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Abstract: Dengue fever, spread by mosquitoes, has emerged as one of the world's most significant
infectious diseases. To replicate and generate more copies of itself inside the host cell, the virus needs
its proteins. With the NS2B cofactor, the NS3 protease can convert the polyprotein into functional
proteins. As a result, NS3 protease is an attractive target for researching and developing antiviral drugs
to combat the dengue virus. So, To develop efficient antagonists against the NS2B/NS3 and NS1
protein, a comprehensive screening integrates ADMET properties, molecular docking, and QSAR
investigation is carried out against NS2B/NS3 (PDB ID 3L6P) and NS1 (PDB ID 406B) for the
potential targeted region. ADMET characteristics analysis was performed to screen (01- 09) antiviral
polycyclic quaternary alkaloids (sanguinarine derivatives) to identify ligands that contravene
absorption, distribution, metabolism, excretion, and toxicity (ADMET) parameters. From the outcome
of the docking investigation, the binding energy is reported as -8.5 kcal/mole as the lowest and — 9.7
kcal/mole as the highest with NS2B/NS3 (PDB ID 3L6P) and -9.8 kcal/mole, -9.9 kcal/mole, -10.0
kcal/mole, -10.2 kcal/mole in ligands 06, 03,07 and 09 against NS1 (PDB ID 406B). It is noted that
their solubility was determined to be moderate in the water system, and absorption rates were
exceptionally high in the Gl tract. None of the molecules were harmful to the liver (hepatotoxic) or skin
sensitization. The predicted QSAR and plC50 value and Lipinski rule are also accepted within the
standard ranges. Therefore, the estimated in silico different biochemical score for the polycyclic
quaternary alkaloid (sanguinarine derivatives) towards NS2B/NS3 (PDB ID 3L6P) and NS1 (PDB ID
406B) inhibitors suggests that these compounds could have a high level of efficacy.
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1. Introduction

The coronavirus infection (SARS-CoV-2) has led the world in the last couple of years.
More than 589,678,215 people had been infected, and 6,437,085 people died by August 8, 2022
[1,2], and the world health organization designated a global pandemic on a global scale on
March 11, 2020 [3-5]. This epidemic is continuing and causing widespread destruction around
the globe at the same time as several nations have been dealing with an outbreak of dengue
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fever, a well-known tropical illness [6]. So, this dengue fever makes a significant concern to
the global policymaker [7,8].

Dengue fever meanly occurs due to a type of mosquito-borne viral illness. It is an RNA
virus that consists of a single strand. The NS3 protease has six B-strands organized into two [3-
-barrel geometries. It may generate 11 kilobase viral genome with a molecular weight of about
378 kilodaltons, which is then further translated by host cell protease and virus-encoded NS2B-
NS3 protease into a total of three structural proteins (C, prM, and E) and seven non-structural
proteins (NS1, NS2A, NS2B, NS3, NS4A, NS4B, and NS5)[7, 8].

In recent times, it has been a severe public health problem around the globe. The
DENV-1 and DENV-2 viruses have been the most common ones, which have been seen in
Bangladesh and the majority of Southeast Asian countries [9,10]. It spreads at the fastest rate
of any other mosquito-borne virus. During the SARS-CoV-2 pandemic, the rising prevalence of
dengue infection became an additional hazard, particularly in the dengue-endemic regions of
Southeast Asia and Latin America [11]. The impact of dengue fever on a worldwide scale is
constantly shifting, with an estimated 50 million new cases occurring annually in around 100
nations [12,13]. Because most countries are now engaged in a war against COVID-19, any
additional dengue breakout has caused several challenging logistical problems for those
attempting to tackle both illnesses simultaneously. As a direct result, patients infected with
coronavirus and dengue viral infection have been recorded lately in several countries, including
India, Thailand, Singapore, and Bangladesh [14,15].

Consequently, it is hypothesized that the number of instances of co-infection will grow
and be discovered in more nations in the following days as the dengue season reaches its
highest. At the moment, many countries in South America, including Paraguay, Argentina,
Colombia, and Bolivia, are experiencing severe epidemics of dengue and Covid-19 [16]. In
addition, several nations in Southeast Asia, such as Indonesia, the Philippines, and Malaysia,
are also experiencing the same co-epidemics [17]. Because of this, there is a chance that more
people may get infected with dengue and coronavirus infection, particularly in these nations
where the number of dengue and coronavirus infection patients has already reached an
alarmingly high level. Therefore, the co-infection of SARS-CoV-2 and dengue, as well as the
epidemic of both diseases at the same time, has created an additional challenge for medical
experts and imposed a significant burden on the health care system [18].

Many scientific research and reports project that there will be an additional 2.25 (1.27—
2.80) billion individuals at risk of dengue infections in 2080[19], increasing the overall
population at risk to around 6.1 (4.7-6.9) billion. This is almost 60 percent of the world's
population [20]. But it is a matter of great concern that there is no potential medicine for
fighting this life-threatening viral infection. So, the synthetic source might be an alternative
option for designing and developing an effective agonist or medication for the inhibition of
dengue. But this is a very much challenging job due to the great chances of failing during the
pre-clinical phase; time-consuming and requires a huge amount of costs. So, the advanced
virtual screening tool may enhance the probability of success rate and reduce both time and
cost. This is why this study is designed by structural modification of polycyclic quaternary
alkaloids (sanguinarine derivatives). Numerous scientific research has demonstrated this
alkaloid to have antibacterial, antioxidant, anti-inflammatory, and anti-tumor properties
[21,22]. So, it is motivated to investigate the efficiency of antiviral medication against the
dengue virus. The main objective of this investigation is to determine how different functional
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groups impact the pharmacological efficacy of these modified derivatives against the dengue
Virus.

2. Materials and Methods

2.1. Optimization and ligand preparation.

Figure 1 displays the optimized structures of sanguinarine derivatives (01-09). The
geometries of these chemical polycyclic quaternary alkaloids (sanguinarine derivatives) (01-
09) were developed by Hyperchem and extensively optimized by the use of the Gaussian 09
program at the B3LYP/6-311G+(d,p) level [23].

Figure 1. optimized structures of sanguinarine derivatives.
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DFT was used with Becke's method to carry out the comprehensive geometry
optimization and following vibrational frequency calculations (B). Once the optimization is
done, they have been exported as pdb file types, and the 3d view of the images is collected and
displayed below. These pdb-exported files were then used for molecular docking, ADMET,
pharmacokinetics, and other computational performance.

2.2. Insilico ADMET.

The absorption, distribution, metabolism, excretion, and toxicity (ADMET) properties
of the (01-09) sanguinarine  derivatives were collected from pkCSM
(https://biosig.lab.uq.edu.au/pkcsm/) and admetSAR (http://Immd.ecust.edu.cn/admetsarl)
server. These two websites are considered one of the most well-known sources for virtual
screening molecular ADMET properties prediction [24,25].

2.3. Protein purification and method for molecular docking.

The elevated crystal structure of the dengue virus NS2B/NS3 protease was obtained
from the RCSB protein data bank (PDB-ID: 3L6P); Resolution: 2.20 A; Method: X-RAY
DIFFRACTION; Organism: dengue virus 1; and NS1 (PDB ID 406B); Resolution: 3.00 A;
Method: X-RAY DIFFRACTION and Organism: dengue virus 2 [26,27]. In Swiss-PDB
Viewer, the crystalline structure of DENV NS2B/NS3 and NS1 was optimized to reduce and
minimize excess energy [28]. The protein structure revealed several crucial aspects, including
missing hydrogen, incorrect bond order, and side-chain shape, which has been corrected and
removed the excess molecules such as water and hetero atom to get a purified protein. Then,
these proteins were exported in PDB format. Then, the virtual screening technique was
accomplished in AutoDock Vina, outfitted with PyRx virtual screening for molecular
docking[29,30].

Dengue Virus protein: (°PDB ID 3L6P) Dengue Virus protein (PDB ID 406B)

Figure 2.Three-dimensional protein structure of dengue species.

The purified protein was uploaded in PyRx AutoDock software during molecular
docking procedures and converted into macromolecules. Similarly, previously prepared
ligands were uploaded, minimizing the energy, and converted as autodock ligands. The grid
center points were set to X = -21.6534, Y = -17.1288, Z = 25.1838, and the box dimensions
(A) X = 47.70331, Y = 64.6083, Z = 51.65096 for (PDB-ID: 3L6P), and the grid center for
(PDB ID 406B); X =-8.7259, Y=-31.6119, Z=-27.5813, and box dimension X=81.3565, Y=
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55.5874 and Z=91.9504 Grid box parameters were set to wrap the substrate-binding pocket of
the protein. In Fig.2, the three-dimensional structures of the protein are shown.

2.4. QSAR and plCsg calculation.

Quantitative structure-activity relationship (QSAR) approaches are very significant in
determining the bioactivity of target compounds premised on mathematical and statistical
linkages [31]. In this study, we built a multiple linear regression model (MLR) of drugs that
inhibit the DENV NS2B/NS3 and NS1 protease. The model was generated based on previous
research [32]. Furthermore, this MLR model has been applied to analyze the biological activity
of the sanguinarine derivatives. Before that, the statistical QSAR model was stimulated in excel
2020, based on multiple linear regression, and all the required data were taken from
"(http://www.scbdd.com/chemdes/)"[33].

3. Result and Discussion

3.1. Structural activity relationship.

The structure-activity relationship (SAR) is a wonderful method for drug development,

from assessing drug targets to improving a molecule's features.

Figure 3. Chemical structure of sanguinarine and its derivatives.

Different geometric and electrostatic interactions contribute to efficient bioactivity by
adding or deleting the functional group [34]. So, to develop a potential inhibitor and get the
desired efficiency against DENV NS2B/NS3 and NS1 protein. The polycyclic quaternary
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alkaloid (sanguinarine derivatives) was selected, and with the addition of eight different
functional groups, these molecules were transferred for further computational evaluation.

3.2. Lipinski rule, pharmacokinetics.

The Lipinski Rule of 5' (RO5) announcement by Lipinski in 1997 was among the most
impactful contemporary pharmacological studies [35]. Different fractions have improved and
extended the RO5 and promised new guidelines to drive drug design initiatives nearly fifteen
years after the announcement of the initial RO5 study. This guideline was designed and
established based on five rules, and any drug molecules accepted by RO5 should be considered
as potential medication. This guideline included; the partition coefficient log P range should
be -0.4 to +5. 6, and Molecular reactivity ranging from 40 to 130. Lipinski's rule is crucial in
drug development when a biologically active lead structure is improved step-wise to maximize
activity and selectivity while maintaining drug-like physical features. Physicochemical
indicators and the in silico Lipinski Rule of Five may quantify drug-like characteristics. It could
also be employed during drug development to screen libraries for compounds and exclude those
with low potential[36]. Molecular weight in the range of 180 to 480, and Count of molecules
ranging from 20 to 70 (this encompasses, H-bond donors like O and N, as well as H-bond
acceptors)[37]. The online data set SwissADME is used to predict this Lipinski value, and the
calculated data are listed in Table 1.

The obtained value reported that ranging of molecular weight 332 Dalton — 464 Dalton,
Number of rotatable bonds 0-04, Hydrogen bond acceptor 04 -06, Hydrogen bond donor
maximum 01, Molar Refractivity 94.68 — 127 excluding Ligand 09, and partition coefficient
log (P) 2.88 -4.66. They have mentioned that ligands (01-09) have a similar bioavailability
index. So, according to the acquired data, they all accepted the Lipinski guidelines.

Table 1. Data on the Lipinski rule, pharmacokinetics, and Drug likeness.

3 E ) % Lipinski rule ®
Z gz o o ST P = o
Li $S |85 88 | 2% 32 | 58 o 2
gand 3 D =) ® Q = =) S o P 8 2
No Qe o g =] g9 25 -9 Result violation =5
=5 | 8¢ Sg | 2¢ =5 3 * g
= = S g° < 5 =
& a @ <

=
01 332.33 00 04 00 94.,68 2.88 Yes 00 0.55
02 408.43 02 04 00 119.16 4.14 Yes 00 0.55
03 453.42 03 06 00 127.99 3.48 Yes 00 0.55
04 423.44 02 04 01 123.57 3.61 Yes 00 0.55
05 436.44 03 05 00 12455 3.79 Yes 00 0.55
06 452.43 03 06 01 16.12 3.66 Yes 00 0.55
07 426.42 02 05 00 119.12 4.42 Yes 00 0.55
08 44287 02 04 00 12417 4.66 Yes 00 0.55
09 464.49 04 05 00 133.34 421 Yes 00 0.55

3.3. Molecular docking against dengue virus (DENV NS2B/NS3 and NS1).

The molecular docking investigation was undertaken to identify the strong interaction
(Binding Affinity) responsible for the developed capability to attach to the targeted protein of
interest[38,39]. In this investigation, the DENV NS2B/NS3 and NS1 proteins functioned as
candidates for the ligand binding or targeted receptor. Generally, a criterion of -6.00 kcal/mole
IS acceptable for prospective medications [40,41]. The binding affinities were computed using
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the kcal/mole unit, which implies that a substantial negative result indicates stronger interaction
between the ligand and the targeted protein.

In our investigation against DENV NS2B/NS3 and NS1, the binding energy is found to
be -8.5 kcal/mole, the lowest, and — 9.7 kcal/mole as the highest with NS2B/NS3 (PDB ID
3L6P). The efficiency was reported as a better result for NS2B/NS3 (PDB ID 3L6P). We have
targeted another binding site of the dengue virus, such as NS1 (PDB ID 406B). This time, the
binding energy is reported much better than the NS2B/NS3 (PDB ID 3L6P). Specifically, -9.8
kcal/mole, -9.9 kcal/mole, -10.0 kcal/mole, and -10.2 kcal/mole in ligands 06, 03,07, and 09.
So, here it is noted that -COOH, NO-, Cl, and CH.COCHz greatly impact binding energy. Our
primary goal was to improve the efficiency of drug-like properties by modifying polycyclic
quaternary alkaloids (sanguinarine derivatives), which has been satisfied.

Table 2. Virtual screening and molecular docking score.
Binding Affinity against DENV NS2B/NS3 and NS1

Drug _

Molecules Dengue Virus protgisgpl;lSZB/N% (PDBID Dengue Virus protein NS1 (PDB ID 406B)
No Binding Affinity(kcal/mole) Binding Affinity(kcal/mole)
01 -8.5 -9.0
02 -9.0 -94
03 -9.1 -9.9
04 -8.9 -9.6
05 -8.8 -95
06 -9.3 -9.8
07 -9.7 -10.0
08 -95 -9.8
09 -9.2 -10.2

3.4. Protein-ligand interaction and molecular docking pose.

The BIOVIA Discovery Studio Visualizer was applied to investigate the extent of the
non-covalent interactions between the ligands and the protein[42]. Non-covalent interactions,
including hydrogen bonding and hydrophobic interactions, are responsible for a significant role
in stabilizing energetically favorable ligands at the active site of a targeted macromolecular
structure, enhancing increased binding affinity and medication effectiveness. Therefore, in an
attempt to comprehend that the protein-ligand complex system was maintained in a stable state
throughout the MD simulation. This experiment has been performed, analyzing and comparing
the stabilization of these connections in the conceptual model.

In protein ligands binding pocket, it is clearly seen how they engaged with each other
during the formation of complex molecules. Consequently, amino acid residues that function
during the interaction may constitute the most significant key factor in determining the binding
affinity of protein-ligand complexes. Then, the hydrogen bonding donor or acceptor region is
evaluated, where the red color is the donor region, and the sky-blue color indicates the acceptor
region. Finally, a 2D image of active amino acids illustrates where different amino acid types
are present with different bond angles. These amino acid residues are generated during the
formation of drug-protein complexes, which include PHE-166, VAL-173, VAL-212, GLY-
203, ASN-234, LEU-206, PRO-226, LYS-227, and GLY-203, A: GLY-203, A: VAL-173, A:
VAL-204, A: VAL-212, A: PHE-166, A: ALA-214, A: ALA-214, A: ALA-216, A: LYS-124.
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Figure 4. Docking interactions between the proposed compound and DENV NS2B/NS3 and NS1.

3.5. Solvent accessible surface (SAS) ionizability and aromaticity analysis.
3.5.1. Solvent surface area.

The efficiency of biomolecules that may be dissolved in solvents is a factor that
significantly affects the structure and function of biological molecules [43]. This functionality
of biomolecules depends heavily on solvent accessibility [44]. In most cases, the amino acid
residues found on the surface of a protein function as active sites and interact with other
macromolecules and bioactive compounds. The essential characteristics of the solvent
accessibility of amino acid residues, and nucleotides, in biomaterials complexes play a
significant aspect in the durability and stability of biological macromolecules. This section has
explained how to anticipate a molecule's solvent accessibility based on its three-dimensional
structure and amino acid sequence. In Figure 5(a), the color blue represents an area with a
greater volume of solvent-accessible surface (SAS). In contrast, the green color depicts a region
with a lesser density of the solvent-accessible surface. The SAS region of all development
molecules is much higher than the lower region.

3.5.2. lonizability.

The medication's lipid permeability, preparation, and administration approach all
influence how well a drug is absorbed [45]. In the absence of an active transport mechanism or
the drug is so microscopic that it can pass through the aqueous pathways in the transmembrane,
medication must be lipophilic to be capable of entering cell walls. Most medicines belonging
to the middle group are absorbed into the body's overall water content. Because just the
unionized medication is lipid-soluble, absorption and distribution of drugs that are just slightly
acidic or slightly basic depend on the ph. lonized medications cannot pass across barriers,
meaning they cannot be absorbed systemically and cannot penetrate the membrane that
separates the bloodstream from the brain or BBB [46]. Therefore, it is not possible to reach the
desired adequate quantities of the medicine at the location where it is working or targeted organ

In Figure 5(b), the red color measured the basicity, and the sky-blue color measured
acidic similarly; blue indicates the middle portion between the ionized and unionized condition.
According to the finding, all the medications should be unionized, which means they can
effectively absorb and achieve optimum efficiency at the therapeutic level. So, the drug should
be unionized to achieve optimum efficiency.

3.6. Quantitative structure-activity relationship (QSAR).

Statistical method quantitative structure-activity relationships are used to establish a
correlation between a chemical structure and its bioactivity. In addition to predicting the
properties of unstudied compounds, the QSAR model may be used for a comprehensive range
function, such as the forecast of functions of compounds. In recent times, QSAR methodologies
have received extensive scientific attention, notably in the pharmaceutical industry for drug
development and toxicology, and are essential for drug discovery [47]. It has been hypothesized
that drug compounds should be considered active whenever their pIC50 value is greater than
10 [48].
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Figure 5. Graphical illustration of solvent-accessible surface (SAS) and ionizability analysis.

The computation of QSAR is carried out by using multiple linear regression (MLR).
Following MLR equation was obtained from previous research[49,50], here, pIC50 (Activity)
= — 2.768483965 + 0.133928895 x (Chiv5) + 1.59986423 x (bcutml) + (— 0.02309681) x
(MRVSA9) + (= 0.002946101) x (MRVSA6) + (0.00671218) x (PEOEVSA5) + (—
0.15963415) x (GATSv4) + (0.207949857) x (J) + (0.082568569) x (Diametert).

Before that, the following data were acquired from  ChemDes
(www.schdd.com/chemdes/), including Chiv5, bcutml, MRVSA9, MRVSAG6, PEOEVSAS,
GATSv4, Jand Diametert, and calculated the pICso. After calculating this data, it has been seen
that the pICso value is lower than five in most of the molecules, and only ligand 05 has greater
than 5; According to the findings overall, the pIC50 value that is the lowest is around 4.56, and
the value that is the highest is 5.33. Therefore, it is possible to conclude that this bioactive
polycyclic quaternary alkaloid (sanguinarine derivatives) may have the potential to be stable
and may function well as a therapeutic.

Table 3. Data of QSAR.

Ligand Chivs bcutm1l MRVSA9 | MRVSAG | PEOEVSAS | GATSv4 J Diametert | plCso
01 2.846 4.215 32.448 42.595 6.0660 0.761 1.27 11 4.57
02 3.472 4.221 32.448 78.490 36.398 0.801 1.183 11 4.58
03 3.584 4.222 38.135 82.538 6.066 0.802 1.114 13 4.56
04 3.551 4.221 38.135 72.524 18.199 0.795 1.17 13 451
05 3.590 4.221 38.734 77.987 30.332 0.801 4.795 12 5.33
06 3.606 4.222 38.417 77.987 18.199 0.802 1.14 13 4.68
07 3.508 4.221 32.439 78.241 6.066 0.713 1.17 13 4.72
08 3.670 4.222 44.49 77.447 29.08 0.809 1.17 12 4.52
09 3.803 4.222 38.431 77.987 30.32 0.787 1.116 14 4.84

3.7. Insilico ADMET data prediction.

In contemporary memory, the in silico absorption, distribution, metabolism, excretion,

and toxicity (ADMET) characteristics of putative bioactive molecules have been utilized in
drug development as a primary screening tool for the early stages of the discovery phase. Early
screening of ADMET investigation may reduce the chance of failing during the clinical phase.
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The pkCSM is one of the best sources for predicting these required ADMET data[25].In this
investigation, the aqueous solidity ranges are about -3.148 to - 4.843, which means they are
moderately soluble in water. The absorption rate is about 100% as the maximum and 97% as
the minimum; these values indicate that they all are highly absorbed in the gastrointestinal tract
(GI). The Caco-2 permeability values ranges vary from 0.792 x 10°to 1.40 x 10°. The
medication distribution may reach the blood-brain barrier (BBB) without ligands 03 and 06,
while the volume of distribution (VVDss) ranges are about -0.053 log L/kg to 1.159 logs L/kg.
In metabolism, only ligand 01 may inhibit the CYP450 1A2 inhibitor. The total clearance rate
was reported as 0.872 ml/min/kg - 1.368 ml/min/kg, while the effect on renal OCT2 substrate.
Finally, toxicity prediction found that they all are free from skin sensitization and
hepatotoxicity, and the max. tolerated dose log 0.416 mg/kg/day - 0.526 mg/kg/day, which
means a maximum of 0.526 mg/kg/day drug should be consumed.

Table 4. ADME and Toxicity prediction.

Absorption Distribution Metabolism Excretion Toxicity
S 5
0
I ~ X <2
@© > go! - ) — ~E L
s | 3 g5 | S |8 5 | & |38 | .2 83| 5 | &8
I A = a 3 o © S 2 c S D wn b
SIN s 2 G 35 o 2 w — o =5 | 58 32 % 5]
8 = Q — = > m > O 3 - 28 < 2 2 =
Qo = O o 3 c g N © 5 @ = 0 ; o 2, S
w C Q" o g = 3 =W —_ w = o 2 A Q o = <
O n = =1 c X o —+ = N =.
= | 2 S g |3 = s €5 |3 | g3 | 2 2
g | B Sz | = | & =) 2 3 Sal| g | <
& S L 2
- @D D
01 -4.843 1.406 100 -0.053 + Yes No 1.064 No 0.416 No No
02 -4.212 0.792 100 -0.927 + No No 1.21 No 0.496 No No
03 -4.655 0.96 99.075 -1.116 - No No 1.032 No 0.496 No No
04 -4.766 0.96 97.713 -1.02 + No No 1.325 No 0.523 No No
05 -4.815 0.97 100 -1.027 No No 1.253 No 0.519 No No
06 -3.148 0.911 97.719 -1.02 - No No 0.872 No 0.484 No No
07 -4.435 0.821 99.41 -1.009 + No No 1.214 No 0.524 No No
08 -4.92 0.820 98.508 -0.045 + No No 1.207 No 0.526 No No
09 -3.860 0.845 100 -1.159 + No No 1.368 No 0.511 No No

4. Conclusions

This research monitored the inhibitory effect of the natural polycyclic quaternary
alkaloid (sanguinarine derivatives) compounds against NS2B/NS3 (PDB ID 3L6P) and NS1
(PDB ID 406B) using possible advanced computational techniques such as molecular docking
and MD modeling in addition to associated others in silico investigation which has become a
significant health concern for millions of people all over the world. It was encountered that all
of the hypothesized polycyclic quaternary alkaloids (sanguinarine derivatives) succeeded the
ADMET test due to their appropriate pharmacokinetic features, indicating that they have
prospective use as potential medication candidates. According to the results of the docking
investigation, all of the ligands actively engage in binding to the NS2B/NS3 (PDB ID 3L6P)
and NS1 (PDB ID 406B), even though their values of binding affinity range from moderate to
high (-8.5 kcal/mole, as lowest and — 9.7 kcal/mole as highest for NS2B/NS3 (PDB ID 3L6P)
and -9.8 kcal/mole, -9.9 kcal/mole, -10.0 kcal/mole, -10.2 kcal/mole in ligands 06, 03,07 and
09 against NS1 (PDB ID 406B)). This binding of the molecules will impede the reproduction
of the dengue virus proteins. The obtaining QSAR and plICso ranges are below 5.0 for most of
the compounds, and only ligand 05 has greater than QSAR and plICso 5.0. So, the mentioned
ranges also follow the QSAR guideline. Also, all the drug candidates accepted drug-likeness
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properties. Finally, mentioned in silico performance documented that all these molecules could
be effective after reaching a biological system. In conclusion, this study found new bioactive
molecules that may perform as high efficiency for inhibiting dengue virus obtained from
polycyclic quaternary alkaloid (sanguinarine derivatives) against the main protease of DENV
NS2B/NS3 and NS1.
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