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ABSTRACT 

During decades plastics are used for a wide variety of commercial applications all over the world, however,  plastics 

and its products have been associated to a number of health risks due to harmful components. Bisphenol A(BPA) is 

a synthetic compound that is added to many commercial plastic products, including food containers and hygiene 

products, and many other items. BPA-containing plastics are subject to degradation, resulting in the ingestion of 

BPA from many different sources when served hot. BPA has been shown to cause detrimental effects on health, 

even small concentrations. It  may disrupt the cells function due to its ability to act as an estrogen mimic. Along 

with being implicated in the formation of cancers and the metabolic syndrome, BPA has also been linked to 

inducing oxidative stress, which can lead to damaged DNA, promote tumorigenesis, and eventually causes cell 

death. Because of its pro-oxidizing role, it was hypothesized that BPA could increase the likelihood of cells 

becoming senescent and  can cause liver, kidneys, brain, and other organs injury by forming reactive oxygen 

species. Daily nutrition enriched antioxidants can prevent DNA damage and can enhance the activity of genes called 

sirtuins. The seven-enzyme sirtuin family is able to control many cell functions, including histone deacetylation, 

protein acylation, and deacetylation. This group of enzymes plays an important role in regulating oxidative stress-

related processes and functions, including longevity, mitochondrial function, DNA damage repair, and metabolism. 

Buckwheat has become  nutrient source due to its high mineral and antioxidant content. Its benefits may include 

improved oxidative stress control. Two types of buckwheat, common buckwheat (Fagopyrum esculentum) and 

Tartary buckwheat (Fagopyrum tartaricum), are most widely grown for nutrition. Tartary buckwheat has a higher 

antioxidant content than common buckwheat. It includes rutin, quercetin, vitexin, D-chiro-inositol. 

This study aimed to evaluate whether exposure to BPA induce oxidative stress, liver damage, affecting 

oxidant/antioxidant balance in the liver and stomach of albinos Wistar male rats.  

KEY WORDS: Bisphenol A, oxidative stress, DNA damage,  sirtuin genes, buckwheat, antioxidants.  
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CHAPTER I 

         INTRODUCTION 

Plastics are used consistently due to their durability, wide application, ease of use and low cost. However, the 

overuse of these materials came with unexpected problems. Plasticizers such as bisphenol A have been found to 

cause endocrine disorders, resulting in reproductive diseases and cancer in humans, and even feminization in aquatic 

species. In recent years, Bisphenol A has been causing various problems related to metabolic syndrome, diabetes, 

obesity and heart disease. This chemical is a cell contaminant that is toxic and mimic estrogen in mammalian cells.  

Bisphenol A (BPA) is a chemical that is widely used as a commercial plasticizer in the production of polycarbonate 

plastics. BPA was invented by the reaction of phenol with acetone by the Russian chemist Aleksandr Dianin in 1891 

but it’s synthesis was first reported by Theodor Zincke in Germany in 1905 (Allard, 2014). Scientists  discovered 

evidence of BPA toxicity in 1930. Between 1940’s and 1950's the chemical industry begins to use BPA to 

manufacture a hard plastic called polycarbonate, and to make epoxy resins 1940 and 1950 years. (Jane Houlihan, 

2008). Originally, it was used as an epoxy resin to give primers and protective coatings to metals such as pipes, food 

box interiors, floor adhesives, as well as tooth fillers. After polymerization in 1957, BPA was found to form a very 

durable, strong and clear plastic, and it has been used in automobiles, food storage containers, water containers, 

electronics and safety equipment (Susana Almeida, 2018). Exposure to BPA occurs mainly through ingestion, 

inhalation, and dermal routes. 

Unfortunately, plastics containing BPA can deteriorate due to incomplete polymerization, and at very high 

temperatures can cause BPA to dissolve from both parent materials. Thus, humans obtain BPA from various 

sources, such as plastic plates, plastic containers, food packed in plastic, tea/ coffee served in plastic cups or through 

contact with other BPA-containing products. When served hot, the BPA leaches and enters the human system. The 

effects of BPA mainly occur as a result of consuming contaminated foods and beverages that come in contact with 

epoxy resins or polycarbonate plastics. When bioactive BPA release from polycarbonate containers used for 

drinking water and other beverages is checked for permeability to water stored in new or used high quality 

polycarbonate containers, BPA from 0.20 to 0.79 ng per hour in polycarbonate water containers were found to be 

migrating at the same rates (Kubwabo, et al., 2009). Exposure to boiling water (100 ° C) increased the transfer rate 

of BPA by 55 times (Susana Almeida A. .́-G., 2018), and again the results show that the displacement of BPA at 

room temperature does not depend on whether the bottle has been used before or not (Hoa H. Le, 2008). This 

substance causes a variety of side effects such as cancer, endocrine, reproductive, metabolic and cardiovascular 

diseases. In addition, the formation of reactive oxygen species (ROS) due to BPA significantly impairs 

mitochondrial function.  (Ulas Acaroz, 2019). BPA, as a toxicant, has a direct effect on the mechanism of resistance 

to oxidative stress in the cell. Because of its hormone-like properties, it can bind to specific receptors in target cells 

(Meli, 2020). Therefore, the tissue-specific effect of BPA is mainly due to its ability to disrupt endocrine and the 

expression of these specific receptors in target cells (Pang, 2019).  BPA induced oxidative stress has been controlled 

by some types of enzymes which are important to prevent age related diseases. The sirtuin family of seven enzymes 

has also been linked to several antioxidant and oxidative stress-related processes and functions, including longevity, 

mitochondrial function, DNA damage repair, and metabolism. In addition, the fact that their deacetylase activity is 

dependent on NAD+ (Chandra K. Singh, 2018) The highly conserved structure of sirtuins, as well as their NAD+ 

dependence, suggests that these enzymes are a family of nutrient-sensing regulators cooperating in semi-redundancy 

to direct cellular metabolism in response to altered nutrition or  oxidative stress (Athanassios Vassilopoulos, 2011). 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/phenol
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/acetone
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They have different specific substrates including histones, transcriptional regulators and enzymes. Sirtuins can affect 

ROS production and increase resistance to its damaging effects. Oxidative stress has been shown to decrease SIRT1 

expression in the cell (P.Sachdevae, 2013). Sirtuin family genes  have also been found to be directly activated by 

polyphenols including quercetin, catechins, resveratrol and kaempferol.  Investigation of polyphenolic sirtuin-

activating compounds are thought to hold promise for reducing oxidative stress. SIRT2 is upregulated in response to 

calorie restriction and oxidative stress, SIRT3 reduces oxidative stress by increasing superoxide dismutase activity. 

Other two mitochondrial sirtuins, SIRT4 and SIRT5. SIRT6 is involved in DNA repair following oxidative stress 

through activation of the DNA repair enzyme. Polyphenols have been found to activate SIRT1, SIRT2, SIRT3, 

SIRT4 and SIRT7 protein and/or gene expression in cells and animal (Hiroyasu Yamamoto, 2007). 

 Among sirtuins, SIRT1 is the most widely studied and has been rated as of high importance for the prevention of 

degenerative diseases. Human SIRT1 is the largest protein of the sirutins family. Its molecular weight is 81.7 kDa 

and it consists of 747 amino acid residues (Joanna GERSZON, 2014). More than a dozen substrates have been 

described for SIRT1, including transcription factors and other regulators of age-related-degenerative diseases 

(Salvatore Fusco, 2012 Nov 15). SIRT1 also plays a major role in energy homeostasis in key metabolic tissues, 

which is potentially a manifestation of its ability to link metabolic status to transcriptional outputs. Hepatic 

metabolic derangements are key components in the development of degenerative diseases. Sirt1 is an important 

regulator of energy homeostasis in response to nutrient availability. It plays a vital role in the regulation of hepatic 

lipid homeostasis and that pharmacological activation of Sirt1 could be important for the prevention of obesity 

associated metabolic degenerative diseases (Akiko Satoh, 2011). Some researches also show that manipulation of 

Sirt1 levels in the liver affects the expression of a number of genes involved in glucose and lipid metabolism. 

Additionally, it has been demonstrated that modest overexpression of Sirt1 resulted in a protective effect against 

high fat induced hepatic steatosis and glucose intolerance (author1, 2011). In line with this, SIRT1 protein levels are 

increased in response to CR in many key metabolic tissues (Li*, 2013 Jan). 

Many evidence derived from in vivo studies suggests that SIRT1 may mediate the effects of CR in rats. Rats mildly 

overexpressing SIRT1 seem to be protected from the development of metabolic disease when challenged with high-

fat diets. Similarly, wild-type mice fed polyphenolic diet displayed prolonged lifespan and were protected against 

the development of metabolic disease. Treatment of Wistar rats with SRT1 720, a newly developed SIRT1 agonist, 

also mimicked the metabolic adaptations triggered by CR and conferred protection against metabolic disease 

(Auwerx, 2009) 

The goal of the present study was to assess the antioxidant capacity and effect on SIRT1 protein expression  of 

buckwheat-enhanced phenolic compounds in diet of Wistar male rats. Buckwheat (Fagopyrum tataricum), is a 

domesticated food plant raised in Asia, originated from the Yunnam province in southwest China and is widely 

consumed as flour or tea in many countries. Buckwheat is grown under almost limited environmental conditions 

during growth and developmental stages, especially at the early stage of development and flowering (Y Fujii, 2015). 

It is a highly nutritious whole that good source of superior quality protein, fiber, and energy. Among its health 

benefits, buckwheat may improve heart health, promote weight loss, and help manage degenerative diseases (Y.Z. 

Cai, 2004). Buckwheat contains many bioactive components and is rich in flavonoids, including orientin, vitexun, 

quercetin, and rutin. Especially, tartary buckwheat (Fagopyrum tataricum) is known to have about 80-folds higher 

rutin than common buckwheat (Fagopyrum esculentum). It had been widely studied that buckwheat promotes anti-

oxidation, hypocholesterolemia, and anti-inflammation. Buckwheat (Fagopyrum esculentum Moench, F. tataricum 

Gaertner) groats and flour have been established globally as nutritional foods because of their high levels of 

proteins, polyphenols and minerals (YuTang, 2012). The bioavailability of nutritional compounds is based on their 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/histone
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/quercetin
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/catechin
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/kaempferol
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/caloric-restriction
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/oxidative-stress
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sirt3
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sirtuin
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sirt4
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sirt5
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/sirt6
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/dna-repair-enzyme
https://en.wikipedia.org/wiki/Fagopyrum_tataricum
https://www.sciencedirect.com/topics/agricultural-and-biological-sciences/anthesis
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gastrointestinal stability and the efficacy of their trans-epithelial transition (LeiChen1HuiCao2JianboXiao12, 2018). 

Polyphenols constitute one of the most numerous and ubiquitously distributed group of plant secondary metabolites 

and are generally involved in defense against stress, such as oxidative stress.  

Buckwheat  that is commonly consumed around the world has been continued to research upon for its the dynamic 

capacity to protect against age-associated disorders through a variety of important mechanisms. Numerous lines of 

evidence suggest that dietary polyphenols have the capacity to mitigate oxidative cellular damage due to their 

antioxidant capacity. The last includes the inhibition of the modulation of several cell survival/cell-cycle genes, and 

activation of deacetylase enzymes such as  sirtuin family genes (F. Sarubbo, 2018). We were interested to study if  

buckwheat acts as a sirtuin regulator and works as portent functional food in rats. Functional foods are foods or food 

components which beyond providing basic nutritional needs, also have physiological/pharmacological benefits or 

reduce the risk of chronic diseases and also  BPA induce  stress. The present work was conducted to study effect of 

dietary buckwheat on SIRT1 protein expression and antioxidants in male Wistar rats. Buckwheat has significant 

amount of dietary fiber that is primarily indigestible. We hypothized that the indigestibility of buckwheat may 

mimic calorie restriction like effect and impact on SIRT1 protein expression. Further we wanted to understand if 

dietary buckwheat-led improvement in SIRT1 can offer any protection against BPA-induced toxicity in 

experimental animals. The aim of the present study was 

 To study the effect of BPA on experimental animals  

 To study the effect of dietary buckwheat on SIRT1 protein expression 

 To study the effect of SIRT1 protein expression against detrimental effects of BPA 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/momordica-charantia
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CHAPTER II 

LITERATURE REVIEW 

2.1 BPA Induced Oxidative Stress   

Since the last decade, oxidative stress has become the most important research topic of many scientists working in 

the field of biology due to its role in the onset of various diseases. Oxidative stress, oxygen, and oxygen-supplied 

free radicals override the cell’s natural antioxidant defenses, leading to damage to cell components, inactivation of 

metabolic enzymes, and disruption of signal transmission pathways (Esra Birben, 2012). Oxidative injury is well 

known to be associated both with the process of organism aging and with several chronic diseases that include 

among others, diabetes, atherosclerosis, age-related macular degeneration, cataract and Alzeheimer’s disease 

(Kumar, 2015). Protein crosslinking, lipid peroxidation, mitochondrial dysfunction and induction of cell death 

pathways are among the proposed mechanisms of cellular damage due to this misbalance. Moreover, can be induced 

by BPA and environmental factors, leads to the accumulation of reactive oxygen/nitrogen species (ROS/RNS), 

further causing misbalance in pro-oxidant/antioxidant steady state or a significant decrease in the effectiveness of 

antioxidant protections (Anu Rahal, 2014). Oxidative stress is the imbalance between free radicals and antioxidants 

in the body, while free radicals are oxygen molecules that have an uneven amount of electrons. An uneven number 

allows them to react easily with other molecules, and because free radicals react easily with other molecules, they 

can cause large-chain chemical reactions in the body. These reactions are called oxidation and they can be beneficial 

or harmful (Legg, 2017) It is also the result of an imbalance between antioxidant defenses and reactive oxygen 

species (ROS), such as free radicals. Regardless of the species, ROS can damage biological macromolecules due to 

their high reactivity with -C-H, and other bonds. This can result in carcinogenesis, as well as lipid peroxidation, 

which in turn can lead to necrotic cell death (Małgorzata Nita, 2016).  Eukaryotic cell has a variety of natural 

antioxidant defenses, such as reduced glutathione, ascorbic acid, thioredoxins, and α-tocopherol, and enzymes, like 

superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx), play critical roles in redox 

reactions in the cell (O.M.Ighodaroa, 2018). Oxidative stress induces modifications of cellular proteins, thereby 

altering their functions and causes a state of susceptibility to a wide range of disorders. It causes damage to 

biomolecules including DNA, lipids and proteins and contributes to the pathology of many diseases including 

neuronal degeneration, autoimmune diseases, cardiovascular dysfunction, accelerated aging, the progression of 

cancer and conditions of the reproductive system including both male and female infertility (Durairajanayagam, 

2017). BPA is well established as an endocrine disruptor due to its role as an estrogen mimic. Endocrine disruptors 

can act through nuclear receptors, nonnuclear steroid receptors such as membrane estrogen receptors, non-steroid 

receptors such as neurotransmitter receptors, orphan receptors, and many other pathways that converge on endocrine 

and reproductive systems. Even at low concentrations, BPA demonstrates a potency similar to estradiol in 

endocrine-receptor-dependent signaling pathways, due to the phenol in its structure (Paul S. Cooke, 2013). When 

BPA is  ingested orally, passes through the gastrointestinal tract and liver before entering the internal tissues. 

However, detoxifying enzymes have been proven in several experiments to play a crucial role in the destruction of 

intestinal wall and liver-derived chemicals (Muna S. Nahar, 2012). The cell's ability to maintain balance with the 

reduction and oxidation (redox) of chemical compounds plays an important role in all aspects of cell development, 

and growth. Normal cellular metabolism induces ROS, such as superoxide anions, peroxides, and hydroxyl radicals, 

and cells have created highly tuned pathways to use small amounts of these species to regulate genes and shed 
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excess ROS to prevent harmful effects (Kurutas, 2016). This important oxygen balance is maintained by many 

components in the cell and is highly regulated and coordinated. However, when this balance is disturbed by BPA or 

environmental toxins, the same ROS that was once beneficial to the cell can now cause insensitivity to mutations, 

cell growth and cell death signals. BPA has been shown to lower antioxidant defenses, (Gokul Prasanth, 2012). 

Taken together, these results suggest that BPA may have an important effect on oxidant-antioxidant scale tipping, 

whose net effect is an increase in oxidative stress.  In addition, increased levels of oxidative stress are associated 

with aging, cardiovascular disease, neuronal degeneration, and the development and progression of cancer 

(Gassman1). According to some reports, perinatal BPA exposure leads to reduced levels of gut bacterial diversity 

and bacterial metabolites and elevated gut permeability—three common early biomarkers of inflammation-promoted 

chronic diseases. Furthermore intensified inflammation plays an important role in diseases caused by BPA (Lavanya 

Reddivari, 2017). 

2.2 Generation of Reactive Oxygen Species 

Reactive oxygen species are chemically reactive chemical species containing oxygen. Examples include peroxides, 

superoxide, hydroxyl radical, singlet oxygen, and alpha-oxygen. In a biological context, ROS are formed as a 

natural byproduct of the normal metabolism of oxygen and have important roles in cell signaling and homeostasis 

(Yosef Dror, 2020). However, during times of environmental stress (UV or heat exposure) or BPA induce stress, 

ROS levels can increase dramatically. This may result in significant damage to cell structures. Cumulatively, this is 

known as oxidative stress. Effects of ROS on cell metabolism are well documented in a variety of species. These 

include not only roles in apoptosis (programmed cell death) but also positive effects such as the induction of host 

defense  genes and mobilization of ion transport systems. This implicates them in control of cellular function. In 

particular, platelets involved in wound repair and blood homeostasis release ROS to recruit additional platelets to 

sites of injury. These also provide a link to the adaptive immune system via the recruitment of leukocytes (P, 2019). 

Reactive oxygen species are implicated in cellular activity to a variety of inflammatory responses including 

cardiovascular disease. They may also be involved in hearing impairment via cochlear damage induced by elevated 

sound levels, in ototoxicity of drugs such as cisplatin, and in congenital deafness in both animals and humans 

(Mukherjea, 2011). ROS are also implicated in mediation of apoptosis or programmed cell death and ischemic 

injury. Specific examples include stroke and heart attack. In general, harmful effects of reactive oxygen species on 

the cell are most often: damage of DNA or RNA, oxidations of polyunsaturated fatty acids in lipids (lipid 

peroxidation), oxidations of amino acids in proteins, oxidative deactivation of specific enzymes by oxidation of co-

factors (Małgorzata Nita, 2016). In aerobic organisms the energy needed to fuel biological functions is produced in 

the mitochondria via the electron transport chain. In addition to energy, reactive oxygen species (ROS) with the 

potential to cause cellular damage are produced (Nabi, 2014). ROS can play key role with damaging lipid, DNA, 

RNA, and proteins, which, contributes to the physiology of aging. They are produced as a normal product of cellular 

metabolism. In particular, one major contributor to oxidative damage is hydrogen peroxide (H2O2), which is 

converted from superoxide that leaks from the mitochondria (Zuhl., 2015). Catalase and superoxide dismutase 

ameliorate the damaging effects of hydrogen peroxide and superoxide, respectively, by converting these compounds 

into oxygen and hydrogen peroxide (which is later converted to water), resulting in the production of benign 

molecules (Byung-Mu Lee, 2017). However, this conversion is not 100% efficient, and residual peroxides persist in 

the cell. While ROS are produced as a product of normal cellular functioning, excessive amounts can cause 

deleterious effects.  

https://en.wikipedia.org/wiki/Chemical_species
https://en.wikipedia.org/wiki/Peroxide
https://en.wikipedia.org/wiki/Superoxide
https://en.wikipedia.org/wiki/Hydroxyl_radical
https://en.wikipedia.org/wiki/Singlet_oxygen
https://en.wikipedia.org/wiki/Alpha-oxygen
https://en.wikipedia.org/wiki/Oxygen
https://en.wikipedia.org/wiki/Cell_signaling
https://en.wikipedia.org/wiki/Homeostasis
https://en.wikipedia.org/wiki/Ultraviolet_light
https://en.wikipedia.org/wiki/Oxidative_stress
https://en.wikipedia.org/wiki/Apoptosis
https://en.wikipedia.org/wiki/Genes
https://en.wikipedia.org/wiki/Platelets
https://en.wikipedia.org/wiki/Wound
https://en.wikipedia.org/wiki/Blood
https://en.wikipedia.org/wiki/Homeostasis
https://en.wikipedia.org/wiki/Injury
https://en.wikipedia.org/wiki/Immune_system
https://en.wikipedia.org/wiki/Leukocyte
https://en.wikipedia.org/wiki/Cardiovascular_disease
https://en.wikipedia.org/wiki/Hearing_impairment
https://en.wikipedia.org/wiki/Cochlea
https://en.wikipedia.org/wiki/Noise_health_effects
https://en.wikipedia.org/wiki/Noise_health_effects
https://en.wikipedia.org/wiki/Cisplatin
https://en.wikipedia.org/wiki/Apoptosis
https://en.wikipedia.org/wiki/Ischaemic
https://en.wikipedia.org/wiki/Stroke
https://en.wikipedia.org/wiki/Myocardial_infarction
https://en.wikipedia.org/wiki/Lipid_peroxidation
https://en.wikipedia.org/wiki/Lipid_peroxidation
https://en.wikipedia.org/wiki/Aerobic_organism
https://en.wikipedia.org/wiki/Mitochondria
https://en.wikipedia.org/wiki/Electron_transport_chain
https://en.wikipedia.org/wiki/Cell_(biology)
https://en.wikipedia.org/wiki/DNA
https://en.wikipedia.org/wiki/RNA
https://en.wikipedia.org/wiki/Physiology
https://en.wikipedia.org/wiki/Aging
https://en.wikipedia.org/wiki/Cellular_metabolism
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2.3 Oxidative injury of cells 

Aerobic organisms have integrated antioxidant systems, which include enzymatic and nonenzymatic antioxidants 

that are usually effective in blocking harmful effects of ROS. During conditions of metabolic stress, like obesity and 

metabolic syndrome, an oxidative stress environment is created, mainly due to a state of chronic inflammation. 

Oxidative stress can affect the activity of sirtuins at different levels: expression, posttranslational modifications, 

protein-protein interactions, and NAD levels (Leonardo Santos 1. C., 2016). Mild oxidative stress induces the 

expression of sirtuins as a compensatory mechanism, while harsh or prolonged oxidant conditions result in 

dysfunctional modified sirtuins more prone to degradation by the proteasome. SIRT1 can be potential link between 

cellular metabolic status and adaptive transcriptional responses. It is already established that SIRT1 proteins exert 

their effects through two different pathways namely histone modifications and nonhistone substrates (author P. M.-

R., 2013). Sirtuins constitute a family of highly conserved nicotinamide adenine dinucleotide (NAD+)-dependent 

enzymes that deacetylate histones and residues of acetylated lysine. A common feature of the activity of sirtuins is 

their dependence on intracellular ratio of NAD+ and its reduced form NADH (Kristin A Anderson, 2017). Sirtuins  

also have been shown to play an important role in the defense mechanisms against pathological conditions, but the 

excessive generation of free oxygen radicals may damage tissues and also damage proteins, leading to the structural 

alteration and functional inactivation of many enzymes and receptor proteins involved in cell signaling (Aprioku*, 

2013). From some recent studies, it is now clear that this generation of ROS by BPA exposure depends on cell types 

and which hormone receptor is being found in that particular cell type. Environmentally persist low level of BPA 

exposure might be able to cause oxidative damage by disturbing the balance between reactive oxygen species and 

antioxidant defense system, resulting in the development of oxidative stress-related diseases (Meli, 2020). 

Experimental data have shown BPA can induce the generation of ROS through the enzymatic and non-enzymatic 

formation of radicals. BPA induce mitochondrial dysfunction in the liver is thought to be caused by an increase in 

oxidative stress and inflammation. Cell death, DNA mutation, replication errors, and genomic instability can occur 

if the oxidative DNA damage is not repaired before DNA replication (Dinari Tiwari, 2017). BPA-induced  oxidative 

stress affects SIRT1 expression, which then affects the expression and activity of downstream proteins, resulting in 

oxidative damage. Upregulation of SIRT1 expression by SIRT1 activator can generally alleviate the toxicity of BPA 

(Jing Xu, 2018). SIRT1 can interact with proteins in various signal transduction pathways and regulate biological, 

physiological, and pathological processes. For example, SIRT1 can reduce the release of inflammatory factors by 

inhibiting the expression and activity of NF-κB in the NF-κB signal transduction pathway, thus alleviating the 

inflammatory damage caused by some toxicants. Therefore, an in-depth study of the role and mechanism of action 

of SIRT1 in toxic damage caused by poisons may provide new insight into therapeutic strategies to limit the toxic 

damage caused by poisons. SIRT1 can catalyze the deacetylation of acetyl lysine of histone substrate and some non-

histone substrates to regulate gene expression. It can participate in the regulation of apoptosis, the inflammatory 

response, oxidative stress, energy metabolism, and other processes by regulating different pathways, playing an 

important role in toxicological damage. 
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2.4 SIRT1-mediated signaling pathways 

Based on the key role of sirtuins in the regulation of metabolic responses, we can view changing in the redox status 

of the cells affect the activity of sirtuins and what are the biological consequences of these alterations. While the 

nonhistone modification exhibits that once SIRT1 is activated it mediates intracellular responses that promote cell 

survival, enhance the repair of damaged DNA, and reduce cell division (Jiho Jang, 2017). Also, SIRT1 is associated 

with the heterochromatin regions where they promote deacetylation of histone. It can be inferred that owing to 

multiple molecular functions performed by SIRT1namely deacetylation, epigenetic modifications, and transcription 

factor modulation (Farnham, 2011) (Vittorio Sartorelli1, 2018). In histone modification, many ageing related effects 

are caused by chromatin changes. Because SIRT1 is localized mainly in the nucleus, its physiological actions are 

partly mediated by its ability to deacetylate nucleosomal histones at specific residues (Lin*, 2015). As SIRT1 lacks 

a DNA-binding domain, it is subjected to target promoters by sequence-specific transcription factors so as to 

incorporate chromatin remodeling and subsequently regulation of gene expression (Farnham, 2011). Experiments 

indicated that for every acetyl lysine group that is removed, one molecule of NADC is cleaved, nicotinamide and O-

acetyl-ADP-ribose are produced (Jonathan M. Solomon, 2015). Therefore, SIRT1 appears to possess two enzymatic 

activities; first the deacetylation of a target protein and second the metabolism of NADC. This distribution helps us 

to understand the underlying mechanism attributed to sirtuin and its effect on health. In all living organisms, cellular 

energy is produced and expended using universal “energy currencies” such as ATP and NADH (Falkevall, et al., 

2017). The tight balance between such anabolic and catabolic pathways ensures that cells do not deplete essential 

energy stores, which would ultimately cause cellular damage or death. Sirtuins are significantly involved in 

mammalian energy homeostasis. The activity of SIRT1 is highly regulated towards the environmental factors that 

may influence it (Lee, 2019). A feeding regime that is reported to accelerate the sirtuin activation is caloric 

restriction, which corresponds to a lowering of 20–40% calories below ad libitum intake without inducing 

malnutrition (Shubhra Pande1, 2017). The levels of sirtuin have been reported to enhance in fasting mice. Much 

difference in opinion has been reported in context to understand how calorie restriction can affect the life span. 

PGC-1α is a transcription factor co-activator that affects most cell metabolic pathways. It influences mitochondria 

respiration, the reactive oxygen species defense system, and fatty acid metabolism by interacting with specific 

transcription factors. Studies have shown that SIRT1 can enhance tissue antioxidant capacity by activating the 

transcription of PGC-1α and inducing the expression of superoxide dismutase (SOD) and glutathione peroxidase 

(GSH-PX) in cells (Patel SA1, 2014). Therefore, when toxic substances directly act on SIRT1 to reduce its 

expression, it can reduce the antioxidant capacity of tissues and cause oxidative damage to the body. Some other 

researchers  found that early lead exposure could reduce phosphorylated PGC-1α in the mouse cerebral cortex and 

SIRTl expression in the nucleus of cerebral cortex cells, increase the retention of PGC-1α in the cytoplasm, reduce 

the activity of GSH-PX and the GSH content, and reduce the antioxidant capacity (Zhihua Ren, 2019). Excessive 

fluoride can also inhibit SIRT1, significantly downregulate the protein expression level of SIRT1, and cause central 

nervous system oxidative damage through the SIRT1/PGC-1α pathway. SIRT1 can also regulate the function of 

PGC-1α in cells by regulating the acetylation and activity level of PGC-1α, as well as regulation of downstream 

transcription factors such as nuclear receptor peroxisome proliferator-activated receptor (PPAR), estrogen-related 

receptor (ERR), nuclear respiratory factor (NRFs), and mitochondrial transcription factor A (Tfam), further affecting 

mitochondrial production and function, and regulating the metabolism of glucose and lipids. In addition, structural 

damage or dysfunction of mitochondria also leads to the initiation of apoptosis, so SIRT1 can regulate the functional 

state of mitochondria and indirectly control apoptosis by regulating the acetylation level of PGC-1α. Regarding BPA 
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toxicity damage, studies have found that BPA treatment can obviously inhibit the expression of SIRT1 (Rosanna 

Chianese, 2018) and increase PGC-1α acetylation levels, damaging mitochondria and leading to mitochondrial 

dysfunction, and eventually inducing cell death processes such as apoptosis and necrosis, which may also be an 

important cause of hepatotoxicity induced by BPA. Therefore, in the oxidative damage caused by some poisons, the 

SIRT1-mediated PGC-1α pathway can play an important role by regulating the body’s antioxidant capacity and 

mitochondrial production and functional status. NF-κB is the master switch of the inflammatory response, which is 

usually connected to inhibitory protein inhibitor of NF-κB (IκB) in the form of a p65/p50 dimer (Ting Liu, 2007). 

When stimulated, p65/p50 can be activated and transferred to the nucleus to regulate the transcription of various 

downstream inflammatory factors. The p65 subunit of NF-κB is the direct target of SIRT1, which, through 

deacetylation, can control the acetylation level of NF-κB p65 to regulate the transcription level of the downstream 

genes, including those encoding IL-1, tumor necrosis factor α (TNF-α), IL-8, IL-6, and other inflammatory factors, 

thus regulating the inflammatory response (Andrea Oeckinghaus1, 2009). In addition, NF-κB is also involved in the 

regulation of apoptosis, and SIRT1 regulates anti-apoptosis-related gene expression through NF-κB. Excessive 

amount of  BPA can reduce the expression of SIRT1, so that NF-κB cannot be deacetylated, resulting in activation 

of the NF-κB signal, which causes neuronal apoptosis and central nervous system damage (Mark P. Mattson1, 

2001). It can be seen from the above that SIRT1 can regulate apoptosis by controlling the level of deacetylation of 

NF-κB, thus affecting the toxic damage of some toxicants. However, the SIRT1/NF-κB pathway mainly participates 

in the toxic damage process of toxicants by the inflammatory response. The FOXO protein family is widely 

involved in cell signal transduction, growth and development, apoptosis, and antioxidant stress, among which 

FoxO1 and FoxO3 are the most common. This family of proteins can activate or inhibit a variety of target genes, 

such as p27kip1 and cyclin D (CCND) CYR61, which regulate the cell cycle, the bim and fasL genes that mediate 

apoptosis (S. Mazumder, 2004). The complex interaction between SIRT1 and FOXO protects against oxidative 

stress (Yu-Qiang Wang 1, 2015). On the one hand, SIRT1 upregulates the deacetylation of FOXO, enhances FOXO-

induced cell cycle arrest, activates and promotes the FOXO/MnSOD pathway, increases the expression of 

manganese superoxide dismutase (MnSOD) and catalase (CAT) to resist oxidative stress, and promotes the repair of 

DNA damage during replication (Candida Fasano, 2019). On the another hand, after deacetylation of FOXO by 

SIRT1, FOXO can be degraded by ubiquitination, reducing the level of FOXO and inhibiting the ability of FOXO to 

induce cell death, thereby ultimately protecting cells from oxidative stress damage (Hiroak iDaitoku, 2011). In BPA-

induced toxic effects on SIRT1 cause a decrease in expression, and a decrease in the level of FOXO deacetylation 

leads to an increase in apoptosis, leading to damage. After activation of the SIRT1/FOXO pathway, the level of 

FOXO deacetylation not only regulates the oxidative stress of the body, but also involves the control of cell 

apoptosis and the cell cycle, which is a complex and interactive process (author P. S., 2011). Therefore, the study on 

the role of this pathway in the toxic injury of related toxins should be more comprehensive and systematic. Nuclear 

factor E2-related factor 2 (Nrf2) is widely regarded as a transcription factor activated by oxidative stress that 

induces the coding of a series of antioxidant protective proteins and promotes the regulation of redox conditions in 

cells. In addition, Nrf2 is also an important negative regulator of inflammatory cytokine activation and interleukin-

1-mediated vascular inflammation, and therefore participates in the process of inflammation 

(JunWangbXiuwenTang, 2017). Some studies have shown that Nrf2 can be regulated by acetylation, while SIRTI 

can activate Nrf2 transcriptional activity and upregulate Nrf2 downstream gene expression of genes such as those 

encoding SOD and GSH (Zhihua Ren #. H., 2019). Conversely, downregulation of SIRT1 expression significantly 

reduced Nrf2 protein expression. Regarding the oxidative stress caused by BPA, some studies have found that 

overexpression of SIRT1 can deacetylate NRF2, increase the stability of Nrf2, promote the transport of Nrf2 to the 



14 

 

nucleus, promote the transcriptional activity of Nrf2, enhance the resistance of cells to oxidative damage, and play a 

protective role in the AEC-II injury of mice caused by BPA poisoning (Syed Zahid Ali Shah, 2018). It can be seen 

that the SIRT1/Nrf2 pathway can antagonize the oxidative damage caused by some toxicants by enhancing the 

antioxidant capacity of the body. p53 can regulate the expression of a large number of downstream target genes, 

which in turn affects cell cycle organization, apoptosis, differentiation, and a number of other processes. SIRT1 

enhances the expression of MnSOD by deacetylating p53, thereby increasing cellular antioxidant capacity (Zhihua 

Ren H. H., 2019). It is also negatively regulated by p53. When cells are under oxidative stress, SIRT1 can 

deacetylate the lysine residue at position 382 of the p53 protein and inhibit the activity of p53, thereby inhibiting the 

transcription of downstream target genes dependent on p53, such as CDKNIA and BAX, reducing cell apoptosis. In 

the oxidative stress caused by BPA, SIRT1 can regulate the deacetylation level of p53, which can affect the 

antioxidant capacity of cells and regulate cell apoptosis (Atsushi Kuno, 2013). Studies have shown  that SIRT1 

plays an essential role in protection against BPA-induced oxidative stress and mitochondria-dependent apoptosis in 

cells (Rosaria Meli, 2020).  

2.5 Sirtuin expression enhance by Calorie restriction 

The beneficial health outcomes of CR resemble those that are induced by antioxidants in a number of animal 

models, suggesting that the molecular pathways by which antioxidants act are similar to those activated by CR 

(Kerry Bone, 2013). Recently, it was suggested that the sirtuin genes could be the common mediators that explain 

both the effects of antioxidants and CR pathways. Which CR condition, mild or severe, is more relevant to the one 

applied to mammals (30–40% reduction in calorie intake), one possibility is that when mammals are calorie 

restricted, tissues with different energy demands experience varying degrees of CR (Jasper Most, 2017). When food 

is scarce, mammals may have to redistribute the limited resource to maintain survival and shut down unnecessary 

energy expenditures, such as growth, synthesis and reproduction. Thus, tissues necessary for basic survival, such as 

the muscle, the heart, and certain brain regions are protected from starvation and experience mild CR. However, 

tissues for synthesis, such as the liver and the pancreas, are likely to experience severe CR. Although in the 

circulation, levels of glucose are roughly the same throughout the body, tissues may experience varied degrees of 

CR due to different capacities for glucose uptake (Gerich, 2010), additionally, emerging genetic evidence suggests 

that mammalian sirtuins are required for the CR response. SIRT1 may be required for increased physical activity of 

CR rats, as SIRT1 knockout rats do not have increased activity (Ruben Nogueiras, 2012). It has been thought that 

CR extends lifespan by decreasing metabolism and the associated production of damaging reactive oxygen species. 

However, this traditional view has been challenged by recent findings indicating that CR in fact increases 

metabolism. Evidence for changes in oxygen consumption in CR rats is controversial, as the rats experience drastic 

alterations in body weight and composition (S W Corbett, 1986). When energy is abundant, instead of storing excess 

energy in the form of ethanol, animals store it as fat. During CR, animals turn on fatty acid oxidation and switch fuel 

usage from glucose to fatty acids. Since fatty acids are more reduced than glucose, fatty acid oxidation will consume 

more oxygen per carbon than glycolysis. At the cellular level, increased mitochondrial biogenesis in CR tissues 

suggests a tissue-specific increase in metabolic rate of CR animals (Rai Ajit K. Srivastava, 2012). Antioxidants 

treated rats have increased numbers of mitochondria, decreased levels of blood glucose and insulin, increased 

glucose tolerance and insulin sensitivity, and improved motor activity, reminiscent of CR effects. In addition to its 

interaction with SIRT1, antioxidants are known to interact with many other proteins and pathways involved in 

energy balance, such as mitochondrial ATP synthase, complex III, fatty acid synthase, and AMP kinase (Rai Ajit K. 
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Srivastava, 2012). An important question is whether the CR-mimicking effects of polyphenols are mediated by 

SIRT1 in vivo. Newly identified SIRT1 activators structurally unrelated to antioxidants, such as SIR1720, have 

similar effects in obese rodents, such as improved insulin sensitivity and mitochondrial capacity. 

2.6 Cell enzymatic defense system against oxidative stress 

Sirtuin genes are reported to act as sensors that detect cellular energy availability leading to metabolic benefits, as 

calorie restriction extends lifespan in organisms ranging from yeast to mammals. It is shown that the mammalian 

Sir2 orthologue, SIRT1 (sirtuin 1), activates a critical component of calorie restriction in mammals; that is, fat 

mobilization in white adipocytes. Recent studies suggest a key role for the mammalian SIRT1 in adequate cellular 

response to metabolic stress such as nutrient deprivation or overload and that SIRT1 and its activators play role in 

protection from the detrimental effects of metabolic stressors (Nilika Chaudhary, 2012). A key role in the regulation 

of adipogenesis is played by the nuclear receptor PPAR-γ (peroxisome proliferator-activated receptor-gamma). 

Indeed, upon food withdrawal SIRT1 protein binds to and represses genes controlled by the fat regulator PPAR-γ, 

including genes mediating fat storage. SIRT1 represses PPAR-γ by docking with its cofactors NCoR (nuclear 

receptor co-repressor) and SMRT (silencing mediator of retinoid and thyroid hormone receptors). Mobilization of 

fatty acids from white adipocytes upon fasting is compromised in SIRT1 (+/-) mice. In differentiated fat cells, 

upregulation of SIRT1 triggers lipolysis and loss of fat (Picard F, 2004). As reduction in fat is sufficient to extend 

murine lifespan, the above-mentioned results provide a possible molecular pathway connecting calorie restriction to 

life extension in mammals. In a study using liver-specific SIRT1-knockout mice, some challenge the assumption 

that calorie restriction always activates SIRT1 in all tissue types by demonstrating that SIRT1 activity is reduced in 

the liver during calorie restriction, yet activated when mice are fed a high calorie diet (Robert Fried, 2018). The 

study determines that liver-specific SIRT1-knockout mice have at least some protection, compared with wild-type 

mice, from accumulating fat while on a high-calorie diet. In contrast, while under calorie restriction, the liver-

specific knockout rats have the same phenotype. These observations suggest that hepatic SIRT1 may be inactivated 

during calorie restriction in normal mice and activated while on a high-calorie diet, opposite to what occurs in the 

muscle and the white adipose tissue that can be explained by different redox status and NAD/NADH ratio in the 

liver from other tissues under study conditions. It might raise the interesting possibility that SIRT1 inhibitors 

specifically targeted to the liver may be of benefit in treating obesity (Danica Chen, 2008). The concept that 

activation of SIRT1 can result in loss of body fat without affecting the calorie intake could open the door for novel 

treatment for obesity and related diseases. Further, sirtuin may be believed as a promising biomarker to reveal the 

nutritional status in terms of fat accumulation and oxidation and its modulation will beneficially impact the storage 

and metabolism of fat in the body. The effect of sirtuin on overall metabolism is multidimensional and its metabolic 

functions reveal that their effect on degenerative diseases is extremely crucial. Sirtuins influence the immune system 

also by reducing inflammation in multiple tissues particularly macrophage, whereas the reduction of SIRT1 in 

hepatic cells caused in increased local inflammation. Some scientific articles  revealed that a mice fed a high-fat diet 

when administered with SIRT1, resulted in improved liver functions and metabolism.  

In the brain, SIRT1 functions as a potential link between the pituitary hormones and calorie restriction longevity 

pathways in mammals. Many changes induced by SIRT1activation are related to increased mitochondrial 

metabolism and antioxidant protection in the fasting fish (Baur, 2010). It is worth noting that SIRT1 overexpression 

downregulated the pro-inflammatory genes in mice, whereas obesity with chronic inflammation was associated with 

reduced levels of SIRT1. This finding advocates and high-lights the capability of sirtuin as a biomarker for lipid 
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accumulation led inflammations in biological systems. The members of sirtuin families being NADC-dependent 

deacetylases, participate in many cellular processes as cell proliferation, senescence, and stress response (Shin-Hae 

Lee, 2019). They might play either a promoting or suppressing role, depending on the organ or even the species. 

Expression of SIRT1 increases in prostate cancer  and acute my elocytic leukemia (DENG-FENG YU, 2016). An 

enhanced overexpression of SIRT1in colonic tubular adenoma was observed and it was advocated as a useful 

biomarker in the diagnosis of high-grade dysplasia and invasive carcinoma. Other group of researchers observed that 

the activity of SIRT1 and SIRT2 protein was significantly increased in the cancer cell lines of lungs as compared 

with non tumor epithelial cells of the lungs (Ivana Grbesa, 2015). The expression of SIRT1and SIRT2 proteins was 

also found to increase in tumor cells of lungs than normal lung cells. These findings even suggested that SIRT1 

inhibitors may act as potential anticancer agents and that the potential tumor suppressive effects of SIRT1 need to be 

kept in mind while considering SIRT1 inhibitors for cancer treatment. There are multiple studies that demonstrated 

that the possible regulatory mechanism of SIRT1 on the cancer gene is associated with tumor protein p53. As weal 

ready know that the p53 protein is a tumor suppressor protein (Mohammad Athar, 2011). Its lowered expression or 

mutation leads to enhanced risk of cancer. Deacetylation of p53 by SIRT1 is reported to play an important role in 

preventing p53 activation and thus promoting cancer (Fang, 2013). This is how SIRT1 impacts the activity of p53 

gene and gets highlighted as a cancer promoting agent. But there is a considerable paradox in this regard. Several 

contradicting studies have indicated that the p53 inactivation by SIRT1 actually promotes cell survival during stress 

and that SIRT1 arrests p53 induced apoptosis by p53 deacetylation and induction of manganese superoxide 

dismutase. Despite clear inhibitory effect of increased SIRT1 expression on tumor suppressors like p53, other 

studies have suggested that SIRT1 may have tumor suppressive functions as well (Jingjie Yi1, 2010). This can be 

partly explained by studies conducted by where they observed that SIRT1 offers protection against oxidative stress 

through modulation of fork head transcription factors in some cells. Although  researchers observed that SIRT1 

protects cells against oxidative stress by increasing the activity of antioxidant enzyme catalase (Antero Salminen, 

2013). The calorie restriction helps to combat oxidative stress through SIRT3-mediatedenhancement of super oxide 

dismutase (SOD) activity. Also, SIRT1 overexpression increases the tolerance against free radical toxicity in 

neuronal cells. Some studies about polyphenols which was reported to improve chances of cell survival by 

stimulating SIRT1-dependent deacetylation of p53 (Konrad T Howitz 1, 2003).The expression and activation of 

SIRT1 can be influenced by several cellular conditions such as calorie restriction, exercise, and oxidative stress in 

the cell. SIRT1 uses NADC as a substrate, but the level of NADC can also control the deacetylating activity of 

SIRT1. Moreover, the activity of SIRT1 may depend on the cell process and cell-type studied. So can it be justified 

to propose that sirtuin levels increases during cancer as a part of body’s homeostasis and performs protective 

mechanism to fight against cancer and induce longevity as sirtuins. This aspect of research is scattered with 

contradictions and bidirectional views, therefore it needs more focus and insight to actualize the role of sirtuin in 

degenerative diseases. SIRT4 has been observed to modulate the metabolism of Non-esterified (“free” or 

unsaturated) fatty acids (NEFA) (Frank K. Huynh, 2018). The adipose tissues release NEFA, triggering oxidative 

stress that results in endothelial dysfunction, early atherosclerosis, culminating to risk factors of coronary artery 

disease. Lowering activity of SIRT4 has been associated with an increased free fatty acid oxidation in liver and in 

muscle (Yumei Han, 2019). This finding indicates that an enhanced level of SIRT4 may qualify as an indicator of 

better antioxidant status of the organism in terms of concentration of  NEFA. Researches has reported that sirtuin 

reduce the reactive oxygen species (ROS) by modulating the acetylation of the respiratory chain, stimulating 

mitochondrial SOD and isocitric dehydrogenase which generates NADPH for glutathione pathway (A. Y. 

Andreyev1*, 2015). Such reports establish the significant antioxidant potential of sirtuins and  they had shown  that 
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all the seven sirtuins are found in detectable limits in all human tissues, moreover the impact of sirtuin on most of 

the tissues is traceable so we must ascertain the metabolomics performed by sirtuins and examine it in detail. 

 

2.7 Effect of antioxidants  on sirtuin defense  functions 

 

The utilization of proteomics in nutritional research includes comprises of dimensions that identifies the 

composition and characteristics of proteins ingested, that is further detailed by digestion and absorption of nutrients 

in the gastrointestinal tract. Advanced proteomics research investigates nutrient metabolism (synthesis and 

catabolism) and regulation, transport of nutrients, tissue-specific metabolism of nutrients, role of phytochemicals in 

growth, signal transduction, cellular defense against oxidative stress, cell proliferation, differentiation, apoptosis, 

and gene expression in response to nutrients and other dietary factors (which may impact absorption of nutrients in 

the body) (Junjun Wang, 2006). Noteworthy are the families of silent information regulators (SIRT) that encode for 

genes which promote body’s defense during positive physiological stress like calorie restriction. As well, studies on 

hepatocytes have demonstrated quercetin’s antioxidant potential where it increased antioxidant capacity of the 

hepatocytes, decreased pro-oxidant and inflammatory mediators and modulated expression of several antioxidant 

genes (Anu Rahal 1. A., 2014). Thus, given these encouraging findings of quercetin as a potent antioxidant, it is 

equally important to test this substance in its potential to ameliorate other diseases. Therefore researchers are hoping 

to find a way to concentrate the effect into a safe dose within an effective therapeutic range. Additionally, the 

protective role of polyphenols against a number of hepatic injuries (e.g. cholestasis) due to oxidative damage of 

primary rat hepatocytes was reported by several authors including our own in results. In addition, intraperitoneal 

administration of polyphenols in rats with ligated bile ducts maintained antioxidant defenses and reduced liver 

oxidative damage and ductular proliferation (Emanuelle Kerber Vieira, 2014). Also, other naturally occurring 

substances of plant origin have been claimed to possess hepatoprotective actions and these include curcumin, 

catechin, quercetin and rutin.  Polyphenols have been found to interact with multiple molecular targets, many of 

them associated with inflammation and immunity, thus its potential use in therapy of immune-mediated diseases was 

also reported. Generally, Polyphenols have been identified as a phytoalexin, antioxidant, cyclooxygenase (COX) 

inhibitor, peroxisome proliferator-activated receptor-alpha (PPAR-α) activator, endothelial nitric oxide synthase 

(eNOS) inducer, silent mating type information regulation 2 homolog 1 (SIRT1) activator belonging to a 

superfamily known as sirtuins whose name stems after their homology to the Saccharomyces cerevisiae gene silent 

information regulation-2 (Sir2) (Yoshie Takizawa, 2013). This is related to developing strategies to protect against 

diet-induced metabolic imbalance. It was suggested that the hypothalamus is a target for developing novel drugs that 

suppress SIRT1 degradation, as a strategy for treating metabolic syndrome (Jose M Villalba, 2012). Deciphering the 

basic mechanism of sirtuin activators is essential to develop certain strategies to alter sirtuin activity. This is true 

regardless of the apparent controversy of whether in vitro activation of SIRT1 is direct or not, depending on the 

experimental design, and whether sirtuins may play a major role in longevity. The numerous studies on their 

positive effects against age-related diseases, obesity and other metabolic disorders are still valid, promising to 

positively influence the development of treatments to improve human health. In fact, polyphenols are attractive 

molecules that represent potential epigenetic targets in drug discovery with allosteric mechanism. Epigenetics, at the 

molecular level, involves the dynamic regulation of covalent modifications to the histone proteins and DNA that 

influence gene expression and silencing, apoptosis, maintenance of stem cell pluripotency, X-chromosome 

inactivation and genomic imprinting without affecting DNA sequence (Daan J. A. Crommelin, 2019). Therefore, 

epigenetics is considered as the conduit from genotype to phenotype. The epigenetic techniques emphasize the 
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histone code and examine the utility of small molecule modulators of enzymes that modify histones and DNA. The 

dynamic remodeling of chromatin is essential to most DNA-based nuclear processes and it comes as no surprise that 

epigenetic changes are implicated not only in normal development but also in various diseases (Diane E. Handy, 

2011). The large set of structural knowledge already obtained on epigenetic targets pave the way for drug design 

studies to act on major biological processes such as development, aging, diseases and cancer. Among the basic 

knowledge gained on catalytic domains of the main histone modifying enzymes are histone deacetylases. Histone 

deacetylases (HDACs) catalyze the removal of acetyl groups from epsilon-N-acetylated lysine in a nucleosomal 

context, ensuring the reversibility of histone acetylation (Yoshida2, 2014). Histone deacetylation is often associated 

with transcriptional repression and gene silencing, since it promotes chromatin of higher order structures and the 

recruitment of silencers. Among this superfamily is a HDACs class III which includes NAD+ dependent 

deacetylases known as sirtuins (silent information regulator 2-related proteins). Polyphenols as an allosteric 

modulators of the regulatory target SIRT1. Allostery has been established as a fundamental mechanism of regulation 

in all organisms, governing a variety of processes that range from metabolic control to receptor function and from 

ligand transport to cell motility (Shaoyong Lu 1, 2019). For example, small molecule activators of SIRT1 have been 

developed as therapeutics for the treatment of type 2 diabetes (Philip D Lambert, 2007). Similarly to polyphenols, 

these compounds bind to the SIRT1 enzyme-peptide substrate complex at an allosteric site amino-terminal to the 

catalytic domain and increase the affinity for acetylated substrates.  

Many articles exist that deal with the biology and pharmacology of resveratrol, including many recent reports 

dealing with the molecular mechanisms of polyphenols ́s cytoprotection.  Several potential beneficial effects of 

polyphenols could be attributed to its general effects as antioxidant, anti-inflammatory, alteration of drug 

metabolizing enzymes, inhibition of cyclooxygenases, and importantly specific effects on proteins and/or signaling 

cascades as SIRT1 and AMPK. In addition, recent reports indicate intricate relationships between resveratrol, 

nuclear factors, autacoids and cytoprotection in various cells, tissues or organs. For instance in one study, 

polyphenols suppressed lipopolysaccharide (LPS)-induced nuclear translocation and activation of nuclear factor 

kappa B (NF-κB) in C6 microglia demonstrating an inhibiting effect of polyphenols on pro-inflammatory responses 

in microglia (Milne JC, 2007). Similar finding about the protective effect of polyphenols as an inhibitor of NF-κB-

mediated vascular cell adhesion molecule induction was reported. Recently, NF-κB was suggested as a target for 

drug therapy in liver diseases where polyphenols  was among several agents that inhibits the aforesaid transcription 

factor (Muriel, 2009). The fact that NF-κB has been associated with the induction of pro-inflammatory gene-

expression makes research on agents which inhibit NF-κB an interesting topic. Even other findings on experimental 

animals demonstrate that treatment with resveratrol can reduce structural airway remodeling changes and 

hyperreactivity which has important implications for the development of new therapeutic approaches to asthma. 

However, NF-κB has been considered as an anti-inflammatory factor in certain situations and thorough 

understanding of the function of the diverse NF-κB factors is needed to examine its relation with resveratrol or 

similar drugs with cytoprotective effects. In our studies, we have investigated effects of resveratrol pretreatment on 

the enhancing action of D-Galactosamine (D-GalN) on LPS-induced liver failure in rats and in immobilized 

perfused hepatocytes as a short term bioreactor model with a chemical prooxidant. Liver function was assessed 

together with plasma nitrite as a measure of NO, estimation of nonenzymatic and enzymatic antioxidants was 

performed in plasma and liver homogenate and morphological examinations were performed using light and 

electron microscopy. Observations related to pharmacological increases of inducible nitric oxide synthase (NOS-2) / 

NO and inducible heme oxygenase (HO-1) / carbon monoxide (CO) in fulminant hepatic failure and modulation by 

resveratrol were followed up by real-time reverse transcription PCR (RT-PCR) in liver tissue. In the last study we 



19 

 

found that reduction in NO production, down-regulation of NOS-2 expression, modification of oxidative stress 

parameters and modulation of HO-1 are among the mechanisms responsible for the cytoprotective effect of 

resveratrol in the LPS/D-GalN liver toxicity and tert-butylhyroperoxide-induced hepatocyte toxicity models. This 

led to the overall improvement in hepatotoxic markers and morphology after the hepatic insult by resveratrol 

pretreatment.  

 

2.8 Buckwheat act as a sirtuin regulator functional food 

Buckwheat (Fagopyrum esculentum Moench) is an alternative crop belonging to the Polygonaceae family, also a 

good option for weight management. In comparison to antioxidant activity of frequently used cereals, buckwheat has 

been reported to possess higher antioxidant activity, mainly due to high rutin content. Rutin is a glycoside of the 

bioflavonoid quercetin with various protective effects due to its antioxidant and anti-inflammatory potential. 

Antioxidant compounds in plants, for example, tocopherols, carotenoids, and other phenolic compounds, are effective 

in the protection against oxidative damage toward membranes that contain polyunsaturated fatty acids. Therefore, 

many plants were investigated as sources of natural antioxidants; a great variety of compounds have been isolated, 

many of which are phenolic compounds. For the phenolic compounds in buckwheat, flavonols such as rutin, hyperin, 

quercitrin, and quercetin were isolated from its immature seeds, and flavones such as vitexin, isovitexin, orientin, and 

isoorientin were detected in its seedlings (Masahiro Koyama, 2013). On the other hand, some other researchers 

reported on the occurrence of syringic acid, p-hydroxybenzoic acid, vanillic acid, p-coumaric acid, and 

proanthocyanidins in the branaleurone layer of the buckwheat seed (Klepacka J, 2011). However, the study of 

antioxidant activity of phenolic compounds in this crop thus far has been superficial.  Also depending on dietary 

fibres (they  may be useful because they prolong the intestinal phase of nutrient digestion and absorption. Dietary 

fibre mainly occurs in cell walls, brans (whole cereals) or hulls (legumes). Cell walls have complex structures in 

which the carbohydrates are intimately associated with non-carbohydrate substances, including vitamins, minerals, 

trace elements, and bioactive compounds, such as polyphenols and phytosterols), it has different physiological effects 

and provide a variety of health benefits, including satiety (Slavin, 2007). It is an important concept in preventing 

weight gain or promoting weight loss. Foods that increase satiety can offset hunger for more extended periods and 

may reduce the total number of calories a person consumes during a day. Buckwheat is was found rich in 

polyphenolic compounds, sirtuin regulator functional food in rats on a  diet. Functional foods are foods or food 

components which beyond providing basic nutritional needs, also have physiological/pharmacological benefits or 

reduce the risk of chronic diseases and also  BPA induce  stress (Awuchi, Igwe, & Amagwula, 2020). BPA was 

shown to cause hepatotoxicity as a result of oxidative stress in the liver, which is associated with the development of 

reactive oxygen species (ROS), which are cytotoxic agents that lead to significant impairment of oxidation (Zeinab 

K. Hassan, 2012).  Buckwheat has been included mainly the Asian and Mediterranean diets and a commonly-eaten 

food, it is grown in many countries, but Russia is the biggest producer in the world. Polyphenols are the common 

bioactives in buckwheat, green tea, citrus fruits, richly colored fruits and vegetables, red wines, etc. In yeast, 

resveratrol (active principle of green tea) express calorie restriction by activating sirtuin, thereby improving DNA 

stability and enhancing lifespan up to 70%, and it is a proposed activator of sirtuin (Sonia de Pascual-Teresa, 2010). 

Further investigation revealed that two structurally similar compounds namely quercetin and piceatannol stimulate 

SIRT1 activity by five- and eightfold, respectively. Both quercetin and piceatannol are polyphenols biochemically. 

The biological effects of polyphenols are frequently attributed to antioxidant, metal-ion-chelating, and/or free-radical-

scavenging activity, and there is a possibility that the stimulation of SIRT1 might simply represent the repair of 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/rutin
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/glycoside
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/bioflavonoid
https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/quercetin
https://www.sciencedirect.com/topics/neuroscience/antioxidants
https://www.medicalnewstoday.com/articles/245588.php
https://www.sciencedirect.com/topics/biochemistry-genetics-and-molecular-biology/lipid-diet
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oxidative or metal-ion induced damage to the recombinant protein (V. Lobo, 2010).  Leptin and adiponectin hormone 

are found to be beneficially impacted by sirtuin activity. It is noteworthy that these hormones are key regulators of 

satiety and appetite by regulating activity of hypothalamus (Terence L. Laursen, 2017). Circulating leptin levels 

illustrates total visceral adipose tissues. As calorie restriction depletes leptin levels, it in turn enhances adiponectin 

levels, which have been reported to assert a cardio protective effect. 

According to some researches the endogenous network of antioxidant enzymes shields the cell against oxidative 

stress. Ageing signifies accumulation of damaged proteins, lipids, cells, tissues, and organelles in the humans 

gradually progressing to reduced antioxidant capacity and functionality of these enzymes (Grune, 2015). 

Consequently, there is an in variant increased ROS production with old age. Because calorie restriction lowers the 

release of ROS in mitochondria by virtue of sirtuin activation, sirtuin brings about decrease in the detrimental effects 

of ageing. Buckwheat  constituents  may positively affect both health and lifespan due to activation of SIRT1 and 

hence there is a possibility of endothelium protection and NFkB inhibition which is related to SIRT1induction 

(Chandra K. Singh G. C.-P., 2018). Experimental animals fed diets rich in buckwheat phenolics  were reported to 

exhibit decreased oxidative damage markers such as peroxides in several tissues, and consumption of buckwheat also 

promoted SIRT1 signaling. Several researches have observed that quercetin which may also exert significant 

cardioprotective effect by stimulating the activity of sirtuins (Oksana Sytar, 2016). Hence, there are considerable 

evidences and scientific studies suggesting towards benefits of consumption of specific diet to induce activation of 

sirtuins, which in turn offers health benefits and promotes well-being. 
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CHAPTER III 

3. Materials and Methods 

3.1 Materials      

Enzyme-linked Immunosorbent Assay Kit for estimating the protein expression of SIRT1 (Cat# SEE912Ra) was 

obtained from the Cloud-Clone Corp. (Houston, USA). BPA, Disodium hydrogen phosphate, monosodium 

dihydrogen phosphate, and sodium chloride were purchased from Medigen, Novosibirsk, Russia. Protein assay kit 

was procured from Bio-Rad (Hercules, CA, USA).   

3.2 Experimental animals 

Animal experiments were carried out taking all the required measures to minimize pain and discomfort to the 

animals by following the standard guidelines laid down by the “National Institutes of Health Guide for the care and 

use of Laboratory animals” regarding the care and use of animals for experiments and with due approval from the 

Institutional Animal Ethics Committee headed by Prof. O.V. Smirnova, Chairman of the Committee on Biomedical 

Ethics, Federal State Budget Scientific Institution "Federal Research Center" Krasnoyarsk Scientific Center of the 

Siberian Branch of the Russian Academy of Science, Krasnoyarsk, Russia (protocol of the meeting of the expert 

commission no. 12 from (10) 12- 2018).  

3.3 Animal treatment   

Male Wistar rats (90-100 grams) were obtained from the Department of Biological Sciences, Siberian Federal 

University, Krasnoyarsk, Russian Federation. All the animals had free access to drinking water and maintained on 12 

hour light and dark cycle (lights switched on at 8 am) with room temperature 22±2°C. Once in the week cages were 

cleaned and equipped with new bedding. The animals were maintained on different dietary regimes for 8 weeks in 

individual cages. 

3.4 BPA administration 

BPA was dissolved in ethanol (1 mg/ml) and administered through drinking water (DW) [16] at the rate of 

10mg/L/day. The DW was changed daily and fresh BPA was administered to ensure consistent exposure to the 

animals and it was particularly ensured that there was no leakage/ spillage of DW from bottles. Based on the 

measurements of the volume reduction in the DW bottle and assuming that all water lost from the bottle was 

consumed; the mean levels of BPA consumed by animals was estimated (Table- 1). DW bottles made of 

polypropylene used for the present study were devoid of BPA and there was no contamination from any sources other 

than administered DW.  

3.4.1 Dietary management 

Experimental animals were randomly divided into four groups with 8 rats each namely: A, B, C and D. Each group 

was administered a specific dietary and DW regimen - Group A-Standard rodent pellet (SRP) + NDW (normal 

drinking water), Group B- SRP + BDW (BPA in drinking water), Group C- BED (buckwheat enriched diet) + 

NDW, Group D- BED + BDW. The groups of rats administered NDW (group A and C) were given 10mg/L ethanol 

(vehicle to administer BPA). All the diets and DW were fed ad-libitum. SRP were finely crushed while buckwheat 

was obtained from the local market, crushed and finely powdered in the mill and was then mixed with powered SRP 

at the rate of 30% level of incorporation. All the diets were stored at 4 °C. The proximate composition of buckwheat 

in the experimental diet was estimated [17]. The dietary intake and water consumption of the animals was monitored 
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daily. Body weights of the rats were recorded at the beginning of the experiment and at weekly interval till the end of 

the experiment.  

At the end of the experimental tenure, overnight fasted rats were injected chloral hydrate intraperitoneally (400 

mg/kg of body weight) and the hypnotic rats were then sacrificed. Blood was collected by cardiac puncture and 

allowed to stand for 4 h at 4 °C, followed by centrifugation at 1000 x g for 10 min at 4 °C using a table-top 

Eppendorf centrifuge (5430R, Fisher Scientific, USA). Serum was separated and stored at ─80°C (Sanyo, Ultra-low 

freezer, Japan) until further use. Liver and stomach were quickly excised, washed with ice-cold saline, blotted dry, 

and weighed, a small portion (known weight) from them were excised and stored at -80°C until further use.  

3.5 SIRT1 estimation 

The pre-weighed fresh portions of the tissues (liver and stomach) were homogenized in ice-cold 0.01 mol/L 

Phosphate Buffered Saline (PBS), pH 7.0 by ultrasonication (Bandelin, Berlin, Germany). The homogenates were 

filtered using Whatman filter paper No.1 followed by centrifugation at 5000 x g for 15 min at 4°C using table top 

Eppendorf centrifuge (5430R, Fisher Scientific, USA) and the supernatants were carefully collected. These tissue 

supernatants and serum (collected through centrifugation previously) were used for the determination of SIRT1 

protein expression using ELISA. The microplate provided in the kit (sandwich enzyme immunoassay) was pre-coated 

with a biotin-conjugated antibody specific to SIRT1. The reconstituted standard, samples and subsequent reagents 

were added to wells. To avoid any cross-contamination, pipette tips were regularly changed between additions of 

standards, samples, and reagents along with using separate reservoirs for each reagent. Incubation time and 

temperature were thoroughly controlled and the light sensitive TMB substrate was carefully handled. Avidin 

conjugated to Horseradish Peroxidase (HRP) was added to each microplate well and incubated. After TMB substrate 

solution was added, only those wells that contained SIRT1, biotin-conjugated antibody and enzyme-conjugated 

Avidin exhibited a change in color. The enzyme-substrate reaction was terminated by the addition of H2SO4 solution. 

The color change was measured at Biochrom Annthos 2010 microplate reader at a wavelength of 450nm. The 

concentration of SIRT1 in the samples was determined by comparing the optical density of the samples to the 

standard curve. Protein estimation in the tissue extracts were performed using standard Folin-Lowry assay. 

 

3.7 Statistical analysis 

The inferences of the present investigation constitute mean ± standard error of mean (SEM) of 8 independent 

samples. Significance of difference between the mean and one-way analysis of variance (1-way ANOVA) was 

conducted using Tukey's test. Dependencies were considered statistically significant at the level of significance p < 

0.05. 
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CHAPTER IV 

 

4. RESULTS 

Widespread contamination and dietary ingestion have led to BPA exposure in the general population, as 

evidenced by the scientific literature on BPA occurrence in human tissues and body fluids (i.e., urine, serum, 

plasma, saliva, breast milk, semen, follicular fluids, and adipose tissues) (Meli, 2020). Numerous recent studies on 

rodents show that exposure to BPA in mothers has a negative effect on offspring. It has also been shown that 

bisphenol analogues in humans and animals are effectively absorbed through the mouth and spread to the 

reproductive system, even in the last stages of pregnancy, when they are able to pass through the placental barrier 

and enter the amniotic fluid (Hidetomo Iwano, 2018). It has been provided  much attention to find out the molecular 

mechanism by which BPA shows its susceptibility to a wide range of disorders, and there is numerous evidence 

suggests that BPA exposure causes induction of Reactive oxygen species (ROS) and contributes to the 

predisposition to a variety of toxicity. In a eukaryotic cell, reactive oxygen species (ROS) form as a result of normal 

physiological conditions in which molecular oxygen is reduced partially. A cells ability to keep balance in the pro-

oxidant and antioxidant levels is essential for the normal cellular metabolism, cell survival, and cell proliferation. 

Several lines of evidence suggest that BPA-induced cytotoxicity caused by oxidative stress occurs in both cell 

culture studies and an rats model.  

   4.1 SIRT1 protein expression 

a) Serum 

The results of the present investigation revealed that exposure to BPA through BDW did not affect SIRT1 protein 

expression in the serum of SRP fed rats as seen in comparison between group A and B (p < 0.05) (Fig.1). DI 

through BED brought about a significant increase (65.4%) (p < 0.05) in SIRT1 protein expression in rats drinking 

NDW (Group A and C). Also, BED fed rats showed a significant improvement in circulating SIRT1 (90%) (p < 

0.05) countering stress caused by BPA exposure (Group B and D). Also, BED amounted to 24.7% (p < 0.05) 

improvement in the SIRT1 protein expression in rats subjected to BDW (Group C and D). 

b) Liver 

 In the hepatic tissues of experimental animals, the BPA exposure did not affect the SIRT1 protein expression in 

the rats fed SRP (p < 0.05) (Group A and B). The BED increased SIRT1 protein expression (24.4%) (p < 0.05)  in 

rats subjected to NDW (Group A and C). DI through BED led to restoration (26.6 %) (p < 0.05) of SIRT1 protein 

expression in the group of rats subjected to BPA exposure (Group B and D), while 17% (p < 0.05) improvement was 

seen in  rats subjected to BDW (Group C and D). 

C) Stomach 

Likewise, the stomach tissues were not affected by BDW in terms of SIRT1 protein expression (p < 0.05) (Group 

A and B). Under NDW fed state, BED improved SIRT1 protein expression (79%) (Group A and C) (p < 0.05); 

while under BDW fed state, BED affected SIRT1 protein expression (Group B and D) by significant 75.4% (p < 

0.05) increase (Fig.1).  

4.2 Body weight 

Dose Level of BPA: Affecting the dose level of BPA is highly controversial. Both in-vitro and in-vivo data also 

has contradictory health effects of  BPA and create problems for regulatory agencies in evaluating the adverse health 

effect of BPA. We established the rate of 10mg/L/day with liver toxicity endpoint. Based on these doses used in 

experiments on BPA it is predicted that a variety of BPA doses induced oxidative stress studies says that these doses 



24 

 

affect differently in inducing oxidative stress. Exposure to BPA or intervention by dietary buckwheat did not affect 

body/ organ weights during the experiment (Table-2) 

 

Table- 2 Effect of BED on absolute and relative (g/100 g body weight) organ weights of rats 

 

 

 

Group 

 

 

Initial 

body 

weight (g) 

 

 

Final body 

Weight (g) 

 

 

Gain in 

body 

Weight 

(g) 

Organ weights 

Liver Stomach 

Absolute 

(g) 

Relative 

(g)  

Absolut

e 

 (g) 

Relative 

(g)   

A 90.1± 2.12 

 

167.2± 

7.81 

 

77.0±3.11 8.83±0.50 5.28±0.4

3 

1.53±0.

09 

0.91±0.0

2 

B 88.0± 1.13 

 

162.2± 

15.8 

 

74.2±3.06 8.76±0.76 

 

5.40±0.1

1 

1.18±0.

04 

 

0.72±0.0

6 

C   85.9± 1.0 181.2± 

10.9 

95.2±2.14 8.65±0.46 

 

4.77±0.3

2 

1.51±0.

07 

 

0.55±0.0

1 

 

D 85.9±2.71 147.4± 

10.6 

 

61.5±4.22 7.20±0.43 

 

4.89±0.3

5 

1.48±0.

06 

 

1.04±0.0

3 

 

      A- SRP + NDW, B- SRP + BDW, C- BED + NDW, D- BED + BDW (Values are mean ± SEM of eight animals 

per group)  
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Fig.1 Impact of BPA and BW on SIRT1 protein expression in different tissues  

                            

 

          A- SRP + NDW, B- SRP + BDW, C- BED + NDW, D- BED + BDW  

Values are mean ± SEM of eight animals per group.  

*significantly different from Group A, 

 # significantly different from Group B, 

 ° significantly different from Group C.  
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CHAPTER V 

5. DISCUSSION  

BPA is one of the most commonly known endocrine toxicant released by polycarbonate plastics, lining of food cans 

and dental sealants. Humans are repeatedly exposed to BPA owing to its extensive availability in the environment. It 

was demonstrated that BPA induces oxidative stress and seems to play an important role in many degenerative 

disorders (Manu Rathee, 2012). Perturbation of mitochondrial respiratory chain and induction of oxidative stress are 

considered to be the major factors leading to mitochondrial injury. It is clear that the mitochondrial respiratory chain 

dysfunction significantly contributes to tissue injury. We observed that activities of enzyme of ETC complexes were 

significantly decreased in BPA‐treated rat liver mitochondria. Enzymes have been shown to be involved in 

mitochondrial ROS generation by forward and reverse electron transport, although the mechanism is not fully 

understood (Dmitry B. Zorov, 2014). The decreased activity of enzymes  caused by BPA treatment might have 

induced ROS production in mitochondria. Oxidative phosphorylation and mitochondrial respiration are mostly 

regulated by them.  A significant decrease in mitochondrial enzymes activity may decrease cardiolipin content (Jana 

Hroudová and Zdeněk Fišar, 2013). Cardiolipin is located within the inner mitochondrial membrane. Increased 

superoxide generation in BPA‐treated rat liver mitochondria might cause peroxidation of cardiolipin, which might 

trigger apoptosis with impaired mitochondrial respiration.  Alteration in the activities this enzyme complex by BPA 

may result in disturbance in the flow of electron through various electron carriers in the ETC.  Since BPA 

significantly inhibited the activity of complex enzyme, it may cause impaired energy metabolism. The consequences 

of toxic effect of BPA on rat liver mitochondria were also reflected in reduced complex enzyme activity. 

Mitochondrial ATPase catalyzes the final steps of oxidative phosphorylation. Altered ATPase activity may indicate 

altered cellular functions and may lead to apoptosis. Mitochondrial glutathione is extremely important for regulation 

of numerous functions. It quenches the free radicals. Observations have shown that there was a significant decrease 

in the level of GSH in the liver mitochondria from BPA‐treated rats (Paul⁎, 2019). The decreased (reduced 

glutathione) GSH level indicates its use in detoxifying the free radicals as shown by increased production of 

superoxides in BPA‐treated rats. Decrease in GSH levels coupled with decrease in the activities of antioxidant 

enzymes may significantly stress the mitochondria.  Superoxide dismutases (SOD) are a class of enzymes that 

catalyze the dismutation of superoxide into oxygen and hydrogen peroxide. As such, they are an important 

antioxidant defense in nearly all cells exposed to oxygen. The decreased SOD activity suggests impaired 

dismutation of superoxide radicals resulting in increased hydrogen peroxide (H2O2) level (Tohru Fukai, 2011). A 

significant decrease in (glutathione peroxidase)GPx activity caused by BPA may contribute to oxidative stress in 

liver mitochondria. Similarly, a decrease in SOD activity has been shown to increase the level of superoxide anion 

which is known to inactivate GPx. This scenario aggravates the perturbation of mitochondrial bioenergetics. BPA 

not only causes oxidative stress but also disturbs the balance of antioxidant‐pro‐oxidant status in the liver 

mitochondria. Oxidation of GSH builds a pro‐oxidative status causing formation of hydroxyl radicals, thereby 

leading to oxidative damage to mitochondrial membrane.  BPA treatment caused a significant increase in serum 

LDH level. When cells are damaged due to the action of free radicals or when there is oxygen and glucose 

deprivation, permeabilization of membrane occurs which causes leakage of LDH into the serum. The increase in 

serum LDH activity could be an indication of tissue damage (Francis Ka-Ming Chan, 2013). Increase in the 

activities of transaminases indicates liver damage that may occur due to the formation of ROS and other reactive 

intermediates. Observations of liver mitochondrial dysfunction, oxidative stress, and increased serum hepatic 

https://en.wikipedia.org/wiki/Superoxide_dismutase
https://en.wikipedia.org/wiki/Antioxidant
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biomarkers were corroborated with histological findings of the liver of animals exposed to BPA (Bhat*, 2015). 

Liver injury can result in major blood loss, which could be due to rupture of blood vessels. BPA caused hemorrhage 

which might be due to injury to blood vessels by its oxidative stress‐inducing effect. BPA also caused marked 

degeneration of hepatocytes, thus causing hepatocellular degeneration (Abdel-Wahab, 2014). Histopathological 

observations implicitly show role of mitochondrial dysfunction in BPA‐induced hepatotoxicity. It has been earlier 

reported that death of hepatocytes leads to necrosis which could lead cell to apoptosis. BPA also caused liver 

toxicity as indicated by increase in the activities of serum marker enzymes and histological changes.  

The free form of BPA in biological samples is of concern because animal and human studies have identified adverse 

health effects, many of these reported effects on neurodevelopment, male and female reproductive systems 

alterations, metabolic diseases and oxidative stress. Studies demonstrated that BPA induced oxidative stress in the 

liver of rats by decreasing antioxidant enzymes and increasing hydrogen peroxide and lipid peroxidation and co-

administration of antioxidant vitamin C reversed this BPA-induced oxidative stress (Maria Elisabeth Street, 2018). 

In the body, BPA also processed enzymatically by cytochrome P450, and as similar to natural estrogen metabolism 

BPA converted into quinone form that is reactive to DNA that is lethal to the viability of eukaryotic cells. BPA is 

structurally similar to estradiol and thus interferes with steroid signaling with different possible outcomes on 

reproductive health depending on doses, life stage, mode, and timing of exposure (Miki Nakajima, 2005). BPA 

exerts its epigenetic effects in both male and female reproductive system. In males, BPA affects spermatogenesis 

and sperm quality and possible trans-generational effects on the reproductive ability of the offspring. In females, 

BPA affects ovary, embryo and gamete development. It is now investigated that BPA induced oxidative stress as a 

result of an imbalance between oxidants and antioxidants in the semen can lead to sperm damage, mitochondrial 

dysfunction, impairments of the structure and function of spermatozoa eventually lead to male infertility. Some 

studies was based on the findings that sirtuins were NAD+-dependent protein deacetylases and known to counter 

aging in yeast. Now, years later, a large volume of data, particularly from mammals, begins to illustrate an elaborate 

set of physiological adaptations to caloric intake mediated by sirtuins (SINCLAIR1, 2007). Studies that connect 

sirtuin activation with prevention of aging and diseases of aging in mouse models are many. It is also clear that other 

nutrient sensors, such as AMPK, mTOR, and FOXO, are very important in linking diet, metabolism, and aging. In 

addition, it will be critical to learn whether activating compounds affect all SIRT1 substrates or only a subset, as 

suggested by recent biochemical studies (Picca A, 2017). One might posit that small molecules that bind to the 

SIRT1 allosteric site mimic natural endogenous compounds that regulate the enzyme under certain physiological 

conditions; e.g., CR. If so, then the spectrum of effects elicited by the drugs might mimic the effects triggered by 

these physiological conditions and elicit a coordinated, protective response. Finally, supplementation with the NAD 

precursors NMN or nicotinamide riboside has been shown to counteract aging and may offer another strategy of 

keying sirtuin surveillance to forestall aging and degenerative diseases (Christopher R. Martens, 2018). As SIRT1 

lacks a DNA-binding domain, it is subjected to target promoters by sequence specific transcription factors so as to 

incorporate chromatin remodeling and subsequently regulation of gene expression. Also, SIRT1 is associated with 

the heterochromatin regions where they promote deacetylation of histone (Danny Reinberg, 2004). It can be inferred 

that owing to multiple molecular functions performed by SIRT1namely deacetylation, epigenetic modifications, and 

transcription factor modulation; SIRT1 can be potential link between cellular metabolic status and adaptive 

transcriptional responses (Tong Zhang1 and W. Lee Kraus1, 2010). It is already established that SIRT1 proteins 

exert their effects through two different pathways namely histone modifications and non histone substrates (Olivier 

Binda, 2016). In histone modification, many ageing related effects are caused by chromatin changes. Because 
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SIRT1 is localized mainly in the nucleus, its physiological actions are partly mediated by its ability to deacetylate 

nucleosomal  histones at specific residues. While the nonhistone modification exhibits that once SIRT1 is activated 

it mediates intracellular responses that promote cell survival, enhance the repair of damaged DNA, and reduce cell 

division. Experiments indicated that for every acetyl lysine group that is removed, one molecule of NADC is 

cleaved, nicotinamide and O-acetyl-ADP-ribose are produced  (ORCID ProfileHuoqun Gan*, 2020). Therefore, 

SIRT1 appears to possess two enzymatic activities; first the deacetylation of a target protein and second the 

metabolism of NADC. This distribution helps us to under-stand the underlying mechanism attributed to sirtuin and 

its effect on health. In all living organisms, cellular energy is produced and expended using universal “energy 

currencies” such as ATP and NADH (Guarente2, 2015). The tight balance between such anabolic and catabolic 

pathways ensures that cells do not deplete essential energy stores, which would ultimately cause cellular damage or 

death. Sirtuins are significantly involved in mammalian energy homeostasis. The activity of SIRT1 is highly 

regulated towards the environmental factors that may influence it. A feeding regime that is reported to accelerate the 

sirtuin activation is caloric restriction, which corresponds to a lowering of 20–40% calories below ad libitum intake 

without inducing malnutrition (Guarente1, 2013). The levels of sirtuin have been reported to enhance in fasting rats. 

Much difference in opinion has been reported in context to understand how calorie restriction can affect the life 

span. It may be a simple analogy that nutrient shortage leads to increased NADC levels, improving sirtuin activity. 

This shows how calorie restriction improves sirtuin activity. Sirtuins are obviously nutrient sensors as it is actually 

the nutrient availability which affects the ratio of NADH to NADC. Increase in this ratio will automatically increase 

sirtuins levels (Dang, 2014). They have already established that the calorie restriction results in an increase in 

[NADH]/[NADC] levels resulting in increased sirtuin levels, thereby impacting the longevity. Some researchers 

gave a concomitant report that genetic and pharmacological restoration of NADC levels not only enhances sirtuin 

activity in experimental animals but consequently delays the ageing process (Auwerx, 2013). In fact, sirtuins were 

initially identified as mere anti-ageing proteins but at present they have been investigated to be the key agents in 

providing health benefits through calorie restriction. Ageing has been described to be characterized by declining 

NADC and delinking PGC-1a/b from mitochondrial control (Rozalyn Anderson1, 2009). 

Buckwheat contains dietary fiber which is not digested by rats(also humans). Dietary fibre is a type of carbohydrate 

that cannot be digested by our bodies' enzymes. It is found in edible plant foods such as cereals, fruits, vegetables, 

dried peas, nuts, lentils, grains and buckwheat. Indigestible dietary fibers mimic CR  in  improving of SIRT1 protein 

expression. BPA induce stress, ROS levels can increase dramatically. This may result in significant damage to cell 

structures. Cumulatively, this is known as oxidative stress. Effects of ROS on cell metabolism are well documented 

in a variety of species. These include not only roles in apoptosis (programmed cell death) but also positive effects 

such as the induction of host defense  genes and mobilization of ion transport systems. AMPK, a stress and energy 

sensor that is activated during low energy states to maintain glucose, fatty acids, and energy homeostasis, is also 

upregulated in rats treated with SIRT1 activators. The activation of AMPK by SIR1720 is an indirect effect, since 

SIR1720 does not activate AMPK in rats via acute treatment (Benoit Viollet1, 2011). Rather, SIRT1 activation leads 

to increased energy expenditure, and the resulting energy-deficit state, reflected by decreased ATP and ADP levels, 

leads to AMPK activation. Activated AMPK can further amplify the increase in fatty acid usage and mitochondrial 

capacity (Neil B. Ruderman, 2010). These mechanistic insights on the actions of SIRT1 activators shed light on how 

the interplay of CR and SIRT1 regulates energy balance at the molecular level. It has been observed that mild 

oxidative stress conditions induce the expression of SIRT1, changing its activity and thus affecting SIRT1 targets 

that are involved in the response to changes in the redox state of the cell. The first major SIRT1 substrate identified 

https://en.wikipedia.org/wiki/Oxidative_stress
https://en.wikipedia.org/wiki/Apoptosis
https://en.wikipedia.org/wiki/Genes


29 

 

was p53, a transcription factor involved in activating antioxidant genes like SOD2 (superoxide dismutase 2, 

MnSOD) and GPx1 (glutathione peroxidase) (Leonardo Santos, 2016). Another redox transcription factor 

deacetylated by SIRT1 (as well as SIRT2 and SIRT3) is FOXO3a which induces an antioxidant response via SOD2 

and catalase expression. PGC1α, a known substrate of SIRT1, is reported to regulate expression of mitochondrial 

antioxidants like SOD2. SIRT1 can deacetylate p65 NFκB subunit diminishing its activity and, thus, the production 

of pro inflammatory cytokines. In addition, upon increased production of ROS at the mitochondria, induction of 

SIRT3 was observed (Raju, 2015).  On the contrary, exposure to high levels of H2O2 or harsh oxidative stress 

resulted in increased proteasomal degradation of SIRT1, desumoylation, and enzyme inactivation that leads to 

apoptosis (Leonardo Santos, 2016). According to some other researches  active sirtuins provide an adequate level of 

O-acetyl-ADP-ribose (OAADPR) (product of the reaction catalyzed by sirtuins with deacetylase activity, that 

readily converts to ADP-ribose and both may function as cellular signals (Tong L, 2010). Increased 

ADPR/OAADPR levels protect cells from oxidative stress via two mechanisms: (1) inhibition of Complex I of the 

mitochondrial electron transport chain with concomitant lower production of ROS and (2) inhibition of 

glyceraldehyde-3-phosphate dehydrogenase, central enzyme in glycolysis, diverting glucose to the pentose 

phosphate pathway with the concomitant increase in NADPH, main reductant for detoxifying ROS enzymes. 

Buckwheat poly-phenolic compounds reduce ROS levels resulting from reactions with their free radicals. By 

lowering the level of ROS, they inhibit the initiation of a number of inflammatory processes. To date, the most 

studied of the SIRT1 activators that antagonize toxic damage is polyphenols. They can enhance the protein 

expression and activity of SIRTl and binds more easily to substrates following a change in the conformation of 

SIRTl. Polyphenols can upregulate SIRTl and inhibit the production of reactive oxygen species through the 

SIRTl/FOXO3 pathway to resist oxidative damage (Zhihua Ren #. H., 2019). They  can also regulate heme 

oxygenase 1 (HO-1) expression through the Nrf2/ARE signaling pathway to protect from oxidative stress damage 

(Kai Li, 2011). In lead-induced toxic injury, polyphenols increase the level of SIRTl to deacetylate PGC-1a, increase 

the content of PGC-1a, activate the function of PGC-1a as an NRF-1 co-activator, bind DNA with NRF-1, enhance 

transcription and activate oxidative phosphorylation reactions (Sergio Rius-Pérez, 2020). In addition, polyphenols 

also activate SIRT1 and increase MnSOD resistance to lead oxidative stress damage through mitochondrial 

biogenesis. They  can reduce the level of injury through multiple pathways, including inhibiting apoptosis, anti-

oxidation, and protecting endothelial cells, and can upregulate SIRTl and reduce the subsequent production of 

inflammatory cytokines. Furthermore, buckwheat lead to greater satiety due to viscosity of dietary fiber coupled 

with intake of fewer calories. Satiety is the feeling of fullness after a meal. It is an important concept in preventing 

weight gain or promoting weight loss. Foods that increase satiety can offset hunger for more extended periods and 

may reduce the total number of calories a person consumes during a day. The satiety responses from buckwheat 

flour or groats were measured. The highest satiety score was found with boiled buckwheat groats  (Hugo Palafox-

Carlos, 2011)  (J. Slavin*†, 2007) It is a rich source of protein, so animals did not lose organ/body weight. In 

experiment all the diets and drinking water were fed ad-libitum. 
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VI. CONCLUSION  

It has been known BPA has a harmful effect on health. Overall, BPA exposure significantly decreased activities of 

enzymes of liver mitochondrial respiratory chain complexes. Alteration in enzyme activities may cause 

mitochondrial dysfunction, increased ROS generation, and impaired energy metabolism. All these factors may be 

contributing to BPA‐induced hepatotoxicity. The interaction of diet and nutrient-sensing pathways plays an 

important role in regulating mammalian physiology and health. This review focused on the sirtuins and CR to revisit 

the original hypothesis that nutrient-sensing regulators mediate the effects of this diet on BPA induce stress. We 

concluded that dietary buckwheat is effective because it mimics CR, which in turn improves the amount of SIRT1 

protein in rats. Experienced animals rich in buckwheat phenolics have been shown to reduce signs of oxidative 

damage, such as peroxide, in several tissues, and buckwheat consumption has been shown to signal SIRT1. Thus, 

based on the evidence from our experience about the benefits of consuming a special diet that leads to the activation 

of sirtuins, we found that it in turn provides health benefits and well-being. Eating plentiful of buckwheat in diet. It 

can be consumed boiled or as porridge, in soups. All the plant based foods provide dietary fiber (that will work on 

the same principal as buckwheat in the present study) to improve SIRT1 protein expression.  
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APPENDIX 

 

 

 

1. The animals were maintained on different dietary regimes for 8 weeks in individual cages. 
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2. Rats were injected chloral hydrate intraperitoneally (400 mg/kg of body weight)  
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3. The hypnotic rats were sacrificed. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



34 

 

 

REFERENCES 

 
1. ZhenguoZhaoc1WuJia, K. W. (2019). Bisphenol A induces apoptosis, oxidative stress and 

inflammatory response in colon and liver of mice in a mitochondria-dependent manner. 

Biomedicine & Pharmacotherapy, 109182. 

2. A. Y. Andreyev1*, Y. E. (2015). REVIEW: Mitochondrial ROS Metabolism: 10 Years Later. Allergy 

and Immunology,. 

3. Abdel-Wahab, W. M. (2014). Thymoquinone Attenuates Toxicity and Oxidative Stress Induced by 

Bisphenol A in Liver of Male Rats . Pak J Biol Sci, 17(11):1152-60. 

4. Abigail J. Larson, 1. J. (2010). Quercetin: A Treatment for Hypertension?—A Review of Efficacy 

and Mechanisms. Pharmaceuticals (Basel), 3(1): 237–250. . 

5. Akiko Satoh, *. L. (2011). The Role of Mammalian Sirtuins in the Regulation of Metabolism, 

Aging, and Longevity. Handb Exp Pharmacol, 206: 125–162. . 

6. Allard, P. (2014). Bisphenol A. Biomarkers in Toxicology, . 

7. Andrea Oeckinghaus1, 2. a. (2009). The NF-κB Family of Transcription Factors and Its Regulation. 

Cold Spring Harb Perspect Biol., 1(4): a000034. . 

8. An-Na Li, 1. S.-J.-R.-M.-B. (2014). Resources and Biological Activities of Natural Polyphenols. 

Nutrients, 6(12): 6020–6047. . 

9. Antero Salminen, 1. K. (2013). Crosstalk between Oxidative Stress and SIRT1: Impact on the 

Aging Process. Int J Mol Sci., 14(2): 3834–3859. . 

10. Anu Rahal, 1. A. (2014). Oxidative Stress, Prooxidants, and Antioxidants: The Interplay. 

Prooxidant Mechanisms in Toxicology , 19. 

11. Anu Rahal, 1. A. (2014). Oxidative Stress, Prooxidants, and Antioxidants: The Interplay. Biomed 

Res Int., 2014: 761264. . 

12. Aprioku*, J. S. (2013). Pharmacology of Free Radicals and the Impact of Reactive Oxygen Species 

on the Testis. J Reprod Infertil., 14(4): 158–172. . 

13. Athanassios Vassilopoulos, 1. K. (2011). The human sirtuin family: Evolutionary divergences and 

functions. Hum Genomics. 

14. Atsushi Kuno, R. H. (2013). Regulation of FOXOs and p53 by SIRT1 Modulators Under Oxidative 

Stress . PLOS ONE, 11;8(9):e73875. 

15. author, E. B. (2016 ). The importance of antioxidants which play the role in cellular response 

against oxidative/nitrosative stress: current state. Nutr J, 15: 71. 



35 

 

16. author, P. M.-R. (2013). The Diversity of Histone Versus Nonhistone Sirtuin Substrates. Genes 

Cancer, 4(3-4): 148–163. . 

17. author, P. S. (2011). Forkhead Homeobox Type O Transcription Factors in the Responses to 

Oxidative Stress. Antioxidant redox signal, 14(4): 593–605. . 

18. author1, S. R. (2011). Mammalian Sirt1: insights on its biological functions. Cell Commun Signal, 

9: 11. . 

19. Auwerx, C. C. (2009). Caloric restriction, SIRT1 and longevity. Trends Endocrinol Metab, 20(7): 

325–331. . 

20. Auwerx, C. C. (2013). Caloric restriction, SIRT1 and longevity. Trends Endocrinol Metab, 20(7): 

325–331. . 

21. Awuchi, C. G., Igwe, V. S., & Amagwula, I. O. (2020). Nutritional Diseases and Nutrient Toxicities: 

a Systematic Review of the Diets and Nutrition for Prevention and Treatment. Sciences, 

Technology and Engineering. 

22. Baur, J. A. (2010). Resveratrol, Sirtuins, and the Promise of a DR Mimetic. Mech Ageing Dev, 

131(4): 261–269. . 

23. Benoit Viollet1, F. A. (2011). AMP-activated protein kinase and metabolic control. Handb Exp 

Pharmacol, (203): 303–330. . 

24. Bhat*, S. A.-D. (2015). Impact of Propionic Acid on Liver Damage in Rats. Int J Mol Cell Med., 

4(3): 188–195. . 

25. Brian C. Smith, W. C. (2009). A continuous microplate assay for sirtuins and nicotinamide-

producing enzymes. Analytical Biochemistry, 101–109. 

26. Brian C. Smith, W. C. (2009). A Continuous Microplate Assay for Sirtuins and Nicotinamide 

Producing Enzymes. Anal Biochem. 2009 Nov, 394(1): 101–109. . 

27. Byung-Mu Lee, S. K. (2017). Lu's Basic Toxicology: Fundamentals, Target Organs, and Risk 

Assessment, Seventh Edition. medical . 

28. Candida Fasano, 1. V. (2019). FOXO3a from the Nucleus to the Mitochondria: A Round Trip in 

Cellular Stress Response. cells, 8(9): 1110. 

29. Casadevall2, A. (2010). Antibiotic Resistance: Implications for Global Health and Novel 

Intervention Strategies: Workshop Summary. Hardcopy Version at National Academies Press. 

30. Chandra K. Singh, G. C.-P. (2018). The Role of Sirtuins in Antioxidant and Redox Signaling. 

Antioxid Redox Signal. 

31. Chandra K. Singh, G. C.-P. (2018). The Role of Sirtuins in Antioxidant and Redox Signaling. 

Antioxid Redox Signal., 28(8): 643–661. . 

32. Christopher R. Martens, c. a. (2018). Chronic nicotinamide riboside supplementation is well-

tolerated and elevates NAD+ in healthy middle-aged and older adults. Nat Commun, 9: 1286. . 



36 

 

33. Daan J. A. Crommelin, R. D. (2019). Pharmaceutical Biotechnology: Fundamentals and 

Applications. Medical. 

34. Dang, W. (2014). The controversial world of sirtuins. Drug Discov Today Technol., 12: e9–e17. . 

35. Danica Chen, 1. J.-J.-L. (2008). Tissue-specific regulation of SIRT1 by calorie restriction. Genes 

Dev., 22(13): 1753–1757. . 

36. Danny Reinberg, A. 1.-B. (2004). Human SirT1 Interacts with Histone H1 and Promotes 

Formation of Facultative Heterochromatin. molecular cell, 93-105. 

37. DENG-FENG YU, 1. S.-J.-P.-D.-J.-K.-C.-Z. (2016). Expression and clinical significance of Sirt1 in 

colorectal cancer. Oncol Lett, 11(2): 1167–1172. . 

38. Diane E. Handy, P. R. (2011). Epigenetic Modifications: Basic Mechanisms and Role in 

Cardiovascular Disease. Circulation., 123(19): 2145–2156. . 

39. Dinari Tiwari, g. V. (2017). Bisphenol A Induces Oxidative Stress in Bone Marrow Cells, 

Lymphocytes, and Reproductive Organs of Holtzman Rats. interantion journal of toxicology . 

40. Dmitry B. Zorov, M. J. (2014). Mitochondrial Reactive Oxygen Species (ROS) and ROS-Induced 

ROS Release. Physiol Rev, 94(3): 909–950. . 

41. Duanfang Cao, 1. M.-M. (2015). Structural basis for allosteric, substrate-dependent stimulation 

of SIRT1 activity by resveratrol. Genes Dev, 29(12): 1316–1325. . 

42. Durairajanayagam, A. A. (2017). Oxidative Stress in Human Reproduction. Switzerland: Springer 

nature. 

43. Emanuelle Kerber Vieira, 1. 2. (2014). Quercetin Treatment Ameliorates Systemic Oxidative 

Stress in Cirrhotic Rats. ISRN Gastroenterol., 2011: 604071. . 

44. Esra Birben, P. U. (2012). Oxidative Stress and Antioxidant Defense. World Allergy Organ J, 5(1): 

9–19. . 

45. F. Sarubbo, S. E. (2018). Effects of Resveratrol and other Polyphenols on Sirt1: Relevance to 

Brain Function During Aging. Curr Neuropharmacol.  

46. Falkevall, A., Mehlem, A., Palombo, I., Heller Sahlgren, B., Ebarasi, L., He, L., . . . Eriksson, U. 

(2017). Signaling Ameliorates Renal Lipotoxicity and Protects against Diabetic Kidney Disease. 

Reducing VEGF-B. 

47. Fang, Z. L. (2013). The Roles of SIRT1 in Cancer. Genes Cancer, 4(3-4): 97–104. . 

48. Farnham, S. F. (2011). Transcription Factor Effector Domains. Subcell Biochem, 52: 261–277. . 

49. Farnham, S. F. (2011). Transcription Factor Effector Domains. Subcell Biochem, 52: 261–277. . 

50. Francis Ka-Ming Chan, K. M. (2013). Detection of Necrosis by Release of Lactate Dehydrogenase 

(LDH) Activity. Methods Mol Biol., 979: 65–70. . 

51. François R. Jornayvaz, G. I. (2010). Regulation of mitochondrial biogenesis. Essays Biochem., 47: 

10.1042/bse0470069. 



37 

 

52. Frank K. Huynh, 1. X. (2018). Loss of sirtuin 4 leads to elevated glucose- and leucine-stimulated 

insulin levels and accelerated age-induced insulin resistance in multiple murine genetic 

backgrounds. J Inherit Metab Dis, 41(1): 59–72. . 

53. Gassman1, N. R. (б.д.). Induction of oxidative stress by bisphenol A and its pleiotropic effects. 

Environ Mol Mutagen., 2018. 

54. Gerich, J. E. (2010). Role of the kidney in normal glucose homeostasis and in the hyperglycaemia 

of diabetes mellitus: therapeutic implications. Diabet Med, 27(2): 136–142. . 

55. Gokul Prasanth. (2012). Bisphenol-A Can Inhibit the Enzymatic Activity of Human Superoxide 

Dismutase. Human and Ecological Risk Assessment, 19(1). 

56. Grune, S. R. (2015). Protein Oxidation in Aging: Does It Play a Role in Aging Progression? Antioxid 

Redox Signal., 23(3): 239–255. . 

57. Guarente1, L. (2013). Calorie restriction and sirtuins revisited. Genes Dev., 27(19): 2072–2085. . 

58. Guarente2, H.-C. C. (2015). SIRT1 and other sirtuins in Metabolism. Trends Endocrinol Metab, 

25(3): 138–145. . 

59. Hidetomo Iwano, H. I. (2018). Biotransformation of Bisphenol A and Its Adverse Effects on the 

Next Generation. Получено ̛̚ iŶteĐhopeŶ: https://ǁǁǁ.iŶteĐhopeŶ.Đoŵ/ďooks/eŶdoĐƌiŶe-

disruptors/biotransformation-of-bisphenol-a-and-its-adverse-effects-on-the-next-generation 

60. Hiroak iDaitoku, J.-i. i. (2011). Regulation of FoxO transcription factors by acetylation and 

protein–protein interactions. Biochimica et Biophysica Acta (BBA) - Molecular Cell Research, 

1954-1960. 

61. Hiroyasu Yamamoto, K. S. (2007). Sirtuin Functions in Health and Disease . Molecular 

Endocrinology. 

62. Hoa H. Le, E. M. (2008). Bisphenol A is released from polycarbonate drinking bottles and mimics 

the neurotoxic actions of estrogen in developing cerebellar neurons. Toxicol Lett, 149–156. . 

63. Hugo Palafox-Carlos, J. F.-Z.-A. (2011). The Role of Dietary Fiber in the Bioaccessibility and 

Bioavailability of Fruit and Vegetable Antioxidants. J Food Sci, 76(1): R6–R15. . 

64. Ivana Grbesa, #. 1.-T.-M.-T. (2015). Expression of Sirtuin 1 and 2 Is Associated with Poor 

Prognosis in Non-Small Cell Lung Cancer Patients. PLoS One., 10(4): e0124670. . 

65. J. SlaǀiŶ*†, ϭ. H. ;ϮϬϬϳͿ. DietaƌǇ fiďƌe aŶd satietǇ. British nutrition foundation, 4. 

66. JaŶa Hƌoudoǀá aŶd ZdeŶěk Fišaƌ, P. ;ϮϬϭϯͿ. CoŶtƌol ŵeĐhaŶisŵs iŶ ŵitoĐhoŶdƌial oxidative 

phosphorylation☆. Neural Regen Res, 8(4): 363–375. . 

67. Jane Houlihan, S. L. (april 2008 г.). Timeline: BPA from Invention to Phase-Out. Получено ̛̚ 

Know your environment protect your health: https://www.ewg.org/research/timeline-bpa-

invention-phase-out 

68. Jasper Most, 1. V. (2017). Calorie restriction in humans: an update. Ageing research review, 39: 

36–45. . 



38 

 

69. Jiho Jang, 1. Y.-J.-Y.-W. (2017). SIRT1 Enhances the Survival of Human Embryonic Stem Cells by 

Promoting DNA Repair. Stem Cell Reports, 9(2): 629–641. . 

70. Jing Xu, 1. C.-P. (2018). Brain SIRT1 Mediates Metabolic Homeostasis and Neuroprotection. 

Front Endocrinol (Lausanne)., 9: 702. . 

71. Jingjie Yi1, 2. a. (2010). SIRT1 and p53, effect on cancer, senescence and beyond. Biochim 

Biophys Acta, 1804(8): 1684–1689. 

72. Joanna GERSZON, A. R. (2014). ANTIOXIDANT PROPERTIES OF RESVERATROL. Department of 

Radiobiology, Faculty of Biology and Environmental Protection,. 

73. Jonathan M. Solomon, R. P. (2015). Inhibition of SIRT1 Catalytic Activity Increases p53 

Acetylation but Does Not Alter Cell Survival following DNA Damage. Mol Cell Biol, 26(1): 28–38. . 

74. Jose M Villalba, R. d. (2012). A Patent Review of Sirtuin Activators: An Update. Expert Opin Ther 

Pat, 22(4):355-67. 

75. Junjun Wang, D. L. (2006). Proteomics and Its Role in Nutrition Research. The Journal of 

Nutrition,, 1759–1762,. 

76. JunWangbXiuwenTang, S. M. (2017). Nrf2 signaling pathway: Pivotal roles in inflammation. 

Biochimica et Biophysica Acta (BBA) - Molecular Basis of Disease, 585-597. 

77. Kai Li, L. L. (2011). Heme oxygenase-1 Protects Human Melanocytes From H2O2-induced 

Oxidative Stress via the Nrf2-ARE Pathway . J Invest Dermatol, 131(7):1420-7. 

78. Keith V Wood, F. F. (2007). Bioluminescent Assays for High-Throughput Screening . Assay Drug 

Dev Technol, 5(1):127-36. 

79. Kerry Bone, S. M. (2013). Principles and Practice of Phytotherapy. Elsevier Health Sciences. 

80. Klepacka J. (2011). Phenolic compounds as cultivar- and variety-distinguishing factors in some 

plant products. Plant Foods for Human Nutrition (Dordrecht, Netherlands), 66(1):64-69. 

81. Konrad T Howitz 1, K. J.-L. (2003). Small Molecule Activators of Sirtuins Extend Saccharomyces 

Cerevisiae Lifespan. nature, 425(6954):191-6. 

82. Kristin A Anderson, M. H. (2017). Metabolic control by sirtuins and other enzymes that sense 

NAD + , NADH, or their ratio. Biochimica et Biophysica Acta (BBA) - Bioenergetics. 

83. Kubwabo, C., Kosarac, I., Stewart, B., Gauthier, B. R., Lalonde, K., & Lalonde, P. J. (2009). 

Migration of bisphenol A from plastic baby bottles, baby bottle liners and reusable 

polycarbonate drinking bottles. PubMed. 

84. Kumar, K. K. (2015). Stress, Oxidative Injury and Disease. Indian J Clin Biochem, 30(1): 3–10. . 

85. Kurutas, E. B. (2016). The importance of antioxidants which play the role in cellular response 

against oxidative/nitrosative stress: current state. Nutr J, 15:17. 



39 

 

86. Lavanya Reddivari, c. a. (2017). Perinatal Bisphenol A Exposure Induces Chronic Inflammation in 

Rabbit Offspring via Modulation of Gut Bacteria and Their Metabolites. mySystem, 2(5): e00093-

17. . 

87. Lee, I. H. (2019). Mechanisms and disease implications of sirtuin-mediated autophagic 

regulation. Experimental & Molecular Medicine, 51, pages1–11(2019). 

88. Legg, T. J. (2017). Everything You Should Know About Oxidative Stress. Получено ̛̚ healthliŶe: 
https://www.healthline.com/health/oxidative-stress 

89. LeiChen1HuiCao2JianboXiao12. (2018). 2 - Polyphenols: Absorption, bioavailability, and 

metabolomics. Polyphenols: Properties, Recovery, and Applications. 

90. Leonardo Santos, 1. C. (2016). Potential Modulation of Sirtuins by Oxidative Stress. Interplay 

between Oxidative Stress and Metabolism in Signalling and Disease, 12. 

91. Leonardo Santos, 1. C. (2016). Potential Modulation of Sirtuins by Oxidative Stress. Oxid Med 

Cell Longev., 2016: 9831825. . 

92. Leonardo Santos, 1. C. (2016). Potential Modulation of Sirtuins by Oxidative Stress. Oxid Med 

Cell Longev. , 2016: 9831825. . 

93. Li*, X. (2013 Jan). SIRT1 and energy metabolism. Acta Biochim Biophys Sin (Shanghai), 45(1): 51–
60. . 

94. Lin*, H. J. (2015). Sirtuins in Epigenetic Regulation. chem review, 115(6): 2350–2375. . 

95. Małgoƌzata Nita, A. G. ;ϮϬϭϲͿ. The Role of the ReaĐtiǀe OǆǇgeŶ SpeĐies aŶd Oǆidatiǀe Stƌess iŶ 
the Pathomechanism of the Age-Related Ocular Diseases and Other Pathologies of the Anterior 

and Posterior Eye Segments in Adults. Oxid Med Cell Longev., 2016: 3164734. 

96. Małgoƌzata Nita, A. G. ;ϮϬϭϲͿ. The Role of the ReaĐtiǀe OǆǇgeŶ SpeĐies aŶd Oǆidatiǀe Stƌess iŶ 
the Pathomechanism of the Age-Related Ocular Diseases and Other Pathologies of the Anterior 

and Posterior Eye Segments in Adults. Oxid Med Cell Longev, 10.1155/2016/3164734. 

97. Manjeshwar Shrinath Baliga, .. R. (2014). Polyphenols in Chronic Diseases and their Mechanisms 

of Action. Polyphenols in Human Health and Disease. 

98. Manu Rathee, P. M. (2012). Bisphenol A in dental sealants and its estrogen like effect. Indian J 

Endocrinol Metab, 16(3): 339–342. . 

99. Maria Elisabeth Street, 1. S. (2018). Current Knowledge on Endocrine Disrupting Chemicals 

(EDCs) from Animal Biology to Humans, from Pregnancy to Adulthood: Highlights from a 

National Italian Meeting. Int J Mol Sci, 19(6): 1647. . 

100. Mark P. Mattson1, 2. a. (2001). NF-κB in neuronal plasticity and neurodegenerative 

disorders. J Clin Invest, 107(3): 247–254. . 

101. Masahiro Koyama, C. N. (2013). Changes in phenols contents from buckwheat sprouts 

during growth stage. J Food Sci Technol, 50(1): 86–93. 

102. Meli, R. (2020). Oxidative Stress and BPA Toxicity: An Antioxidant. antioxidants. 



40 

 

103. Meli, R. (2020). Oxidative Stress and BPA Toxicity: An Antioxidant. antioxidants. 

104. Meli, R. (2020). Oxidative Stress and BPA Toxicity: An Antioxidant. antioxidants. 

105. Miki Nakajima, T. Y. (2005). Cytochrome P450-mediated Metabolism of Estrogens and Its 

Regulation in Human . Cancer Lett, 227(2):115-24. 

106. Milne JC, L. P. (2007). Small molecule activators of SIRT1 as therapeutics for the 

treatment of type 2 diabetes. nature, 450(7170):712-6. 

107. Minna Rahnasto-Rilla, #. J.-K. (2018). Natural polyphenols as sirtuin 6 modulators. Sci 

Rep, 8: 4163. . 

108. Mohammad Athar, 1. C. (2011). Pharmacological Activation of p53 in Cancer Cells. Curr 

Pharm Des, 17(6): 631–639. . 

109. Mukherjea, D. (2011). The Design and Screening of Drugs to Prevent Acquired 

Sensorineural Hearing Loss. Expert Opin Drug Discov, 6(5): 491–505. . 

110. Muna S. Nahar, 1. C. (2012). Fetal Liver Bisphenol A Concentrations and 

Biotransformation Gene Expression Reveal Variable Exposure and Altered Capacity for 

Metabolism in Humans. J Biochem Mol Toxicol, 27(2): 116–123. . 

111. Muriel, P. (2009). NF-kappaB in Liver Diseases: A Target for Drug Therapy . J Appl Toxicol, 

29(2):91-100. 

112. Nabi, S. (2014). Toxic Effects of Mercury. india. 

113. Neil B. Ruderman, c. a. (2010). AMPK and SIRT1: a long-standing partnership? Am J 

Physiol Endocrinol Metab., 298(4): E751–E760. . 

114. Nilika Chaudhary, P. T. (2012). Metabolic Benefits From Sirt1 and Sirt1 Activators . Curr 

Opin Clin Nutr Metab Care, 12(4):431-7. 

115. Nisha Panth, K. R. (2016). Reactive Oxygen Species: A Key Hallmark of Cardiovascular 

Disease. Adv Med., 2016: 9152732. . 

116. O.M.Ighodaroa, O. (2018). First line defence antioxidants-superoxide dismutase (SOD), 

catalase (CAT) and glutathione peroxidase (GPX): Their fundamental role in the entire 

antioxidant defence grid. Alexandria Journal of Medicine, 287-293. 

117. Oksana Sytar, a. M.-S. (2016). The Contribution of Buckwheat Genetic Resources to 

Health and Dietary Diversity. Curr Genomics., 17(3): 193–206. 

118. Olivier Binda, M. E.-Z. (2016). Chromatin Signaling and Diseases. oxford: elsevier. 

119. ORCID PƌofileHuoƋuŶ GaŶ*, †. O. ;ϮϬϮϬͿ. B Đell Sirt1 deacetylates histone and non-

histone proteins for epigenetic modulation of AID expression and the antibody response. 

Science Advances. 

120. P, K. S. (2019). Cold Atmospheric Plasmas: Their Use In Biology And Medicine. Science . 



41 

 

121. P.Sachdevae, T. A. (2013). The role of polyphenols in the modulation of sirtuins and 

other pathways involved in Alzheimer's disease. Ageing Research Reviews, 867. 

122. Pang, M. S.-G. (2019). Understanding the molecular mechanisms of bisphenol A action in 

spermatozoa. Clin Exp Reprod Med.  

123. Patel SA1. (2014). Transcriptional control of antioxidant defense by the circadian clock. 

Antiox redox signaling, 20(18):2997-3006. 

124. Paul S. Cooke, .. N. (2013). Safety Assessment including Current and Emerging Issues in 

Toxicologic Pathology. Haschek and Rousseaux's Handbook of Toxicologic Pathology (Third 

Edition). 

125. Paul฀, M. D. (2019). Gallic acid protects rat liver mitochondria ex vivo from bisphenol A 

induced oxidative stress mediated damages. Toxicol Rep, 6: 578–589. . 

126. Philip D Lambert, S. S. (2007). Small Molecule Activators of SIRT1 as Therapeutics for the 

Treatment of Type 2 Diabetes. nature, 450(7170):712-6. 

127. Picard F, K. M.-N. (2004). Sirt1 Promotes Fat Mobilization in White Adipocytes by 

Repressing PPAR-gamma . nature, 429(6993):771-6. 

128. Picca A, P. V. (2017). Does eating less make you live longer and better? An update on 

calorie restriction. Clinical Interventions in Aging, 1887—1902 . 

129. Rai Ajit K. Srivastava, 1. S. (2012). AMP-activated protein kinase: an emerging drug target 

to regulate imbalances in lipid and carbohydrate metabolism to treat cardio-metabolic diseases. 

J Lipid Res., 53(12): 2490–2514. . 

130. Rai Ajit K. Srivastava, 1. S. (2012). AMP-activated protein kinase: an emerging drug target 

to regulate imbalances in lipid and carbohydrate metabolism to treat cardio-metabolic diseases. 

J Lipid Res., 53(12): 2490–2514. . 

131. Raju, N. P. (2015). Sirtuin regulation in aging and injury. Biochimica et Biophysica Acta 

(BBA) - Molecular Basis of Disease, 2442-2455. 

132. Robert Fried, R. M. (2018). Type 2 Diabetes: Cardiovascular and Related Complications 

and Evidence-Based . Health & Fitness . 

133. Rosanna Chianese, A. V. (2018). Chronic exposure to low dose of bisphenol A impacts on 

the first round of spermatogenesis via SIRT1 modulation. Scientific Report. 

134. Rosaria Meli. (2020). Oxidative Stress and BPA Toxicity: An Antioxidant. antioxidants . 

135. Rozalyn Anderson1, T. P. (2009). PGC-1α in aging and anti-aging interventions. Biochim 

Biophys Acta, 1790(10): 1059–1066. . 

136. Ruben Nogueiras, K. M. (2012). SIRTUIN 1 AND SIRTUIN 3: PHYSIOLOGICAL 

MODULATORS OF METABOLISM. Physiol Rev, 92(3): 1479–1514. . 

137. S W Corbett, J. S. (1986). Energy Expenditure in Rats With Diet-Induced Obesity . Am J 

Clin Nutr, 44(2):173-80. 



42 

 

138. S. Mazumder, 1. E. (2004). A Dual Role of Cyclin E in Cell Proliferation and Apotosis May 

Provide a Target for Cancer Therapy. Curr Cancer Drug Targets., 4(1): 65–75. . 

139. Saba Rehman, 1. Z. (2018). Endocrine disrupting chemicals and impact on male 

reproductive health. Transl Androl Urol, 7(3): 490–503. . 

140. Salvatore Fusco, 1. G. (2012 Nov 15). Sirt1. Cell Cycle, 11(22): 4135–4146. 

141. Sergio Rius-Pérez, 1. I.-C. (2020). PGC-1α, Inflammation, and Oxidative Stress: An 

Integrative View in Metabolism. The Interplay of Oxidative Stress and Inflammation: Mechanistic 

Insights and Therapeutic Potential of Antioxidants, 20. 

142. Shaoyong Lu 1, Q. S. (2019). Allosteric Methods and Their Applications: Facilitating the 

Discovery of Allosteric Drugs and the Investigation of Allosteric Mechanisms . Acc Chem Res, 

52(2):492-500. 

143. Shin-Hae Lee, J.-H. L.-Y.-J. (2019). Sirtuin signaling in cellular senescence and aging. BMB 

Rep. , 52(1): 24–34. 

144. Shubhra Pande1, V. A. (2017). Nutritional biomarkers: current view and future 

perspectives. Reviews in Food Science and Nutrition, 1549-7852. 

145. SINCLAIR1, S. M. (2007). Sirtuins in mammals: insights into their biological function. 

Biochem J., 404(1): 1–13. . 

146. Slavin, J. (2007). Dietary fibre and satiety. nutrition bulletin, 32-42. 

147. Sofia C. Lourenço, M. M.-M. ( 2019). Antioxidants of Natural Plant Origins: From Sources 

to Food Industry Applications. Molecules, 24(22): 4132. . 

148. Sonia de Pascual-Teresa, 1. D.-V. (2010). Flavanols and Anthocyanins in Cardiovascular 

Health: A Review of Current Evidence. Int J Mol Sci, 11(4): 1679–1703. . 

149. Susana Almeida, A. ́.-G. (2018). Bisphenol A: Food Exposure and Impact onHuman 

Health. Food science and food safety . 

150. SusaŶa Alŵeida, M. A.‐G. ;ϮϬϭϴͿ. BispheŶol A: Food Eǆposuƌe aŶd IŵpaĐt oŶ HuŵaŶ 
Health. Comprehensive Reviews in Food Science and Food Safety, 21. 

151. Syed Zahid Ali Shah, D. Z. (2018). p62-Keap1-NRF2-ARE Pathway: A Contentious Player 

for Selective Targeting of Autophagy, Oxidative Stress and Mitochondrial Dysfunction in Prion 

Diseases. Front. Mol. Neurosci. 

152. Szawara-Nowak D1. (2015). Antioxidant capacity and bioaccessibility of buckwheat-

enhanced wheat bread phenolics. Journal of Food Science and Technology, 53(1):621-630. 

153. Terence L. Laursen, a. R. (2017). Leptin, adiponectin, and ghrelin responses to endurance 

exercise in different ambient conditions. Temperature (Austin), 4(2): 166–175. . 

154. Ting Liu, 1. L.-C. (2007). NF-κB signaling in inflammation. Signal Transduct Target Ther, 2: 

17023. . 



43 

 

155. Tohru Fukai, M. U.-F. (2011). Superoxide Dismutases: Role in Redox Signaling, Vascular 

Function, and Diseases. Antioxid Redox Signal, 15(6): 1583–1606. . 

156. Tong L, D. J. (2010). Function and Metabolism of Sirtuin Metabolite O-acetyl-ADP-ribose 

. Biochim Biophys Acta, 1804(8):1617-25. 

157. Tong Zhang1 and W. Lee Kraus1, 2. (2010). SIRT1-dependent Regulation of Chromatin 

and Transcription: Linking NAD+ Metabolism and Signaling to the Control of Cellular Functions. 

Ioxim biophys. acta, 1804(8): 1666–1675. . 

158. Ulas Acaroz, *. I.-A. (2019). Bisphenol-A induced oxidative stress,inflammatory gene 

expression, and metabolic andhistopathological changes in male Wistar albinorats: protective 

ƌole of ďoƌoŶ†. Toxicology Research, 8. 

159. V. Lobo, A. P. (2010). Free radicals, antioxidants and functional foods: Impact on human 

health. Pharmacogn Rev., 4(8): 118–126. . 

160. Vittorio Sartorelli1, 4. a. (2018). Shaping Gene Expression by Landscaping Chromatin 

Architecture: Lessons from a Master. Mol Cell., 71(3): 375–388. . 

161. Xiao Qing Chen, X. Y. (2006). Rapid Separation and Analysis of Six Organic Acids in Bayer 

Liquors by RP-HPLC After Solid-Phase Extraction . Ann Chim, 96(5-6):347-54. 

162. Xin Ye, 1. M.-g. (2017). Sirtuins in glucose and lipid metabolism . Oncotarget, 8(1): 1845–
1859. . 

163. Y Fujii, S. H. (2015). What Is Buckwheat? An Incredible Plant with a Long History. 

Получено ̛̚ hullo: https://hullopilloǁ.Đoŵ/ǁhat-is-buckwheat/ 

164. Y.Z. Cai, .. W. (2004). BUCKWHEAT. Encyclopedia of Grain Science. 

165. Yolanda Olmos, 1. F.-G.-Q. (2013). SirT1 Regulation of Antioxidant Genes Is Dependent 

on the Formation of a FoxO3a/PGC-1α Complex. Antioxid Redox Signal, 19(13): 1507–1521. . 

166. Yosef Dror, E. R. (2020). Yosef Dror, Ephraim Rimon, Reuben Vaida. Technology & 

Engineering . 

167. Yoshida2, E. S. (2014). Erasers of Histone Acetylation: The Histone Deacetylase Enzymes. 

Cold Spring Harb Perspect Biol., 6(4). 

168. Yoshie Takizawa, Y. K. (2013). Up-regulation of endothelial nitric oxide synthase (eNOS), 

silent mating type information regulation 2 homologue 1 (SIRT1) and autophagy-related genes 

by repeated treatments with resveratrol in human umbilical vein endothelial cells. The British 

journal of nutrition, 110(12):1-6 . 

169. Yumei Han, 1. S. (2019). SIRT4 and Its Roles in Energy and Redox Metabolism in Health, 

Disease and During Exercise. Front Physiol, 10: 1006. . 

170. Yu-Qiang Wang 1, Q. C.-Y.-T.-Y. (2015). SIRT1 Protects Against Oxidative Stress-Induced 

Endothelial Progenitor Cells Apoptosis by Inhibiting FOXO3a via FOXO3a Ubiquitination and 

Degradation . J Cell Physiol, 230(9):2098-107. 



44 

 

171. YuTang, M.-L. Z. (2012). Bioactive compounds in functional buckwheat food. Food 

Research International. 

172. Zeinab K. Hassan, 1. M. (2012). Bisphenol A Induces Hepatotoxicity through Oxidative 

Stress in Rat Model. Research Article, 6. 

173. Zhihua Ren, #. H. (2019). early lead exposure could reduce phosphorylated PGC-1α in 

the mouse cerebral cortex and SIRTl expression in the nucleus of cerebral cortex cells, increase 

the retention of PGC-1α in the cytoplasm, reduce the activity of GSH-PX and the GSH content, 

and red. Cell Mol Biol Lett, 24: 36. . 

174. Zhihua Ren, #. H. (2019). The role of different SIRT1-mediated signaling pathways in 

toxic injury. Cell Mol Biol Lett., 24: 36. . 

175. Zhihua Ren, #. H. (2019). The role of different SIRT1-mediated signaling pathways in 

toxic injury. Cell Mol Biol Lett, 24: 36. 

176. Zhihua Ren, H. H. (2019). The role of different SIRT1-mediated signaling pathways in 

toxic injury. Cellular & Molecular Biology Letters , 30. 

177. Zuhl., C. M. (2015). Chapter 1Mechanisms of Oxidative Damage and Their Impact on 

Contracting Muscle. Antioxidants in Sport Nutrition.  

 

 

 

 

  

 

 






	титул хамзаева0001
	титульный хамза0001

