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ABSTRACT

During decades plastics are used for a wide variety of egiah applications all over the world, however, ttss
and its products have been associated to a number tf hisks due to harmful components. Bisphenol A(BPA) is
a synthetic compound that is added to many commercistigplaroducts, including food containers and hygiene
products, and many other items. BPA-containing plastiessubject to degradation, resulting in the ingestion of
BPA from many different sources when served hot. BPAle&s shown to cause detrimental effects on health,
even small concentrations. It may disrupt the cellstfan due to its ability to act as an estrogen mimiang|
with being implicated in the formation of cancers ahd tnetabolic syndrome, BPA has also been linked to
inducing oxidative stress, which can lead to damaged DNAn@e tumorigenesis, and eventually causes cell
death. Because of its pro-oxidizing role, it was hypsitbhed that BPA could increase the likelihood of cells
becoming senescent and can cause liver, kidneys,, lanaih other organs injury by forming reactive oxygen
species. Daily nutrition enriched antioxidants can prei2& damage and can enhance the activity of genes called
sirtuins. The seven-enzyme sirtuin family is able totad many cell functions, including histone deacetytatio
protein acylation, and deacetylation. This group of eregypiays an important role in regulating oxidative stress
related processes and functions, including longevittoahondrial function, DNA damage repair, and metabolism.
Buckwheat has become nutrient source due to its high rhismetlaantioxidant content. Its benefits may include
improved oxidative stress control. Two types of buckwheammon buckwheatFagopyrum esculentum) and
Tartary buckwheatHagopyrum tartaricum), are most widely grown for nutrition. Tartary buckwhbat a higher
antioxidant content than common buckwheat. It includes rutin, eirereitexin, D-chiro-inositol.

This study aimed to evaluate whether exposure to BPA inducdatiweé stress, liver damage, affecting
oxidant/antioxidant balance in the liver and stomachlwhat Wistar male rats.

KEY WORDS: Bisphenol A, oxidative stress, DNA damaggtuin genes, buckwheat, antioxidants.



CHAPTER |

INTRODUCTION

Plastics are used consistently due to their durabilitgevdpplication, ease of use and low cost. However, the
overuse of these materials came with unexpected probRlamsticizers such as bisphenol A have been found to
cause endocrine disorders, resulting in reproductive @iseasl cancer in humans, and even feminization in aquatic
species. In recent years, Bisphenol A has been causiiogis/gproblems related to metabolic syndrome, diabetes,
obesity and heart disease. This chemical is a cethonant that is toxic and mimic estrogen in mammagills.
Bisphenol A (BPA) is a chemical that is widely used asrarmercial plasticizer in the production of polycarbenat
plastics. BPA was invented by the reaction of phenibl 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 1930Between 1940’s and 1950's the chemical industry begins to use BPA to
manufacture a hard plastic called polycarbonate, amdat@ epoxy resins 1940 and 1950 ye&¥ane Houlihan,
2008) Originally, it was used as an epoxy resin to give prinagrd protective coatings to metals such as pipes, food
box interiors, floor adhesives, as well as toothrlléfter polymerization in 1957, BPA was found to formeay
durable, strong and clear plastic, and it has been useddmehites, food storage containers, water containers,
electronics and safety equipmef8usana Almeida, 2018Exposure to BPA occurs mainly through ingestion,
inhalation, and dermal routes.

Unfortunately, plastics containing BPA can deteriorate duéntomplete polymerization, and at very high
temperatures can cause BPA to dissolve from both paremgrials. Thus, humans obtain BPA from various
sources, such as plastic plates, plastic contairag,facked in plastic, tea/ coffee served in plastic cugsaugh
contact with other BPA-containing products. When sgivet, the BPA leaches and enters the human system. The
effects of BPA mainly occur as a result of consuming comiai®ed foods and beverages that come in contact with
epoxy resins or polycarbonate plastics. When bioad8P& release from polycarbonate containers used for
drinking water and other beverages is checked for permeatulityater stored in new or used high quality
polycarbonate containers, BPA from 0.20 to 0.79 ng per mopolycarbonate water containers were found to be
migrating at the same ratéSubwabo, et al., 2009Exposure to boiling water (100 ° C) increased the trandfer ra
of BPA by 55 timegSusana Almeid#. .-G., 2018, and again the results show that the displacemeBP#f at
room temperature does not depend on whether the bottledaemsused before or néiloa H. Le, 2008)This
substance causes a variety of side effects such as ,candecrine, reproductive, metabolic and cardiovascular
diseases. In addition, the formation of reactive oxygpeciss (ROS) due to BPA significantly impairs
mitochondrial function. Wlas Acaroz, 2019)BPA, as a toxicant, has a direct effect on the mecmanfisesistance

to oxidative stress in the cell. Because of its hormlikeeproperties, it can bind to specific receptors in thogés
(Meli, 2020) Therefore, the tissue-specific effect of BPA is mabhle to its ability to disrupt endocrine and the
expression of these specific receptors in target (elag, 2019) BPA induced oxidative stress has been controlled
by some types of enzymes which are important to preagmtelated diseases. The sirtuin family of seven enzymes
has also been linked to several antioxidant and oxidatiessstelated processes and functions, including longevit
mitochondrial function, DNA damage repair, and metabulig addition, the fact that their deacetylase actigty
dependent on NAD(Chandra K. Singh, 2018)he highly conserved structure of sirtuins, as welthas NAD*
dependence, suggests that these enzymes are a family of regrisimg regulators cooperating in semi-redundancy

to direct cellular metabolism in response to alterddtian or oxidative stres§Athanassios Vassilopoulos, 2011)
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They have different specific substrates including higtiptranscriptional regulators and enzymes. Sirtuins cact affe
ROS production and increase resistance to its damageg®fOxidative stress has been shown to decrease SIRT1
expression in the ce(P.Sachdevae, 2013irtuin family genes have also been found to be dyreattivated by
polyphenols including quercetircatechins, resveratrol and kaempferol. Investigatiopadyphenolic sirtuin-
activating compounds are thought to hold promise for redumtidative stressSIRT?2 is upregulated in response to
calorie restriction and oxidative streS8RT3 reduces oxidative stress by increasing superoxide t@isenactivity.
Other two mitochondrial sirtuin$SIRT4 and SIRT5SIRT6 is involved in DNA repair following oxidative stress
through activation of the DNA repair enzyme. Polyphena@lgehbeen found to activate SIRT1, SIRT2, SIRT3,
SIRT4 and SIRT7 protein and/or gene expression in cells amb{hiiroyasu Yamamoto, 2007).
Among sirtuins, SIRT1 is the most widely studied and has t&ed as of high importance for the prevention of
degenerative diseases. Human SIRT1 is the largest poftdie sirutins family. Its molecular weight is 81.7 kDa
and it consists of 747 amino acid residugsafina GERSZON, 2014More than a dozen substrates have been
described for SIRT1, including transcription factors and otlegulators of age-related-degenerative diseases
(Salvatore Fusco, 2012 Nov 1BIRT1 also plays a major role in energy homeostasis ynmetabolic tissues,
which is potentially a manifestation of its abilitg tink metabolic status to transcriptional outputs. Hepatic
metabolic derangements are key components in the developmdegenerative diseases. Sirtl is an important
regulator of energy homeostasis in response to nutnerilfhbility. It plays a vital role in the regulation b&patic
lipid homeostasis and that pharmacological activationiwdl $ould be important for the prevention of obesity
associated metabolic degenerative disefskiko Satoh, 201). Some researches also show that manipulation of
Sirtl levels in the liver affects the expression afiuanber of genes involved in glucose and lipid metabolism.
Additionally, it has been demonstrated that modest opeession of Sirtl resulted in a protective effect against
high fat induced hepatic steatosis and glucose intoleranitieof1, 2011)In line with this, SIRT1 protein levels are
increased in response to CR in many key metabolic tigkife2013 Jar).
Many evidence derived from in vivo studies suggests thal 5iRay mediate the effects of CR in rats. Rats mildly
overexpressing SIRT1 seem to be protected from the developfmeetabolic disease when challenged with high-
fat diets. Similarly, wild-type mice fed polyphenolic daisplayed prolonged lifespan and were protected against
the development of metabolic disease. Treatment ofaWiiats with SRT1 720, a newly developed SIRT1 agonist,
also mimicked the metabolic adaptations triggered by CR anfkrced protection against metabolic disease
(Auwerx, 2009)
The goal of the present study was to assess the amtibxddpacity and effect on SIRT1 protein expression of
buckwheat-enhanced phenolic compounds in diet of Wistde naés. BuckwheatHagopyrum tataricum), is a
domesticated food plant raised in Asia, originated from the Yurprawince in southwest China and is widely
consumed as flour or tea in many countries. Buckwheat isngumder almost limited environmental conditions
during growth and developmental stages, especially aathestage of development and flowerif¥ Fujii, 2015)
It is a highly nutritious whole that good source of superioflityuprotein, fiber, and energy. Among its health
benefits, buckwheat may improve heart health, promeighw loss, and help manage degenerative disé#sés
Cai, 2004) Buckwheat contains many bioactive components andhsimi flavonoids, including orientin, vitexun,
quercetin, and rutin. Especially, tartary buckwheztgbpyrum tataricum) is known to have about 80-folds higher
rutin than common buckwheaEggopyrum esculentum). It had been widely studied that buckwheat promotes anti-
oxidation, hypocholesterolemia, and anti-inflammatioocl&vheat Fagopyrum esculentum Moench, F. tataricum
Gaertner) groats and flour have been established globally as oo#ltifoods because of their high levels of
proteins, polyphenols and minerdiéuTang, 2012 The bioavailability of nutritional compounds is basedttogir
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gastrointestinal stability and the efficacy of theamts-epithelial transition_éiChen1HuiCao2JianboXiaol2, 2018)
Polyphenols constitute one of the most numerousuéipiitously distributed group of plant secondary metabolites
and are generally involved in defense against stressasumtidative stress.
Buckwheat that is commonly consumed around the world hexs dmntinued to research upon for its the dynamic
capacity to protect against age-associated disordenggtih variety of important mechanisms. Numerous lines of
evidence suggest that dietary polyphenols have the capacitjtigate oxidative cellular damage due to their
antioxidant capacity. The last includes the inhibitiomhaf modulation of several cell survival/cell-cycle ggnand
activation of deacetylase enzymes such as sirtuin fageiies(F. Sarubbo, 2018We were interested to study if
buckwheat acts as a sirtuin regulator and works as pdutecttonal food in rats. Functional foods are foods or food
components which beyond providing basic nutritional neald®, have physiological/pharmacological benefits or
reduce the risk of chronic diseases and also BPA indtress. The present work was conducted to study effect of
dietary buckwheat on SIRT1 protein expression and antiotdda male Wistar rats. Buckwheat has significant
amount of dietary fiber that is primarily indigestible.eWiypothized that the indigestibility of buckwheat may
mimic calorie restriction like effect and impact on SIRT 1tgiro expression. Further we wanted to understand if
dietary buckwheat-led improvement in SIRT1 can offer angteption against BPA-induced toxicity in
experimental animals. The aim of the present study was

e To study the effect of BPA on experimental animals

e To study the effect of dietary buckwheat on SIRT1 proteinesgion

e To study the effect of SIRT1 protein expression againsinuental effects of BPA


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

CHAPTER Il

LITERATURE REVIEW

2.1 BPA Induced Oxidative Stress

Since the last decade, oxidative stress has becomeodtamportant research topic of many scientists working i
the field of biology due to its role in the onset ofivas diseases. Oxidative stress, oxygen, and oxygen-siipplie
free radicals override the cell’s natural antioxidant defenses, leading to damage to cell components, inactivation of
metabolic enzymes, and disruption of signal transnmisgaghways(Esra Birben, 2012)Oxidative injury is well
known to be associated both with the process of orgaaging and with several chronic diseases that include
among others, diabetes, atherosclerosis, relgtd macular degeneration, cataract and Alzeheimer’s disease
(Kumar, 2015) Protein crosslinking, lipid peroxidation, mitochondra@jlsfunction and induction of cell death
pathways are among the proposed mechanisms of cellufexgdedue to this misbalance. Moreover, can be induced
by BPA and environmental factors, leads to the accumonlaif reactive oxygen/nitrogen species (ROS/RNS),
further causing misbalance in pro-oxidant/antioxidant stesalg or a significant decrease in the effectivenéss
antioxidant protection$Anu Rahal, 2014)Oxidative stress is the imbalance between freeatsdand antioxidants

in the body, while free radicals are oxygen molecthies have an uneven amount of electrons. An uneven erumb
allows them to react easily with other molecules] bacause free radicals react easily with other molecthey

can cause large-chain chemical reactions in the Adthse reactions are called oxidation and they camreficial

or harmful (Legg, 2017)It is also the result of an imbalance between ardeoti defenses and reactive oxygen
species (ROS), such as free radicals. Regardless of thessgRGS can damage biological macromolecules due to
their high reactivity with -C-H, and other bonds. Th&n result in carcinogenesis, as well as lipid peroxidation
which in turn can lead to necrotic cell deaWatgorzata Nita, 2016). Eukaryotic cell has a variety of natural
antioxidant defenses, such as reduced glutathione, ascaidithdgredoxins, and-tocopherol, and enzymes, like
superoxide dismutase (SOD), catalase (CAT), and glutathiorexigese (GPx), play critical roles in redox
reactions in the cel(O.M.Ighodaroa, 2018)Oxidative stress induces modifications of cellular pnatethereby
altering their functions and causes a state of suscdéptitil a wide range of disorders. It causes damage to
biomolecules including DNA, lipids and proteins and dbates to the pathology of many diseases including
neuronal degeneration, autoimmune diseases, cardiovascsfanctjon, accelerated aging, the progression of
cancer and conditions of the reproductive system dimtuboth male and female infertilitfDurairajanayagam,
2017) BPA is well established as an endocrine disruptor dliks tole as an estrogen mimic. Endocrine disruptors
can act through nuclear receptors, nonnuclear steroid rezeqtch as membrane estrogen receptors, non-steroid
receptors such as neurotransmitter receptors, orpbhaptoes, and many other pathways that converge on @neloc
and reproductive systems. Even at low concentratio® Bemonstrates a potency similar to estradiol in
endocrine-receptor-dependent signaling pathways, due to gmolpih its structuréPaul S. Cooke, 2013When
BPA is ingested orally, passes through the gastrointestenat and liver before entering the internal tissues.
However, detoxifying enzymes have been proven in sevepakienents to play a crucial role in the destruction of
intestinal wall and liver-derived chemicaglsiuna S. Nahar, 2012The cell's ability to maintain balance with the
reduction and oxidation (redox) of chemical compounds plays pariemt role in all aspects of cell development,
and growth. Normal cellular metabolism induces ROS, ssckuperoxide anions, peroxides, and hydroxyl radicals,

and cells have created highly tuned pathways to use smallirgmof these species to regulate genes and shed
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excess ROS to prevent harmful effe@tarutas, 2016) This important oxygen balance is maintained by many
components in the cell and is highly regulated and codetinklowever, when this balance is disturbed by BPA or
environmental toxins, the same ROS that was oncefibethéo the cell can now cause insensitivity to ntigias,

cell growth and cell death signals. BPA has been shiowower antioxidant defense§>okul Prasanth, 2012)
Taken together, these results suggest that BPA may Imawvepartant effect on oxidant-antioxidant scale tipping,
whose net effect is an increase in oxidative stressaddiition, increased levels of oxidative stress are assdcia
with aging, cardiovascular disease, neuronal degeneradinth, the development and progression of cancer
(Gassmanl)According to some reports, perinatal BPA exposure leadsduced levels of gut bacterial diversity
and bacterial metabolites and elevated gut permeabilittee common early biomarkers of inflammation-promoted
chronic diseases. Furthermore intensified inflammatiags an important role in diseases caused by BR&anya
Reddivari, 2017).

2.2 Generation of Reactive Oxygen Species

Reactive oxygen species are chemically reactive claérsppecies containing oxygen. Examples include peroxides
superoxide hydroxyl radica) singlet oxygen, and alpha-oxygen. In a biological contBxS are formed as a
natural byproduct of the normal metabolism of oxygen and hagertant roles in cell signaling and homeostasis
(Yosef Dror, 2020) However, during times of environmental stred¥ (or heat exposure) or BPA induce stress,
ROS levels can increase dramatically. This may résudignificant damage to cell structures. Cumulativelig ith
known as oxidative stress. Effects of ROS on cell noditah are well documented in a variety of species. These
include not only roles in apoptosis (programmed cell ddathglso positive effects such as the induction of host
defensegenes and mobilization of ion transport systems. Thisidagls them in control of cellular function. In
particular, platelets involved in wound repair and blood homtaesis release ROS to recruit additional platelets to
sites of injury. These also provide a link to theid@ immune system via the recruitment of leukocyfes2019)
Reactive oxygen species are implicated in cellular iactio a variety of inflammatory responses including
cardiovascular disease. They may also be involvedarirgeimpairment via cochlear damage induced by elevated
sound levels, in ototoxicity of drugs such as cisplatin, andongenital deafness in both animals and humans
(Mukherjea, 2011)ROS are also implicated in mediation of apoptosis ograromed cell death and ischemic
injury. Specific examples include stroke and heart atdacgeneral, harmful effects of reactive oxygen species on
the cell are most often: damage of DNA or RNA, oxidaticof polyunsaturated fatty acids in lipids (lipid
peroxidation), oxidations of amino acids in proteins, oxidatleactivation of specific enzymes by oxidation of co-
factors(Matgorzata Nita, 2016). In aerobic organisms the energy needed to fuel biologicaitibns is produced in
the mitochondria via the electron transport chain.dditeon to energy, reactive oxygen species (ROS) with the
potential to cause cellular damage are prodybithi, 2014) ROS can play key role with damaging lip@INA,
RNA, and proteins, which, contributes to the physiolofjgging. They are produced as a normal product of cellular
metabolism. In particular, one major contributor to oxidatdamage is hydrogen peroxidd.O,), which is
converted from superoxide that leaks from the mitochongfianl., 2015).Catalase and superoxide dismutase
ameliorate the damaging effects of hydrogen peroxide andostgher respectively, by converting these compounds
into oxygen and hydrogen peroxide (which is later converted ter)yaesulting in the production of benign
molecules(Byung-Mu Lee, 2017)However, this conversion is not 100% efficient, anddugdi peroxides persist in
the cell. While ROS are produced as a product of noweklilar functioning, excessive amounts can cause

deleterious effects.
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2.3 Oxidative injury of cells

Aerobic organisms have integrated antioxidant systevhg;h include enzymatic and nonenzymatic antioxidants
that are usually effective in blocking harmful effects @3 During conditions of metabolic stress, like obemitg
metabolic syndrome, an oxidative stress environmesgteated, mainly due to a state of chronic inflammation.
Oxidative stress can affect the activity of sirtuinsdiferent levels: expression, posttranslational modifices,
protein-protein interactions, and NAD levelseonardo Santos 1. C., 2016Ylild oxidative stress induces the
expression of sirtuins as a compensatory mechanism, Wwhileh or prolonged oxidant conditions result in
dysfunctional modified sirtuins more prone to degradatipthb proteasome. SIRT1 can be potential link between
cellular metabolic status and adaptive transcriptiorsgdaieses. It is already established that SIRT1 proteing exe
their effects through two different pathways namelydmstmodifications and nonhistone substrébesghor P. M.-

R., 2013. Sirtuins constitute a family of highly conservedatiicamide adenine dinucleotide (NAD+)-dependent
enzymes that deacetylate histones and residues ofaedtiysine. A common feature of the activity otims is
their dependence on intracellular ratio of NAD+ andeétuced form NADHKristin A Anderson, 2017)Sirtuins
also have been shown to play an important role in thendefmechanisms against pathological conditions, but th
excessive generation of free oxygen radicals may danssgyesi and also damage proteins, leading to the structural
alteration and functional inactivation of many enzymed geceptor proteins involved in cell signali(dyprioku*,
2013) From some recent studies, it is now clear thatgbigeration of ROS by BPA exposure depends on cell types
and which hormone receptor is being found in that parti@dirtype. Environmentally persist low level of BPA
exposure might be able to cause oxidative damage by distuhgingalance between reactive oxygen species and
antioxidant defense system, resulting in the developmentxiofative stress-related diseasé@dgeli, 2020)
Experimental data have shown BPA can induce the geneiatiBOS through the enzymatic and non-enzymatic
formation of radicals. BPA induce mitochondrial dysfuatin the liver is thought to be caused by an increase in
oxidative stress and inflammation. Cell death, DNA maratreplication errors, and genomic instability can occur
if the oxidative DNA damage is not repaired before DNAicagion (Dinari Tiwari, 2017) BPA-induced oxidative
stress affects SIRT1 expression, which then affects the sipreand activity of downstream proteins, resulting in
oxidative damage. Upregulation of SIRT1 expression by SIRT\tahatican generally alleviate the toxicity of BPA
(Jing Xu, 2018)SIRT1 can interact with proteins in various signahscuction pathways and regulate biological,
physiological, and pathological processes. For examiR 1IScan reduce the release of inflammatory factors by
inhibiting the expression and activity of NdB- in the NF«B signal transduction pathway, thus alleviating the
inflammatory damage caused by some toxicants. Therefora-depth study of the role and mechanism of action
of SIRT1 in toxic damage caused by poisons may provide néghiriato therapeutic strategies to limit the toxic
damage caused by poisoS$RT1 can catalyze the deacetylation of acetyl lysirtdstone substrate and some non-
histone substrates to regulate gene expression. It ctcfgade in the regulation of apoptosis, the inflammatory
response, oxidative stress, energy metabolism, and ptheesses 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 efabolic responses, we can view changing in the redtxsst

of the cells affect the activity of sirtuins and what #re biological consequences of these alterationsle\Whie
nonhistone maodification exhibits that once SIRT1 is attid it mediates intracellular responses that promoke cel
survival, enhance the repair of damaged DNA, and redukdision (Jiho Jang, 2017Also, SIRT1 is associated
with the heterochromatin regions where they promote tigatien of histone. It can be inferred that owing to
multiple molecular functions performed by SIRT1namely digéation, epigenetic modifications, and transcription
factor modulationFarnham, 2011) (Vittorio Sartorellil, 201&) histone modification, many ageing related effects
are caused by chromatin changes. Because SIRT1 is localaety in the nucleus, its physiological actions are
partly mediated by its ability to deacetylate nucleoddmsones at specific residuésin*, 2015). As SIRT1 lacks

a DNA-binding domain, it is subjected to target promotersséquence-specific transcription factors so as to
incorporate chromatin remodeling and subsequently regulefigene expressiofiFarnham, 2011)Experiments
indicated that for every acetyl lysine group that maeed, one molecule of NADC is cleaved, nicotinamide@nd
acetylADP-ribose are producedonathan M. Solomon, 2015)herefore, SIRT1 appears to possess two enzymatic
activities; first the deacetylation of a target protai second the metabolism of NADC. This distribution hakps

to understand the underlying mechanism attributed to sinwdrita effect on health. In all living organisms, celtula
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 catgmatiovays ensures that cells do not deplete essential
energy stores, which would ultimately cause cellular dgmar death. Sirtuins are significantly involved in
mammalian energy homeostasis. The activity of SIRT1ghklfniregulated towards the environmental factors that
may influence it(Lee, 2019) A feeding regime that is reported to accelerate theirsimctivation is caloric
restriction, which corresponds to a lowering of-20% calories below ad libitum intake without inducing
malnutrition (Shubhra Pandel, 2017The levels of sirtuin have been reported to enhancestmdamice. Much
difference in opinion has been reported in context to uradafstow calorie restriction can affect the life span.
PGGC1la is a transcription factor co-activator that affectsstraell metabolic pathways. It influences mitochondria
respiration, the reactive oxygen species defense systethfatty acid metabolism by interacting with specific
transcription factors. Studies have shown that SIRAH enhance tissue antioxidant capacity by activating the
transcription of PGC-d and inducing the expression of superoxide dismutase (@®)lutathione peroxidase
(GSH-PX) in cells(Patel SA1, 2014)Therefore, when toxic substances directly act on SIRTteduce its
expression, it can reduce the antioxidant capacity afdssand cause oxidative damage to the body. Some other
researchers found that early lead exposure could redugghpingisted PGC-d in the mouse cerebral cortex and
SIRTI expression in the nucleus of cerebral cortex celtsease the retention of PGG-ih the cytoplasm, reduce
the activity of GSH-PX and the GSH content, and redbeeantioxidant capacityZfiihua Ren, 2019)Excessive
fluoride can also inhibit SIRT1, significantly downregul#ite protein expression level of SIRT1, and cause central
nervous system oxidative damage through the SIRT1/RiG@athway. SIRT1 can also regulate the function of
PGGC1a in cells by regulating the acetylation and activity leveP@GC-1i, as well as regulation of downstream
transcription factors such as nuclear receptor peroxisopidepator-activated receptor (PPAR), estrogen-related
receptor (ERR), nuclear respiratory factor (NRFs), and imitedrial transcription factor A (Tfam), further affecting
mitochondrial production and function, and regulating tletafmolism of glucose and lipids. In addition, structural
damage or dysfunction of mitochondria also leads toritiation of apoptosis, so SIRT1 can regulate the funation

state of mitochondria and indirectly control apoggtdst regulating the acetylation level of PG&-Regarding BPA
12



toxicity damage, studies have found that BPA treatment baiouwsly inhibit the expression of SIRT(Rosanna
Chianese, 2018and increase PGGCxlacetylation levels, damaging mitochondria and leadinghitochondrial
dysfunction, and eventually inducing cell death processels as apoptosis and necrosis, which may also be an
important cause of hepatotoxicity induced by BPA. Therefarthe oxidative damage caused by some poisons, the
SIRT1-mediated PGCelpathway can play an important role by regulating the body’s antioxidant capacity and
mitochondrial production and functional status. RB-is the master switch of the inflammatory respomgech is
usually connected to inhibitory protein inhibitor of NB-(1xB) in the form of a p65/p50 diméiTing Liu, 2007)
When stimulated, p65/p50 can be activated and transferribg toucleus to regulate the transcription of various
downstream inflammatory factors. The p65 subunit of dBFis the direct target of SIRT1, which, through
deacetylation, can control the acetylation level of ifFp65 to regulate the transcription level of the downstrea
genes, including those encoding IL-1, tumor necrosis factoiNF-o), IL-8, IL-6, and other inflammatory factors,
thus regulating the inflammatory resporié@drea Oeckinghaus1, 200M). addition, NF«B is also involved in the
regulation of apoptosis, and SIRT1 regulates anti-apoptdaigdegene expression through NB- Excessive
amount of BPA can reduce the expression of SIRT1, sd\fh&B cannot be deacetylated, resulting in activation
of the NF«B signal, which causes neuronal apoptosis and central nesysteam damagéMark P. Mattsonl,
2001) It can be seen from the above that SIRT1 can regulatecaply controlling the level of deacetylation of
NF-xB, thus affecting the toxic damage of some toxicantsvéver, the SIRT1/NkB pathway mainly participates
in the toxic damage process of toxicants by the inflarorgatesponse. The FOXO protein family is widely
involved in cell signal transduction, growth and developmapbptosis, and antioxidant stress, among which
FoxO1 and FoxO3 are the most common. This family of pretean activate or inhibit a variety of target genes,
such as p27kipl and cyclin D (CCND) CYR61, which regulate thecgeleé, thebim andfasL genes that mediate
apoptosis(S. Mazumder, 2004)The complex interaction between SIRT1 and FOXO pretaghinst oxidative
stresgYu-Qiang Wang 1, 20150n the one hand, SIRT1 upregulates the deacetylatle®X0, enhances FOXO-
induced cell cycle arrest, activates and promotes BXQ/MnSOD pathway, increases the expression of
manganese superoxide dismutase (MNnSOD) and catalasg ({€£€Bist oxidative stress, and promotes the repair o
DNA damage during replicatiofCandida Fasano, 20199n the another hand, after deacetylation of FOXO by
SIRT1, FOXO can be degraded by ubiquitination, reducing thed&¥DXO and inhibiting the ability of FOXO to
induce cell death, thereby ultimately protecting celisnfioxidative stress damagjeiroak iDaitoku, 2011)In BPA-
induced toxic effects on SIRT1 cause a decrease in expreasid a decrease in the level of FOXO deacetylation
leads to an increase in apoptosis, leading to damager. @dtivation of the SIRT1/FOXO pathway, the level of
FOXO deacetylation not only regulates the oxidativesstref the body, but also involves the control of cell
apoptosis and the cell cycle, which is a complex and inteegmtocesgauthor P. S., 2011Therefore, the study on
the role of this pathway in the toxic injury of relatedins should be more comprehensive and systematiciebr
factor E2-related factor 2 (Nrf2) is widely regarded as astmption factor activated by oxidative stress that
induces the coding of a series of antioxidant protegiateins and promotes the regulation of redox conditions i
cells. In addition, Nrf2 is also an important negativgutator of inflammatory cytokine activation and interleukin-
1-mediated vascular inflammation, and therefore partefpain the process of inflammation
(JunWangbXiuwenTang, 2017%ome studies have shown that Nrf2 can be regulated byatiom, while SIRTI
can activate Nrf2 transcriptional activity and upregulitf2 downstream gene expression of genes such as those
encoding SOD and GSKZhihua Ren #. H., 2019Conversely, downregulation of SIRT1 expression significantly
reduced Nrf2 protein expression. Regarding the oxidativessitaused by BPA, some studies have found that
overexpression of SIRT1 can deacetylate NRF2, increassahidity of Nrf2, promote the transport of Nrf2 to the
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nucleus, promote the transcriptional activity of Nrf2, enleathe resistance of cells to oxidative damage, and play a
protective role in the AEC-II injury of mice caused by Bpdisoning(Syed Zahid Ali Shah, 2018)t can be seen
that the SIRT1/Nrf2 pathway can antagonize the oxidativeadge caused by some toxicants by enhancing the
antioxidant capacity of the body. p53 can regulate the expnes$ a large number of downstream target genes,
which in turn affects cell cycle organization, apoptosifferdintiation, and a number of other processes. SIRT1
enhances the expression of MNSOD by deacetylating p5&bthercreasing cellular antioxidant capadiihihua

Ren H. H., 2019)lt is also negatively regulated by p53. When cells are uogifative stress, SIRT1 can
deacetylate the lysine residue at position 382 of thepp®®@in and inhibit the activity of p53, thereby inhibititing
transcription of downstream target genes dependent on p53, sGEKAHA and BAX, reducing cell apoptosis. In
the oxidative stress caused by BPA, SIRT1 can regulate theetgkation level of p53, which can affect the
antioxidant capacity of cells and regulate cell apoptpsisushi Kuno, 2013)Studies have shown that SIRT1
plays an essential role in protection against BPA-indugathtive 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 thogeatigainduced by antioxidants in a number of animal
models, suggesting that the molecular pathways by whicbx@fdints act are similar to those activated by CR
(Kerry Bone, 2013)Recently, it was suggested that the sirtuin genes couldebeommon mediators that explain
both the effects of antioxidants and CR pathways. Which @Wlitton, mild or severe, is more relevant to the one
applied to mammals (3@0% reduction in calorie intake), one possibility is that wiheammals are calorie
restricted, tissues with different energy demands experiearying degrees of CRasper Most, 2017When food

is scarce, mammals may have to redistribute the ihmiésource to maintain survival and shut down unnegessar
energy expenditures, such as growth, synthesis anddrggian. Thus, tissues necessary for basic survival, such as
the muscle, the heart, and certain brain regiongm@tected from starvation and experience mild CR. However,
tissues for synthesis, such as the liver and the easciare likely to experience severe CR. Although in the
circulation, levels of glucose are roughly the same thrautgtie body, tissues may experience varied degrees of
CR due to different capacities for glucose uptéRerich, 2010)additionally, emerging genetic evidence suggests
that mammalian sirtuins are required for the CR resp@I881 may be required for increased physical activity of
CR rats, as SIRT1 knockout rats do not have increasedty¢fuben Nogueiras, 2012t has been thought that
CR extends lifespan by decreasing metabolism and tbeiatesi production of damaging reactive oxygen species.
However, this traditional view has been challenged by recenlinfis indicating that CR in fact increases
metabolism. Evidence for changes in oxygen consumption ina@Hs controversial, as the rats experience drastic
alterations in body weight and compositiGh\W Corbett, 1986)When energy is abundant, instead of storing excess
energy in the form of ethanol, animals store it &sdaring CR, animals turn on fatty acid oxidation and switch fue
usage from glucose to fatty acids. Since fatty acidsnare reduced than glucose, fatty acid oxidation will consume
more oxygen per carbon than glycolysis. At the celllégel, increased mitochondrial biogenesis in CR tissues
suggests a tissue-specific increase in metabolic ra@Ro&nimals(Rai Ajit K. Srivastava, 2012)Antioxidants
treated rats have increased numbers of mitochondra@eaked levels of blood glucose and insulin, increased
glucose tolerance and insulin sensitivity, and impravexdor activity, reminiscent of CR effects. In additianits
interaction with SIRT1, antioxidants are known to it with many other proteins and pathways involved in

energy balance, such as mitochondrial ATP synthasaplea lll, fatty acid synthase, and AMP kingg&i Ajit K.
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Srivastava, 2012)An important question is whether the CR-mimicking effects dygtenols are mediated by
SIRT1 in vivo. Newly identified SIRT1 activators structurally unretht®® antioxidants, such as SIR1720, have
similar effects in obese rodents, such as improved inserisits/ity and mitochondrial capacity.

2.6 Cell enzymatic defense system against oxidative stress

Sirtuin genes are reported to act as sensors that detkdar energy availability leading to metabolic biise as
calorie restriction extends lifespan in organisms ranging fyeast to mammals. It is shown that the mammalian
Sir2 orthologue, SIRT1 (sirtuin 1), activates a critical comporeé calorie restriction in mammals; that is, fat
mobilization in white adipocytes. Recent studies suggésty role for the mammalian SIRT1 in adequate cellular
response to metabolic stress such as nutrient deprivatioredoad and that SIRT1 and its activators play role in
protection from the detrimental effects of metaboliestorgNilika Chaudhary, 2012)A key role in the regulation

of adipogenesis is played by the nuclear recep®ARRy (peroxisome proliferator-activated receptor-gamma).
Indeed, upon food withdrawal SIRT1 protein binds to and remegsees controlled by the fat regulator PPAR-
including genes mediating fat storage. SIRT1 represses RP#Rdocking with its cofactors NCoR (nuclear
receptor co-repressor) and SMRT (silencing mediatoetiriagid and thyroid hormone receptors). Mobilization of
fatty acids from white adipocytes upon fasting is compseahiin SIRT1 (+/-) mice. In differentiated fat cells,
upregulation of SIRT1 triggers lipolysis and loss of (fatcard F, 2004)As reduction in fat is sufficient to extend
murine lifespan, the above-mentioned results provide sitpesnolecular pathway connecting calorie restrictin
life extension in mammals. In a study using liver-speiRT1-knockout mice, some challenge the assumption
that calorie restriction always activates SIRT1 iniafitte types by demonstrating that SIRT1 activity is reduced i
the liver during calorie restriction, yet activated wiraice are fed a high calorie digRobert Fried, 2018)The
study determines that liver-specific SIRT1-knockout miceehatvleast some protection, compared with wild-type
mice, from accumulating fat while on a high-calorietdla contrast, while under calorie restriction, theeit
specific knockout rats have the same phenotype. Thesevalisns suggest that hepatic SIRT1 may be inactivated
during calorie restriction in normal mice and activated evioih a high-calorie diet, opposite to what occurs in the
muscle and the white adipose tissue that can be explaindiffénent redox status and NAD/NADH ratio in the
liver from other tissues under study conditions. It migkise the interesting possibility that SIRT1 inhibitors
specifically targeted to the liver may be of benefit igating obesity(Danica Chen, 2008)The concept that
activation of SIRT1 can result in loss of body fat with affecting the calorie intake could open the door &areh
treatment for obesity and related diseases. Furthierinsmay be believed as a promising biomarker to reveal t
nutritional status in terms of fat accumulation and daiidaand its modulation will beneficially impact the rstge
and metabolism of fat in the body. The effect of sirtuinoverall metabolism is multidimensional and its atetic
functions reveal that their effect on degenerative diseés extremely crucial. Sirtuins influence the immsystem
also by reducing inflammation in multiple tissues particylanlacrophage, whereas the reduction of SIRT1 in
hepatic cells caused in increased local inflammatiomeSscientific articles revealed that a mice fed &féqg diet
when administered with SIRT1, resulted in improved Ifueictions and metabolism.

In the brain, SIRT1 functions as a potential link betwien pituitary hormones and calorie restriction longevity
pathways in mammals. Many changes induced by SIRTlaoctivedre related to increased mitochondrial
metabolism and antioxidant protection in the fasting fisaur, 2010)It is worth noting that SIRT1 overexpression
downregulated the pro-inflammatory genes in mice, whereesity with chronic inflammation was associated with

reduced levels of SIRT1. This finding advocates and high-ligfescapability of sirtuin as a biomarker for lipid
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accumulation led inflammations in biological systemke Thembers of sirtuin families being NADC-dependent
deacetylases, participate in many cellular processesllggroliferation, senescence, and stress resp@isa-Hae
Lee, 2019).They might play either a promoting or suppressing rdépending on the organ or even the species.
Expression of SIRT1 increases in prostate cancer and mguétocytic leukemig DENG-FENG YU, 2016)An
enhanced overexpression of SIRT1lin colonic tubular adenomrsaobserved and it was advocated as a useful
biomarker in the diagnosis of high-grade dysplasia andgiweaarcinoma. Other group of researchers observed that
the activity of SIRT1 and SIRT2 protein was significantigreased in the cancer cell lines of lungs as compared
with non tumor epithelial cells of the lungsana Grbesa, 2015The expression of SIRT1and SIRT2 proteins was
also found to increase in tumor cells of lungs than notoma cells. These findings even suggested that SIRT1
inhibitors may act as potential anticancer agents andhthgiotential tumor suppressive effects of SIRT1 need to be
kept in mind while considering SIRT1 inhibitors for caneceatment. There are multiple studies that demonstrated
that the possible regulatory mechanism of SIRT1 on theetagene is associated with tumor protein p53. As weal
ready know that the p53 protein is a tumor suppressoriprgtmhammad Athar, 2011}ts lowered expression or
mutation leads to enhanced risk of cancer. DeacetylafiphD by SIRT1 is reported to play an important role in
preventing p53 activation and thus promoting carfeang, 2013)This is how SIRT1 impacts the activity of p53
gene and gets highlighted as a cancer promoting aBenthere is a considerable paradox in this regard. Several
contradicting studies have indicated that the p53 inaudivély SIRT1 actually promotes cell survival during stress
and that SIRT1 arrests p53 induced apoptosis by p53 deacetydattbrinduction of manganese superoxide
dismutase. Despite clear inhibitory effect of increasddT$l expression on tumor suppressors like p53, other
studies have suggested that SIRT1 may have tumor supprassitiers as wellJingjie Yil, 2010) This can be
partly explained by studies conducted by where they observe8itRa1 offers protection against oxidative stress
through modulation of fork head transcription factors in somiks.calthough researchers observed that SIRT1
protects cells against oxidative stress by increasiagattivity of antioxidant enzyme catala@etero Salminen,
2013) The calorie restriction helps to combat oxidativesst through SIRT3-mediatedenhancement of super oxide
dismutase (SOD) activity. Also, SIRT1 overexpression inesabe tolerance against free radical toxicity in
neuronal cells. Some studies about polyphenols which repsrted to improve chances of cell survival by
stimulating SIRT1-dependent deacetylation of gB8nrad T Howitz 1, 2003Jhe expression and activation of
SIRT1 can be influenced by several cellular conditions sigctalorie restriction, exercise, and oxidative stiess
the cell. SIRT1 uses NADC as a substrate, but the levBlAMIC can also control the deacetylating activity of
SIRT1. Moreover, the activity of SIRT1 may depend on thiepretess 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 longewtgiduins. This aspect of research is scattered with
contradictions and bidirectional views, thereforeaeds more focus and insight to actualize the rolertfirsiin
degenerative diseases. SIRT4 has been observed to modulateethigolism of Noresterified (“free” or
unsaturated) fatty acids (NEFAfrank K. Huynh, 2018)The adipose tissues release NEFA, triggering oxidative
stress that results in endothelial dysfunction, early asistgrosis, culminating to risk factors of coronary arter
disease. Lowering activity of SIRT4 has been associatitdan increased free fatty acid oxidation in liver @md
muscle(Yumei Han, 2019)This finding indicates that an enhanced level of SIRT4 mqalify as an indicator of
better antioxidant status of the organism in terms of@aination of NEFA. Researches has reported that sirtuin
reduce the reactive oxygen species (ROS) by modulating ciftglation of the respiratory chain, stimulating
mitochondrial SOD and isocitric dehydrogenase which geser&ADPH for glutathione pathwayA. Y.
Andreyevl* 2015)Such reports establish the significant antioxidant potesftgirtuins and they had shown that
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all the seven sirtuins are found in detectable linmitalli human tissues, moreover the impact of sirtuin ostrab

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

2.7 Effect of antioxidants onsirtuin defense functions

The utilization of proteomics in nutritional research umigs comprises of dimensions that identifies the
composition and characteristics of proteins ingested, thattier detailed by digestion and absorption of nutrients
in the gastrointestinal tract. Advanced proteomics rebedmvestigates nutrient metabolism (synthesis and
catabolism) and regulation, transport of nutrients, tissuafpetetabolism of nutrients, role of phytochemicals in
growth, signal transduction, cellular defense against ox&atress, cell proliferation, differentiation, apofgps
and gene expression in response to nutrients and otharydettors (which may impact absorption of nutrients in
the body)(Junjun Wang, 2006 Noteworthy are the families of silent informatiegulators (SIRT) that encode for
genes which promote body’s defense during positive physiological stress like calorie restriction. As well, studies on
hepatocyteshave demonstrated quercetin’s antioxidant potential where it increased antioxidant capacity of the
hepatocytes, decreased pro-oxidant and inflammatory roesliabd modulated expression of several antioxidant
genes(Anu Rahal 1. A., 2014)Thus, given these encouraging findings of quercetin as atpatéoxidant, it is
equally important to test this substance in its potetdiaimeliorate other diseases. Therefore researatestwping
to find a way to concentrate the effect into a sédse within an effective therapeutic range. Additionally, the
protective role of polyphenols against a number of hepatiries (e.g. cholestasis) due to oxidative damage of
primary rat hepatocytes was reported by several authdrgling our own in results. In addition, intraperitoneal
administration of polyphenols in rats with ligated bilectdumaintained antioxidant defenses and reduced liver
oxidative damage and ductular proliferatiéémanuelle Kerber Vieira, 2014Also, other naturally occurring
substances of plant origin have been claimed to possess prepattve actions and these include curcumin,
catechin, quercetin and rutin. Polyphenols have been fauimteract with multiple molecular targets, many of
them associated with inflammation and immunity, theipdtential use in therapy of immune-mediated diseases was
also reported. Generally, Polyphenols have been idehtifiea phytoalexin, antioxidant, cyclooxygenase (COX)
inhibitor, peroxisome proliferator-activated receptghal (PPARa) activator, endothelial nitric oxide synthase
(eNOS) inducer, silent mating type information regulat®nhomolog 1 (SIRT1) activator belonging to a
superfamily known as sirtuins whose name stems afar flomology to the Saccharomyces cerevisiae gend sile
information regulation-2 (Sir2)Yoshie Takizawa, 2013Yhis is related to developing strategies to proteatres)
diet-induced metabolic imbalance. It was suggested thaypahalamus is a target for developing novel drugs that
suppress SIRT1 degradation, as a strategy for treating ietsjpadrome(Jose M Villalba, 2012)Deciphering the
basic mechanism of sirtuin activators is essentialetelop certain strategies to alter sirtuin activity. Thigus
regardless of the apparent controversy of whether in aittivation of SIRT1 is direct or not, depending on the
experimental design, and whether sirtuins may play a majer inolongevity. The numerous studies on their
positive effects against age-related diseases, obesitythed metabolic disorders are still valid, promisiog t
positively influence the development of treatmentsniprove human health. In fact, polyphenols are attractive
molecules that represent potential epigenetic targesigndiscovery with allosteric mechanism. Epigenetict)et
molecular level, involves the dynamic regulation of covalaodifications to the histone proteins and DNA that
influence gene expression and silencing, apoptosis, mamtenaf stem cell pluripotency, X-chromosome
inactivation and genomic imprinting without affecting DNs&quencgDaan J. A. Crommelin, 2019Therefore,
epigenetics is considered as the conduit from genotypghénotype. The epigenetic techniques emphasize the
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histone code and examine the utility of small moleculeufators of enzymes that modify histones and DNA. The
dynamic remodeling of chromatin is essential to md$fABased nuclear processes and it comes as no suise
epigenetic changes are implicated not only in normal dpwetat but also in various diseaggsane E. Handy,
2011) The large set of structural knowledge already obtainedpayenetic targets pave the way for drug design
studies to act on major biological processes such asapement, aging, diseases and cancer. Among the basic
knowledge gained on catalytic domains of the main histoodifying enzymes are histone deacetylases. Histone
deacetylases (HDACSs) catalyze the removal of acetyl gréwops epsilon-N-acetylated lysine in a nucleosomal
context, ensuring the reversibility of histone acetgta{Yoshida2, 2014)Histone deacetylation is often associated
with transcriptional repression and gene silencing, sinpeomotes chromatin of higher order structures and the
recruitment of silencers. Among this superfamily is BA&s class Ill which includes NAD+ dependent
deacetylases known as sirtuins (silent information regulatoelated proteins). Polyphenols as an allosteric
modulators of the regulatory target SIRT1. Allostery heenbestablished as a fundamental mechanism of regulation
in all organisms, governing a variety of processes thaerénegh metabolic control to receptor function and from
ligand transport to cell motilityShaoyong Lu 1, 2019For example, small molecule activators of SIRT1 have bee
developed as therapeutics for the treatment of type 2 dsafsgtéip D Lambert, 2007)Similarly to polyphenols,
these compounds bind to the SIRT1 enzyme-peptide substrafdex at an allosteric site amino-terminal to the
catalytic domain and increase the affinity for acasd substrates.
Many articles exist that deal with the biology and phaotwyy of resveratrol, including many recent reports
dealing with the molecular mechanisms of polyphesotytoprotection. Several potential beneficial effects of
polyphenols could be attributed to its general effects ragoxddant, anti-inflammatory, alteration of drug
metabolizing enzymes, inhibition of cyclooxygenases, ambitantly specific effects on proteins and/or signaling
cascades as SIRT1 and AMPK. In addition, recent reportsaitedintricate relationships between resveratrol,
nuclear factors, autacoids and cytoprotection in variolis, cissues or organs. For instance in one study,
polyphenols suppressed lipopolysaccharide (LPS)-induced nucdeesiocation and activation of nuclear factor
kappa B (NF«B) in C6 microglia demonstrating an inhibiting effect of polypHsmm pro-inflammatory responses
in microglia (Milne JC, 2007)Similar finding about the protective effect of polypheredsan inhibitor of NReB-
mediated vascular cell adhesion molecule induction wasteghdRecently, NRB was suggested as a target for
drug therapy in liver diseases where polyphenols was aswregal agents that inhibits the aforesaid transcription
factor (Muriel, 2009). The fact that NReB has been associated with the induction of pro-infammagene-
expression makes research on agents which inhibitBI&r interesting topic. Even other findings on experimental
animals demonstrate that treatment with resveratral @&uce structural airway remodeling changes and
hyperreactivity which has important implications for tevelopment of new therapeutic approaches to asthma.
However, NFkB has been considered as an anti-inflammatory factor eifain situations and thorough
understanding of the function of the diverse dB-factors is needed to examine its relation with reskalrar
similar drugs with cytoprotective effects. In our studieshaee investigated effects of resveratrol pretreatment on
the enhancing action of D-Galactosamine (D-GalN) on IfeiBeed liver failure in rats and in immobilized
perfused hepatocytes as a short term bioreactor modelawétremical prooxidant. Liver function was assessed
together with plasma nitrite as a measure of NO, eitimaf nonenzymatic and enzymatic antioxidants was
performed in plasma and liver homogenate and morphologixaminations were performed using light and
electron microscopy. Observations related to phartogioal increases of inducible nitric oxide synthase §NE) /
NO and inducible heme oxygenase (HO-1) / carbon monoxide i(fClO)minant hepatic failure and modulation by
resveratrol were followed up by real-time reverse trapon PCR (RT-PCR) in liver tissue. In the last study we
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found that reduction in NO production, down-regulation of NOS-2resgion, modification of oxidative stress
parameters and modulation of HO-1 are among the mechanissponsible for the cytoprotective effect of
resveratrol in the LPS/D-GalN liver toxicity andttautylhyroperoxide-induced hepatocyte toxicity models. This
led to the overall improvement in hepatotoxic markerd arorphology 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 Batygonaceae family, also a
good option for weight management. In comparison to antioxataivity of frequently used cereals, buckwheat has
been reported to possess higher antioxidant activity, yndimé to high rutin content. Rutin is a glycoside of the
bioflavonoid quercetin with various protective effects dueitso antioxidant and anti-inflammatory potential.
Antioxidant compounds in plants, for example, tocopherolsi@aoals, and other phenolic compounds, are effective
in the protection against oxidative damage toward merabrémat contain polyunsaturated fatty acids. Therefore,
many plants were investigated as sources of natural aiditsi a great variety of compounds have been isolated,
many of which are phenolic compounds. For the phenotitpooinds in buckwheat, flavonols such as rutin, hyperin,
quercitrin, and quercetin were isolated from its immataesls, and flavones such as vitexin, isovitexin, orieatid,
isoorientin were detected in its seedlinggdasahiro Koyama, 20130n the other hand, some other researchers
reported on the occurrence of syringic acid, p-hydroxybenzaic, vanillic acid, p-coumaric acidand
proanthocyanidins in the branaleurone layer of the buckwbesd (Klepacka J, 2011)However, the study of
antioxidant activity of phenolic compounds in this crop tharshfas been superficial. Also dependingdigtary
fibres (they may be useful because they prolong tlestinal phase of nutrient digestion and absorption. Bietar
fibre mainly occurs in cell walls, brans (whole cerealshulls (legumes). Cell walls have complex structures in
which the carbohydrates are intimately associated métircarbohydrate substances, including vitamins, migera
trace elements, and bioactive compounds, such as polygtertbphytosterols), it has different physiological effect
and provide a variety of health benefits, includingesgtiSlavin, 2007) It is an important concept in preventing
weight gain or promoting weight loss. Foods that increaietg can offset hunger for more extended periods and
may reduce the total number of calories a person casutaring a day. Buckwheat is was found rich in
polyphenolic compounds, sirtuin regulator functional food in omtsa diet. Functional foods are foods or food
components which beyond providing basic nutritional neatigy have physiological/pharmacological benefits or
reduce the risk of chronic diseases and also BPA inditoess(Awuchi, Igwe, & Amagwula, 2020 BPA was
shown to cause hepatotoxicity as a result of oxidatressin the liver, which is associated with the dgwslent of
reactive oxygen species (ROS), which are cytotoxic agbatdead to significant impairment of oxidatigdeinab
K. Hassan, 2012).Buckwheat has been included mainly the Asian and Mediterratieenand a commonly-eaten
food, it is grown in many countries, but Russia is the lEggeoducer in the world. Polyphenols are the common
bioactives in buckwheat, green tea, citrus fruits, riatdjored fruits and vegetables, red wines, etc. In yeast,
resveratrol (active principle of green tea) expressrigkestriction by activating sirtuin, thereby improvibglA
stability and enhancing lifespan up to 70%, and it isopgwed activator of sirtuifSonia de Pascual-Teresa, 2010)
Further investigation revealed that two structurally @amdompounds namely quercetin and piceatannol stimulate
SIRT1 activity by five- and eightfold, respectively. Baihercetin and piceatannol are polyphenols biochemically
The biological effects of polyphenols are frequently attatub antioxidant, metal-ion-chelating, and/or fredieal-

scavenging activity, and there is a possibility tha #timulation of SIRT1 might simply represent the repair of
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oxidative or metal-ion induced damage to the recombinargipr@t. Lobo, 2010) Leptin and adiponectin hormone
are found to be beneficially impacted by sirtuin activityis noteworthy that these hormones are key regulators
satiety and appetite by regulating activity of hypotimala (Terence L. Laursen, 2017Circulating leptin levels
illustrates total visceral adipose tissues. As cal@sgtriction depletes leptin levels, it in turn enhances adigon
levels, which have been reported to assert a cardiccpirateffect.

According to some researches the endogenous networkiakidant enzymes shields the cell against oxidative
stress. Ageing signifies accumulation of damaged proteinglsligells, tissues, and organelles in the humans
gradually progressing to reduced antioxidant capacity and @madity of these enzymegGrune, 2015)
Consequently, there is an in variant increased ROS piioduwith old age. Because calorie restriction lowekes th
release of ROS in mitochondria by virtue of sirtagtivation, sirtuin brings about decrease in the detrimeffedts
of ageing. Buckwheat constituents may positively affect bethlth and lifespan due to activation of SIRT1 and
hence there is a possibility of endothelium protectioal NFKB inhibition which is related to SIRTlinduction
(Chandra K. Singh G. C.-P., 201&xperimental animals fed diets rich in buckwheat phenoliese reported to
exhibit decreased oxidative damage markers such as peroxigeialgissues, and consumption of buckwheat also
promoted SIRT1 signaling. Several researches have waltséhat quercetin which may also exert significant
cardioprotective effect by stimulating the activity aftiins (Oksana Sytar, 2016Hence, there are considerable
evidences and scientific studies suggesting towards iteenéiconsumption of specific diet to induce activation of

sirtuins, which in turn offers health benefits and promaigi-being.
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CHAPTER Il
3. Materials and Methods

3.1 Materials

Enzyme-linked Immunosorbent Assay Kit for estimatihg protein expression of SIRT1 (Cat# SEE912Ra) was
obtained from the Cloud-Clone Corp. (Houston, USA). BPAsoBium hydrogen phosphate, monosodium
dihydrogen phosphate, and sodium chloride were purchasedMestigen, 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 requiredsorea to minimize pain and discomfort to the
animals by followhg 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 withpgoaval from the
Institutional Animal Ethics Committee headed by Prof. C8vhirnova, Chairman of the Committee on Biomedical
Ethics, Federal State Budget Scientific Institution "FadBesearch Center" Krasnoyarsk Scientific Center of the
Siberian Branch of the Russian Academy of Science, KrassikgyRussia (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 Dmpaltof Biological Sciences, Siberian Federal
University, Krasnoyarsk, Russian Federation. All the alirnhad free access to drinking water and maintained on 12
hour light and dark cycle (lights switched on at 8 aith room temperature 22+2°C. Once in the week cages were
cleaned and equipped with new bedding. The animals were mathtan different dietary regimes for 8 weeks in
individual cages.

3.4 BPA administration

BPA was dissolved in ethanol (1 mg/ml) and administered thraligiking water (DW)[16] at the rate of
10mg/L/day. The DW was changed daily and fresh BPA wasrasheried to ensure consistent exposure to the
animals and it was particularly ensured that there m@mdeakage/ spillage of DW from bottles. Based on the
measurements of the volume reduction in the DW botilk @ssuming that all water lost from the bottle was
consumed; the mean levels of BPA consumed by animals estimated (Table- 1). DW bottles made of
polypropylene used for the present study were devoid of BPAhane was no contamination from any sources other
than administered DW.

3.4.1 Dietary management

Experimental animals were randomly divided into four groupk @itats each namely: A, B, C and D. Each group
was administered a specific dietary and DW regiméroup A-Standard rodent pellet (SRP) + NDW (normal
drinking water),Group B- SRP + BDW (BPA in drinking waterGroup C- BED (buckwheat enriched diet) +
NDW, Group D- BED + BDW. The groups of rats administered NDW (grouandl C) were given 10mg/L ethanol
(vehicle to administer BPA). All the diets and DW weré &l-libitum. SRP were finely crushed while buckwheat
was obtained from the local market, crushed and finely peedda the mill and was then mixed with powered SRP
at the rate of 30% level of incorporation. All the dietrevstored at 4 °C. The proximate composition of buelavh

in the experimental diet was estimated [17]. The dietaake and water consumption of the animals was mauitor
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daily. Body weights of the rats were recorded at thenpggy of the experiment and at weekly interval till the efd
the experiment.

At the end of the experimental tenure, overnight fasétsl were injected chloral hydrate intraperitoneally (400
mg/kg of body weight) and the hypnotic rats were themifgad. Blood was collected by cardiac puncture and
allowed to stand for 4 h at 4 °C, followed by centrifugatiorl@0 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 weiekly excised, washed with ice-cold saline, blotted dry
and weighed, a small portion (known weight) from theeneaexcised and stored at -80°C until further use.

3.5 SIRT1 estimation

The pre-weighed fresh portions of the tissues (liver dochach) were homogenized in ice-cold 0.01 mol/L
Phosphate Buffered Saline (PBS), pH 7.0 by ultrasonication (Ban@&srlin, Germany). The homogenates were
filtered using Whatman filter paper No.1 followed by centrifiggatit 5000 xg for 15 min at 4°C using table top
Eppendorf centrifuge (5430R, Fisher Scientific, USA) and tipersiatants were carefully collected. These tissue
supernatants and serum (collected through centrifugation preyionshg used for the determination of SIRT1
protein expression using ELISA. The microplate providethénkit (sandwich enzyme immunoassay) was pre-coated
with a biotin-conjugated antibody specific to SIRT1. Theonstituted standard, samples and subsequent reagents
were added to wells. To avoid any cross-contaminapipette tips were regularly changed between additions of
standards, samples, and reagents along with using sepesatwoirs for each reagent. Incubation time and
temperature were thoroughly controlled and the light iseasTMB substrate was carefully handled. Avidin
conjugated to Horseradish Peroxidase (HRP) was added tonéacoiplate well and incubated. After TMB substrate
solution was added, only those wells that contained SIRiGtin-conjugated antibody and enzyme-conjugated
Avidin exhibited a change in color. The enzyme-substegetion was terminated by the addition ¢S solution.

The color change was measured at Biochrom Annthos 201l@piste reader at a wavelength of 450nm. The
concentration of SIRT1 in the samples was determinedobyparing the optical density of the samples to the

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

3.7 Statistical analysis

The inferences of the present investigation constituean + standard error of mean (SEM) of 8 independent
samples. Significance of difference between the meanoaeeway analysis of variance (1-way ANOVA) was
conducted using Tukey's test. Dependencies were considatisticstlly significant at the level of significance<p
0.05.
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CHAPTER IV

4. RESULTS

Widespread contamination and dietary ingestion have leBRA exposure in the general population, as
evidenced by the scientific literature on BPA occureeirt human tissues and body fluids (i.e., urine, serum,
plasma, saliva, breast milk, semen, follicular fluidg] adipose tissuegMeli, 2020. Numerous recent studies on
rodents show that exposure to BPA in mothers has ainegsfect on offspring. It has also been shown that
bisphenol analogues in humans and animals are effectilmgrized through the mouth and spread to the
reproductive system, even in the last stages of pregnahen they are able to pass through the placentakbarri
and enter the amniotic fluigHidetomo Iwano, 2018Jt has been provided much attention to find out the mtdec
mechanism by which BPA shows its susceptibility to demiange of disorders, and there is numerous evidence
suggests that BPA exposure causes induction of Reactive roxggecies (ROS) and contributes to the
predisposition to a variety of toxicity. In a eukaryotitl,aeactive oxygen species (ROS) form as a result ohab
physiological conditions in which molecular oxygen is tlipartially. A cells ability to keep balance in the-pro
oxidant and antioxidant levels is essential for the nowaBililar metabolism, cell survival, and cell praiigon.
Several lines of evidence suggest that BPA-induced cytatypxieiused 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 revealedekabsure to BPA through BDW did not affect SIRT1 protein
expression in the serum of SRP fed rats as seen in coompd@$sween group A and B (p < 0.083ig.1). DI
through BED brought about a significant increase (65.4%) (®05) h SIRT1 protein expression in rats drinking
NDW (Group A and C). Also, BED fed rats showed a signifigergrovement in circulating SIRT1 (90%) (p <
0.05) countering stress caused by BPA exposure (Group B and D). Aldd,aBfounted to 24.7% (p < 0.05)
improvement in the SIRTL1 protein expression in rats stdgjeo BDW (Group C and D).

b) Liver

In the hepatic tissues of experimental animals, the 8sure did not affect the SIRT1 protein expression in
the rats fed SRP (p < 0.08proup A and B). The BED increased SIRT1 protein expression (24p1%).05) in
rats subjected to NDW (Group A and C). DI through BED led storation (26.6 %) (p < 0.05) of SIRT1 protein
expression in the group of rats subjected to BPA exposumef@ 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 BBWrims of SIRT1 protein expression (p < 0.05) (Group
A and B). Under NDW fed state, BED improved SIRT1 progipression (79%) (Group A and C) (p < 0;05)
while under BDW fed state, BED affected SIRT1 protein exgioas(Group B and D) by significant 75.4% (p <
0.05) increaséFig.1).

4.2 Body weight

Dose Level of BPA:Affecting the dose level of BPA is highly controversiBbth in-vitro andin-vivo data also
has contradictory health effects of BPA and create enaoblifor regulatory agencies in evaluating the adverséhhealt
effect of BPA. We established the rate of 10mg/L/day withr ltoxicity endpoint. Based on these doses used in

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

23



affect differently in inducing oxidative stress. Exposwd&PA or intervention by dietary buckwheat did not etffe

body/ organ weights during the experimérable-2)

Table- 2 Effect of BED on absolute and relative (g/100 g bodygiwgiorgan weights of rats

Organ weights

Li h
Initial Final body Gain in ver Stomac
Group | body Weight (g) | body Absolute Relative Absolut Relative
weight (g) Weight (9) 9) e (9)
) )
A 90.1+2.12| 167.2+ 77.0£3.11 8.8310.50 5.2810.4 1.53+0. 0.91+0.0
7.81 3 09
B 88.0+1.13| 162.2+ 74.243.06 | 8.76+0.76 5.40+0.1 1.18+0. 0.72+0.0
15.8 1 04
C 85.9+1.0/ 181.2+ 95.242.14 | 8.65+0.46 4.77+0.3 1.51+0. 0.55+0.0
10.9 2 07
D 85.9+2.71 147 .4+ 61.5+4.22 7.20+0.43 4.89+0.3 1.48+0. 1.04+0.0
10.6 5 06

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

per group)
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CHAPTER V

5. DISCUSSION

BPA is one of the most commonly known endocrine toxicaleased by polycarbonate plastics, lining of food cans
and dental sealants. Humans are repeatedly exposed to BR@\tovits extensive availability in the environmdnt.
was demonstrated that BPA induces oxidative stress amuss®eplay an important role in many degenerative
disordergManu Rathee, 2012Perturbation of mitochondrial respiratory chain arttiigtion of oxidative stress are
considered to be the major factors leading to mitochahithjury. It is clear that the mitochondrial respargt chain
dysfunction significantly contributes to tissue injuvye 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 reversetrele transport, although the mechanism is not fully
understood Dmitry B. Zorov, 2014) The decreased activity of enzymes caused by BPAntesdtmight have
induced ROS production in mitochondria. Oxidative phosphaoyiaand mitochondrial respiration are mostly
regulated by them. Aignificant decrease in mitochondrial enzymes actinigy decrease cardiolipin contédtna
Hroudova and Zden¢k Fisar, 2013). Cardiolipin is located within the inner mitochondrial miane. Increased
superoxide generation in BPA-treated rat liver mitochondria might cause peroxidation of cardiolipin, which might
trigger apoptosis with impaired mitochondrial respimatidAlteration in the activities this enzyme complexBRA

may result in disturbance in the flow of electron tigio various electron carriers in the ETC. Since BPA
significantly inhibited the activity of complex enzyniemay cause impaired energy metabolism. The consequences
of toxic effect of BPA on rat liver mitochondria were alseflected in reduced complex enzyme activity.
Mitochondrial ATPase catalyzes the final steps of okidgthosphorylation. Altered ATPase activity may intkca
altered cellular functions and may lead to apoptosis. Mitodrial glutathione is extremely important for regulation
of numerous functions. It quenches the free radicals. Olikgrsdnave shown that there was a significant decrease
in the level of GSH in the liver mitochondria from BPA-treated rats (Paulx, 2019). The decreased (reduced
glutathione) GSH level indicates its use in detoxifying thee fradicals 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. ®xpme dismutases (SOD) are a class of enzymes that
catalyze the dismutation of superoxide into oxygen and hydrqmgeoxide. As such, they are an important
antioxidant defense in nearly all cells exposed to oxygdre decreased SOD activity suggests impaired
dismutation of superoxide radicals resulting in increased bgdrperoxide (kD.) level (Tohru Fukai, 2011)A
significant decrease in (glutathione peroxidase)GPx actigitised by BPA may contribute to oxidative stress in
liver mitochondria. Similarly, a decrease in SOD\attihas been shown to increase the level of super@ddn
which is known to inactivate GPx. This scenario aggesvéthe 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 membraBBA treatment caused a significant increase in serum
LDH level. When cells are damaged due to the action & feglicals or when there is oxygen and glucose
deprivation, permeabilization of membrane occurs which cades&sge of LDH into the serum. The increase in
serum LDH activity could be an indication of tissue damégencis Ka-Ming Chan, 2013)ncrease in the
activities of transaminases indicates liver damagerttaat occur due to the formation of ROS and other reactiv

intermediates. Observations of liver mitochondrial falgstion, oxidative stress, and increased serum hepatic
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biomarkers were corroborated with histological findingighe liver of animals exposed to BP@hat*, 2015)

Liver injury can result in major blood loss, which cobkldue to rupture of blood vessels. BPA caused hemorrhage
which might be due to injury to blood vessels by its oxigastres-inducing effect. BPA also caused marked
degeneration of hepatocytes, thus causing hepatocellular edagien (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 whigt k@ad cell to apoptosis. BPA also caused liver
toxicity as indicated by increase in the activities@fum marker enzymes and histological changes.

The free form of BPA in biological samples is of camcbecause animal and human studies have identified adverse
health effects, many of these reported effects on neurogeveid, male and female reproductive systems
alterations, metabolic diseases and oxidative strésdieS demonstrated that BPA induced oxidative stress in the
liver of rats by decreasing antioxidant enzymes and increaguhgden peroxide and lipid peroxidation and co-
administration of antioxidant vitamin C reversed this BRAudiced oxidative streg8laria Elisabeth Street, 2018)

In the body, BPA also processed enzymatically by cytankrB450, and as similar to natural estrogen metabolism
BPA converted into quinone form that is reactive to DtkAt is lethal to the viability of eukaryotic cells. BFs
structurally similar to estradiol and thus interferes wgthroid signaling with different possible outcomes on
reproductive health depending on doses, life stage, modejnaimg of exposure(Miki Nakajima, 2005) BPA
exerts its epigenetic effects in both male and femaledeptive system. In males, BPA affects spermatogenesis
and sperm quality and possible trans-generational effectseoreproductive ability of the offspring. In females,
BPA affects ovary, embryo and gamete development. It isimesstigated that BPA induced oxidative stress as a
result of an imbalance between oxidants and antioxidarttseisemen can lead to sperm damage, mitochondrial
dysfunction, impairments of the structure and functionpafrimatozoa eventually lead to male infertility. Some
studies was based on the findings that sirtuins were ‘Nd&pendent protein deacetylases and known to counter
aging in yeast. Now, years later, a large volume of, gatidicularly from mammals, begins to illustrate an alateo

set of physiological adaptations to caloric intake medide sirtuins(SINCLAIR1, 2007. Studies that connect
sirtuin activation with prevention of aging and diseasesgofg in mouse models are many. It is also clearotiar
nutrient sensors, such as AMPK, mTOR, and FOXO, arg important in linking diet, metabolism, and aging. In
addition, it will be critical to learn whether activatieggmpounds affect all SIRT1 substrates or only a subset, as
suggested by recent biochemical studiesca A, 2017)One might posit that small molecules that bind to the
SIRT1 allosteric site mimic natural endogenous compoundgdigatate the enzyme under certain physiological
conditions; e.g., CR. If so, then the spectrum of effetitsted by the drugs might mimic the effects triggered by
these physiological conditions and elicit a coordinateateptive response. Finally, supplementation with the NAD
precursors NMN or nicotinamide riboside has been showrotinteract aging and may offer another strategy of
keying sirtuin surveillance to forestall aging and degginge disease$§Christopher R. Martens, 2018)s SIRT1
lacks a DNA-binding domain, it is subjected to target prtensoby sequence specific transcription factors so as to
incorporate chromatin remodeling and subsequently regulafigene expression. Also, SIRT1 is associated with
the heterochromatin regions where they promote ddatietyof histongDanny Reinberg, 2004t can be inferred
that owing to multiple molecular functions performed by BlRamely deacetylation, epigenetic modifications, and
transcription factor modulation; SIRT1 can be potenliizk between cellular metabolic status and adaptive
transcriptional responsé€gong Zhangl and W. Lee Krausl, 201)is already established that SIRT1 proteins
exert their effects through two different pathways narh&tone modifications and non histone substrétés/ier

Binda, 2016).In histone modification, many ageing related effects caesed by chromatin changes. Because
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SIRT1 is localized mainly in the nucleus, its physiolofaetions are partly mediated by its ability to deacgty!
nucleosomal histones at specific residues. While thaistone modification exhibits that once SIRT1 is atéda

it mediates intracellular responses that promote celivalnenhance the repair of damaged DNA, and reduce cell
division. Experiments indicated that for every acetyirlgsgroup that is removed, one molecule of NADC is
cleaved, nicotinamide and O-acefDP-ribose are produced(ORCID ProfileHuoqun Gan*, 2020)Therefore,
SIRT1 appears to possess two enzymatic activities; tfiestdeacetylation of a target protein and second the
metabolism of NADC. This distribution helps us to under-gtdre underlying mechanism attributed to sirtuin and
its effect on healthIn 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 catabol
pathways ensures that cells do not deplete essentiglyesteres, which would ultimately cause cellular damage or
death. Sirtuins are significantly involved in mammaliamergy homeostasis. The activity of SIRT1 is highly
regulated towards the environmental factors that mayente it. A feeding regime that is reported to accelenate t
sirtuin activation is caloric restriction, which corresgsro a lowering of 2810% calories below ad libitum intake
without inducing malnutritiofGuarentel, 2013Yhe levels of sirtuin have been reported to enhance indastts.
Much difference in opinion has been reported in context toragtestel how calorie restriction can affect the life
span. It may be a simple analogy that nutrient shottsgks to increased NADC levels, improving sirtuin\afti

This shows how calorie restriction improves sirtuinvagt Sirtuins are obviously nutrient sensors ais iaictually

the nutrient availability which affects the ratioADH to NADC. Increase in this ratio will automatigalhcrease
sirtuins levels(Dang, 2014) They have already established that the calorie résiricesults in an increase in
[NADH]/[NADC] levels resulting in increased sirtuin levelsethby impacting the longevity. Some researchers
gave a concomitant report that genetic and pharmacolagistdration of NADC levels not only enhances sirtuin
activity in experimental animals but consequently delaysatfgng processAuwerx, 2013) In fact, sirtuins were
initially identified as mere anti-ageing proteins bupegsent they have been investigated to be the key aigents
providing health benefits through calorie restriction. Agdiag been described to be characterized by declining
NADC and delinking PGC-1a/b from mitochondrial contfi@bzalyn Andersonl, 2009)

Buckwheat contains dietary fiber which is not digestedabs(also humans). Dietary fibre is a type of cartoéitg

that cannot be digested by our bodies' enzymes. It is fouadible plant foods such as cereals, fruits, vegetables,
dried peas, nuts, lentils, grains and buckwheat. Indigestilirgibers mimic CR in improving of SIRT1 protein
expression. BPA induce stress, ROS levels can incdrasatically. This may result in significant damageetib ¢
structures. Cumulatively, this is known as oxidative streffects of ROS on cell metabolism are well docuednt

in a variety of species. These include not only raleagoptosis (programmed cell death) but also positive effects
such as the induction of host deferggnes and mobilization of ion transport syste&MdPK, a stress and energy
sensor that is activated during low energy states fotaia glucose, fatty acids, and energy homeostasases
upregulated in rats treated with SIRT1 activators. The acivaf AMPK by SIR1720 is an indirect effect, since
SIR1720 does not activate AMPK in rats via acute treatiiamtoit Violletl, 2011)Rather, SIRT1 activation leads

to increased energy expenditure, and the resulting enerigyt-dédte, reflected by decreased ATP and ADP levels,
leads to AMPK activation. Activated AMPK can further arfipthe increase in fatty acid usage and mitochondrial
capacity(Neil B. Ruderman, 2010These mechanistic insights on the actions of SIRTitedors shed light on how
the interplay of CR and SIRT1 regulates energy balantkeatmolecular level. It has been observed thid
oxidative stress conditions induce the expression of SIRAdnRging its activity and thus affecting SIRT1 targets

that are involved in the response to changes in the et of the cell. The first major SIRT1 substrate idiexti
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was p53, a transcription factor involved in activating amtiant genes like SOD2 (superoxide dismutase 2,
MnSOD) and GPx1 (glutathione peroxidas@)eonardo Santos, 2016Another redox transcription factor
deacetylated by SIRT1 (as well as SIRT2 and SIRT3) is FOXO3&hwidluces an antioxidant response via SOD2
and catalase expression. PG{Ca& known substrate of SIRTL, is reported to regulate sgjore of mitochondrial
antioxidants like SOD2. SIRT1 can deacetylate p6&BNSubunit diminishing its activity and, thus, the produrti

of pro inflammatory cytokines. In addition, upon increapeoduction of ROS at the mitochondria, induction of
SIRT3 was observe@Raju, 2015) On the contraryexposure to high levels of,B, or harsh oxidative stress
resulted inincreased proteasomal degradation of SIR@dsumoylation, and enzyme inactivatitrat leads to
apoptosigLeonardo Santos, 201@ccording to some other researches active sirtuindge@n adequate level of
O-acetylADP-ribose (OAADPR) (product of the reaction catalyzed by isistuvith deacetylase activity, that
readily converts to ADP-ribose and both may functiom eellular signals(Tong L, 2010) Increased
ADPR/OAADPR levels protect cells from oxidative strggstwo mechanisms: (1) inhibition of Complex | of the
mitochondrial electron transport chain with concomitanivelo production of ROS and (2) inhibition of
glyceraldehyde-3-phosphate dehydrogenase, central enzyme dalysgly, diverting glucose to the pentose
phosphate pathway with the concomitant increase in RiADMain reductant for detoxifying ROS enzymes.

Buckwheat poly-phenolic compounds reduce ROS levels resutimg reactions with their free radicals. By
lowering the level of ROS, they inhibit the initiati of a number of inflammatory processes. To datenthst
studied of the SIRT1 activators that antagonize toxic danegelyphenols. They can enhance the protein
expression and activity of SIRTI and binds more easilgubstrates following a change in the conformation of
SIRTI. Polyphenols can upregulate SIRTI and inhibit the progluchf reactive oxygen species through the
SIRTI/FOXO3 pathway to resist oxidative dama@éihua Ren #. H., 2019)They can also regulate heme
oxygenase 1 (HO-1) expression through the Nrf2/ARE signalatigway to protect from oxidative stress damage
(Kai Li, 2011) In lead-induced toxic injury, polyphenols increase évell of SIRTI to deacetylate PGC-1a, increase
the content of PGC-1a, activate the function of PaGss an NRF-1 co-activator, bind DNA with NRF-1, enhance
transcription and activate oxidative phosphorylaticactiens (Sergio Rius-Pérez, 2020n addition, polyphenols
also activate SIRT1 and increase MnSOD resistance a@b ¢xidative stress damage through mitochondrial
biogenesis. They can reduce the level of injury througttiple pathways, including inhibiting apoptosis, anti-
oxidation, and protecting endothelial cells, and can wpaég SIRTI and reduce the subsequent production of
inflammatory cytokines. Furthermore, buckwheat leadratgr satiety due to viscosity of dietary fiber coupled
with intake of fewer calories. Satiety is the feelofdullness after a meal. It is an important concept ivgméng
weight gain or promoting weight loss. Foods that increasetg can offset hunger for more extended periods and
may reduce the total number of calories a person ocmeswuring a day. The satiety responses from buckwheat
flour or groats were measured. The highest satiefseseas found with boiled buckwheat groatdugo Palafox-
Carlos, 2011) (J. Slavin*t, 2007) It is a rich source of protein, so animals did not losgan/body weight. In

experiment all the diets and drinking water werededibitum.
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VI. CONCLUSION

It has been known BPA has a harmful effect on healtler&ly BPA exposure significantly decreased activities of
enzymes of liver mitochondrial respiratory chain compexAlteration in enzyme activities may cause
mitochondrial dysfunction, increased ROS generation,imupaired energy metabolism. All these factors may be
contributing to BPA-induced hepatotoxicity. The interaction of diet and nntrgensing pathways plays an
important role in regulating mammalian physiology and hedliis review focused on the sirtuins and CR to revisit
the original hypothesis that nutrient-sensing regulataediae the effects of this diet on BPA induce stress. We
concluded that dietary buckwheat is effective becauseniicsiCR, which in turn improves the amount of SIRT1
protein in rats. Experienced animals rich in buckwheat plesnbbave been shown to reduce signs of oxidative
damage, such as peroxide, in several tissues, and buckwheaimgtion has been shown to signal SIRT1. Thus,
based on the evidence from our experience about the tsepfefionsuming a special diet that leads to the aiivat
of sirtuins, we found that it in turn provides health berefitd well-beingEating plentiful of buckwheat in diet. It
can be consumed boiled or as porridge, in soups. All the péeetd foods provide dietary fiber (that will work on

the same principal as buckwheat in the present study)pimi’e SIRT1 protein expression.
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1. The animals were maintained on different dietary regiime8 weeks in individual cages.
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2. Rats were injected chloral hydrate intraperitoneally (40&kggf body weight)
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3. The hypnotic rats were sacrificed.
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