  ). Copyright of the Dissertation is held  by the Author.

All rights reserved.
This work is protected against unauthorized copying under  Title 17, United  States Code

Microform Edition © ProQuest LLC.

ProQuest LLC.
789 East Eisenhower Parkway

P.O. Box 1346
Ann Arbor,  MI 48106 - 1346

10265738

10265738

2017

 
 
 
 

 
 
 

PREVIE
W



 
 

 
 

 

 

APPLICATIONS OF MECHANISTIC MODELING AND SIMULATIONS IN  

COMPOUND AND DOSAGE FORMS SELECTIONS 

by 

ERIC AKWASI MINTAH 

Approved:  

 

__________________________________________________ Date________________ 

Martin J. D’Souza, Ph.D., Advisor 

 

___________________________________________________ Date _______________ 

Ayyappa Chaturvedula, Ph.D., Dissertation Committee Member  

 

___________________________________________________ Date _______________ 

Phillip Bowen, Ph.D., Dissertation Committee Member 

 

____________________________________________________ Date ______________ 

Grady Strom, Ph.D., Dissertation Committee Member 

 

_____________________________________________________ Date ______________ 

Ajay Banga, Ph.D., Dissertation Committee Member 

 

______________________________________________________ Date ______________  

Hewitt Matthew, Ph.D., Dean, College of Pharmacy

 
 
 
 

 
 
 

PREVIE
W



 
 

 
 

 ACKNOWLEDGMENTS  

First and foremost, I want to give thanks and honor to the Almighty God for giving 

me life, strength and good health to learn and work very hard towards such an incredible 

journey of an academic achievements. I am very grateful for giving me the strength and 

power to work towards my dissertation projects.  

With sincere respect and deep appreciation, I will like to thank my Dr. Ayyappa 

Chaturvedula for his tremendous support towards my training, education and research. 

Without his guidance and contributions, this dissertation would not have been possible. I 

will also like to appreciate Dr. Rebecca Neal Burns for her guidance and support towards 

all my pharmacokinetics/pharmacodynamics research projects. Again, I will like to thank 

Dr. Martin D’Souza (Advisor & Director of graduate program) for an indelible mark and 

support during the years as a graduate student. A special thanks and appreciation to be 

extended to Dr. Phillip Bowen, who introduced me to computational chemistry, his 

contributions and guidance for my research projects. Again, I will like to extend an 

appreciation to all my committee members Dr. Phillip Bowen, Dr. Ajay K. Banga and Dr. 

J. Grady Strom for their contributions towards my research, education and Academic 

training at Mercer University College of Pharmacy. Furthermore, my sincere appreciation 

goes to all the faculty members, staff members, lab colleagues and my fellow graduate 

students for all the good times and professional support towards my research. 

 
 
 
 

 
 
 

PREVIE
W



 
 

i 
 

 Finally, I like to extend my love and respect to my dear wife and children Mrs. 

Sandra Osei Mintah, Janelle Osei Mintah, Brinelle Aboagyewaah Mintah and Annelle 

Osei Mintah for all the inspirations, emotional support and love. I will also like to thank 

my mum Mrs. Comfort Dentaah Mintah, my brothers and sisters Gladys for their 

supports for me over all the years as a graduate student.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 
 
 

PREVIE
W



 
 

ii 
 

 

 

TABLE OF CONTENTS 

 

ACKNOWLEDGMENTS ................................................................................................... i 

LIST OF FIGURES ............................................................................................................ v 

LIST OF TABLES ........................................................................................................... viii 

ABSTRACT ....................................................................................................................... xi 

CHAPTER 1 ....................................................................................................................... 1 

INTRODUCTION .............................................................................................................. 1 

CHAPTER 2 ....................................................................................................................... 5 

LITERATURE REVIEW ................................................................................................... 5 

Modeling Based Approaches in Drug Development ................................................... 5 

Pharmacokinetics and Pharmacodynamics (PK/PD) models ...................................... 7 

Physiologically-based pharmacokinetic (PBPK) models ............................................ 8 

Advanced Compartmental Absorption and Transit (ACAT) Model ......................... 10 

Oral Cavity Compartmental Absorption and Transit (OCCAT) Model .................... 11 

CHAPTER 3 ..................................................................................................................... 15 

Abstract ..................................................................................................................................... 15 

Introduction ............................................................................................................... 16 

Materials and Methods .............................................................................................. 19 

Computer Software and Hardware package .............................................................. 19 

Medicinal Chemistry and Molecular Modeling......................................................... 19 

Prediction of the physicochemical and Pharmacokinetic properties ......................... 22 

Verification of prediction of pharmacokinetics of curcumin .................................... 24 

Results and Discussion ........................................................................................................... 25 

Conclusion ................................................................................................................................ 40 

 

TABLE OF CONTENTS (Continued) 

 
 
 
 

 
 
 

PREVIE
W



 
 

iii 
 

 

CHAPTER 4 ..................................................................................................................... 41 

Abstract ..................................................................................................................................... 41 

Introduction .............................................................................................................................. 42 

Materials and Methods ........................................................................................................... 46 

Computer Software and Hardware package .............................................................. 46 

Input parameters for buccal/sublingual formulations ................................................ 46 

Oral Cavity Compartmental Absorption and Transit (OCCATTM) Model ................ 47 

Drug 1: Fentanyl ...................................................................................................................... 49 

Drug 2: Buprenorphine (BNP) .............................................................................................. 51 

Drug 3: Nicotine ...................................................................................................................... 53 

Drug 4: Miconazole ................................................................................................................ 55 

Drug 5: Nitroglycerine ............................................................................................................ 58 

Drug 6: Rizatriptan .................................................................................................................. 60 

Drug 7: Testosterone ............................................................................................................... 63 

Results ....................................................................................................................................... 65 

Input Parameters used in the Model .......................................................................... 65 

Simulation of the Plasma Concentration-Time Profiles for Buccal/Sublingual 

Fentanyl ..................................................................................................................... 65 

Simulation of the Plasma Concentration-Time Profiles for Buccal/Sublingual BNP 72 

Simulation of the Plasma Concentration-Time Profiles for sublingual Nicotine ...... 73 

Simulation of the Plasma Concentration-Time Profiles for buccal miconazole ....... 75 

Simulation of the Plasma Concentration-Time Profiles for sublingual nitroglycerine

 ................................................................................................................................... 77 

Simulation of the Plasma Concentration-Time Profiles for sublingual Rizaptritan .. 78 

Simulation of the Plasma Concentration-Time Profiles for sublingual testosterone . 80 

Discussion ................................................................................................................................ 82 

Conclusion ................................................................................................................................ 85 

 

TABLE OF CONTENTS (Continued) 

 

 

 
 
 
 

 
 
 

PREVIE
W



 
 

iv 
 

CHAPTER 5 ..................................................................................................................... 86 

Abstract ..................................................................................................................................... 86 

Introduction .............................................................................................................................. 87 

Materials & Methods .............................................................................................................. 89 

Computer Software and Hardware package .............................................................. 89 

Advance Compartmental Absorption and Transit (ACATTM) Model ....................... 90 

Simulation Approach ................................................................................................. 91 

Results ....................................................................................................................................... 93 

Discussion ................................................................................................................................ 94 

Conclusion ................................................................................................................................ 98 

CHAPTER 6 ................................................................................................................... 100 

Abstract ................................................................................................................................... 100 

Introduction ............................................................................................................................ 101 

Materials and Methods ......................................................................................................... 102 

Computer Software and Hardware package ............................................................ 102 

Advance Compartmental Absorption and Transit (ACATTM) Model ..................... 102 

Simulation Approach ............................................................................................... 103 

Results ..................................................................................................................................... 103 

Discussion .............................................................................................................................. 105 

Conclusion .............................................................................................................................. 106 

CHAPTER 7 ................................................................................................................................ 107 

SUMMARY AND CONCLUSION ........................................................................................ 107 

BIBLIOGRAPHY ........................................................................................................................ 112 

 

 
 
 
 

 
 
 

PREVIE
W



 
 

v 
 

 

 

 

LIST OF FIGURES 

Figure 1. Chemical Structure of Curcumin 

Figure 2. simple pharmacophore model of curcumin that divides the structure into three 

regions. 

Figure 3. Five compounds were examined.  Compounds 2 and 3 have the aromatic 

electron density (Region 3) replaced with the OH group of a carboxylic acid, whereas 

compound 4 replaces the aromatic electron density with a methyl group. 

Figure 4. Compounds 1-5 have been energy-minimized using 3-21G aligned using the 

pharmacophoric centers.  Curcumin is in its enol tautomeric form 

Figure 5. Published and Simulated Pharmacokinetic profiles of Curcumin 

Figure 6. Published (Vasisht, Gever et al. 2010) and simulated PK profiles for 0.2mg 

dose of fentanyl 

Figure 7.  Published (Kuhlman, Lalani et al. 1996) and simulated PK profiles for 1.2mg 

dose of buprenorphine 

Figure 8. Published (Molander, Hansson et al. 2000) and simulated PK profiles for 1.9mg 

dose of Nicotine 

 

LIST OF FIGURES(Continued) 

 

 
 
 
 

 
 
 

PREVIE
W



 
 

vi 
 

Figure 9. Published (Lewi, Boelaert et al. 1976) and simulated PK profiles for 522mg 

dose for miconazole 

Figure 10. Published (Lewi, Boelaert et al. 1976) and simulated PK profiles for 0.1mg 

dose for Nitroglycerine 

Figure 11. Published (Lee, Ermlich et al. 1998) and simulated PK profiles for 0.5, 1.0, 2.5 

and 5mg dose for rizatriptan 

Figure 12. Simulated PK profiles for 0.3mg dose testosterone 

Figure 13. Buccal Published (Darwish, Kirby et al. 2006) and Simulated PK profiles for 

fentanyl multiple doses at hold time=5minutes 

Figure 14. Buccal Published and Simulated PK profiles for fentanyl multiple doses at 

hold time=10minutes 

Figure 15. Buccal Published and Simulated PK profiles for fentanyl multiple doses at 

hold time=15minutes 

Figure 16. Sublingual Published (Lennernäs, Hedner et al. 2005) and Simulated PK 

profiles for fentanyl multiple doses 

Figure 17. Sublingual and buccal published(Kuhlman, Lalani et al. 1996) and simulated 

PK profiles for BNP doses 

Figure 18. Published (Molander and Lunell 2001) and simulated PK profiles for 

sublingual nicotine 

Figure 19. Buccal simulated PK profiles for 50mg and 100mg of miconazole 

Figure 20. Sublingual published (Kwon, Green et al. 1992; Curry, Lopez et al. 1993) and 

simulated PK profiles of nitroglycerine 

LIST OF FIGURES(Continued) 

 
 
 
 

 
 
 

PREVIE
W



 
 

vii 
 

Figure 21. Sublingual published and simulated PK profiles of rizatriptan 

Figure 22. Sublingual published (Bloemers, Rooij et al. 2016) and simulated PK profile 

for testosterone 

Figure 23. Structure of Tenofovir disproxil fumarate 

Figure 24. Sturcture of Tenofovir 

Figure 25. Schematic Diagram of steps for the simulations 

Figure 26. Simulated PK profile for TDF in plasma concentration-time profile 

Figure 27. Simulated PK Profiles for TDF and TFV 

Figure 28. Published and simulated PK profiles for 75mg dose simulation 

Figure 29. Published and simulated PK profiles for 150mg dose simulation 

Figure 30. Published and simulated PK profiles for 600mg dose simulation 

Figure 31. Structure of 4-benzylpiperidine 

Figure 32. Methabolite Pathway of 4-Benzylpipridine 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 
 
 

PREVIE
W



 
 

viii 
 

 

 

 

LIST OF TABLES 

 

Table 1. Relative Energy (kcal/mol) calculations 

Table 2. Observed and simulated Physicochemical and Pharmacokinetics properties of 

Curcumin 

Table 3. Simulated physicochemical and pharmacokinetics parameters of curcumin and 

derivatives. 

Table 4. Default physiological parameters of the OCCAT Model (Xia, Yang et al. 2015) 

Table 5. Marketed buccal and sublingual formulations for the simulation 

Table 6. Summary of input parameters used in the simulations of fentanyl 

Table 7. IV Published (Vasisht, Gever et al. 2010) and simulated PK properties for 0.2mg 

of fentanyl 

Table 8. Summary of input parameters used in the simulations of BNP 

Table 9. Published (Kuhlman, Lalani et al. 1996) and simulated PK properties for 1.2mg 

of buprenorphine 

Table 10. Summary of input parameters used in the simulations of nicotine 

Table 12. Summary of input parameters used in the simulations of miconazole 

 

LIST OF TABLES (Continued) 

 
 
 
 

 
 
 

PREVIE
W



 
 

ix 
 

 

Table 13. Published (Lewi, Boelaert et al. 1976) and simulated PK properties for 522mg 

of miconazole 

Table 14. Summary of input parameters used in the simulations of Nitroglycerin 

Table 15. Published (Lewi, Boelaert et al. 1976) and simulated PK properties for 0.1mg 

for Nitroglycerine 

Table 16. Summary of input parameters used in the simulations of Rizatriptan 

Table 17. Published (Lee, Ermlich et al. 1998) and simulated PK properties for 0.5, 1.0, 

2.5 and 5mg dose for rizatriptan 

Table 18. Summary of input parameters used in the simulations of testosterone 

Table 19. Published (White, Ferraro-Borgida et al. 1998) and simulated PK properties for 

0.3mg for testosterone 

Table 20. Buccal published (Darwish, Kirby et al. 2006) and simulated PK properties for 

multiple doses of fentanyl 

Table 21. Sublingual published (Lennernäs, Hedner et al. 2005) and simulated PK 

properties for multiple doses of fentanyl 

Table 22. Published (Kuhlman, Lalani et al. 1996) and Simulated PK properties for 

buccal and sublingual BNP 

Table 23. Published (Molander and Lunell 2001) and simulated PK parameter properties 

for sublingual nicotine 

Table 24. Buccal PK properties for 50mg and 100mg of miconazole 

 

LIST OF TABLES (Continued) 

 

 
 
 
 

 
 
 

PREVIE
W



 
 

x 
 

Table 25. Sublingual published and simulated PK properties of Nitroglycerine 

Table 26. Sublingual published and simulated PK properties of rizatriptan for males and 

females with different CL published values 

Table 27. Sublingual published (Bloemers, Rooij et al. 2016) and simulated PK 

properties of testosterone 

Table 28. Published and simulated physicochemical parameters for TDF 

Table 29. Published and simulated PK parameters for TDF 

Table 30. Predicted Physiochemical Propeties  by ADMET Predictor® 

Table 31. Methabolites, locations, values for Vmax, Km, intrinsic clearance and % 

intrinsic clearance of 4-Benzylpipridine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 

 
 
 

PREVIE
W



 
 

xi 
 

 

 

ABSTRACT 

Physiologically based pharmacokinetic (PBPK) modeling and simulation 

techniques have been adopted in the pharmaceutical industry to aid in compound 

selection and dosage form development in recent years.  This is a result of easier access 

to computers and advanced knowledge of species physiology. The mechanistic modeling 

approach utilizes the compound’s physiochemical properties, formulation related factors, 

route of administration and species physiology in order to predict the concentration-time 

profile in plasma and tissues.  In this dissertation, different predictive and mechanistic 

models (ADMET®, ACAT®, OCCAT® and metabolite tracking approaches in 

Gastroplus®) were applied to simulate the concentration time profiles of various 

compounds.   

We applied mechanistic modeling techniques to predict the concentration-time 

profiles of curcumin and its analogs in order to identify potential drug candidates for 

future preclinical and clinical studies.  An in silico based absorption, distribution, 

metabolism, excretion and toxicity (ADMET) prediction tool in Gastroplus® (version 8.5, 

Simulations Plus, Inc., Lancaster, CA, USA) was utilized. For this purpose, we 

performed model qualifications by comparing the simulated pharmacokinetics data of 

pure curcumin and compared to the observed data from literature.  Curcumin analogues 

and other compounds that showed higher potential for oral absorption were selected for 

further study.  In our second project, we evaluated the predictability of the new oral 
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cavity compartmental absorption and transit (OCCAT®) model by utilizing commercial 

buccal and sublingual (fentanyl, buprenorphine, nicotine, miconazole, rizaptriptan and 

testosterone) formulations.  The new OCCATTM model was able to simulate the PK 

parameters/profiles of published multiple doses of buccal and sublingual drugs 

administered to healthy and patient population.  Varying degrees of bias was observed for 

all the simulated PK parameter values as compared to the published parameter values for 

the compounds tested based on the computed % predictability error.   

Although, the new OCCAT model can be used to support the formulation 

development and regulatory decisions, its applicability and the predictability for specific 

drug needs to be adequately qualified.  In another project, we conducted mechanistic 

analysis to track the metabolites of tenofovir disoproxil fumarate (TDF) using PBPK 

modeling.  The main goal of the project was to track the pharmacokinetics of a prodrug, 

tenofovir disoproxil fumarate (TDF) and its parent drug, tenofovir.  Finally, the 

mechanistic modeling approach was utilized to simulate the disposition, including 

potential metabolic pathways of 4-benzylpiperidine based on its predicted 

physiochemical properties.
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CHAPTER 1 

INTRODUCTION 

The high cost of drug discovery process and the low success in drug approval rate 

defined as a “growing crises” by the FDA have increased over the years (Zhang et al 

2006).   These crises have demanded for new approaches to improve efficiency in 

developing safe and efficacious drugs.   Model-based drug development (MBDD) has 

been considered as a great tool to attenuate these difficulties.  MBDD is a quantitative 

technique which comprises utilizing exposure-response models, pharmacometric models 

and disease models to support drug discovery process.  The main focus of MBDD is to 

construct mathematical models in order to define the input-output relationship within 

disease and drug models for knowledge assessments and to support decision making 

process.  One example of MBDD approaches is the utilization of physiologically based 

pharmacokinetic (PBPK).   

The United States Food and Drug Administration (USFDA) and other regulatory 

agencies have encouraged the utility of physiologically based pharmacokinetic (PBPK) 

modeling and simulation methodologies in compound and dosage form selection and 

development (Zhao, Zhang et al. 2011; Wagner, Zhao et al. 2015). PBPK modeling and 

simulation is a mechanistic approach which can aid in simulating the pharmacokinetics 
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(PK) of drugs in different species (human and animals), including the effect of intrinsic 

and extrinsic properties relating to drug’s absorption, distribution, metabolism, and 

excretion (ADME) (Zhang et al. 2011).  The PBPK modeling and simulation technique is 

mainly based on the physiochemical properties of the drug, the formulation, species 

physiology and route of administration.  Similar to empirical compartmental models, 

PBPK models are characterized by differential equations with specific species physiology 

for parameterization based on mechanistic structure in order to simulate the PK of a drug. 

PBPK models depend on drug model and system components.  The drug dependent 

components include the physicochemical properties such as the solubility, permeability, 

log P and pKa.  The system components include organ weight and blood flows to 

different tissues.   

In building the PBPK models, intrinsic (such as age, race, disease state, gender, 

genetics and pregnancy/lactation) and extrinsic factors (such as drug-drug interactions, 

medical practices, diet, smoking and alcohol) are considered. The components are 

separated where mechanistic models are built to investigate the impact of intrinsic and 

extrinsic factors on the system. Recently, due to the simulation power of this mechanistic 

modeling methodology, many pharmaceutical companies have adopted the PBPK 

approach to assist with formulations and dosage form selections in recent years (Peters, 

Ungell et al. 2009).  In this dissertation, we utilized mechanistic modeling methods to 

understand physicochemical properties, oral absorption potential, parent-metabolite 

tracking of a prodrug, prediction of buccal and sublingual absorption of drugs and 

prediction of metabolic liability for various drug compounds.  We applied the advanced 

compartmental absorption and transit (ACAT) module to predict the PK profile of 
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curcumin and its analogs. Different curcumin analogs were designed by Dr. Bowen’s 

group at the Center for Drug Design, Mercer University College of Pharmacy.  The main 

objective was to identify the curcumin analogs which may be potential oncology drug 

candidates for future preclinical and clinical studies based on absorption, distribution, 

metabolism, excretion and toxicity (ADMET) predictions using Gastroplus®.  The 

physicochemical properties such as pKa, log D, solubility and permeability were 

computed by ADMET predictor® module for the analogs of curcumin.   The intrinsic 

clearance for the curcumin analogs were unknown and bioavailability could not be 

determined after oral administration.  However, the fraction absorbed (Fa %) for each 

analogs of curcumin was estimated.   

This activity was qualified by comparing simulated PK profile of curcumin to 

published data. We utilized metabolite tracking approach to predict tenofovir prodrug 

concentrations in plasma. TDF was an ester prodrug of tenofovir and get cleaved to 

tenofovir in plasma.   The half-life of this conversion was very rapid (<5 min) as reported 

in the FDA (www.accessdata.fda.gov) drug label and no prodrug concentrations had been 

reported in plasma to the best of our knowledge.  Therefore, we utilized ACAT model in 

Gastroplus to predict the oral absorption of TDF into plasma and using metabolite 

tracking methods, conversion to tenofovir and pharmacokinetic profiles of both TDF and 

TFV were simulated using Gastroplus®.  

We tested the predictability of the new oral cavity compartmental absorption and transit 

(OCCAT) model to predict PK profiles of various drug molecules that are commercially 

available as buccal/sublingual formulations and compare to the published data.  

Pharmacokinetic data from commercial buccal/sublingual formulations of fentanyl, 
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buprenorphine, nicotine, nitroglycerine, testosterone and rizatriptan were applied for this 

evaluation.    

Furthermore, we applied bottom-up modeling approach to predict the 

concentration-time profiles of 4-benzylpiperidine.  This medication is currently under 

pre-clinical study as potential medication intervention for the treatment of cocaine 

addiction.  In a previous study, trained rhesus monkeys discriminated between 0.4 mg/kg 

cocaine and saline when administered intramuscularly with monoamine releasers 

producing a dose- and time-dependent substitution for cocaine (Negus, Baumann et al. 

2009).  The study showed that 4-benzylpiperidine had the most rapid onset compared to 

other tested drugs such as phenmetrazine and benzylpiperazine. (Negus et al 2009).  

While 4-benzylpiperidine showed promise, there are currently no publications addressing 

the absorption, distribution, metabolism and excretion (ADME).   

 

 The specific aims of this dissertation were: 

1. To predict the oral absorption of curcumin and its analogs using Gastroplus® 

2. To track kinetics of tenofovir and its prodrug using metabolite module in 

Gastroplus® 

3. To test the predictability of the new oral cavity compartmental absorption and 

transit (OCCAT®) model using commercial buccal/sublingual formulations. 

4. To apply physiologically based pharmacokinetic (PBPK) modeling approach to 

simulate the pharmacokinetic and  profile of 4-benzylpiperidine using both the 

oral and transdermal 
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CHAPTER 2 

LITERATURE REVIEW 

The attrition rate during drug development processes still remains a challenge in 

the pharmaceutical industries over a many years (Zhang et.al 2008).  It is mostly crucial 

to understand the desirable and undesirable effects of a drug as related to its 

concentration at various sites of action, usually related to the blood or tissue 

concentration of the drug (Peters 2012).  The desired dose that produces blood and tissue 

concentrations is determined by the absorption, distribution, metabolism, and excretion 

(ADME) properties of the drug.  Modeling and simulation have been adopted as a useful 

tool to support drug discovery and formulation developments.  The approach of model-

based drug development (MBDD) is an outcome of “learn-confirm paradigm” concept 

postulated by Lewis Sheiner in 1997 (Sheiner et al 1997).   

There are several mathematical and statistical models utilized based on the nature 

of drug development question.  The models utilized in this project include quantitative 

structure-activity relationships (QSAR) models, pharmacokinetics and 

pharmacodynamics (PK/PD) models, various physiologically-based pharmacokinetic 

(PBPK) models such as advanced compartmental absorption and transit (ACAT) model 

and oral cavity compartmental absorption and transit (OCCAT) model. Quantitative 

structure-activity relationships (QSAR) 
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QSAR models have been utilized as an advance computational predictive tools for 

simulating the physicochemical and metabolic properties of compounds based on their 

chemical structures in drug discovery for many years (Cherkasov, Muratov et al. 2014). 

The QSAR model utilizes chemometric techniques in order to determine statistical 

correlation for compounds based on their structure design and functional units (Peters 

2012; Cherkasov, Muratov et al. 2014).  Their predictive capabilities are dependent on 

specific training set of the chemical space of physicochemical properties and biological 

activities based on chemical structures of the compounds incorporated.  Since the 

nineteenth century, many QSAR techniques have been reported in literature.  For 

example, Crum-Brown and Fraser et al 1868 applied the QSAR methodology to 

determine if there is a correlation between chemical composition and physiological 

characteristics of chemical substance.   

The main emphasis of their work was on the physiological effects of salts derived 

from ammonium bases such as Strychnia, Brucia, Thebaia, Codeia, Morphia, and Nicotia. 

Similarly, Mills et al 1884 simulated the boiling and melting points for compounds in the 

same series with a developed QSAR model.  The results were accurate with a degree (C 

or F) margin. Furthermore, Heritage and Lowis et al. 1997 utilized QSAR approach along 

with new technique called Hologram built in specialized fragment fingerprint for 

simulating biological properties of compounds.  The new Hologram utilized bin 

occupancies as atomic descriptors for predicting the best architectures for 

compoundincorporated.  The methodology have been applied for simulating the 

nonproprietary data of compounds such as logPow, in both explanatory and predictive 

modes.   
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This approach has been utilized in other research projects for demonstrating its 

utility to a wide range of data from biological systems.  Currently, QSAR techniques are 

mostly applicable in the pharmaceutical industries for predicting biological properties of 

untested and optimize lead compounds.  

Pharmacokinetics and Pharmacodynamics (PK/PD) models 

PK/PD models are applied in all stages of drug discovery (Zhao, Zhang et al. 

2011).  PK models are mainly applied to predict the compound’s absorption, distribution, 

metabolism and excretion in the body.  PK models utilize set of parameters (CL, Vd, Ka 

and K) to characterize drug disposition in the body (Peters, Ungell et al. 2009).  The 

complex drug disposition in body is generalized into one, two and three compartments 

models regarding the plasma as the central compartment.  The PK model structures as 

well as the estimated parameter are derived by data driven approach. PK models are 

linked with the PD models to describe exposure dose-response relationship (Duwal, 

Schütte et al. 2012).   

It is mostly applied in conjunction with allometric scaling and physiological 

models in order to extrapolate the results from animal studies to man (Negus, Baumann et 

al. 2009).  Simulated dose proportionality studies can also be performed using the PK/PD 

models. Pharmacokinetic parameters (CL, Vd, Ka and K) are generally estimated by 

nonlinear regression programs by fitting different compartment models to the observed 

data. The best fit and final models are selected based on defined statistical criterion (Xia, 

Yang et al. 2015). 
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Physiologically-based pharmacokinetic (PBPK) models 

PBPK models are mechanistic approach to predict the concentration-time profiles 

both in plasma and in tissues. The model applies differential equations with specific 

species physiological parameters as well as physicochemical parameters to evaluate the 

PK of a drug when administered through specific route. The models trace the schematic 

complexity of drug transport into realistic physiological compartments such as the 

tissues, organs and organ systems (Jones and Rowland‐Yeo 2013).  In other words, PBPK 

models deal with the specific anatomy and physiology of species involved not depending 

on the drug information or data.  Although, PBPK model concepts have been known 

earlier but they have not been applied due lack of unavailability in computing resources 

and the existence physiological data (Peters 2012; Jones and Rowland‐Yeo 2013).  PBPK 

models depend on drug model and system components.  The drug depended components 

include the physicochemical properties such as the solubility, permeability, log P and 

pKa.  The system components include organ weight and blood flows into different 

tissues.   

Earlier in 1937 and 1971, Teorell and Bischoff first applied the techniques to 

characterize the multi-compartmental PK model describe the PK of a drug by 

incorporating physiological parameters analysis using physiological parameters (Teorell 

1937; Bischoff, Dedrick et al. 1971; Peters 2012; Jones and Rowland‐Yeo 2013).  

Professor Teorell derived differential equations in order to characterize drug’s 

pharmacokinetic properties in plasma and tissues. His work had been considered as 

rudimentary one but the ability to derive formulas to describe the concentration- time 

profiles in blood and tissues cement the fundamentals of PBPK models.  Previously, 
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