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1.1  What Is Computational Pharmaceutics?

It is a given that active pharmaceutical ingredients (APIs) should be made into safe and 
effective dosage forms or formulations before administration to patients. Pharmaceutics 
is the discipline to make an API into the proper dosage form or medicine, which may 
then be safely and effectively used by patients [1]. Pharmaceutics also relates to the 
absorption, distribution, metabolism, and excretion of medicines in the body. Branches 
of pharmaceutics include formulation development, pharmaceutical manufacture and 
associated technologies, dispersing pharmacy, physical pharmacy, pharmacokinetics, 
and biopharmaceutics [1–4]. Today there are various dosage forms, such as tablets, 
capsules, solutions, suspensions, creams, inhalations, patches, and recently nanomedicines 
(e.g., liposomes, nanoparticles, nanopatches). Although numerous new techniques have 
been developed for the form of dosage, current development of drug formulations still 
strongly relies on personal experience of pharmaceutical scientists by trial and error in 
the laboratory [1]. The process of formulation development is laborious, time‐
consuming, and costly. Therefore, the simplification of formulation development becomes 
more and more important in pharmaceutical research. Computational pharmaceutics 
involves the application of computational modeling to drug delivery and pharmaceutical 
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2 Computational Pharmaceutics

nanotechnology. In combination with existing branches of pharmaceutics, it offers 
rapidly growing potential for developing rational, deductive and knowledge‐based 
strategies in pharmaceutics.

With stunningly rapid advances in hardware, theory and software algorithms, com-
puter simulation is now able to model complex systems, which may be difficult, 
costly, or even impractical to measure or monitor directly by experiment [5, 6]. The 
first example of computer modeling was the simulation of the nuclear bomb process 
in the Manhattan Project, World War II. With the development of high performance 
computing, multiscale modeling techniques have been widely pursued, from quantum 
mechanics (QM) and molecular dynamics (MDs) to stochastic Monte Carlo methods, 
coarse grained dynamics, discrete element methods (DEMs), finite element methods 
as well as advanced analytical modeling. In principle, all properties of all systems are 
able to be described by QM. However, first principle calculations are limited to small 
systems, <1000 atoms, which is impractical for solving applications of large mole-
cules or systems [5, 6]. MD simulations mimic the physical motion of atoms and mol-
ecules under Newton’s laws of physics, which is applicable to larger systems 
containing millions of atoms [5, 6]. MD simulation is based on molecular mechanics, 
which models the interactions between atoms with force fields. Monte Carlo (MC) 
simulation uses the same empirical force field as MD simulation. However, MC sim-
ulation features playing and recording the results in casino‐like conditions by repeated 
random sampling [5, 6]. Thus, unlike MD simulation, MC simulation cannot offer 
dynamical information with time evolution of the system in a form suitable for view-
ing. MC methods are especially useful for modeling systems with significant uncer-
tainty and high degrees of freedom, such as polymer chains and protein membranes. 
For much larger systems, coarse‐grain models do further classical approximations 
by  treating functional groups as rigid bodies of constrained particles [5,  6]. The 
DEM is one of the numerical methods for computing the motion and effect of a 
large number of small particles, which is widely used in the pharmaceutical process 
and manufacturing [5, 6].

In the past three decades, the application of computational modeling approaches in 
the field of drug design (e.g., QSAR, ligand docking) has been intensively developed 
to the point of being a mature field [7]. Pharmaceutical research is, however, a far 
broader field than drug design alone. Proceeding beyond drug design, the application 
of computational modeling to drug delivery and pharmaceutical nanotechnology, com-
putational pharmaceutics, is a very new field with great potential for growth [8]. As 
shown in Figure 1.1, computational pharmaceutics has the ability to provide multiscale 
lenses to pharmaceutical scientists, revealing mechanistic details ranging across the 
chemical reactions of small drug molecules, proteins, nucleic acids, nanoparticles, and 
powders with the human body. The aim of this book is to provide a contemporary over-
view of the application of computational modeling techniques to problems relating to 
pharmaceutics (drug delivery and formulation development) that will be of great rele-
vance for pharmaceutical scientists and computational chemists in both industry and 
academia. Contributions from leading researchers cover both computational modeling 
methodologies and various examples where these methods have been applied successfully 
in this field.
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1.2  Application of Computational Pharmaceutics

Polymorphism of small drug molecules (e.g., crystal, hydrate, solvate, salt, cocrystal) 
plays a very important role in pharmaceutical research because it greatly influences the 
dissolution behavior and the bioavailability of pharmaceutical products. Thus, crystal 
structure prediction (CSP) methods have gained wide attention from pharmaceutical scien-
tists. Chapter 2 discusses the general principles of CSP and recent progress in solid form 
screening by the crystal energy landscape method.

Cyclodextrins are a family of cyclic oligosaccharides, which are widely used in drug 
delivery and formulations for the solubilization of poorly soluble drugs. In Chapter 3, the 
physicochemical principles of cyclodextrin/drug complexation, experimental characteriza-
tion and recent theoretical progress of drug/cyclodextrin modeling are discussed.

Polymeric‐based micellar vehicles have been widely used in pharmaceutics for the 
delivery of both hydrophilic and lipophilic drugs. Multiscale modeling for polymeric‐based 
vehicles for drug delivery is discussed in Chapter  4, including different computational 
approaches, micellar self‐assembly and stability, the interaction of Taxol with model cel-
lular membranes, and Taxol–tubulin association.

Solid dispersion refers to the dispersion of drug molecules in carriers in a solid state, 
prepared by the hot melting method. Poor physical stability has strongly hindered the com-
mercialization of this technique. Chapter 5 discusses the possible molecular structure of 
amorphous solid dispersions and the mechanism of physical stability of this technology.

Biological lipid membranes are the key to drug absorption and bioavailability. Liposomes, 
artificially prepared vesicles with a phospholipid bilayer, are widely employed in drug 
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Figure 1.1  Application of computational pharmaceutics.
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delivery for cancer and other diseases. Chapter 6 reviews the theoretical progress of lipid 
membrane models, small‐molecular uptake and permeation across lipid membranes, 
nanoparticle–membrane interaction, and the mechanism of chemical penetration enhancers.

Protein/peptide drugs are becoming increasingly important in the pharmaceutical market. 
However, the development of stable and effective formulations for biopharmaceuticals is still 
quite challenging for pharmaceutical scientists. Chapter 7 summarizes the diverse modeling 
results on the solution behavior of protein formulation, including protein aggregation path-
ways in liquid formulations, protein‐cosolvent interactions, and protein–protein interactions.

Inorganic nanoparticles had been increasingly utilized for drug/gene delivery in recent 
decades. One of the main advantages of nanoparticle drug delivery systems is the targeting 
effect to specific organs and tissues. Chapter 8 discusses recent progress in computational 
modeling of inorganic nanoparticle drug delivery systems: carbon nanotubes, graphene/
graphene oxide, silica, and gold nanoparticles.

Although the concept of nanodiamonds (diamond nanoparticles) for drug delivery is still in 
its infancy, recently nanodiamonds have been widely studied for bio‐imaging and drug target-
ing for improved chemotherapeutic effect. Chapter 9 reviews the structure of the individual 
nanodiamond, its surface chemistry and interactions, and nanodiamond drug delivery systems.

Layered double hydroxides (LDHs) are composed of nanoscale cationic brucite‐like 
layers and exchangeable interlayer anions. LDH nanoparticles are an efficient drug delivery 
system for anionic chemicals, such as small drug molecules (e.g., methotrexate, heparin) 
and nucleic acids (RNA and DNA). In Chapter 10, different computational approaches are 
discussed to investigate the properties and interactions of LDH/anion systems.

The structure of particles or powders plays an important role in many dosage forms, such 
as tablets, granules, and capsules. However, the microstructure of these dosage forms is 
less well investigated. Chapter 11 reviews the principles of synchrotron radiation‐based 
microtomography (SR‐μCT) and its application to determine the particulate architecture of 
granules, osmotic pump tablets. and HPMC matrix tablets.

Physiology‐based pharmacokinetics plays an important role in pre‐clinical drug development 
and formulation development. Chapter  12 discusses the principles of pharmacokinetic 
modeling and simulation and commercially available models for pharmaceutical scientists.

1.3  Future Prospects

“Today the computer is just as important a tool for chemists as the test tube” (Karplus, 
Levitt, and Warshel, Nobel Prize in Chemistry 2013). Analogous to the paradigm shift of 
drug development in the past three decades by computer‐aided drug design, computational 
pharmaceutics also has great potential to shift the paradigm of drug delivery research in the 
near future [8].
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