The protective effect of oleuropein from alzheimer disease as a natural drug
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ABSTRACT
Background and Purpose: Oleuropein is found in olive trees and in the leaves of olive trees. It may have an important role in the treatment and possible prevention of of Alzheimer’s disease. 
Applied Approach: The aim of this study is to determine the chemical properties of oleuropein and determine the reactivity of this substance as well as Oleuropein’s inhibition effect on AChE.BChE. 
Key Results: DFT (Density functional theory), HF (Hartree-Fock) and docking methods were used to measure the chemical properties of oleuropein. The structures of the compounds were fully optimized by using the above-mentioned methods and the results were evaluated. Oleuropein is an unstable molecule and is prone to degredation possibly due to it containing a phenolic structure. 
Conclusion and Implications:The results of the present study indicate that it may play an important role in the treatment of Alzheimer’s disease.
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Abbreviations

AD
            Alzheimer disease
DFT
 Density Functional Theory

HF              Hartree-fock

HOMO       Highest Occupied Molecular Orbital

LUMO       Lowest Unoccupied Molecular Orbital

1.INTRODUCTION
Oleuropein is the phenolic component which has crucial biological features in olive leaves and especially unripe fruits (Amiot et al.,1989; Bouaziz et al.,2008; Japon-Lujan et al.,2006;Malik and.Bradford 2006). This compound, the structure of which was first analyzed and reported by Bourguelot An Vintilesco in 1908 and was fully identified in 1960 (Panizzi et al.,1960).

Olueuropein is a substance that is produced by the olive tree in its first period,the immature period, found in the olive fruit; decreasing over time with the ripening process of the fruit (Amiot et al.1989; Esti et al.,1998; Ryan et al.,1999). Twelve percent of oleuropein is found as immature olives , and this percentage decreases as the fruit matures. As olives have a high level of oleuropein when fruits are immature, the rate of oleuropein decreases as the fruit grows (Tokuşoğlu,2010).

Oleuropein, as a phenolic compound , inhibits the oxidative cycle by neutralizing the superoxide and hydroxide radicals (Alirezaei et al.,2012). The radicals which are formed by the oxidative cycle are toxic to cell membranes by causing lipid peroxidation (Alirezaei et al.,2012).

Although the mechanism of action is not yet fully known, it can break the structure of some proteins and can reduce cell membrane permeability. These compounds are classified as surfactant active agents. In general, these molecules can penetrate proteins release inorganic phosphate, glutamate or potassium by damaging to the cell membranes and break down the peptidoglycan protein structure (Furneri et al.,2002;Sousa et al.,2006). As the phenolic compounds break down the high concentration of proteins, this may effect the structure of the enzymes responsible forenergy production (Juven et al ,1972; Denyer and Stewart,1998). Oleuropein displays anti-inflammatory, antirheumatic , diuretic, anti-atherogenic, antipyretic, and antioxidant properties as well as anti-oxidant properties (Al-Azzawie and Alhamdani,2006; Manna et al.,2004; Visioli et al.,2002; Visioli et al.,2000; Vissers et al.,2002).

The oleuropein compound, found in the leaves of olive trees, is important as it may provide some protective effects against illness as well as microbes.The amount of this compound, which has the impact of inhibition against microorganisms decreases when hydrolyzed with the maturation of olive fruit, and it is removed by alkaline treatment to obtain characteristics of edible olives (Yıldız and Uylaşer, 2011).

Alzheimer's disease (AD) is the most common of all neurodegenerative disorders. It has a negative impact on learning and language skills (Lambert et al.,2009; Seshadri et al.,2010). It gradually deteriorates and causes memory loss, functional loss and eventual death. There is no treatment to prevent, delay or slow progression of AD. When this disease is examined in the light
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of clinical data, it is the most frequently applied strategy in the symptomatic treatment of the disease is to ensure that acetylcholine remains longer in the synaptic cleft. Therefore, many cholinesterase enzyme inhibitors are used such as donepezil, rivastigmine and galantamine (Geula and Mesulam, 1995; Beach et al.,2000). In the later stages of Alzheimer's disease, the BHE activity in the brain increases while the ACHE activity decreases at an exponential rates (Mesulam,1996). In the light of the information mentioned above, in addition to AChE, the inhibition of BChE suggests that brain acetylcholine not only increases the amount of acetylcholine and but also prevents the conversion of diffused plaques into the neuritic plaques (Mesulam,1992). Cordero et al. emphasized that the Mediterranean diet, rich in polyphenols was useful in preventing and lessening the symptoms associated with AD. More studies were necessary to detect the effects of them on humans, in terms of metabolic pathways (Cordero et al.,2018).

Oleuropein is an important substance because it is used as a natural additive and, it is found in high percentages of olive leaves especially in olive leaves. Oleuropein is an important antioxidant as it may protect the neurons from the oxidative harmful effects of ethanol on the intestinal mucosa (Masoud et al.,2014). In this study; the chemical activities and the inhibition effect of Oleuropein on AChE, BChE were theoretically by using computational methods.

2.MATERIAL AND METHODS
The anti-oxidative structure of oleuropein was determined theoretically: The output dates of the molecule are drawn on Chem Draw Ultra 7.0 and optimized in Chem 3D. It is calculated theoretically by using DFT and HF bases using the Gaussion 09W program. The thermodynamical (Gibbs free energy) physical (HOMO, LUMO, dipol moment) values in blood were calculated using the DFT method. The fully optimized geometric structure of the compounds were determined and evaluated by using this method (Gökalp,2018;2016). The inhibition effect of Oleuropein on AChE and BChE was also investigated by using docking (Ritchie,2008).

3.RESULTS AND DISCUSSIONS
The results from the calculation on Gaussian 09 with DFT and HF of Oleuropein which is obtained from olive fruit and leaf were presented in Table 1 and Table 2.

As shown in the results in Table 1 and 2, the free energy change is with -1963.0640882, -

1952.2374543 hartree by using DFT and HF . Moreover, the high Gibbs free energy may be related
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to the hydrogen bond formation in Oleuropein. The values which are close to each other revelaing the reliability of our method.

If a molecule had a small frontier orbital gap, it might be more polarizable and have a high

chemical reactivity properties (Veeraiah et al.,2012). Additionally, these values and (HOMO-LUMO) bridge the gap to the small range and show that it is unstable due to the phenolic structures in oleuropein and a its high chemical reactivity. Especially LUMO value,0.08687 eV, which indicates DFT-prone reaction to radical structures. If a molecule has the phenolic structure it can

act as effective radical chain-breaking antioxidantwithin the hydrogen atom transfer reaction (Huang et al.,2005; Tabart et al.,2009).

The dielectric constant blood EPS values were used to value the decoder 58 (May 09,2018). The dipole moment value of 3.3959 debye indicates that there is rather good polarity in the blood. The factors related to the stability of a molecule as a free radical would increase the antioxidant activity (Mohamed and Elssamani, 2015). There are several important factors which affects the prevention and treatment of a disease such as solubility, type of solvent and the stability in assay media as a chemical (Syed et al.,2017). The formation of an intramolecular hydrogen bond in the phenolic moieties indicate the stability of the corresponding radicals (Mfomo et al.,2017). The presence of stronger intramolecular hydrogen bonding is an important situation for making stable of the free radical (Saqib et al.,2016). The O–H bond formation, bond dissociation enthalpy is an important factor in investigating the formation of ArO· radicals and the stability of the produced ArO· structure determines the antioxidant efficiency of ArOH (Esmaeili and Mohabi,2014). Hydrogen bond formation in Oleuropein with other molecules (due to the presence of oxygen atoms on the molecule) demonstrates that it may form more stable compounds.

The inhibition effect of Oleuropein on AChE and BChE was indicated by using docking (Ritchie,2008) as shown in Table 3. Acetazolamide (AZA) and Tacrine (TAC) were used as a standard inhibitor for both carbonic anhydrases I, and II (AChE,BChE) isoenzymes (Huseynova et al.,2019). Similarly to curcumin, oleuropein (OLE), extraced from the olive leaf and possibly due to due a phenolic natural product has a potential efficacy associated with low toxicity. It may also be a possible neuroprotective agent related to improved blood-brain barrier permeability (Cerri and Blandini,2019; Tavafi et al.,2012). When we look at Oleuropein in comparison with AZA and TAC results used as standard solution in AChE and BChE inhibition in Table 3; we observe that the inhibitory effect of Oleuropein is quite high.
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4.CONCLUSION
As a result of these theoretical calculations; we conclude that Oleuropein may be effective to slow any destruction of cell membranes and enzymes in the neuron. Due to Oleuropein appearing to have an intermolecular hydrogen bond formation it has likely very good solubility in the blood. The inhibition effect of Oleuropein on AChE and BChE is also quite well demonstrated by the data presented. As olive oil has been a very ancient remedy used for thousands of years for a multitude of illnesses, perhaps it is time to strongly consider a clinical trial testing Oleuropein in a proof of concept study after all animal toxicology studies are safely conducted.
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Table 1. The Oleuropein’s values of ∆G, HOMO, LUMO, ∆ (HOMO-LUMO) and dipole moment

by using DFT

	
	DFT
	∆G
	HOMO
	LUMO
	∆(HOMO-LUMO)
	Dipol Moment

	
	
	(Hartree)
	(eV)
	(eV)
	(eV)
	(Debye)

	
	
	
	
	
	
	

	
	Oleuropein
	-1963.0640882
	-0.11273
	0.08687
	0.19960
	3.3959

	
	
	
	
	
	
	


Table 2. The Oleuropein’s values of  ∆G, HOMO, LUMO, ∆ (HOMO-LUMO) and  dipole moment

by using HF

	
	HF
	∆G
	HOMO
	LUMO
	∆(HOMO-LUMO)
	Dipol Moment

	
	
	(Hartree)
	(eV)
	(eV)
	(eV)
	(Debye)

	
	
	
	
	
	
	

	
	Oleuropein
	-1952.2374543
	-0.22124
	0.24692
	0.46816
	2.3246

	
	
	
	
	
	
	


Table 3. The docking score of Oleuropein, Acetazolamide and Tacrine  on AChE and BChE

	
	Docking score
	AChE
	BChE

	
	
	
	

	
	Acetazolamide
	-163.18
	-203.54

	
	
	
	

	
	Tacrine
	-153.24
	-210.33

	
	
	
	

	
	Oleuropein
	-227.52
	-367.23
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