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Abstract: Background: Head and neck squamous cell carcinoma (HNSCC) is one of the most
common malignancies in humans and the average 5-year survival rate is one of the lowest among
aggressive cancers. Protein kinase C zeta (PKCZ) is highly expressed in head and neck tumors, and
the inhibition of PKCZ reduces MAPK activation in five of seven head and neck tumors cell lines.
Considering the world-wide HNSCC problems, there is an urgent need to develop new drugs to
treat this disease, that present low toxicity, effective results and that are relatively inexpensive.
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Method: A unified approach involving homology modeling, docking and molecular dynamics
simulations studies on PKCZ are presented. The in silico study on this enzyme was undertaken
using 10 compounds from latex of Euphorbia tirucalli L. (aveloz).
Results: The binding free energies highlight that the main contribution in energetic terms for the
compounds-PKCZ interactions is based on van der Waals. The per-residue decomposition free
energy from the PKCZ revealed that the compounds binding were favorably stabilized by residues
Glu300, Ileu383 and Asp394. Based on the docking, Xscore and molecular dynamics results,
euphol, ß-sitosterol and taraxasterol were confirmed as the promising lead compounds.
Conclusion: The present study should therefore play a guiding role in the experimental design and
development of euphol, ß-sitosterol and taraxasterol as anticancer agents in head and neck tumors.
They are potential lead compounds, better than other ligands based on the best values of docking
and MM-PBSA energy.
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1. INTRODUCTION
Head and neck squamous cell carcinoma (HNSCC) develops in the oral cavity and is the sixth leading cancer by
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incidence worldwide. This year, globally, 600,000 new cases
of head and neck cancer are likely to occur and of these, 4050% with HNSCC will only survive for 5 years [1]. According to the World Cancer Report of 2014, adding up pharyngeal, oral and laryngeal cancers in both sexes combined,
686,000 new cases were estimated for the year of 2012 with
375,000 estimated deaths for the same year. A decline in
incidence can be seen since the 1990s for some countries
such as India, China, USA, and Australia. However, conversely, increasing trends in incidence are being shown in
©2017 Bentham Science Publishers
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countries such as Denmark and Japan [2]. In Brazil alone,
15,490 new oral cancer cases are estimated for the year of
2016, and this cancer was responsible for 5,401 deaths in
2013. In regard to laryngeal cancer, 4,141 deaths were recorded in Brazil in the year of 2013 and 7,350 new cases are
expected for 2016, 6,360 of those affecting men [3]. The
development of head and neck malignancies is strongly associated with certain risk factors such as tobacco use, alcohol
consumption and infection with high-risk types of human
papilloma virus (HPV) [4, 5].
The diagnosed cases of this disease are often at an advanced stage, with a significant burden of lymph node involvement. Treatment of these patients involves assessment
by a multidisciplinary team with the coordination of surgery,
chemotherapy and radiation therapy. In most cases, combination therapy is used [6]. However, nonsurgical treatment has
a low response rate and high side effects. Despite advances
in research and treatment, clinical outcomes and overall survival rates for HNSCC have not been improved substantially
over the past decades, with the overall 5 years survival rate
under 50%. However, there is ongoing research on potential
alternatives and less toxic therapies for cancer of the head
and neck, seeking to achieve a more favorable clinical outcome by reducing treatment morbidity [7]. Recent research
on differentially expressed genes, biological functions and
potential involvement in HNSCC has shown that a protein
kinase C (PKC) zeta type participates in the biological process of regulation of cell growth [5]. PKC has been implicated
as a mediator of epidermal growth factor receptor (EGFR)
signaling in certain cell types. EGFR is top-up expressed in
HNSCC and plays a key role in tumor progression and
PKCZ is necessary for the proliferation and viability of tumor cells [8]. The inhibition of PKCZ reduces MAPK activation in normal human adult epidermal keratinocytes in five
out of seven head and neck tumor cell lines. Furthermore,
squamous cell carcinomas of the head and neck cell proliferation and viability are reduced by the inhibition of PKCZ
[8, 9]. Therefore, PKCZ is a potential prognostic biomarker
for target therapy of such tumors and its inhibition potentiates the action of other growth inhibitors in HNSCC. The
objective of this work is to study the interaction mechanisms
of molecules identified in the latex of Euphorbia tirucalli L.
with PKCZ.
E. tirucalli (Euphorbiaceae), popularly known as “aveloz”,
is a succulent shrub native from Africa and widely employed
in Brazilian traditional medicine [10]. The bark/latex of
E. tirucalli shows pharmacological activities such as antibacterial, molluscicidal, antiherpetic and antimutagenic [11].
In northeastern Brazil, the latex of E. tirucalli is used as a
folk medicine against syphilis and intestinal parasites, on the
treatment of asthma, earache, cough, rheumatism, cancer and
skin tumors [12]. Ethnobotanical studies in Brazil show that
among a total of 84 medicinal plant species that were reported in the ethnobotanical/ethnopharmacological literature
as being used for the treatment or prevention of cancer and
tumors, the most represented botanic family was Euphorbiaceae, E. tirucalli being one of the most cited species [13].
Furthermore, studies proposed to search for the antitumoral
activity of the E. tirucalli on the morphology and progression of the tumor cells have shown that cell proliferation was

Freitas et al.

decreased [14-16]. Chemically latex comprises mostly terpenes and sterols, including euphol, α-euphorbol, cycloeuphordenol, euphorginol, tigliane (phorbol esters), ingenane (ingenol esters), lupeol, α -amyrin, lanosterol, cycloartenol,
taraxasterol, tirucallol, cyclotirucanenol and tirucalicine [17,
18]. The species is also reported to possess hentriacontane,
ß-sitosterol, succinic acid, citric acid, ellagic acid, 3,3’-di-Omethylellagic acid, gallic acid, catechin, myricetin, tellimagrandin II, geraniin, euphorbin A, tirucallin A and B,
prostratin A, euphorbin F, pedunculagin, putranjivain A and
B, corilagin, casuariin, 5-desgalloylstarchyurin and 3,3,4-triO-methyl-4-O-rutinosyl ellagic acid [19-25].
Currently, scientists are focusing on designing and discovering potential inhibitors against cancer-related proteins
that play a critical role in the development of a variety of
tumors. Future research breakthroughs with the aid of computer-aided molecular design and chemo-bioinformatics will
bring new hope, but also create a new class of anticancer
drugs that will help millions of cancer patients. Thus, designed drugs are expected to have high affinity to the novel
targets, inhibit the proliferation and differentiation of tumor
cells and speed up their death. In silico Lipinski's rule predictions, database screening and molecular modeling studies
are useful tools for investigating biological receptors and
bioactive ligands. The above techniques can be used to investigate and report a new ligand for a candidate target protein. A combination of more structures, advances in homology modeling, better docking and scoring tools, molecular
dynamics simulations, fragment-based methods, and advances in virtual screening have been fundamental in this
progress [26, 27].
Molecular docking is a method which identifies the preferred orientation of one molecule and the affinity, when
bound to another, to form a stable protein-ligand complex.
Knowledge of preferred orientation can in turn be used to
predict the binding affinity between two molecules using, for
example, scoring functions. Molecular docking algorithms fit
molecules together in complementary fashions. This technique has attracted increasing attention from many researchers as a way to predict the geometries of complex biomolecules and their affinities [27-29]. XScore is a score
function used to compute energy interaction between protein-ligand complexes and may be used to rescore and/or
confirm binding affinities obtained in virtual screening procedures [30]. Its final value is determined by average of three
independent functions that is composed of five terms accounting for van der Waals interactions, hydrogen bonding,
deformation effect, hydrophobic effect, and translational and
rotational entropy loss effect. Another tool for molecular
modeling studies is the molecular dynamics (MD) simulation
that is used to study the interaction and movement of molecules. The MD and molecular mechanics Poisson-Boltzmann
surface area (MM-PBSA) methods when combined to rescore the docked complexes have been widely used for the
choice of the best ligand [31].
Among the substances present in the latex, 10 molecules
were selected for in silico discovering of better interacting
molecules with PKCZ. This paper aims to provide a model
of the structure of tridimensional PKCZ by molecular modeling and find a drug target compound as a leader from the
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molecules present in the latex of E. tirucalli by docking and
molecular dynamics simulations with the enzyme PKCZ.
The present study has been carried out to test the efficiency
of the naturally occurring plant compounds against the molecular marker PKCZ expressed in head and neck tumors.
2. MATERIALS AND METHOD
2.1. Homology Modeling
We made a model structure of PKCZ using the
MODELLER9.15 program [32]. Initially, the primary sequence of the target was obtained from Uniprot [33] (UniProtKB: Q05513). This sequence consists of 592 residues, in
which residues Thr410 and Thr560 are phosphorylated. The
sequence was submitted to a BLAST run for template selection using Protein Data Bank (PDB) [34] as database and the
PSI-BLAST algorithm [35]. Among the potential returned
templates, a human PKCiota kinase structure (PDBcode:
3A8W) [36] was selected, due to its 2.10 Å resolution and
84.43% similarity with the target. Sequence alignment was
carried out using ClustalO web service [37] and the alignment was converted to PIR format. In the modeling, the two
modified phosphorylated threonines were transferred from
template to model, using “env.io.hetatm = true” command in
the program script. 60 models were generated and the best
model was chosen by PROCHECK analysis [38].
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mat using acpype [45]. The system was neutralized and ionic
strength (0.15 mol L-1) of the medium was adjusted by adding Na+ and Cl-. The molecular dynamics simulations were
performed using GROMACS software package [46-48]
keeping constant the number of particles, pressure, and temperature (NpT ensemble) at 300 K and 1.0 bar using the velocity-rescaling [49] and Parrinello-Rahman [50] methods
for temperature and pressure control with 0.1 ps and 2.0 ps
time coupling, respectively. Equilibration periods were 1.0
ns, and productions runs were 10 ns. A cutoff distance 1.2
nm has been used for calculations of Lennard-Jones interaction and particle mesh Ewald (PME)[51] was used for the
long-range electrostatic interactions. The bond lengths of
hydrogen atoms were controlled with the LINCS [52] algorithm, and the SETTLE [53] algorithm was used to constrain
the geometry of the water molecules.
Binding free energy estimation for PKCZ-compound
complexes based on molecular mechanics/Poisson–
Boltzmann solvent-accessible surface area (MM-PBSA) [31]
was calculated from the g_mmpbsa tool implemented in the
subroutine of GROMACS and APBS [54]. The binding free
energy was estimated from 100 snapshots extracted every 10
ps of the DM trajectories which do not include the term entropy. The LigPlot+ [55] was used to evaluate the interactions complexes.
2.4. Lipinski's rule of five analysis

2.2. Molecular Docking
The inhibitor midostaurin was used as a control drug in
molecular docking. Ten natural products were selected from
E. tirucalli for docking studies, namely: ellagic acid,
kaempferol, 3.3'-di-O-methylellagic acid, taraxasterol, ßsitosterol, euphol, citric acid, hentriacontane, malic acid and
succinic acid. Their structures were obtained from PubChem
[39] in sdf format, converted to mol2 format using openbabel
software [40], and prepared using prepare_ligand4.py script
from MGLTools programs suite [41]. The selected PKCZ
model was prepared using prepare_receptor4.py script.
Docking running was performed by AutoDock Vina program
[42]. A related PKCiota structure (PDBcode: 3A8X, resolution: 2.10 Å) [36] has a co-crystallized ATP in site formed
by residues Ile251, Gly252, Gly254, Ser255, Tyr256,
Ala257, Val259, Lys274, Ile323, Glu324, Val326, Asp387
and Phe543, corresponding to residues Ile258, Gly259,
Gly261, Ser262, Tyr263, Ala264, Val266, Lys281, Ile330,
Glu331, Val333, Asp394 and Phe552 in the model, thus,
these residues were used for search space identification, that
was centered at x-y-z point 21.723, -1.863, -37.296, with box
dimension of 20.562 X 26.710 X 19.912 Å. Addition, we
computed binding energy using Xscore program [30].
2.3. Molecular Dynamics
The PKCZ-compound complexes of the best docking
poses were placed in a cubic periodic box and solvated by
24822 water molecules using a transferable intermolecular
potential 3P (TIP3P) model for water molecules [43]. The
AMBER99sb force field was used for PKCZ model. Force
field parameters for the small molecules were obtained by
generalized amber force field (GAFF) [44]. Amber topologies for the compounds were converted to GROMACS for-

The Lipinski's rule of five was analyzed for all ligands
considered for this study by calculating the corresponding
ADME properties using FAF-Drugs3 web server [56]. Lipinski's rule of five was initially developed to be applied only to
absorption by passive diffusion of compounds through cell
membranes. Due to their simplicity, it is widely used to
evaluate the overall drug-likeness.
3. RESULTS AND DISCUSSION
3.1. PKCZ model Overview
The PKCZ model was constructed by homology modeling based on the PKCiota template using MODELLER program, through the 84.43% similarity with the target. The
target residues 1-243 and 585-592 did not have equivalents
in the template structure, therefore we did not consider them
in the building model. Primary sequence alignment between
the target and template is shown in Fig. (1), where the active
site residues are surrounded by red squares. Active site residues are totally conserved in both sequences. Among 60
generated models, the model 34 was chosen for docking and
molecular dynamics studies. In the Ramachandran plot, the
model 34 exhibited 94.3% of the residues in the most favorable regions, 5.0% in the additional allowed regions, 0.7% in
the generously allowed regions and 0.0% in the disallowed
region. 3D alignment between target and template shows an
RMSD = 0.403 Å (calculated by pymol software [57]) (Fig. 2)
has come under the expected range of ≤ 2.0 Å [58].
3.2. Molecular Docking
The molecular docking results are shown in Tables 1 and
2D ligand structures in Fig. (3). Among natural products,
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Fig. (1). Sequence alignment between human PKCiota from PDB structure 3A8X and human PKCZ. In the alignment, the PKCZ sequence
ranges from residue 244 to residue 584. Active site residues in both sequences are surrounded by a red square. Sequence alignment performed
by ClustalO web service [37].

Fig. (2). Superposition between PKCZ model and 3A8X pdb template. Blue: PKCZ model, green: 3A8X PDB structure. Rendered by pymol
program [57].
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Table 1.

Binding free energy (kcal mol-1) results of PKCZ model with Euphorbia tirucalli natural products obtained by AutoDock
Vina program, Xscore and MMPBSA-molecular dynamics. LogP was obtained by obprop program [40].
Compounds

Formula

∆G Vina Score

∆G Xscore

∆G MM-PBSA/molecular dynamics

LogP

Taraxasterol

C30H 50O

-10.7

-10.97

-33.83

8.0248

Euphol

C30H 50O

-9.5

-10.39

-37.00

8.4791

β-Sitosterol

C29H 50O

-8.9

-9.94

-33.19

8.0248

Ellagic Acid

C14H 6O8

-8.4

-7.80

-19.16

1.3128

3,3'-di-O-methylellagic Acid

C16H 10O8

-8.3

-7.77

-22.51

1.9188

Kaempferol

C15H 10O6

-8.2

-8.06

-22.71

2.2824

Hentriacontane

C31H 64

-5.4

-8.21

-14.98

12.3391

Citric Acid

C6H8O 7

-4.9

-6.23

-12.14

-1.2485

Malic Acid

C4H6O 5

-4.1

-5.82

-12.66

-1.0934

Succinic Acid

C4H6O 4

-4.0

-5.85

-1.96

-0.0642

Midostaurin

C35H 30N4 O4

-10.7

10.85

----

-5.89

Table 2.

5

Lipinski's values of phyto-compounds.
Compounds

MW

QPlog Po/w

HB Donor

HB Acceptor

Lipinski Violations (max.4)

Taraxasterol

426.724

7.075

1

1

1

Euphol

384.644

7.111

1

1

1

β-sitosterol

414.713

7.435

1

1

1

Ellagic acid

302.197

-1.391

4

8

0

3.3’-di-O-methylellagic acid

330.250

0.002

2

8

0

Kaempferol

286.236

1.630

4

6

0

Hentriacontane

436.847

16.318

0

0

1

Citric acid

192.125

-0.261

4

7

0

Malic acid

134.088

-0.450

3

5

0

Succinic acid

118.089

-0.579

2

4

1

taraxasterol, euphol and ß-sitosterol exhibit the best binding
energy for VinaScore. The control drug (midostaurin) has a
binding energy of -10.7 kcal.mol-1 being the same as of
taraxasterol. In this way, we can suggest that these three
natural products have good interaction with PKCZ active
site. In order to validate molecular docking, the binding energy was also calculated by Xscore confirming that taraxasterol, euphol and ß-sitosterol exhibit better interaction with
PKCZ. The most hydrophilic ligands demonstrate a lower
binding energy, accordingly with the hydrophobic characteristic of PKCZ active site. LogP values were calculated by
obprop program of openbabel tools [40]. Binding energy and
logP roughly correlated, the three ligands with the best binding energy (taraxasterol, euphol and ß-sitosterol) had higher
logP values, while the three ligands with lower binding en-

ergy (citric acid, malic acid and succinic acid) had lower
logP values. An exception is hentriacontane, that has the
highest logP value, but low binding energy, likely due its
long opened chain with 31 carbon atoms, which could not fit
well into the active site. Ligplot graphics [55] are shown for
taraxasterol-, euphol- and ß-sitosterol-PKCZ complexes
(Fig. 4). Interaction between PKCZ and taraxasterol was
mediated by hydrophobic contacts, while interaction with
euphol showed H-bonding with Glu331 and Val333 residues,
and ß-sitosterol showed H-bonding with Glu331.
3.3. Molecular Dynamics
Molecular dynamics simulations were performed to refine the complexes obtained by molecular docking, to verify
the stability and to free energy rescoring all the structures by
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Fig. (3). Ligands selected from Euphorbia tirucalli for docking and molecular dynamics study.

the molecular mechanics/Poisson–Boltzmann solvent accessible surface area (MM-PBSA) method [31]. The stability of
the complexes can be verified by the calculation of root
mean square deviation (RMSD) of the structure, which determines the deviation between the positions of the starting
atoms in relation to the trajectory of MD. Fig (5a) shows the
results obtained from RMSD for the three best complexes.
Observing the last 6 ns, the protein stabilizes reaching average RMSD values of 0.255 ± 0.013, 0.239 ± 0.018 and 0.246
± 0.019 nm when complexed with euphol, ß-sitosterol and
taraxasterol, respectively, suggesting that the complexes were similarly stable.

were 2.137 ± 0.009, 2.141 ± 0.008 and 2.161 ± 0.011 nm for
the complexes with euphol, ß-sitosterol and taraxasterol,
respectively, suggesting that the protein is more compact
with a lower hydrodynamic radius when complexed with
euphol. Root mean square fluctuation (RMSF) with respect
to each residue was calculated (Fig. (5c)). The fluctuation
was highest in the loop region from 450 to 480 amino acid
residues outside the binding site. These results are in agreement with the radius of gyration, since the mobility of the
residues is higher for taraxasterol and lower for the euphol.
In sum, these results suggest that the euphol-PKCZ complex
is the most stable over time of simulation.

The radius of gyration (Rg) confers the hydrodynamic
capacity of the protein, and it can verify how compact or not
the protein becomes in the complex. Fig. (5b) shows that the
Rg for the complex with euphol presents smaller fluctuations, being more stable in relation to others. However, the
complexes with ß-sitosterol and taraxasterol show large fluctuations up to 4 ns reaching values 2.189 and 2.193 nm, respectively, and after 4 ns, the fluctuations decreased and become stable. Thus, the average Rg values of the last 6 ns

Molecular mechanics Poisson-Boltzmann surface area
(MM-PBSA) method has been used to estimate binding free
energies for the study of biomolecular interactions as well as
for scoring function in drug design [31]. The binding free
energy of the 10 complexes was calculated by the average of
100 poses throughout the MD simulations (Table 1). The
binding free energy showed the best ligands for PKCZ, euphol (-37.00 kcal mol-1), ß-sitosterol (-36.19 kcal mol-1) and
taraxasterol (-33.83 kcal mol-1). This result corroborates with
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Fig. (4). Interaction of PKCZ with the best ligands obtained by molecular docking. The PKCZ is shown in gray color cartoon while the
compounds are depicted by sticks. Green, cyan and magenta sticks represent euphol, ß-sitosterol and taraxasterol, respectively. Thatched
semi-circles indicate van der Waals contacts between hydrophobic protein residues and compounds. Hydrogen bonds are shown as green
dashed lines.

the energy calculated by the docking and Xscore where these
compounds also presented better binding energy. Among the
energies that contribute to the interaction energy, van der
Waals energy (-48.61, -41.19 and -38.78 kcal mol-1) has a
larger contribution, followed by the solvent accessible surface area energy (-4.78, -4.98 and 3.20 kcal mol-1) and electrostatic energy (-4.21, 4.19 and 1.09 kcal mol -1), whereas
the polar solvation energy (20.62, 14.16 and 9.95 kcal mol-1 )
does not present an effective contribution due to the positive
values for the complexes euphol-, ß-sitosterol- and taraxasterol-PKCZ, respectively. This is evidence that the energy governing the interaction force with the compounds is van der
Waals. The energy decomposition analysis (Fig. 6) shows
the main contributions from residues Glu300, Ile383 and
Asp394 to three compounds with energy ≤ -1.5 kcal mol-1. It
is shown that Lys281 is in disfavor with the binding for three
compounds. Fig. (7) shows interaction that occurs between
PKCZ and the top three compounds calculated by ligplot
from the final structure of the MD simulation. In all poses,
van der Waals contacts were observed between hydrophobic
protein residues and taraxasterol euphol and ß-sitosterol;
moreover, for euphol and ß-sitosterol, which also include
hydrogen bonding. It is noted that these bonds are conserved
in both the docking and MD analyzes with residues Glu331,

Val333, which may also be associated with good stability of
the complex beyond the hydrophobic interactions. However,
it is observed that the residues with greater energy contribution (Fig. 6) make hydrophobic interaction, reaffirming that
the van der wall energy is the force that governs the interaction with PKCZ.
The study shows that triterpenes euphol, taraxasterol and
b-sitosterol bind the PKCZ with ATP-binding pocket revealed by three different methods, docking, Xscore and molecular dynamics. There are reports demonstrated by different
experimental studies, where triterpenes present antiinflammatory and anti-cancer activity. In addition, studies
show that these molecules decrease the activity of enzyme
kinases like PKC and Epidermal Growth Factor Receptor
(EGFR) and also bind in the ATP-binding pocket [59-62].
Therefore, based on the results of stability and binding free
energy performed by MD the best molecules present in the
latex of E. tirucalli to binds PKCZ is euphol. However, it has
been reported that this molecule reduces the activation of
PKCα, PKCδ, and PKCε; the isozymes expressed in human
[59]. In light of these evidences, these triterpenes can be
used as a good prototype candidate in the development of
new drugs for cancer treatment, as inhibitors proteins kinase
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Fig. (5). The RMSD, radius of gyration and RMSF graph for three complex systems. (a) The RMSD profile for the C-alpha of PKCZ protein.
(b) The radius of gyration of the systems. (c) RMSF of the systems.
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Fig. (6). Per-residue decomposition free energy of the PKCZ for the three complexes from simulations.

Fig. (7). The binding mode and schematic representation of the final structure of MD. The PKCZ is shown in gray color cartoon while the compounds are depicted by sticks. Green, cyan and magenta sticks represent euphol, ß-sitosterol and taraxasterol, respectively. Thatched semi-circles
indicate van der Waals contacts between hydrophobic protein residues and compounds. Hydrogen bonds are shown as green dashed lines.

C, although additional experiments are necessary to establish
the potential efficacy of these triterpenes.
3.4. Lipinski’s Rule
Lipinski’s rule of five evaluates drug-likeness and determines whether the compound is pharmacologically active.

This filter is widely used for the development of new drugs.
Table 2 shows the Lipinski's rule of five. Only five compounds
were found to comply with the Lipinski's rule. Furthermore,
five compounds violated only one Lipinski's rule and a drug
to be rejected must present more than one violation of the
following criteria (the rule-of-five (RO5): molecular weight
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≤ 500; calculated log P (LogP) ≤ 5; number of hydrogen
bond donors (HBD) ≤ 5; number of hydrogen bond acceptors
(HBA) ≤ 10) [63].
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CONCLUSION
The PKCZ model generated can be used for docking and
molecular dynamics studies. The developed model has
shown good overall structural quality as confirmed using
different validation tools. Thus, the present work forms the
basis for further molecular modeling and biochemical studies
on targeting the PKCZ enzyme for therapy. Our studies revealed euphol, ß-sitosterol and taraxasterol as potent lead
compounds, better than other compounds based on the best
values of docking and MM-PBSA energy. In addition, the
binding energy of the control drug was the same as that of
taraxasterol, suggesting that the best ligands may have good
interaction with the PKCZ active site. Among the energy
contributions resulting from MM-PBSA binding free energies the van der Waals energetic term is the key compoundPKCZ interaction. In addition, these three complexes showed
good stability over time of the MD simulations. However,
based on the MD data, the best interaction of PKCZ is euphol, since MD considers the flexibility of both the protein
and the ligand in the complex, resulting in a proper adjustment of the ligand at the binding site. Further, in vitro and in
vivo analysis of the effects of euphol, ß-sitosterol and taraxasterol will be necessary to accurately understand its molecular mechanism of action and pharmacological efficiency to
conclusively state that they can be used as prototypes candidates in the development of new drugs for of HNSCC.
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