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Abstract:  
        mTOR pathway is involved in the aging process but the understanding of all mechanisms remains 

needs more extensive research. In the current study, we investigated the molecular docking interactions 

of catechin, caffeic acid, carvacrol, diosgenin, eugenol, and rutin against mTOR. Results indicated the 

ability of investigated natural bioactive compounds to interact with mTOR with binding energy of -5.68, 

-4.87, -4.57, -7.34, -7.34, -9.72 kcal/mol. More in vitro and in vivo experiments are extremely needed to 

understand the mechanistic role of these natural bioactive compounds to hinder mTOR’s aging process 

participation. 
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1. Introduction   
The aging physiologic and pathologic 

process is marked by a gradual 

deterioration of cellular functioning, 

facilitated by modifications in several 

molecular pathways that heighten the 

vulnerability of the cell to harm. This 

decrease is a major risk factor for several 

major human disorders (Tenchov et al. 

2024). Numerous cellular processes are 

common to the aging process in many 

different organisms, including 

mitochondrial dysfunction, exhaustion of 

stem cells, telomere erosion, epigenetic 

modifications, deregulated nutrition-

sensing, and altered intercellular signal 

transduction (Kennedy et al. 2014). 

The nutrient-sensing protein kinase 

called mammalian target of rapamycin 

(mTOR) controls the growth and 

metabolism of all eukaryotic cells (Yang 

et al. 2008). The notion that the mTOR 

signaling network is crucial for 

regulating aging is supported by research 

done on mice, worms, yeast, and flies. 

There is evidence that the preventive 

benefits of various dietary restriction 

strategies, which have been shown to 

extend animal lifespans and postpone the 

onset of age-related disorders, are mostly 
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mediated by mTOR (Stallone et al. 

2019). 

Cellular senescence, an irreversible cell 

cycle termination, is considered a major 

tumor suppression mechanism in 

conventional wisdom (López-Otín et al. 

2013). This implies that treating cancer 

and delaying aging may be accomplished 

by focusing on mTOR. Although the 

mechanism of mTOR inhibition for anti-

aging or cancer therapy is complicated 

and sometimes confusing, it is believed 

that mTOR inhibition generally has 

favorable effects for anti-aging and anti-

cancer (Kim et al. 2017). Because of its 

remarkable ability to control a wide 

range of important cellular activities, the 

mTORC1 signaling pathway is likely 

important in cellular senescence. The 

mTOR signaling pathway can be made to 

act differently by a polyphenol. 

Furthermore, a key component of aging 

is cellular senescence, the underlying 

cause of age-related disorders. 

Polyphenols have anti-aging 

characteristics because they can slow 

down important signaling pathways, 

such the mTOR signaling pathway, that 

affect an organism's longevity 

(Weichhart 2018). 

Caffeine is a member of the phenolics 

class and has methoxy and hydroxyl 

groups on its structure (Khan et al. 

2016). Rutin is a member of the 

flavonoid glycoside group, which is also 

known as vitamin P. Its ability to 

scavenge free radicals suggests that it 

might have antiviral and antihypertensive 

qualities (Khomsi et al. 2022). 

Rhodanase, tyrosinase, elastase, and 

collagenase were all suppressed by rutin 

and caffeic acid, indicating their anti-

aging characteristics. The capacity of 

rutin and caffeic acid, which are found in 

snake fruit peels, to bind to the proteins 

that promote aging was validated by a 

prior study (Saafan et al. 2023; Widowati 

et al. 2023). 

Phosphorylation of Ser2448 and auto-

phosphorylation of Ser2481 in the 

mTOR protein occur via the PI3 

kinase/Akt signaling pathway (Huang 

and Houghton 2003). While phospho-

mTOR Ser2481 and phospho-

p70S6kinase, a downstream signaling 

protein of the mTOR pathway, were 

significantly decreased by catechin 

treatment, mTOR and phosphor-mTOR 

Ser2448 were only slightly reduced 

(Chung et al. 1992; Kuo et al. 1992). As 

mTOR and p70 S6 kinase control the 

production of new proteins, maintain the 

equilibrium of food absorption, control 

the levels of ATP and amino acids in the 

body, and control the growth of cells 

(Gingras et al. 2001; Lee et al. 2009). 

Natural bioactive compounds of 

antioxidant potential are extremely 

beneficial as anti-aging nutraceuticals. 

Therefore, the current study has been 

assigned to determine the probability of 

molecular interactions of catechin, 

caffeic acid, carvacrol, diosgenin, 

eugenol, and rutin against mTOR. 

 

2. Materials and Methods 

2.1.Ligands preparation 

The three-dimensional structures of 

catechin, caffeic acid, carvacrol, 

diosgenin, eugenol, and rutin were 

retrieved from PubChem 

(https://pubchem.ncbi.nlm.nih.gov/) 

database in SDF format. Ligands energy 

minimization and docking with target 

proteins were done using The MOE 

2015.10 (Salim and Noureddine 2020) 

software. 

2.2.Protein preparation 

The three-dimensional structures of 

rats' mTOR was retrieved from UniProt 

database (https://www.uniprot.org/). 

Target proteins were prepared for 

docking using MOE software along with 

target protein energy minimization. 

2.3.Molecular docking analysis and 

visualization 

mTOR was docked with ligands using 

MOE software through identification of 

binding site and molecular docking. 

https://pubchem.ncbi.nlm.nih.gov/
https://www.uniprot.org/
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Finally, the protein-ligand interactions 

were visualized by MOE. 

 

3. Results and Discussion 

As we thoroughly investigated the 

experimentally induced ageing by 

subcutaneous or intraperitoneal 

injections that generated the identical 

aspects of natural ageing, the current 

investigation was conducted on the 

mTOR of rats (El-Far et al. 2020, 2021, 

2022, 2024; Saafan et al. 2023). 

Results represented in Figure 1 

revealed the molecular interaction of 

catechin against mTOR with binding free 

energy of -5.68 kcal/mol whereas 

catechin bound with ASP911 (H-donor) 

and GLN1937 (pi-H) residues.  

Found in a wide range of fruits, 

vegetables, and plant-based beverages, 

catechin belongs to the flavonoid family 

of polyphenolic chemicals, or flavonols 

(Braicu et al. 2013).Catechin was shown 

to be able to bind mTOR and reduce 

ageing simultaneously by using 

molecular docking models. Although 

catechin is a metal ion chelator and a 

scavenger of reactive oxygen species 

(ROS), its indirect antioxidant actions 

include inducing antioxidant enzymes, 

which may account for some of its anti-

aging properties (Bernatoniene and 

Kopustinskiene 2018). 

Caffeic acid is an organic antioxidant 

compound that prevents oxidative stress 

alterations in the body. It is found 

naturally in a wide range of plants 

(especially in coffee) (Gülçin 2006; 

Khoshdel et al. 2022). As represented in 

Figure 2, caffeic acid interacted with 

mTOR by binding free energy of -4.87 

kcal/mol indication its role as anti-aging 

compound. Also, in vivo studies 

evidenced the anti-aging effect of caffeic 

acid against testicular damages in mice 

(Khoshdel et al. 2022) and memory and 

hippocampal neurogenesis deficits in 

aging rats induced by D-galactose 

(Saenno et al. 2022). 

Carvacrol is a phenolic monoterpenoid 

found in essential oils of oregano 

(Origanum vulgare), thyme (Thymus 

vulgaris), pepperwort (Lepidium flavum), 

wild bergamot (Citrus aurantium 

bergamia), Nigella sativa, and other 

plants with a wide range of bioactivities 

(Sharifi-Rad et al. 2018). In the current 

study, carvacrol interacted with mTOR 

by binding free energy of -4.57 kcal/mol 

as represented in Figure 3. The ability of 

carvacrol to interact with mTOR could 

alleviate the aging features. The in vivo 

study of El-Far et al (2022) revealed that 

carvacrol attenuate brain D-galactose-

induced aging-related oxidative 

alterations in rats. 

Many such bioactive compounds, like 

as diosgenin, are found naturally in 

Trigonella foenum graecum, Dioscorea 

alata, Smilax china, and other plants  

(Arya et al. 2023). Diosgenin is a 

phytochemical that is used to cure fatal 

conditions such diabetes, cancer, 

arthritis, asthma, cardiovascular disease, 

and problems of the nervous system 

(Parama et al. 2020). Molecular docking 

revealed that diosgenin interacted with 

mTOR by binding free energy of -7.34 

kcal/mol as represented in Figure 4. 

Previous studies have indicated that 

diosgenin is a bioactive chemical with a 

range of biological effects, including the 

amelioration of cognitive deficits related 

to aging (Chiu et al. 2011; El-Far et al. 

2024). 

The naturally occurring substance 

eugenol can be found in a variety of 

foods and plants, including peppers, 

Zingiber officinale, tulsi or holy basil 

leaves, Eugenia caryophyllata, bark from 

Cinnamomum verum, and Curcuma 

longa (Nisar et al. 2021). In the present 

study, eugenol interacted with mTOR by 

binding free energy of -7.34 kcal/mol as 

represented in Figure 5. Also, eugenol 

thought to be potential naturally 

occurring protective agents that could 

delay the aging process and maintain 

health (El-Far et al. 2022). 



Rutin (3,3′,4′,5,7-

pentahydroxyflavone-3-

rhamnoglucoside) is a flavonol abundant 

in plants such as passionflower, 

buckwheat, tea, and apple (Ganeshpurkar 

and Saluja 2017). Data in Figure 6 

explored that rutin bound with ASN2147 

(H-acceptor) and GLY2203 (pi-H) 

residues in mTOR by energy of -9.72 

kcal/mol. Saafan et al (2023) stated that 

rutin attenuates the D-galactose-induced 

oxidative stress in rats’ brain and liver. 

 

 
Figure 1. Molecular interaction of catechin against mammalian target of rapamycin 

(mTOR) 

 

 
Figure 2. Molecular interaction of caffeic acid against mammalian target of 

rapamycin (mTOR) 
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Figure 3. Molecular interaction of carvacrol against mammalian target of rapamycin 

(mTOR) 

 

 
Figure 4. Molecular interaction of diosgenin against mammalian target of rapamycin 

(mTOR) 

 

 



 
Figure 5. Molecular interaction of eugenol against mammalian target of rapamycin 

(mTOR) 

 

 

 
Figure 6. Molecular interaction of rutin against mammalian target of rapamycin 

(mTOR) 

 

4. Conclusion 

    As natural anti-aging bioactive substances, catechin, caffeic acid, carvacrol, 

diosgenin, eugenol, and rutin have been shown to interact with mTOR by the use of 

the molecular docking technique in this work. Previous research has validated the in-

silico model used in this work, but a deeper comprehension of the mechanisms behind 

their action is nevertheless required. 
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