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	 Alzheimer's disease is a disorder associated to dementia that widely affects to 
population. In the molecular study, key enzymes have been associated with the regulation of 
the amyloid pathway, which have a focus in the discovery of possible inhibitors. Likewise, the 
absence of specific treatments, has promoted the development of promising molecules from 
natural sources. In this study was carried out an in-silico exploration of curcumin analogues 
against β-secretase, γ-secretase and GSK-3β. A virtual screening of 373 curcumin analogues 
against enzymes implicated in the pathology was implemented, using molecular docking 
simulations through Autodock-Vina based on PyRx 0.8. Followed by in-silico prediction of 
ADMET properties to molecules with higher affinity using SwissADME and GUSAR prediction. 
It was obtained that the molecules of highest affinity were 92296662, 102584924, 92341226 
for β-secretase, γ-secretase and GSK-3β, respectively. These were contrasted with selective 
inhibitors for enzymatic systems. Additionally, the predictions of the ADMET properties of 
the analogues showed a variability in terms of metabolism, non-permeation on blood–brain 
barrier and toxicity values according to reported in the literature. Thus, in-silico prediction 
indicated curcumin analogues as possible regulatory agents of the enzymatic activity associated 
to Alzheimer's disease.
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	 Alzheimer’s disease is the most common 
cause of dementia that impacts global health, 
with enormous repercussions on society1. This 
neurodegenerative disease with a slow progression 
affects 5-10% of the population over 65 years old, 
with a prevalence that increases exponentially with 
age. its prevalence has increased, estimating more 
than 45 million people diagnosed of dementia in 
worldwide and prevalence projections around 130 
million people with this type of manifestation to 
2,0502,3.

	 In addition, the family history of dementia 
is an important aspect in the development 
of the pathology, which has been linked to 
genetic component; likewise, the epigenetic and 
etiopathogenic environmental component has been 
highlighted, as contributors to indirect development 
of the disease4. Therefore, there has also been an 
increase in research that has helped to improve 
diagnostic methods, especially focusing on the 
pathophysiology of the disease and search for 
biomarkers in the initial stages5.
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	 On the other hand, the presence of 
regulatory enzymes in progression has been 
considered, hence the importance in the study of 
â-secretase and ã-secretase, constituting the main 
enzyme systems that cause accumulations of 
â-amyloid peptide, responsible at the formation of 
senile plaques on brain. Likewise, has been studied 
other enzymes as glycogen synthase kinase 3â 
(GSK-3â), in which are linked to phosphorylation 
of proteins6–8.  
	 Currently, the conventional treatments are 
based on the regulation of neurotransmitters such as 
acetylcholine, specifically in the inhibitory activity 
of acetylcholinesterase, preventing degradation of 
the endogenous substance and favoring stimulation, 
however this treatment isn´t sufficient, as well as, 
ineffective for prolonging the quality of life of 
patients9. 
	 Based on this, possible therapeutic 
alternatives have been reports in regulation of the 
enzymes associated to proliferation of AD10,11. 
Some natural sources such as Curcuma longa 
L., and its major metabolite as curcumin, may be 
associated to its antioxidant potential and protective 
activity against neurodegenerative diseases12,13. 
Therefore, the search and evaluation at the in-
silico level of metabolites such as curcumin and its 
analogues were established, promoting the study 
of agents as possible candidates in the inhibition 
of enzymes involved in Alzheimer’s disease.

Material and methods

Preparation of ligands and receptors
	 From bibliographic reports, it has been 
obtained that the curcumin is a good candidate 
for its use as a promising agent for the treatment 
of the disease. Hence, the search for curcumin 
analogues was developed using the PubChem 
database14, performing a selection filter of 98% 
structural similarity. 373 molecules were found 
and downloaded in SDF format. The ligands 
were minimized energetically using the force-
field mmff94; by conjugated gradients in 200 
steps developed through Open Babel tools15. 
Then, BIOVIA Discovery Studio version 4.5 
and Avogadro software were used for hydrogen 
addition and adjusted of charges. 
	 On the other hand, the Protein Data Bank 
(PDB) database was used to search for the three-

dimensional structure of the â-secretase, ã-secretase 
and GSK-3â proteins related to AD pathology, 
identified with access code: 4TRZ (Resolution: 
3.25 Å, complex with 2-thiophenyl HEA-type 
inhibitor), 6LR4 (Resolution: 3.00 Å, complex 
with Semagacestat) AND 3L1S (Resolution: 2.90 
Å, complex with Z92 or (4E)-4-[(4-chlorophenyl)
hydrazono]-5-(3,4-dimethoxyphenyl)-2,4-dihydro-
3H-pyrazol-3-one), respectively. Likewise, each 
protein was previously prepared by means of the 
extraction of associated molecules, the addition of 
hydrogens and eliminating of water.
Molecular Docking 
	 Molecular docking was performed by 
AutoDock-Vina linked to PyRx 0.8 software16,17. 
A virtual screening was implemented on 
conformational search in center grid space of x = 
26.895, y = 5.520, z = 16.585 for â-secretase; x = 
168.318 y = 173.555, z = 146.790 for ã-secretase 
and x = 38.189, y = 35.741, z = 53.087 for GSK-3â. 
A size grid value of x = 18.61, y = 14.82, z = 17.98 
for â-secretase; x = 17.46, y = 17.03, z = 22.15 for 
ã-secretase and x = 10.83, y = 17.05, z = 13.10 
for GSK-3â. Additionality, the molecular docking 
calculation with an exhaustiveness of 8. Then, it 
was simulated obtaining stable conformations. 
Prior the structural conformation were converted 
to PDB format using PyMOL18. BIOVIA Discovery 
Studio visualizer was used in the identification of 
interaction force and residues19.
Pharmacokinetic, toxicity and drug-likeness 
prediction 
	 The molecules with best affinity for 
enzymes were selected. A predictive search of the 
pharmacokinetic, toxicological and drug-likeness 
properties was performed using the SwissADME 
and Gusar on-line server20. 

Results and Discussion 

	 Curcumin reports antioxidant, anti-
cancer, and anti-inflammatory activities. As 
well as, some reports of inhibitory potential for 
acetylcholinesterase, which has been associated 
to neuro-protective capacity focused on cognitive 
deficits and amyloid accumulation21,22. Alike, 
Alzheimer’s disease as a progressive and 
multifactorial neurodegeneration, one of the 
mechanisms widely studied is related to the 
amyloid theory; therefore, â-secretase, ã-secretase 



447Contreras-Puentes et al., Biomed. & Pharmacol. J,  Vol. 15(1), 445-452 (2022)

Fig. 1. Curcumin analogues binding with enzymes implicated in AD. A. 92296662 binding β-secretase. B. 
2-thiophenyl HEA-type inhibitor binding β-secretase. C. 102584924 binding BACE-2. D. Semagacestat binding  

γ-secretase. E. 92341226 binding GSK-3β. F. GSK-3β Inhibitor binding GSK-3β

and GSK-3â are the enzymes directly related 
to the formation of amyloid plaques, which are 
considered therapeutic targets in the treatment of 
AD23. 
	 Experimental bases have led to the 
molecular study of the role of curcumin as a 

possible modulator element of key enzymes in 
the pathogenesis of Alzheimer’s disease. Thus, 
experimental approaches have established that 
modified curcumin such as GT863/PE859 have 
showed an inhibitory role about in vivo aggregation 
of Aâ and tau protein, besides have demonstrated 
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the regulation of cleavage by ã-secretase24. Also, 
Jen su et al., show through in vitro assay that 
curcumin analogues (TML-6) inhibit multiple 
pathways of pathogenesis, including the synthesis 
of APP and Aâ25. Likewise, the studies by Xiong 
et al have established that the use of curcumin 
contributed to the decrease of Aâ peptides (40/42a), 
the levels of protein and mRNA of PS1 and GSK-
3â26. On the other hand, some in silico studies have 
evaluated the presence of curcumin and flavonoids 
against â-secretase, which pIC predicted between 
4.52-10.27, and experimentally corroborated 
and demonstrating the prediction of promising 
bioactivities27. 
	 In molecular docking studies, curcumin 
analogues have demonstrated the presence of 
potential structures with high affinity to enzyme 
complexes such as 92296662, 102584924, 
92341226 for â-secretase, ã-secretase and GSK-
3â, respectively. Likewise, it was contrasted with 
selective inhibitors related to the crystallized 
structures. The main interactions at the binding 
site are shown in Figure 1 and Table 1.
	 The complex formed between 92296662 
and â-secretase, evidenced the formation of 
hydrogen bond with S71, T293 and T390 residues, 
which interacted to hydroxy and methoxy 
substituents of phenyl rings. Comparing with 
2-thiophenyl HEA-type inhibitor, residues with 
a wide contact volume are shown, distinguishing 
G72, T133, Q134, D289, T292, T293 and T390, 
capable of interacting through hydrogen bonds 
with carbonyl groups and amines of the inhibitory 
peptide, which is relevant due to sequence of 
residues 289-292, which are key in the catalytic 

activity of the enzyme28,29. Likewise, it has been 
characterized that some residues such as R296 are 
conserved in the secretase sequences of vertebrates, 
essential in the formation of a salt bridge with 
negatively charged P1 residues of the APP30.  
	 Regarding ã-secretase and 102584924, it 
has been identified that the majority of interactions 
are hydrophobic, generated through residues L268, 
L271, L282 and A434 with the aromatic groups 
of the curcumin analogue. On the other hand, 
the presence of hydrogen bond interactions with 
residues such as L432 was observed. However, 
contrasted with Semagacestat as a selective 
inhibitor of ã-secretase, was showed a high 
preponderance of hydrogen bonds with residues 
such as D385, G382, L432, L38131. Thus, in the 
molecular study of presenilin as a catalytic unit, the 
presence of aspartyl residues has been identified 
as transcendental in intramembranous cleavages; 
thus, changes in D257 and D385 are associated 
with decreased in vitro Aâ secretion and Notch 
1 cleavage 31,32. On the other hand, some studies 
show that the substitution of residues such as L432 
and S438 in FAD-linked mutations are important 
in the regulation of the ã-secretase mechanism, 
where it has been shown that suppressor mutants 
induced a decrease in Aâ42, essential for the 
pathophysiological progression of the disease33. 
	 Between GSK-3â and 92341226 is 
evidenced a hydrophobic behavior in binding site, 
where residues F67, V70, A83, V110 and L188 are 
identified, interacting with the aromatic rings of the 
analogue. Hydrogen bonds are shown between the 
hydroxy and methoxy substituents with residues 
V135 and R141, respectively. In contrast, the 

Table 2. ADME, and acute oral toxicity prediction of potential Inhibitors using 
SwissADME and GUSAR Server

Parameter		  Compounds
	 92296662	 102584924	 92341226

Permeation BBB	 No	 No	 No
P-gp	 No	 No	 No
CYP1A2	 No	 No	 No
CYP2D6	 No	 No	 No
CYP3A4	 Yes	 Yes	 Yes
AOT in rats–mg/Kg(OECD Class)	 2,529 (V)	 3,822 (V)	 2529 (V)
Lipinski	 Yes	 Yes	 Yes
Bioavailability score	 0.55	 0.55	 0.55
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studies of Arnost et al, corroborated that the 
selective inhibitors of 3-aryl-4- (arylhydrazono)-
1H-pyrazol-5-one, have shown that V135 and 
D133 are linked to the pyrazole ring through the 
carbonyl and amine groups, forming hydrogen 
bond interactions34. Also, is shown that methoxy 
substituents contact K8534. Additionally, it has been 
distinguished that V135 plays a crucial role in the 
formation of the hinge region, which has been 
linked especially in the ATP binding pocket35. As 
well as, K85 has been associated to ATP binding 
and ã-phosphate transfer36. These approaches that 
were described in the control molecule demonstrate 
that the presence of hydrophobic interactions, in 
concurrence with the bonds through hydrogen 
bond with these residues, are fundamental for the 
recognition and potency of inhibitory structures. 
	 Table 2 shows the predictions of ADMET 
properties, these results described that curcumin 
analogues don’t have the ability to permeate the 
blood-brain barrier (BBB), as well as a variability 
in inhibition on the CYP450 system, toxicity 
values predicted greater than 2500 mg/Kg, as 
well as compliance of Lipinsky rules. Therefore, 
although it has been established that curcumin 
exhibits low absorption, rapid metabolism, and 
limited permeability on BBB37; These properties 
can be improved with the development of 
pharmaceutical formulations based on liposomes, 
nanoparticles or micelles that favor bioavailability 
and application in the modulation of neuronal 
disorders. So, some investigations have shown that 
the administration of curcumagalactomannosides 
in Wistar rats evidenced a better behavior of 
plasma bioavailability, stability and permeability 
of the blood-brain barrier and other organs, which 
was validated by monitoring free curcuminoids38. 
Likewise, the implementation of curcumin 
nanoliposomes favors the absorption and its 
distribution, denoting in the studies a high affinity 
for the Aâ1-42 peptide39. Similarly, studies with 
curcumin analogues against Caenorhabditis 
elegans models determined that it could be 
associated with SKN-1/Nrf activation pathways, 
linking protection against Aâ toxicity40. Thus, 
in terms of toxicity it has been described that 
the predictions yielded theoretical LD50 values 
between 2500 and 3850 mg/Kg, which is validated 
by experimental studies where higher doses 
around 5000 mg/Kg not induce toxicity, which is 

evidenced with the administration of curcumin in 
the form of extracts or pharmaceutical formulations 
that improve absorption. As well as, the studies in 
Wistar rats where the administration of repeated 
doses for 90 days at maximum values of 1,000 mg/
Kg showed that low changes compared to control 
groups.

Conclusion

	 Virtual screening of curcumin analogues by 
molecular docking indicated a high energy affinity 
in compounds as 92296662, 102584924, 92341226 
for BACE-1, BACE-2 and GSK-3â, respectively. 
As were compared with selective inhibitors of 
crystallized structures, highlighting the presence 
of key residues in the functioning of the catalytic 
activity, and involved in functional regulation as 
described in the reported experimental studies. 
Likewise, the ADMET properties prediction studies 
showed that curcumin and analogues presented 
a series of variable characteristics in terms of 
absorption, permeability through BBB, metabolism 
and toxicity values   that could be consistent with 
In vivo studies reported. Then, it is established that 
the study of promising molecules such as curcumin 
and analogues can be tools for possible regulators 
of neurodegenerative functioning, specifically 
focused on promising molecules against these types 
of enzymes associated with Alzheimer’s disease.
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