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Abstract

Carbohydrate-based molecular scaffolding received significant interest due to its impact on the drug
discovery and development in synthetic carbohydrate chemistry during the last couple of decades. In
this respect, four glucose compounds in the furanose and pyranose forms with ester and ether
functionality were selected for their structural, thermodynamic and chemical reactivity studies. PASS
predication indicated that the glucose in the six-membered pyranose form was more prone to
biological properties compared to their five-membered furanose form. Also, in the pyranose form
acetate ester (3) had more potentiality than the ethyl ether (4). The HOMO-LUMO energy gaps were
almost similar for both monosubstituted furanose and pyranose glucose indicating their almost similar
reactivities. It was also inferred that these 6-O-substituted compounds followed Lipinski’s rule with
the acceptable range of ADMET levels, and hence, safe from lethal proarrhythmic risks. Hopefully,
these results can be used in the near future for their probable pharmaceutical use without any
remarkable toxicity.
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1. Introduction

Carbohydrates and their derivatives are of significant interest as many of them cover the surface
of cells and expose the cell-cell recognition process [1-2] leading to the formation of major classes of
biologically operative molecules [1-4]. Their comprehensive chemical nature, biological, and
pharmacological interactions for a better understanding of their functions in a large number of
essential biological events have been reported [5-8]. Compared to other synthetic bioactive
compounds, they have less nitrogen and halogen atoms whereby they possess more oxygen atoms
which impose more biological relevance. Thus, a considerable extent of simple carbohydrates or their
derivatives, glycoconjugates, glycohybrids, and neoglycoconjugates have been evaluated worldwide
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for the fortunate treatment of numerous influential diseases [9,10] including vaccines against
infectious diseases [10]. In general, the addition of sugar moieties in these drugs (nystatin Al, and
amphotericin B) lead to higher solubility and lower hemolytic toxicity (anaemia) although biological
activities of these polyene antifungals depend on the number and type of extended second sugar
residue [11]. The lower hemolytic toxicity is helpful to generate new mechanisms and strategies for
antitumor agents [11].

The discovery of carbohydrate-based new bioactive molecules (e.g. topiramate, kanamycin,
tobramycin, clindamycin etc.) established on screening of analogue libraries and the structure-activity
relationship has been accomplished by a range of chemical procedures [12-16]. Concerning
carbohydrate chemistry, the generation of potential substrates/inhibitors for a range of different
enzymes enables them for multivalent interactions with defined target proteins for selective labelling
of biomolecules either in cells or within living organisms [17]. Due to the highly specific interactions
with physiological receptors carbohydrates, especially acyl and alkyl glycoses take part in many
crucial biological processes [18-20]. These redesigned glycoses have attracted valuable research
interest and extensive applications in industries and medicine mainly due to their considerable
insecticidal and antimicrobial activities [21-23]. Of them, glucose derived esters and ethers are found
to be of great significance [24-28].

The recent outbreak of COVID-19 (coronavirus disease of 2019) and exposure of multi-drug
resistant (MDR) pathogenic bacteria and fungi (e.g. black fungus) are global concerns. Additionally,
many new obstacles are reported for modern medicines by these MDR pathogens at the site of drug
delivery positions. In this pandemic situation to overcome the effects of these MDR pathogens, there
is a desperate need for the formulation of newer chemotherapeutic drugs with a safer mode of action
(MoA). In this respect as well as continuous effort in the synthesis, structural identification, properties
and applications of carbohydrate molecules [29-32] from this laboratory, the DFT (Density Functional
Theory) based comparative studies of glucofuranose and glucopyranose esters and ethers along with
ADMET (Absorption, Distribution, Metabolism, Excretion, and Toxicity) are reported herein.

2. Materials and methods
2.1. Glucofuranose and glucopyranose 1-4

In the present study, two glucofuranose compounds namely 6-O-acetyl-1,2-O-isopropylidene-a-
D-glucofuranose (1) and 6-O-ethyl-1,2-O-isopropylidene-a-D-glucofuranose (2); and two
glucopyranose compounds namely methyl 6-O-acetyl-a-D-glucopyranoside (3) and methyl 6-O-ethyl-
a-D-glucopyranoside (4) were chosen for DFT optimization and related thermodynamic studies
(Figure 1).
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Figure 1. Structure of glucose-derived compounds 1-4.
2.2. Predication of activity spectra for substances

The structures of the target compound 1-4 were drawn in ChemDraw. These were then
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converted into their respective SD (standard data) file format(s). These SD files were separately used
to predict the biological spectrum using the PASS (prediction of activity spectra for substances) online
version. Many online oriented programs are freely available [33]. Here, online-built PASS
(http://www.pharmaexpert.ru/ PASSonline/index.php) was designated for the predication purpose of
biologically related properties of the glucose derived 1-4 [33-35]. This PASS program was widely
applied to anticipate around 4000 types of biological pursuit with higher precision (above 95%). In
this resource, its calculations were presented by the Pa (probability for active compound, 0.000 to
1.000) and Pi (probability for inactive compound, 0.000 to 1.000). Potential compounds were screened
as Pa>Pi (Pat+Pi#l) for any organic molecules. Based on Pa values, several recommendations for
possibilities of biological activities were described [33-35]. For example, Pa>0.7 was interpreted as
the higher probability to find a similar activity experimentally. Also, Pa<(0.5 was interpreted as the
lower chance to get the activity under experimental conditions. These recommendations were based
on the information obtained from more than three million bioactive compounds [36]. On the basis of
all these aspects, PASS be considered as the intrinsic property of any potential drug compound [36-
39].

2.3. Density Functional Theory (DFT) optimization

At first, appropriate stereochemistry of glucofuranose and glucopyranose were downloaded
from the online Chemspider server. Keeping geometry (stereochemistry) intact acetyl and ethyl
compounds 1-4 were duly depicted in GaussView (5.0) software [40]. Having appropriate drawings 1-
4 were separately subjected for optimization using the most popular density function theory (DFT).
The method used was B3LYP (Becke, 3-parameter, Lee-Yang—Parr). The basis set was 6-31G+ in the
Gaussian 09 program in a Corei5 laptop which took 2-3 days for each compound [41,42]. Optimized
structures were saved for the next step use.

2.4. Calculation of chemical reactivity descriptors

GaussView 5.0.8. was used to calculate the HOMO (Highest Occupied Molecular Orbital) and
LUMO (Lowest Unoccupied Molecular Orbital) energy levels (eV) [43,44]. These values were
ultimately used to calculate other chemical reactivity and descriptors. In this regard, well-accepted
literature equations like the Parr, and Pearson interpretation of DFT and Koopmans theorem were
followed [45] such as, ionization potential (I) = -eHOMO, and electron affinity (A) = -eLUMO.
Additionally, energy gap (Ag) = eLUMO — €HOMO; chemical potential (p) = -(I+A)/2;
electronegativity (y) = (I+A)/2; hardness (1) = (I-A)/2; softness (S) = 1/n; electrophilicity (o) = u%/2n.

2.5. ADMET and drug-likeness prediction

In silico screening approaches using the pkCSM model, were reported to be the best software to
calculate different pharmacokinetic property classes [46]. This graph-based software also calculated
the toxicity of compounds as a safety model [46]. Absorption, distribution, metabolism, excretion, and
toxicity (ADMET) were important criteria for pharmaceutical analysis. The poor ADMET model was
a significant hurdle in the drug development process. Prediction of ADMET of any compound
provided advanced drug-related information and hence was able to evade the enormous financial cost
and time connected to the in vivo laboratory tests. In recent years, computational techniques have been
widely used for ADMET calculations ahead of organic synthesis. As mentioned in Section 2.4,
structures of all glucopyranose and glucopyranosides were correctly drawn in the ChemDraw
programme to collect their isomeric SMILES (simplified molecular-input line-entry system), and SD
file formats. Using these formats, ADMET of all the glucose was predicted. Online based two web
servers were employed in the present study namely pkCSM-pharmacokinetics

e-ISSN: 2289-7771 JA@.b

883



Journal of Applied Science & Process Engineering
Vol. 8, No. 2, 2021

(http://biosig.unimelb.edu.au) and SwissADME (http://www.swissadme.ch) [47]. In the process of
physicochemical filters, AdmetSAR online server was also used to predict the ADMET properties of
all drugs [48,49].

3. Results and discussion
3.1. DFT optimized structures of 1-4

Both the furanose and pyranose forms of glucose esters and ethers were optimized by the
"Becke, 3-parameter, Lee-Yang—Parr" (B3LYP) method and 6-31G+ basis set in Gaussian 09
program. The accurate exchange energy functional was presented in terms of the Kohn—Sham orbitals
where the most commonly used versions were B3LYP [50]. B3LYP reproduced the geometries of
smaller and larger molecules very well. The optimized geometrical structures are shown in Figure 2.

In the glucofuranose 1 and 2, 1,2-O-isopropylidene groups were found below the furanose ring
while 6-O-acetyl and 6-O-ethyl groups were found above the furanose ring. In glucopyranoside 3 and
4, the 6-O-acetyl and 6-O-ethyl groups were also situated above the pyranose ring. Similar to other
cases, the conformation of glucopyranosides were present in *C; regular form (Figure 2). The
symmetry of these pyranoside molecules was found as C1.
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Figure 2. 6-31G+ optimized structures of modified glucose 1-4.

3.2. PASS predicted results of 1-4

Prediction of activity spectra for substances i.e. PASS programme is an online software product
(http://www.way2drug.com/passonline/) and an important machine learning tool for assessing the
universal biological potentiality of any organic drug-like molecule [33,51] and different substances
[52,53]. Established on the structures of organic compounds PASS programme can generate
concomitant predictions of multiple types of biological activities. Here, Pa (probability to be active)
estimated the chance that the studied compound was linked to the sub-class of active substances.
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Thus, PASS was applied to predict different biological activities of the molecule 1-4 which predicted
3678 kinds of activities simultaneously having to mean accuracy of prediction above 95% [33]. For
rigorous validation, tetracycline and fluconazole were compared with the modified glucose 1-4. For
simplicity, four types of activities are stated in Table 1.

Table 1. Biological information of the modified glucose 1-4 from PASS.

Biological activity

Drug Antibacterial Antifungal Anti-carcinogenic  Antioxidant
Pa Pi Pa Pi Pa Pi Pa Pi
1 0.540  0.013 0.662 0.012 0.385 0.033 0250  0.036
2 0.486  0.018 0.627 0.016 0.294 0.061  0.208 0.051
3 0.555 0.012  0.662 0.012 0.783 0.006  0.588 0.005
4 0479  0.018 0.617 0.017 0.590 0.013  0.561 0.005

TTC 0.694 0.005 0.523 0.023 - - - -
FCZ - - 0.726 0.008 - - - -

Pa = Probability ‘to be active’; Pi = Probability ‘to be inactive’; TTC = tetracycline; FCZ = fluconazole.

It is evident from Table 1 that glucose in both furanose and pyranose forms were more active
against fungi than bacteria. Again, acetyl esters 1 and 3 had more potential than ethyl ether 2 and 4.
Encouragingly, antifungal Pa values of 1-4 (0.617-0.662) were higher than that of tetracycline Pa
value (0.523). On the other hand, anti-carcinogenic and antioxidant properties of furanose ester (1)
and ether (2) were found to be lower than that of pyranose ester (3) and ether (4). Overall, glucose in
the six-membered pyranose form was found to possess better biological properties as compared to its
five-membered furanose form. Also, pyranose acetate ester (3) had more potential than pyranose ethyl
ether (4).

3.3. Chemical reactivities of 1-4

In general, the chemical reactivity descriptors indicated a special significance for organic
compounds with respect to their biological activities. These reactivity descriptors were calculated
from their DFT optimized structures using the equations mentioned in the experimental section. As
shown in Table 2, eLUMO, eHOMO and their energy gap (Ae), electronegativity (), electron affinity
(A), ionization potential (I), chemical potential (), hardness (17), softness (S) and electrophilicity (®)
of 1-4 indicated their comparative results.

Table 2. Molecular reactivity descriptors and FMO data of 1-4.

Mol &¢LUMO ¢HOMO Ag I A n X n S (0
(eV) (eV) (eV) V) (eV) V) (V) (eV) (eV) (eV)
1 -0.8389 -7.4796  6.6407 7.480 0.839 -4.160 4.160 3.321 0.301 2.605
2 -0.6223 -6.9269 63046 6.927 0.622 -3.775 3.775 3.153 0.317 2.260
3 -0.8819 -7.3574 64755 7.357 0.889 -4.123 4.123 3.234 0.309 2.628
4 -0.6125 -7.0009 6.3884 7.001 0.613 -3.807 3.807 3.194 0.313 2.269

The molecule is indicated as Mol; LUMO stands for the lowest unoccupied molecular orbital; HOMO
stands for the highest occupied molecular orbital; eV = electron volt.

The HOMO-LUMO energy gaps were almost similar for both monosubstituted furanose and pyranose
glucose indicating their almost similar reactivities. However, 6-O-acetate 1 and 3 had slightly higher
energy gaps than their corresponding 6-O-ethyl ether 2 and 4, respectively (Figure 3). All these
compounds had almost similar hardness (1) values and inversely smaller softness (S) values (Table 2).
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Their electrophilicity indices were found to be ~2.6 eV.
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Figure 3. DOS plot interpretation for HOMO-LUMO gap of the molecule- (a) 3, and (b) 4.

3.4. ADMET and drug-likeness properties

Many recent articles mentioned that the challenge, cost, and risk are associated with a low
success rate of drug development [54,55]. In other words, low safety profile and poor efficacy are the
two major causes of drug failure [46]. Thus, advanced prediction of ADMET (absorption, distribution,
metabolism, excretion, and toxicity) of organic compounds reduce the challenge, expense, and risk in
the drug discovery and development process. ADMET, in general, constitutes the pharmacokinetic
profile of a drug molecule. Bayer Pharma had created a computational ADMET platform aiming to
generate models for a variety of pharmacokinetic and physicochemical endpoints at the inception
point of drug discovery to overcome several hurdles [56]. The computer-aided drug design (CADD)
depends on the virtual screening (VS) of large compound datasets and comparing their important drug
discovery protocols. Along with a rapid evaluation of ADMET, CADD protocol provides a wealth of
information. Scale up of analytical power of CADD information may be helpful for fundamental
investigation of health and biotechnological related problems including complementary and
conventional hurdles. These hurdles can be detected more swiftly and effectively by CADD. In this
study, pkCSM-pharmacokinetics (http://biosig.unimelb.edu.au) and AdmetSAR online server were
used to predict the ADMET properties of all drugs [48,49].

The ADMET properties, as presented in Table 3, indicated that the 6-O-substituted glucose 1-4
had good human intestinal absorption (HIA) value. Caco-2 permeability (C2P) values were also in an
acceptable range. Like fluconazole, these compounds were P-glycoprotein non-inhibitor. Their
distribution through the blood-brain barrier (BBB) and central nervous system (CNS) was in good
agreement with standard drugs (Table 3).

Metabolism is generally expressed by five major CYP isoforms (substrate or non-substrate).
Here, predicted metabolism indicated that they were non-metabolite of the CYP3A4 substrate.
Predicted excretion features in the form of total clearances (log mL/min/kg) were in a good range.
More importantly, all the substituted glucose were non-inhibitor of human Ether-a-go-go Related
Gene (hERG; I & II). hERG encoded the pore-forming o subunit of the delayed rectifier potassium
channel and its inhibitors widely used for assessing proarrhythmic risk for novel drugs. Thus, the
glucose compounds were safe from proarrhythmic risks. Their toxicity levels (LDso) were also in an
acceptable range. Thus, these glucose molecules were potentially labile in respect of ADMET risk
properties (scores).
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Table 3. ADMET calculation of glucose compounds 1-4.

Absorption Distribution Metabolism  Excretion Toxicity
Drug C2P HIA P- BBB CNS CYP3A4 Total hERG  Toxicity
gpl  permeability substrate  clearance inhibitor  (LDso)

1 0.067 5955 No -0.833 -3.547 No 1.161 No 2.089
2 0.831 8249 No -0.212 -3.150 No 1.246 No 2.052
3 -0.195 51.80 No -1.262 -4.342 No 0.769 No 1.916
4 0.906 7538 No -1.187 -4.250 No 0.788 No 1.721
FCZ 1.191 87.82 No -1.200 -3.221 No 0.386 No 2.210

C2P is expressed as log Papp in 10" cm/s (standard permeability >0.90; HIA expressed as % absorbed (standard value
>30%); logBB for BBB (standard value >-1.0); logPS is used for CNS (standard value logPS>-2.0); Total clearance is
mentioned in log mL/min/kg; mol/kg is used for toxicity; FCZ indicates standard antibiotic fluconazole.

Having suitability in ADMET properties compounds 1-4 were checked for their in silico drug-
likeness properties. Drug-likeness calculation was conducted by the SwissADME programme [47,56],
and presented in Table 4. All the molecules had molecular weight below 500; the number of rotatable
bonds, hydrogen bond donor and acceptors were in good agreement with the Lipinski rule [55].
According to this Rule of 5, during drug discovery setting it was predicted that poor absorption or
permeation i.e. dug-likeness was more observed when there were more than 5 H-bond donors, 10 H-
bond acceptors, the molecular weight of the compound was greater than 500, and the Log P (CLog P)
calculated was greater than 5 [57]. More importantly, the topological polar surface area (TPSA) of all
the compounds was found below 140 A2 (Figure 4). The chemical compounds which generally
showed false positive results in high-throughput screening experiments were characterized by the Pan-
assay interference (PAINS) compounds such as quinones, enones, phenol-sulphonamides etc.
However, all the glucose compounds did not violate PAINS. Thus, ADME along with SwissADME
indicated the better drug-likeness conditions for acetyl esters (1 & 3) and ethyl ethers (2 & 4) of
glucopyranose and glucopyranoses under consideration.

Table 4. Drug-likeness behaviours of 1-4 predicted by SwissADME.

Drug HB HB NR TPSA Log MW  Lipinski PAINS
acceptors donors bonds (A2 Po/w  (g/mol) rule alerts
1 7 2 4 9445 -0.07 262.26 Yes 0 0.55
2 6 2 4 77.38 0.32 248.27 Yes 0 0.55
3 7 3 4 10545 -1.17 236.22 Yes 0 0.55
4 6 3 4 88.38 -0.88 22224 Yes 0 0.55

*HB = Hydrogen bond, NR = number of rotatable; TPSA indicates polar surface area; BS = bioavailability
score

e ISSN: 2289-7771 Jﬂ@.bf

887



Journal of Applied Science & Process Engineering
Vol. 8, No. 2, 2021

LIPO LIPO
FLEX SIZE FLEX SIZE
INSATU POLAR INSATL POLAR
INSCLU INSOLU 2
FLEX SIZE FLEX S1ZE
—
=T
)
INSATU POLAR IMNSATU POLAR
s 3 e 4

Figure 4. The polar surface area of 6-O-substituted glucose compounds 1-4.

4. Conclusion

For comparative DFT studies, 6-O-substituted glucofuranose and glucopyranose molecules
were examined. Predicted activity spectrum for substances i.e. PASS suggested that glucose in the six-
membered pyranose form was more prone to biological properties as compared to its five-membered
furanose form. In this respect, their structural, thermodynamic and chemical reactivities were
calculated and discussed. Like fluconazole, these compounds were P-glycoprotein non-inhibitor. More
importantly, all the substituted glucose were non-inhibitor of human Ether-a-go-go Related Gene
(hERG; I & II) and thus, these glucose compounds were safe from lethal proarrhythmic risks. Their
toxicity levels (LDso) are also in acceptable range. Drug-likeness calculations indicated that these
compounds were in agreement with Lipinski’s rule and did not violate PAINS. All these results may
help to investigate further for their applications as versatile pharmaceutical agents.
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