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ABSTRACT
Density Functional Theory (DFT) is a Quantum Mechanical Method (QMM) which got great attention and widely 

used method for drug designing process in the past years. Now it is consider as most competent method for the 

pharmaceutical studies. DFT is use to describe biological and molecular systems in a very less cost and with high 

accuracy. Applications of DFT in drug design are discussed in this paper in detail. Overview of importance of DFT in 

drug design, accuracy and recent role of DFT in COVID-19 has been discussed. The conclusion of all sections has 

been presented in the end of paper.

Keywords: Density functional theory; Quantum mechanical method; Biological system; Molecular system; 

Drug design

ABBREVIATION
DFT: Density Functional Theory; QMM: Quantum Mechanical
Method; CAMD: Computer Aided Molecular Design; CI:
Configuration Interaction; MPn: Moller-Plesset Perturbation
Theory; LDA: Local Density Approximation; GGA: Generalized
Gradient Approximation; HF: Hatree Fock.

INTRODUCTION
Researchers required much development in the field of
medicinal and drug chemistry; experimental methods that were
using in drug design are expensive, time consuming and provide
limited information. The researchers put their interest in the
development of new computational methods in the field of drug
design. In biological system when works at quantum mechanical
level, there is a need of a method which provides us wide and
useful information in limited time. Computer Aided Molecular
Design (CAMD) becomes most attractive in drug design process.
CAMD used molecular mechanics method to solve the problems
in drug design but some deficiencies came in MM method when
it is used to study electron based properties. In Hatree-Fock (HF)
method [1-4], electron co-relation is excluded and this method is
also unable to describe precisely some properties. Configuration
Interaction (CI) and Moller-Plesset Perturbation theory (MPn)
[5-7] both included electron co-relation but are costly. Density

Functional Theory is a Quantum Mechanical Method (QMM)
which is considered as one of most efficient and excellent
method for drug design process. This computational method is
taking less time and least costly as compare to other
computational methods. The paper presents the importance of
DFT and its applications in drug design. Initially an
introduction is made. Next, accuracy of DFT some drug design
will be discussed. Some antibiotic drug design for some diseases
will be discussed. The whole summary of paper will be discussed
at the end.

LITERATURE REVIEW

Density Functional Theory (DFT)

In drug design and medicinal chemistry, DFT is considering as
most efficient and significant method. In DFT, firstly we have to
determine an important property that is electronic density ρ. By
using electronic density ρ, we can determine easily ground
energy state and all other properties of molecules [8]. Ground
energy state is a function of electronic density ρ which is used to
map a function to a value and describe by the equation 1. A
functional is expressed by square brackets in equation 1 [9].

E0 [ρ]=V[ρ]+T[ρ]+EXC[ρ] (1)
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and found as antibiotic drug for cancer treatment. Artemisinin
drug is strong antidrug for malaria disease. Derivatives and
analogs of nucleic acid base is strongly use as antileukemic drug.
A DFT calculation of zinc proteinases shows that this can be
used as anticancer, antitumor and for cardiovascular diseases.
Amino acids and proteins are strongly use in drug designing
system as antibiotic. DFT calculations of sugars got great
attention, carbohydrates are important for living organisms.
Organic-metals compounds are usually use for antitumor drugs.

DFT accuracy for the analysis of drug properties

DFT accuracy is study in detail for the molecular properties. The
accuracy of DFT for the study of diverse molecular properties is
limited for specific functional as hybrid functional is consider
better than other approaches such as GGA or LDA approaches.
An estimated accuracy of DFT for B3LYP is shown in Table 1.
Hybrid functional B3LYP is widely used [17,18].

Properties Estimated accuracy Recommended 
calculation of DFT 
for

Atomization energies 2.2 kcal-mol-1 No

Transition Barriers 1 kcal-mol-1 Yes

Geometry Bond angle=0.20

Bond length=0.005 Å

Yes

I.E and A.E 0.2 eV Yes

Metal-ligand bond

Ionic, Covalent and
H-Bonding

4-5 kcal-mol-1

1-2 kcal-mol-1

Yes

Yes

Metal reaction
pathway transition

5 kcal-mol-1 Yes

Relative energy
conformational

1 kcal-mol-1 Yes

Charge transfer, Ion-
dipole and
interaction of hydro-
phobic

1-2 kcal-mol-1 No

Table 1: Estimated DFT accuracy using B3LYP functional for 
molecular drug properties.

DFT applications in drug design

There are number of applications which are currently discussed 
using DFT in the study of drug like molecules as well as its 
properties. DFT has wide importance in field of drug design. 
Few applications showing the role and importance of DFT are 
being reviewed.

Modeling of interaction of receptor and drug

DFT is nowadays widely used for drug designing because of its 
role in studying properties of drugs and also their interaction
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The above equation of functional ground energy state E0 [ρ] 
consists of three terms; first one V[ρ] tells interactions between 
distribution electrons and interaction of coulomb as well as 
nuclei and electrons interaction. The second term T[ρ] tells total 
energy of the system in which Kinetic and potential both 
included. The last term EXC[ρ] tells the effects of both exchange 
and correlation i.e., exchange correlation energy. DFT would be 
accurate method if the third term becomes known as other first 
two terms are known. This is reason why DFT is considered as 
approximation method because we use approximation value of 
EXC [ρ]. There are three types of approximations first one is 
hybrid functional second one is Local Density Approximation 
(LDA) and third is Generalized Gradient Approximation 
(GGA). Functional chooses any one of these approximation and 
there is no alternate method to enhance the calculations of 
accuracy of DFT. For each application, individual functional 
accuracy is calculated. Despite of this fact, DFT method is still 
most extensively used for the calculation of electronic structures 
of molecules because of its high efficiency and accuracy. 
Electron density is used in the replacement of complex wave-
function and Schrödinger equation due to which electronic 
structures of bigger size molecules easily calculated through DFT 
as compared to other methods i.e., HF, MPn and CI.

DFT study for COVID-19 and common diseases

COVID-19 is horrible pandemic occur in all over the countries. 
There is not any country that becomes safe from this pandemic. 
Millions of people have died due to this infection and this 
directly affects the immunity system of human being. Immunity 
always plays a vital role to protect us from this pathogenic 
infection. There are no promising drugs available in drug market 
to cure the patient from this kind of infection. DFT calculations 
are considered effective due to its efficiency and accuracy [10]. 
Studied 20 amino acids by using DFT and found arginine as a 
best immunity booster. They found amino acids are not toxic 
and these are used to give energy in body by making cells, 
protecting cells and others [11]. Studied lethal mutagenesis and 
tautomers in HIV and Corona virus by using TD-DFT and 
predicted efficient and precise [12] investigate the ability of four 
derivatives of ferrocence for anti-corona diseases by using 
quantum chemical and molecular docking [13,14]. Using DFT 
calculations to study structural properties of tetrazole and found 
this highly stable and docking calculation predict that 4-g 
compound exhibit excellent biological properties and best as 
anticovid-19 drug. DFT study of new type of compound Co (II), 
Zn (II) 2-cholorobenzoate with complexes of 3-cyanopyridine 
found best for anti-corona disease. The materials that are 
currently used in medicine such as in drug design are discussed 
in this section [15]. Formed novel compound Vanillin isoniazid 
(VAN-INH) by cocrystallization process and also formed two 
others compounds such as VAN-NIC and VAN-INM. These 
compounds have improved solubility and dissolution rate so 
that they gave new path for the development and improve the 
rate of production of natural drug. Vanillin has less 
bioavailability due its less solubility and it became expensive in 
medicine, optoelectronics and food application [16]. DFT 
suggests enediyne drug can be used for anticancer and 
antitumor. Bleomycin drug properties calculated by using 
DFT
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with their receptors. Drugs are designed on the basis of their 
receptors, which bind only specific type of drugs. It is a ligand 
gated system in which when a drug which is our ligand when 
binds with its specific receptors on the cell membrane or target 
cell, specific gates open and drug enters the cell. In order to 
facilitate this study DFT is widely used. Number of examples is 
found in previous papers in which interaction of potential 
target-drug is studied [19-26].

Modeling of organometallic drug

Organometallic drugs are part of biological systems. Their study 
is being carried out efficiently by DFT. Furthermore, DFT is 
used to make metal containing system that is used to study 
inorganic therapeutics. DFT helps to know the structure of drug 
molecule and drug design. However appropriate method of DFT 
is essential for studying properties of specific drug [27-38].

Modeling of mechanism of action of drug

Using DFT we become able to replicate the transition state 
between potential drugs and their receptors. By constructing the 
transition state, it became easy to decrease the activation barrier 
by enzymes. For this purpose, we developed mechanism based 
inhibitors using DFT which serve to replicate the transition state 
[38]. Also study of neuraminidases aid us in such a development 
of transition state inhibitors [39-43]. Hence, DFT aided us in 
understanding drug action mechanism modeling [44,45].

DISCUSSION AND CONCLUSION
Nowadays, DFT is considering a convenient method in drug 
design. DFT is use to describe biological and molecular systems 
in a very less cost and with high accuracy. In this paper, we 
discussed the detail introduction of DFT and applications of 
DFT in drug design and concluded that DFT helps to know the 
structure of drug molecule and drug design. The accuracy of 
DFT for the study of diverse molecular properties is limited for 
specific functional as hybrid functional is consider better than 
other approaches such as GGA or LDA approaches. There are 
three types of approximations first one is hybrid functional 
second one is Local Density Approximation (LDA) and third is 
Generalized Gradient Approximation (GGA). Functional 
chooses any one of these approximation and there is no 
alternate method to enhance the calculations of accuracy of 
DFT. In this paper, recent DFT calculations for COVID-19 are 
discussed. DFT Applications and accuracy for the drug 
properties are explained.
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