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Density functional theory (DFT) calculations were performed to
investigate the features of vitamin B3 (Vit-B3) in oil and water
environments. Two up and down structural conformations were found
based on the orientation of hydrogen atom of attached carboxylic acid
group to pyridine scaffold, in which the up-conformation was found more
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suitable than the down-conformation. The models were stabilized in gas
phases and 1-octanol and water solvents environments to explore the
partition coefficient (LogP) for each conformation. In addition, the
electronic features were investigated based on frontier molecular orbital
levels. The results of this work indicated a higher suitability of formation
for the up-conformation in all three environments and the highest
suitability of formation of both up and down conformations in water
medium. Accordingly, the LogP value was found smaller than one
indicating watery tendency for the models. As a final remark, the structural
and electronic features of Vit-B3 indicated insights into its development for
further applications.
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Introduction

Exploring functions and properties of materials
for biomedical related applications are very
important due to several reasons from drug
design up to other types of therapies and
treatments [1-4]. In this case, both investigating
available compounds and
compounds are very important to be considered
[5-8]. Indeed, varieties of diseases, infections, and
accidents always make the topic of such
biomedical explorations important
regarding the maintenance of human health
system [9-12]. Among those topics, learning
details of such compounds could help to provide
new insights into the development of new
compounds and their prospective applications
[13-16]. Vitamin B3 (Vit-B3) is among those
compounds with significant biological activities
such as an antilipemic drug, a vasodilator agent,
and an antidote [17, 18]. Vit-B3 or nicotinic acid
or niacin with the formula C¢HsNO; (Figure 1) is a
carboxylic acid derivative of pyridine heterocyclic
scaffold, in which it could be available as a single
standing structure or in combination with other
structures [19]. Furthermore, it could work as an
inhibitor against the nicotinamidase enzyme [20].

innovating novel

very

Vit-B3 could be also involved in DNA repairing
process by working as a precursor for
nicotinamide adenine dinucleotide (NAD) and
nicotinamide adenine dinucleotide phosphate
(NADP) [21]. Vit-B3 is indeed a form of vitamin
B3 with dominant roles for maintain the human
health system in lowering low density lipoprotein
(LDL) cholesterol and raising high density

lipoprotein (HDL) cholesterol [22-24]. Naturally,
it could be biosynthesized from the tryptophan
amino acid in plants and animals used as a
dietary supplement [25]. Deficiency of Vit-B3
could lead to appearance of severe effects in
human and supplying additional sources in daily
dietary could overcome on this issue [26-28]. Vit-
B3 has been prescribed as a medication for years.
However, it still shows adverse side effects such
as hepatotoxicity and an increased risk of
diabetes type-II [29]. Accordingly, several efforts
have been dedicated to improve the efficacy and
safety of Vit-B3 consumption [30-32]. In this
regard, analyzing the features of drug substance
in oil and water solvent environments could
reveal insights for developing its further
applications [33]. It should be noted that
availability of all vitamin contents in human body
is very important and learning their features
could help to make synthetic forms of vitamins
for further complimentary applications and
treatments [34-36].

The term of partition coefficient (LogP) meaning
the solubility of a substance in oil and water
solvent environments is very important for
recognizing crucial features of  the
pharmaceutical agents [37-39]. However, several
efforts are still required to develop efficient drug
substances and treatments protocols [40-43]. To
this aim, the current research work was done to
investigate Vit-B3 in 1-octanol as representing
the oil medium and water solvent environments
to provide insights into the Vit-B3features.
Density functional theory (DFT) calculations
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were performed to obtain the required results of
structural and electronic features at molecular
and atomic scales [44-48]. Several methodologies
have been developed to investigate various
aspects of chemical and biological
systems during recent decades [49-52]. Not only
the experimental methods, but also several other
computational or

related

and
protocols have been developed up to now [53-
56]. However, the obtained successes are not
certain yet as new diseases or the older ones will
become wild time by time [57-60]. In this regard,
the modelling procedures and computer-based
evaluated descriptors could help to recognize the
characteristic features of molecular systems for
approaching their further applications especially
in the field of computer-aided drug design [61-
64]. Accordingly, Vit-B3 was carefully examined
in this work for leaning new details based on the
impacts of environmental issues on its original
features. Earlier works indicated benefits of
employing DFT calculations to explore details of
such small heterocyclic molecular models for
learning their further featured details [65-68].
Not only the small molecules, but also complexes
and larger molecules are suitable to be
investigated by employing such types of DFT
calculations [69-72]. Especially in the case of

theoretical methods

O
I H

exploring impacts of environments on molecular
properties, such DFT evaluated features could
help to learn more details [73-75]. The materials,
graphical representations, and obtained results of
this work were exhibited in Figures 1 and 2 and
Tables 1 and 2 to be discussed for assessing Vit-
B3 in 1-octanol and water solvent environments.

0
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Figure 1: Vit-B3 with the ChemSpider ID: 913 [66]

Materials and Methods

The 3D structure of Vit-B3 was obtained from the
ChemSpider structural bank with ID: 913 [76]. As
it could be found by two up and down
orientations of hydrogen atom of carboxylic
group (Figure 2), two wup and down
conformations were considered for Vit-B3 in all
calculations. Both conformational models were
optimized in gas, 1-octanol, and water solvent
environments at the B3LYP/6-31+G* level of DFT
calculations using the Gaussian program [77].

Figure 2: Two up and down stabilized conformations of Vit-B3 and their ESP surfaces

Table 1: The evaluated features of Vit-B3 models

Conformation- Solvent E kcal/mol En eV ELeV Ec eV nev peV w eV
UP-Gas -273921.94 -7.53 -2.11 5.42 2.71 -4.82 2.15
UP-1-Octanol -273927.34 -7.64 -2.10 5.54 2.77 -4.87 2.14
UP-Water -273928.20 -7.66 -2.10 5.56 2.78 -4.88 2.14
DOWN-Gas -273914.56 -7.78 -2.21 5.57 2.78 -4.99 2.24
DOWN-1-Octanol -273922.26 -7.75 -2.12 5.63 2.82 -4.93 2.16
DOWN-Water -273923.59 -7.75 -2.11 5.64 2.82 -4.93 2.15

2421 |Page



Saadh M.J, et al, /]. Med. Chem. Sci. 2023, 6(10) 2419-2431

Table 2: The evaluated AG and LogP features of Vit-B3 models

Conformation AG 1-0ctanol AG water LogP
Up -5.55 -6.43 0.64
DOWN -7.31 -8.61 0.96

Next, the models were re-calculated to evaluate
their characteristic features based on the same
employed solvent environments and method. As
a result, the stabilized structures and their
electronic features were evaluated for assessing
Vit-B3 in different solvent environments.

The stabilized structures and their electrostatic
potential (ESP) surfaces were depicted in Figure
2. The calculated values of total energy (E) and
molecular orbitals features including energy
levels of the highest occupied and the lowest
unoccupied molecular orbitals; HOMO and LUMO,
(Eu and E.), energy gap (Eg), chemical hardness
(n), chemical potential (i), and electrophilicity
index (w) using Equations 1-4 were summarized
in Table 1 [78].

Ec=EL-En (1)
N =% (E.-En) (2)
N =% (E.-En) (3)
n= 1 (EL + E]—[) (4-)
w =% (12/2n) (4)

The values of calculated Gibbs’ free energy (G) of
molecules in gas phase and each of 1-octanol and
water solvent environments were converted into
AGsoivent using Equation 5. Next, the values of LogP
were obtained using Equation 6 at the room
temperature (T) 298.15 K and the general gas
constant (R) 0.00199 kcal/Kmol [79]. The results
of AG and LogP were summarized in Table 2.

AG solvent = G solvent — G Gas (5)
LOgP = [AGl-Octanol - AGWater]/2-303RT (6 )

Results and Discussion

This work was done for providing insights into a
form of vitamin B3; nicotinic acid (NA), in oil and
water environments. It was earlier mentioned
that explorations of biological related systems are
very important due to several reasons from
appearing the new diseases or the wildness of

already known ones [80-83]. Not only the direct
treatments of patients, but also several other
issues are needed for dealing with the biological
systems for keeping the human health systems
[84-87]. Naturally originated
structures are further very interesting to be
investigated for their further developments [88-
90]. In this regard, the current work was done to
explore such important topic for the case of Vit-
B3 in different media. The heterocyclic structures
are very important to be investigated because of
their unique structural features especially for
initiating drug design and development
processes. Accordingly, their features in different
environment and detecting the effects of such
environments are very important to be learned.
As known, Vit-B3 is a carboxylic acid derivative of
pyridine (Figure 1) as a single standing
compound or it could be connected to other
chemical substances and structures. The 3D
structure of Vit-B3 was obtained and geometry
optimization DFT
calculations. Interestingly, two up and down
conformations were found by the orientation of
attached hydrogen atom of the carboxylic acid
group, in which the stabilized conformations
were demonstrated in Figure 2. This achievement
showed that the small hydrogen atom and its
connection to the oxygen atom could be very
important for determining unique properties for

and levels

was done based on

structural models. The first optimization
calculation of Vit-B3 was done in the gas phase
and the second and third optimization

calculations were done in 1-octanol and water
solvent environments resembling the oil-water
system. The geometries of Vit-B3 in different
solvent environments were not significantly
changed and each of C=0, C-0, and O-H bond
distances were found ~ 1.22, 1.35, and 0.98 A,
respectively. In addition, two C-N bond distances
were found ~ 1.34 A and C-C and C-H bond
139 and 1.09 A
the geometries showed small

distances were found ~
Consequently,
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changes in both up and down conformations and
among the embedded gas phase, 1-octanol, and
water environments. However, comparing the
values of evaluated total energy (E) in Table 1
indicated a higher stability for up-conformation
than
environments.

down-conformation in all three

In addition to the obtained impacts of
conformations on stability, the highest stability of
each conformation was found in water medium
and the lowest one was found in the gas phase
showing the impacts of embedded medium for
obtaining a desired structure. In this regard, the
Vit-B3 structure was supposed to be better
stabilized in water medium rather that the oil
medium. Further analyses of the results of Table
1 for the frontier molecular orbitals features
indicated the changes of HOMO and LUMO levels
and their related features between up and down
conformations and among the embedded
environments. As the results showed, the energy
levels of HOMO and LUMO (Ex and Ei) moved to a
farther distance to each other from the up-
conformation to the down-conformation in all
three environments. Accordingly, the values of
EG, n, 1, and o detected such effects of
conformational  changes embedded
environments. Examining the ESP surfaces could
also show effects of conformational changes on
the electronic features, as the semi-blue head of
carboxylic acid region in the up-conformation
was converted to the semi-red head into the
down-conformation. The red-green-blue colors of
ESP mean electrostatic-based negative-neutral-
positive regions, and yellow is further a semi-
negative region. This is indeed important to
mention that exploring such detailed features of
structures are the highlighted advantages of
performing computer-based investigations to
provide insights into further developments of
materials applications [91].

As explained above, the molecular models of this
work were investigated in oil-water solvent
environments to explore their features for

and

providing insights into a form of vitamin B3;
nicotinic acid (NA). The results indicated slight
changes of geometries, but more significant
changes of structural stabilities and electronic
features in different embedded environments. To

identify these features of medium-dependency of
NA, the models were analyzed based on their
thermochemistry AG values and LogP. As
mentioned earlier, LogP could represent the
tendency of a molecule for existing in oil with
values larger than 1 and existing in water with
values smaller than 1. Accordingly, the models
were recognized using Equations 5 and 6 to
evaluate the values of AGsowvent and LogP; the
results were listed in Table 2. As could be found
by the obtained values, the water medium was
more suitable than the oil medium for both up
and down conformations. From the obtained
values of E of Table 1, the up-conformation was
more stable than the down-conformation,
accordingly smaller changes of AGsoven: Were
found for up-conformation compared with down-
conformation. In other words, it could be
mentioned that lower changes of solvent effects
were found for up-conformation compared with
higher changes of solvent effects for down-
conformation. In accordance with the values of
AG1-0ctanol compared with AGwater, a value of < 1
was found for LogP of both up and down
conformations. Furthermore, the up-
conformation showed a smaller value (LogP =
0.64) meaning a better suitability of existing in
the water medium even than the down-
conformation (LogP = 0.96). However, it should
be noted that positive values of LogP are still
representing an oily tendency of Vit-B3, but not
so much as the watery tendency. As a result, the
conformational changes of Vit-B3
considerable impacts on both electronic and
thermochemistry features, and also the stabilities
and LogP of the conformations showed such
structural effects. In addition, the
environments showed their significant effects on
each conformational structure of Vit-B3 with a
higher significance for down-conformation than

showed

solvent

up-conformation. However, it was obvious that
the solvents had their significance on defining
new structural features for a molecule. It should
be reminded here that molecular models are
mainly dependent on their
features. In this case, knowing their features
could help to improve them not only for the
innovating new chemical compounds, but also for
developing further applications. Especially in the
2423 |Page
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case of biological related issues, the informative
models are very important for employing them in
various purposes. On the other hand, any need of
their further modifications could be also found
helpful to bring new structures and compounds
for an already specified target. In the case of
current study of Vit-B3, it was found that only the
slight changes have their significance on the
properties of compounds in both structural and
electronic features. As it was shown that models
were only different with their conformations,
they were also found different with their
specifications. As a consequence, both structural
and electronic descriptors of molecular models
are needed for determining their next properties
and features. The solvents effects have been as
very important issues to be learned, as they were
easy to be achieved by performing DFT
calculations and the related
specifications. Indeed, customizing the chemical
structures for various purposes and applications
are essential in terms of developing novel
materials especially for the cases of biological
related and life science applications and they
were achievable for running further assessments
and determinations. The representative Vit-B3 of
this work showed the advantage of exploring all
internal and surrounding specifications of a
targeted bio-active chemical system.

evaluating

Conclusion

The main goal of this work was focused on the
DFT investigation of Vit-B3 in oil and water
solvent environments to provide insights into the
features of a form of vitamin B3. In accordance
with the obtained results, highlighted remarks
were concluded. Based on the obtained values of
total energy, the formation of up-conformation of
Vit-B3 was more suitable than that of down-
conformation. In both cases of up and down
conformations, the highest stability was found for
the models in water medium and stabilities in oil
medium and gas phase were in the next orders.
Accordingly, the obtained values of LogP for both
conformations were found below than one
indicating the Vit-B3existence
medium rather that an oily medium. Moreover,
the LogP value of up-conformation showed

in a watery

waterier tendency than that of down-
conformation. In this regard, the models were
compared based on their
electronic features to show characteristics of
each conformation of Vit-B3 for developing

further applications.
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