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ARTICLE INFO ABSTRACT
Keywords: The quest for a sound treatment on the vulnerable population suffering and dying as a result of
Schistosomiasis the blood flukes, S. mansoni is on the increase because both Praziquantel and Oxamniquine

Blood flukes widely used for the treatment of Schistosomiasis for over 51 years suffer resistance and recur-

ng)cAlf{ing»simulation rence. Here-in, chemo-informatics techniques such as QSAR modeling, pharmacokinetic, docking
Pharmacokinetics alongside MD simulation were harnessed in designing novel 7-keto- sempevirolsempevirol de-
MD simulation rivatives that are more competent against S. mansoni. Upon QSAR screening, compound 15,
Chemo-informatics which appears to be in the model’s acceptability space, emerges the best with a high predicted
SmCB1land diterpenoids activity. 5 new analogues with improved activity against Schistosomiasis better than the standard

drug PZQ were designed from compound 15 (template 15*) on an account of the descriptors
significance from the model with robust and validated parameters. Also their pharmacokinetic
profiles indicates that the designed compounds have the characteristics of a good drug.
Furthermore, docking evaluation fulfilled ranges from —113.121 to —100.79 kcal/mol (moldock
score), with compound U1 being the best (least moldock score of —113.121 compared to PZQ and
15* (template) having a moldock score value of (—87.21 and —83.37 kcal/mol). 100-ns MD
Simulation on the Ul-docked complex was run using Desmond 2019-4 package. The nature and
steadiness of Ul compound within the enzyme active site was further confirmed by RMSD, RMSF,
RoG and H-bond assessment. Hence, we recommend compound U1 targeting the SmCB1 enzyme
(6Y17) for Schistosomiasis treatment and for further medicinal evaluation and utilization.

1. Introduction

Schistosomiasis has drawn public health attention as the second fatal parasitic disease after malaria [1,2]. The three
life-threatening species to man out of the twenty-three identified species so far are Schistosoma mansoni, Schistosoma japanicum and
Schistosoma haematobium [3]. It has been reported that the sub-Saharan African regions have Roughly 9/10 cases of Schistosomiasis
on a global scale, with about three hundred thousand deaths yearly in most regions of the sub-Saharan Africa was reported by
Marchese et al. [4]. Schistosoma mansoni disease is also widespread in tropical and subtropical regions, especially areas that are
underdeveloped and without access to sanitary facilities and clean water [5,6]. The digenetic biological clock is initiated when the
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miracidia in the infected snails (of the genus Biomphalaria) develop into cercariae, which then creep into the human host’s dermis
(skin) while in contact with contaminated freshwater bodies and instantly find their way to the blood venule, heart, lungs, and full
bloom in the liver [7,8], after which thousands of laid eggs progressively move to the lumen of the small intestine and are eliminated in
the host’s feces or urine [9]. The eggs excreted by the definite host (human) into freshwater environments or sources through feces or
urine eventually hatch and let out miracidia that infect snails. This completes the infection cycle and allows the parasite to be passed
from host to host. Early signs of infection are blood in the pee, feces containing blood, and stomach aches [10].

Large egg deposits by Schistosoma mansoni in the human body result in Katayama fever, glomerular disease, hepatosplenic disease,
and periportal fibrosis, which progress into fatal conditions such as portal hypertension and ascites [11,12]. Praziquantel (Biltricide®)
is the most recognized drug to treat Schistosomiasis at the moment [13,14], while Oxamniquine has been allowed to be used, though it
is specific to some species [15]. The former is presently the most active against all species known so far but less effective against the
worm’s larval forms, causing recurrence and resistance [15-17]. Hence, the hunt to develop new drugs with the potency to overcome
the re-infection and resistance menace has become necessary. A confirmed therapeutic target, cathepsin B1, obtained by isolation from
the organism S. mansoni (SmCB1), is the prime enzyme that the parasite (blood fluke) uses to convert blood proteins into the nutrients
that are key to its survival [18,19]. Both the larval and adult forms of Schistosoma mansoni have also been reported in the literature to
be sensitive to the diterpenoids 7-keto-sempervirol [20]. In-silico techniques, which involve virtual screening of databases at low cost
considering labor, time, and money for hit compound discovery, are harnessed [21-23]. An in-silico method is adopted to evaluate the
therapeutic potency of 7-keto-sempevirol analogues on Schistosoma disease by incorporating QSAR, pharmacokinetic profiling,
docking evaluation, and MD simulation. QSAR provides computational know-how for predicting compounds activities by connecting
the physicochemical traits to the structural components that regulate their activity [24,25]. Computations of these compounds
pharmacological and pharmacokinetic properties were carried out through the use of an online tool known as SwissADME. Molecular
docking simulation accounts for all the responses obtained due to ligand-protein association so as to determine the best confirmation
for a stable complex and calculate Gibb’s free energy [26]. QSAR modelling, pharmacokinetic profiling, docking simulation, and
further validation of the docking studies (MD simulation) were employed in designing hypothetical 7-keto-sempevirol derivatives that
are more competent, effective, and safer against Schistosoma mansoni, which is the sole aim of this work. The flow chart for this
findings is depicted in Fig. 1.

2. Materials and methods
2.1. Based-paper and optimization of chemical structures

Twenty (24) potent derivatives of diterpenoid-7-keto-sempivirol with inhibitory activities against S. mansoni were reported in a
published literature [16] and Pubchem library in CSV file format with registration number AID 1358872 for certainty. The activities
were presented in micromolar (uM) inhibitory concentrations (IC50) and converted to PIC50 harnessing equation one for discarding
the disproportion that exist between the data’s thereby making it suitable for this studies [27,28]. Table 1 shows the chemical
structures in 2-D format, their activities, and the calculated residual values.

pICs, = —log,, (IC50 X 10’6) @

2-D structural drawings were achieved with ChemDraw v2.0, converted to 3D set-up in Spartan v14 software and subjected to
thorough geometry optimization by exploring density functional theory (DFT) and utilizing the B3LYP/6-31G* basis set [29].

Model 1:
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Fig. 1. Flow chart for the chemo-informatics studies performed.
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Table 1

2-D compound structural drawings achieved with the aid of ChemDraw, their inhibitory activities, and residual values.
S/No Structure IC50 PIC50 PIC50pyed Residual
1 ‘l 21.5 4.6676 4.6863 —0.0187

2 K:%’L 26.6 4.5751 4.6631 —0.088
\O N

3 ‘ 25.6 4.5918 4.6480 —0.0562

4 28.1 4.5513 4.6247 —0.0734
5 27.1 4.5670 4.5129 0.0541
6 40.1 4.3969 4.3851 0.0118
7 14.7 4.8327 4.8565 —0.0238
8 23.5 4.6289 4.6407 —0.0118
‘ O o<
OH
9 43.6 4.3605 4.4540 —0.0935
@ o
Lo
o<
10 Q OH 13 4.8861 4.8979 —0.0118
11 ° O SN 19.1 4.7190 4.5880 0.1310
12 18.9 4.7235 4.6471 0.0764

13 W 43.8 4.3585 4.2902 0.0683
S X

14 ‘ 27.3 4.5638 4.7073 —0.1435

15 . 6.3 5.2007 5.1127 0.0880
J~H
HO'

16 QL 6.4 5.1938 5.1252 0.0686

17 18.2 4.7399 4.6884 0.0515

18 QP 27.9 4.5544 4.6470 —0.0926

(continued on next page)
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Table 1 (continued)

S/No Structure IC50 PIC50 PIC50pred Residual
19 17.6 4.7545 4.7645 —0.0100
H
o
o
20 ‘ 26.4 4.5784 4.6154 —0.0370
0L
21 21.9 4.6596 4.7776 —0.1180
H
HO’
o
22 o~ 27.2 4.5654 4.4462 0.1192
o O~
A L,
23 o 26.0 4.5850 4.70315 —0.1182

Key: IC50: Half-Maximal Inhibitory Concentration PIC50: Negative Logarithm of IC50.
PIC50p,eq: Predicted Negative Logarithm of IC50.

2.2. Physico-chemical properties of calculated molecular properties, pre-treatment, and data division

The descriptors are simple depictions of measurable quantities (numbers) of a compound’s or atoms physical and chemical rep-
resentation, which are computed with Padel [30]. The generated descriptors from the software (Padel) swiftly underwent treatment
using the GUI1.2 data treatment suit so as to do away with useless parameters [31]. Also, the data is branched into two sets via data
division GUI 1.2 software, namely, the confirmation set, which comprises 22 % of the data used to check the strength of the model,
while 78 % of the data was used for the model construction.

2.3. Model generation and validation

In the Material Studio software interface, multi-variant equations (models) have been generated by blending both the genetic
function algorithm technique (GFA) and the multi-linear regression technique (MLR) [32-34]. The built models using the training set
were further tested by the confirmation sets to determine their predictive strength [35]. The picked model was a result of the following
outstanding statistical values: Friedman’s lack of fit (LOF), the squared correlation coefficient of the training set (Rz), the
cross-validation coefficient (Q3y), and the adjusted squared correlation coefficient (Rzadj). The statistical parameters for sound and
strong predictive ability must be in line with the guidelines provided by Golbraikh and Tropsha [36]. In addition, the variance inflation
factor (VIF), the confirmation set’s squared correlation coefficient (Rext), the Y-randomization test (cRZp), and the mean effect (ME) are
determined to check the model’s reliability. These parameters were calculated using the following equations: [37-41].

2
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Where Yexp, Ymintrain, and Ypreq are the observed, training set average observed activity and predicted activity, while the correlation
coefficient square and the correlation coefficient average are represented by R? and, respectively. Also, the correlation coefficient for
multiple regression involving I and j descriptors is represented as Rﬁ Furthermore, j is the descriptor j coefficient, the count of model
descriptors is indicated by m, Dj represents each training set values while the count of molecules used as the training set is represented
by n.

2.4. Applicability domain (AD)

Assessing the acceptability space of a QSAR model is vital to ascertaining its robustness and consistency.

3(s+1)
N

h* = 10)

Where “s" is the descriptors sum and “N" is the total sum of compounds in the training set. A typical AD plot is a plot of the leverage
of each compound on the Y-axis against their standardized residuals on the X-axis. Compounds that fall within the defined AD space are
well predicted by the model; influential molecules exhibit higher leverage scores than the cut-off value (h*), and they affect the
model’s performance; outliers are molecules that fall outside the defined AD space with standardized residual values beyond the +3
defined region; as such, they can be eliminated [42,43]. The employed leverage technique is defined by equation (10).

2.5. Ligand-based drug design (LBDD)

LBDD is an approach to developing new drugs that involves designing molecules from responses generated by the molecular de-
scriptors of known ligands or compounds. These descriptors contains characterized info of a compound inform of calculated quantities
which represents molecular properties that are useful in predicting biological activities for lead identification of compounds. This
approach typically involves analyzing the structure and activity of a set of molecules, identifying common features that are important
for their activity (descriptors guide), and using this information to design new molecules with high activity and specificity [44].

2.6. Pharmacokinetics prediction

Analyzing the drug-likeness and physicochemical profile of novel bioactive compounds is key to drug discovery and development
[45,46]. Lipinski’s rule is the gold standard accepted as a filter for assessing drug-like properties of compounds based on these four (4)

Fig. 2. 3-D structure of the prepared cathepsin B1 (SmCB1) target protein (PDB code: 6YI7).
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parameters and their threshold values: molecular weight (MW) < 500, lipophilicity (log P) < 5, number of hydrogen bond acceptors
(HBA) < 10, and hydrogen bond donors (HBD) < 5 [47]. The drug-like nature of a compound is certified only if it does not violate more
than three (3) of the parameters proposed by Lipinski [48]. In addition to the four parameters proposed by Lipinski, rotatable bonds
(flexibility: RB) and topological polar surface area (TPSA) proposed by Veber are as well profound and have received recognition for
good drug absorption. The RB and TPSA benchmarks were suggested to be < 10 and < 140 A? [49]. The prediction of drug likeness and
physicochemical properties of compounds in this work would be carried out by utilizing the SwissADME web-based tool [50].

2.7. Docking simulation of design compounds

Docking simulation as one of the in-silico tools in drug design is utilized to forecast how small bioactive molecules (ligands) will
interact with a target protein. In this work, cathepsin B1 (SmCB1), a target enzyme with a resolution of 1.29 A retrieved from RCSB
protein data bank with an identity code (6Y17) and prepared using BIOVIA Discovery Studio in order to eliminate the co-crystal ligand,
solvent molecules, and cofactors. The prepared protein in 3D format is presented in Fig. 2. Docking simulations between the prepared
protein and the least energy conformers of the 7-ketosempervirol ligands were performed using the v6.0 of Molegro Virtual Docker
(MVD) [51]. Before the process of docking commences, the protein is imported onto the MVD work space, and all necessary prepa-
ratory processes are carried out, ranging from enzyme repair and rebuild to polar hydrogen bond addition and setting a radius of 26 A
with X, Y, and Z coordinates of 9.28, —7.20, and —16.68. The ligands were imported one after the other, and the docking process was
executed using MolDock scoring functions. Analysis of the docked pulse was performed by utilizing the BIOVIA Discovery Studio
software [52]. Fig. 2 represents cathepsin B1 (SmCB1) target protein in 3D format prepared.

2.8. Molecular dynamics simulation (MDS) studies

MDS studies performed on the Ul complex of interest was to carry out further verification of docking protocol at the least atomic
state and stability inspection in the binding site of the receptor [53]. Desmonds software 2019-4 was used for the 100-ns MDS study
here-in while maintaining a solvent system throughout the process to examine the U1-6YI7 (ligand-receptor) complex structure
stability. This complex was subjected to fitness such as root mean square deviation (RMSD), root mean square fluctuation (RMSF) and
H-bond interaction counts involved considering the U1-6Y17 complex.

3. Results and discussion
3.1. QSAR model generation and internal validation

Herein, the combined use of the GFA-MLR approach, which selects VR1_Dzp, minssCH2, and gmax as the most relevant descriptors,
generated four (4) sound models. Internal statistical validations of the developed models all met the agreed values aimed at selecting
an acceptable model. The first model that possessed the best internal validation metrics was selected for the purpose of this research.
The model expression and their respective internal validation metrics are presented in Table 2 while validation or standard threshold is
shown in Table 3 (Supplementary file) [38,40,41,54-56] and Pearson correlation matrix for QSAR analysis which depicts the de-
scriptors in the choosing model, class, VIF and ME values are represented in table 4 (Supplementary file). All the VIF values are less
than 10, by implication, the model is reliable and non-accidental. Similarly, for multi-colinearity to exist between the descriptors, sum
of values of the mean effect of the three descriptors must be equal to one (1).

Table 2

Developed QSAR models and their respective internal validation parameters.
S/NO Model expression R? R%adj, Q%cv LOF
Model 1 pICso = —0.001361743* VR1_Dzp +1.309124703 * minssCH2 + 0.8650 0.8360 0.7691 0.0379

0.119928807 * gmax +
2.682043672
Model 2 pIC50 = —0.025809774 * VR2 Dzp 0.8607 0.8309 0.7590 0.0391
+1.350948170 * minssCH2+
0.119189664 * gmax +
2.644238403
Model 3 pIC50 = — 0.000751796 * VR1_Dzv 0.8606 0.8308 0.7503 0.0391
+1.223274210 * minssCH2 +
0.113665119 * gmax +
2.697056488
Model 4 pIC50 = - 0.000210160 * VR1_Dzi 0.8560 0.8252 0.4226 0.0404
+1.196251030 * minssCH2 +
0.110160129 * gmax +
2.665835715

Key: R%: Coefficient of determination R?adj: Adjusted Coefficient of determination Qy: Cross validation coefficient LOF: log of fit.
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3.2. Model external validation

An external validation assessment was done to further ascertain the model’s predictive capability. The external predicted corre-
lation coefficient (R%ext) was 0.796 which is higher than the 0.6 bench-mark as suggested [57]. As such, the selected model is robust
enough for the activity prediction of known and hypothetical 7-ketosempervirol derivatives. For replication’s sake, steps used to obtain
R2ext from equation (6) is presented in Table 5 (Supplementary file). In addition, the hypothetical compounds, their descriptor values,
and the model used to generate their activity are presented in Table 3.

While the validation parameters with minimum threshold for QSAR model are shown in Table 3 (Supplementary file). All these
parameters such as R? Rgdj, QZ, R%-Q3Z,, and CRS passed the threshold limit, as such the choosing model (model 1) is an excellent model
which was not gotten by chance.

3.3. Applicability domain

The activity predictive strength of a model is only effective on compounds within the domain’s acceptability space. The warning
leverage for anti-Schistosoma compounds obtained is h* = 0.67, and compound 6,10,18,19 and 23 falls beyond the threshold hat
matrix h* therefore, they are considered influential molecules. Fig. 3 represents the applicability domain of anti-Schistosoma
compounds.

3.4. Significant nature of the descriptor’s mean effect (ME)

The descriptors are largely influenced by the corresponding magnitude of the ME values and the sign of the relevant coefficient. The
negative indicator sign and magnitude for this descriptor (VR1_Dzp) with corresponding ME value (—0.0289) signifies that the lesser
this type of descriptor in the template structure, the better the anti-Schistosoma biological activity. While the two descriptors of in-
terest (gmax and minssCH2) with their ME values (+0.533514 and + 0.495343, respectively) indicate that the more of these de-
scriptors in the template, the better the anti-Schistosoma biological activity, these two descriptors have the same meaning and are
defined as atom-type electro-topological states (E-states). Atom type E-state parameters provide information on the electron densities
and distribution, spatial arrangement of electro-negative atoms in a molecule and their ability to donate or accept electron in a
chemical reaction [58].

3.5. Modification of template via ligand-based drug design approach

Compound 15, which is the most active compound with a predicted pICsg of 5.11, is subjected to molecular modification or design
on the basis of the information unveiled by the two most influential descriptors (gmax and minssCH2) with high mean effect (ME)
values from the model, coupled with its availability within the acceptable William’s plot domain space and having a relatively low
residual value of 0.0880, as shown in Table 1. Compound 15 and the template used for design are depicted in Fig. 4A and B. Variation
of substituents such as halogen, hydroxyl, amino, formal chloride, and formaldehyde that contain electronegative atoms like oxygen,
nitrogen, and chlorine pumps electrons to the ring system of the diterpenoid pharmacophore through resonance effect or electron-
sharing hence, increasing the electron density. Furthermore, the ethane group observed in compounds Ul and U4 favors aromatic
ring substitution, thereby combining easily with molecules in the receptor to form either cyclic or ring compounds. The iteration of the
template at positions Ry, Ry, R3, R4, Rs, and Rg generated 5 novel anti-Schistosoma derivatives with pIC50 ranging from pICsg = 5.21 to
5.42, which is higher than that of the template (pICso = 5.11) and the standard drug Praziquantel (pICsy = 4.28).

Table 3
The hypothetical SAR related to the model and PICs, values generated.
Hypothetical compounds Descriptors generated Model 1 equation for Pred. Activity
Name VR1_Dzp minssCH2 Gmax pICso = —0.001361743* VR1_Dzp +1.309124703 * minssCH2 +

0.119928807 * gmax +
2.682043672

ul 224.1311 1.110735 12.9756 5.387074
u4 216.7098 1.134828 12.90768 5.420575
u?7 239.3999 1.153465 12.54002 5.369981
u8 182.1974 1.151073 12.47048 5.436405
7b1 230.0826 1.166749 10.96824 5.211558

Key: ul: (4bR,8aR)-1-isopropyl-3,4b,8,8-tetramethyl-10-(methylamino)-6-vinyl-4b,5,6,7,8,8a,9,10-octahydrophenanthrene-4 - carbonyl chloride.
u4: (4bR,8aR)-1-isopropyl-3,4b,8,8,10-pentamethyl-6-vinyl-4b,5,6,7,8,8a,9,10-octahydrophenanthrene-4-carbonyl chloride.

u7: (4bR,8aR)-6-ethyl-3,4b,8,8-tetramethyl-4b,5,6,7,8,8a,9,10-octahydrophenanthrene-4-carbonyl chloride.

u8: (4bR,8aR)-3,4b,6,8,8-pentamethyl-4b,5,6,7,8,8a,9,10-octahydrophenanthrene-4-carbonyl chloride.
7b1:(4bR,8aR)-6-chloro-4-(dimethylamino)-1-isopropyl-4b,8,8-trimethyl-10-(methylamino)-4b,5,6,7,8,8a,9,10-octahydrophenanthren-2-ol.
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Fig. 3. Developed William’s plot.

Fig. 4. A and B shows the Template (15*) and general formula of template for design.
3.6. Pharmacokinetics results

The drug likeness profile of these SmCB1 inhibitors (novel compounds) was determined and presented in Table 4. The five novel
analogues from Table 4, possessed drug-like characteristics by violating just one of Lipinski’s rules (wlogp5) [59]. Additionally, they
are in agreement with Veber’s rule, which recommends that both RB and TPSA must be < 10 and < 140 A? [60]. Furthermore, a
bioavailability score (ABS) of 0.55 shows that all the compounds are orally bio-available and meet the drug likeness property [61],
while synthetic accessibility (SA), or ease of synthesis, of all the compounds calculated falls below 5, which is within the standard range
of one (1) to ten (10) [62].

3.7. Docking simulation results

The receptor 3D pharmacophore was presented in Fig. 2; likewise, the receptor (PDB code: 6YI7) and the SmCB1 inhibitors (novel
compounds and the standard drug Praziquantel) pulse visualized by Discovery Studio was presented in Table 5. From Table 5, all novel
compounds bind to the receptor in the following order: Ul (—113.121 kcal/mol) > U4 > U7 > U8 > 7B1 > PZQ >15* (—87.21 and
—83.37 kcal/mol) with higher binding affinity (i.e., least moldock score) compared to the standard drug and the template (15%). In

Table 4
Pharmacokinetic profile of the novel anti-Schistosoma analogues.
S/no HBD HBA RB Wlog p TPSA MwW ABS SA
U1 1 2 4 6.33 29.10 402.01
0.55 4.48
U4 0 1 3 7.5 17.07 387
0.55 4.44
u7 0 1 2 6.04 17.07 332.91
0.55 3.82
us 0 1 1 5.65 17.07 318.88
0.55 3.71
7B1 2 2 3 5.22 35.50 393.01 0.55 4.49

Key: HBD: Hydrogen bond donor, HBA: Hydrogen bond acceptor, RB: rotatable bond, Wlog p: weighted Partition (hydrophobicity of a compound
Coefficient), TPSA: Topological Polar Surface Area, MW: molecular weight, ABS: bio-available, SA: synthetic availability.
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The docking portion showing 2D and 3D representations, binding interactions, and hydrogen bond lengths of the designed
compounds and PZQ in the active site of the 6YI7 receptor.
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Key: (4bR,8aR)-1-isopropyl-3,4b,8,8-tetramethyl-10-(methylamino)-6-vinyl-4b,5,6,7,8,8a,9,10-octahydrophenanthrene-4 -
carbonyl chloride.u4: (4bR,8aR)-1-isopropyl-3,4b,8,8,10-pentamethyl-6-vinyl-4b,5,6,7,8,8a,9,10-octahydrophenanthrene-
4-carbonyl chloride.u7: (4bR,8aR)-6-ethyl-3,4b,8,8-tetramethyl-4b,5,6,7,8,8a,9,10-octahydrophenanthrene-4-carbonyl
chlorideu8: (4bR,8aR)-3,4b,6,8,8-pentamethyl-4b,5,6,7,8,8a,9,10-octahydrophenanthrene-4-carbonyl chloride.7b1:
(4bR,8aR)-6-chloro-4-(dimethylamino)-1-isopropyl-4b,8,8-trimethyl-10-(methylamino)-4b,5,6,7,8,8a,9, 10-octahydrophe-
nanthren-2-ol, 15*: template compound.

addition, there is direct proportionality between the moldock score values and the predicted activities (PIC50), as observed in Table 8
(supplementary file). This shows how well the novel compounds interact with the receptor or protein.
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3.8. Interactions between novel SmCB1 inhibitors and 6YI7 receptor

All the novel compounds display high predicted activities and more interactions compared to PZQ and 15*. The high binding
affinity, stability, and specificity of the designed compounds are a function of the synergy between all the interactions. Compound U1
has one of the best predicted activity and high binding affinity (least moldock score) of 5.39 pM and —113.121 kcal/mol, which is
better than PZQ, with a predicted activity of 4.28 pM and moldock score of —87.45 kcal/mol. Looking at the existing interaction
between U1l analogue and 6YI7 protein, one conventional hydrogen bond and a carbon hydrogen bond involving GLN A:94 (inter-
action distance of 2.10 10\) and GLY A:98 (interaction distance of 1.79 10\) amino acid residue interaction were observed with the oxygen
atom of the alkanoyl chloride group attached to the aromatic ring present in the diterpenoid pharmacophore. The free-moving
electrons in the aromatic ring interact with two amino acid residues, TRP A:292 (5.66 A) and CYS A:100 (3.49 A) through the Pi-Pi
T-shaped hydrophobic bond and the Pi-sulphur bond. Also, the methyl and isopropyl substituents attached to the aromatic ring
interacted with four amino acid residues, namely, CYS A:100 (5.73 /1’\), HIS A:270 (5.13 A), TRP A: 292 (5.23 }o\) and VAL A:247 (3.78
A) through the Pi-alkyl, Pi-alkyl, Pi-alkyl hydrophobic, and alkyl bonds, respectively. The alkene group attached to the cyclohexane
ring and the cyclo-hexane ring itself interacted with five amino acid residues, where the alkene group alone is bonded to ILE A:193
(5.02 f\), ARG A:96 (3.44 A) and CYS A:189 (4.17 10\) through an alkyl bond, while the cyclo-hexane ring interacts with HIS A:180 (4.77
A) and CYS A:189 (5.01 A) amino acid residues through an alkyl bond as well. Furthermore, the di-methyl substituent attached to the
cyclo-hexane ring in the diterpenoid pharmacophore interacted with five amino acid residues, namely, HIS A:181 (3.50 A and 4.35 A)
with two interactions through alkyl bonds, CYS A:189 (4.64 A and 8.42 10\), HIS A:180 (4.18 A) which were visible through alkyl bond
formation. Finally, eleven of Vanderwaal’s interactions were also observed. PZQ, an aromatic hetero-polycyclic compound, on the
other hand, shows two oxygen atom interactions present in the alkanamide group of the PZQ molecular framework. One of the oxygen
atoms interacts with LYS A:177 amino acid residues (bond length 2.02 A) while the other oxygen atom interacts with ASN A:166 (bond
length 2.42 A) via a carbon hydrogen bond and a conventional hydrogen bond. Three hydrogen atoms in the PZQ pharmacophore form
interactions with ILE A:91 (1.50 Z\), ASP A:93 (2.60 ;\) and GLU A:124 (2.73 [D\) via a carbon hydrogen bond. The aromatic ring in the
pharmacophore interacts with ARG A:92 (2.70 A), ALA A:127 (4.94 A) and SER A:162 (3.76 A) via pi-sigma, pi-alkyl, and amide pi-
stacked bonds. Furthermore, one of the cyclic rings of the pharmacophore interacts with ARG A:92 (4.33 A) via an alkyl bond. Finally,
eleven of Vanderwaal’s interactions were also observed. The novel compound (U1) shows several key molecular forces and in-
teractions compared to PZQ. This could be the reason for its high moldock score, stability, and activity. With the evidence stated
earlier, the said compound (s) is brought forward for consideration and exploration as a prospective anti-Schistosoma drug candidates
for the cure of Schistosomiasis caused by Schistosoma mansoni. The docking portion of the anti-Schistosoma analogues in complex
with 6YI7 receptor, showing the 2D and 3D representations, binding interactions, and their respective hydrogen bond lengths, is
represented in Table 5.

3.9. MD simulation results

The 100ns MDS runs presents absolute RMSD significance below 2.00 A for both the complex and protein. The protein maintained
constant RMSD value of 1.25 A during the first 40-ns simulation from then there is sharp increase in the value to 1.75 A as the
simulation runs progress to final stage. This revealed slight conformational change in the structure of the protein. With regard to the
ligand, at 10ns simulation, the value of RMSD was constant and lower than 0.75 A and then rises to 1.00 A which was maintained from
10ns all through the simulation period. This illustrate the ligand stability in the binding site of the protein target. RMSD plot of the
protein and the ligand is presented in Fig. 5.

RMSF compute flexibility and transition of residues in the protein backbone. Protein RMSF value less than 2.4 A during 100-ns
simulation procedure is an indication of stability. Fig. 6 show the RMSF values of the protein.

Formation of hydrogen bond interactions within a complex is of utmost importance in drug discovery as it play a major role in
stabilizing the protein-ligand complexes. Stable nature of the complex was further examine by hydrogen bond interactions with the
protein residues for 100ns runs. Fig. 7 confirms the formation of six (6) H-bonds with GLN94, CYS97, CYS100, HIS180, LEU267, and

Protein-Ligand RMSD

= 1P
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8 2

Time (nsec)
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Fig. 5. RMSD plot.
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TRP292 amino acid residues, which confirms the stability of the complex as well as justifies the docking result.

4. Conclusion

Schistosoma mansoni is on the increase because both Praziquantel (PZQ) and Oxamniquine widely used for the treatment of
Schistosomiasis for over 51 years suffer resistance and recurrence. In this work, chemo-informatics techniques were employed such as
QSAR modeling, evaluation of docking simulation, and pharmacokinetic profiling were harnessed in designing novel diterpenoid-7-
keto-sempevirol derivatives that are more competent, effective, and safer against S. mansoni alongside MD Simulation. Here-in,
upon QSAR screening, compound 15 which appears to be in the model’s acceptability space emerges one of the best with high pre-
dicted activity of (PIC50preq = 5.11). Compound 15 was further used as model in designing 5 new analogues with improved activity
against Schistosomiasis ranging from (5.21-5.42). Based on the generated QSAR model (model 1) that has been internally and
externally validated and proven to be robust owing to certain parameters. Furthermore, these compounds having better activity
compared to the standard drug PZQ were subjected to pharmacokinetic profiling before docking studies. The pharmacokinetics carried
out shows that the 5 new compounds, have the characteristics of a good drug by passing the Veber’s criteria and violated only one of
the Lipinski’s rules. While the docking evaluation further proves that all the design compound has better moldock score compared to
PZQ with compound Ul being the best. Md simulation of the best compound (U1l) in complex with 6YI7 has abnitio showed
outstanding profile in terms of activity, binding affinity, RMSD and RMSF coupled with a well-built interaction that forms six (6) H-
bonds with GLN94, CYS97, CYS100, HIS180, LEU267, and TRP292 amino acid residues at favorable bond distance, has confirmed the
complex stable nature and validates the docking result. The application of chemo-informatics in the design of improved bioactive
compound (s) targeting SmCB1 enzyme for Schistosomiasis treatment is open to further medicinal evaluation and utilization.
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