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Abstract

Fluoride is a neurotoxic element that causes damage to neural tissue by crossing the cell membrane
and Dblood-brain barrier. It induces oxidative stress and lipid peroxidation, resulting in
neurodegeneration. Resveratrol (RSV) has been established to possess several beneficial properties,
including antioxidant and anti-inflammatory effects. The present study aims to assess the
neuroprotective effects of resveratrol and its synthesized analogue in Sodium Fluoride (NaF)-induced
neurodegeneration in Wistar rats. The rats were given NaF, resveratrol, and its analogue for 14 days,
and behavioural tests were conducted. Rats treated with resveratrol and its analogue exhibited
increased motor coordination and decreased response time to external stimuli. Oxidative stress
markers, lipid hydro-peroxide (LPO) and superoxide dismutase (SOD), were normalized in the treated
groups. The antioxidant activity was found to increase dose-dependently. Histological analysis
showed that resveratrol and its analogue reduced structural deformities in the brain tissue of rats
treated with Sodium Fluoride. The degree of neuroprotection was significant in the groups treated
with resveratrol and its analogue. Therefore, the synthesized analogue of resveratrol is a potent
neuroprotective compound that could be an alternative to resveratrol due to its availability and ease of
synthesis. This study highlights the importance of developing new therapeutic strategies for
neurodegenerative diseases induced by fluoride intoxication.

Keywords Resveratrol - Resveratrol Analogue - Bioavailability - Neuroprotection - Fluoride -
Oxidative Stress

Abbreviations RSV Resveratrol: NaF Sodium Fluoride: LPO lipid hydro-peroxide: SOD superoxide
dismutase: bw body weight: GPx Glutathione peroxidase: CAT catalase activity: CA3 cornu
ammonis: Analysis of Variance (ANOVA): COX-2 Cyclooxygenase-2.
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Schematic representation of neuroprotective effects of synthetic resveratrol and it’s analogue
against fluoride toxicity in rat brain.

Introduction

Fluoride based on animal and human studies attributed as a neurotoxin. Exposure to fluoride can
mainly occur through drinking water, respiration and intake of its supplements. At lower
concentrations fluoride exhibit prophylactic effects (Chachra D et al. 2008). Prolonged exposure to
fluoride accumulates in the body and create deleterious effects on dental, skeletal and soft tissues
importantly like brain (Ge YM et al. 2005) and thyroid (Zhou B et al. 2007). Fluoride can cross cell
membrane and blood brain barrier there by inducing toxicity and brings structural, metabolic and
functional damages to the neural tissue (Yugandhar P Reddy et al. 2011). The main mechanism of
fluoride lies in the excess generation of free radicals and lipid peroxidation thereby causing neuronal
dysfunction and synaptic injury (Trivedi MH et al, 2007). Literature suggests that fluoride has
massive destructive effects on neurotransmitters and anti-oxidative markers like vitamin C, SOD
etc., triggering oxidative stress and also brings behavioural depression, diminished cognition and 1Q
(Nabavi SM et al. 2012; Bouayed J et al. 2010). Excessive activation of glutamate receptors by
Fluoride is one other possible mechanism for its neurotoxic nature which is called as excitotoxicity.
Fluoride can also create harmful effects in brain by inhibiting certain enzymes which are associated
with energy production, membrane transport and synaptic transport (Lakshmi Vani M et al. 2000).
Ultrastructural studies revealed that fluoride intoxicated animals showed neurodegeneration in cornu
ammonis (CA3), CA4 and dentate gyrus regions of hippocampus which is mainly associated with
cognition (Maheep Bhatnagar et al. 2002). Currently there is no cure for neurodegenerative diseases
except managing the symptoms or halting the disease progression. Synthetic compounds and natural
compounds are the two main sources of therapeutic strategies. Many natural plant products were
discovered and were reported to be potential in reducing the neuro degenerative characters induced
by NaF and other chemicals. Natural compounds like quercetin, curcumin, silymarin, arjunolic acid,
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gallic acid were proved to have protective mechanism against NaF induced neurotoxicity (Costa LG
et al. 2016; Monroy A et al. 2013; Marta Goschorska et al. 2017).

Resveratrol (trans 3, 5, 4-trihydroxystilbene) is an important polyphenol which recently
gained the attention of research community. It is a dietary component found in berries, grapes and
wine, exerts wide range of biological benefits (Wang Y et al, 2002). Resveratrol is well established
to possess antioxidant, anti-inflammatory, anti-diabetic and anti-cancer properties (Lindsay G Carter
et al. 2014). Oxidative stress is one important key factor in neuronal pathologies. Oxidative stress
markers such as SOD, LPO, Glutathione peroxidase (GPx) and catalase activity (CAT) play vital
role in neuronal degeneration in brain of rat. The neuroprotective property of these plant polyphenols
seems to be mainly associated with its antioxidant activity. Resveratrol scavenges free radicals of
reactive oxygen and nitrogen species by donating its hydrogen atom (Mohammed A Hussein 2011;
luga C et al. 2012; Gerszon J et al. 2014). Free radical scavenging activity of resveratrol was studied
in brain (Ates O et al. 2007) liver (Tunali-Akbay T et al. 2010) and kidney (Silan C et al. 2007).
Resveratrol exerts its pharmacological effects through different mechanisms like involving in many
signalling pathways, cellular mechanisms and antioxidant pathways. Resveratrol was also reported
to have lifespan extending effects through activation of Sirtuins, a class of proteins which can
triggers anti-apoptotic, anti-inflammatory and anti-stress responses (Outeiro TF et al. 2008; Gertz M
et al. 2012) In spite of possessing such wide range of therapeutic properties, RSV and other
polyphenols have few barricades like its low bioavailability which require its administration at
higher doses, rapid metabolization in to less active metabolites hindering the therapeutic benefits in
vivo (Foti Cuzzola V et al. 2011). These limitations shift the attention of researchers from natural to
synthetic compounds and their analogues. Researchers from Centre for Plant Molecular Biology
(Osmania University, Hyderabad) synthesised RSV analogue where they replaced one hydroxyl
group by methyl group. The synthesis approach converted >99% of reactants into products with 97%
purity. Anti-cancer activity of the synthesised compound was tested on HeLa and HEK?293 cell lines
and proved to have greater efficacy than resveratrol (Naini R et al. 2017) The RSV analogue was
obtained from CPMB to evaluate its neuroprotective effects in Wistar rats. The main objective of
this study is to evaluate neuroprotective role of synthesized compound, a resveratrol analogue
against NaF induced oxidative stress, behavioural and histological alterations in rats. Behavioural
tests, oxidative stress markers like SOD and LPO, free radical scavenging activity and histological
studies were done to estimate analogue defensive effects against neurotoxicity.

Materials and Methods
Experimental design

Wistar rats of 1-2 months old weighing 60-70 gm were used for the study and were kept in standard
lab conditions with a 12 h light/dark cycle and 24 + 2°C temperature with food and water ad libitum.
All experimental protocols were approved by the Ethics Committee of Department of Zoology,
Osmania University (CPCSEA No: 383/01/a/CPCSEA). Resveratrol (purchased from sigma) and its
analogue (obtained from CPMB) were dissolved in DMSO (< 5% was given to rats) and NaF was
dissolved in water (Fig 1). Drugs were prepared freshly for each dose. It was synthesised in the
laboratory of CPMB, using green chemistry by condensation reaction between aromatic 4-hydroxy
aniline and 4-hydroxy, 3-methoxy benzaldehyde in Psoralea corylifolia hairy root extract. Healthy
Wistar rats are divided into seven groups with six rats in each group. NaF, Resveratrol and its
analogue were given intraperitoneal (IP) for 14 days. Group 1- control (physiological saline, IP);
Group 2- NaF (30mg/kg bw, IP) (Krishnaiah C et al. 2007); Group 3- NaF (30mg/kg bw, IP) +
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Resveratrol (50 mg/kg bw, IP) (Della-Morte D et al. 2009); Group 4- NaF (30mg/kg bw, IP) +
Analogue (25 mg/kg bw, IP); Group 5- NaF (30mg/kg bw, IP) + Analogue (50 mg/kg bw, IP);
Group 6- NaF (30mg/kg bw, IP) + Analogue (75 mg/kg bw, IP); Group 7- Only Analogue (75 mg/kg
bw, IP). Resveratrol and its analogue were given after 30 min after the administration of NaF.

Behavioural studies

Rotarod test was conducted to study the noticeable behaviour by action, and action involves motor
skills, including coordination of the body. Rotarod test is a conventional method to assess motor
coordination and behaviour analysis, in which the animal is placed on horizontal rod which rotates
(30 rpm) about its long axis (Hutter-Saunders JA et al. 2012). Before the experiment the rats were
given training to run on the rod. On 14" day the maximal time spent by rats on the rod rotating at 30
rpm were noticed to assess their motor coordination.

Hotplate test is used to evaluate the reflexes of animals to thermal pain. Delayed response to
thermal pain indicates neural injury. During the experiment the rat was kept on hotplate instrument
(Remi India, India) and the surface was maintained constantly at 52+0.50 °C. The time of exhibiting
various behavioural responses like licking of forepaw and hind paw, rearing, brushing, jumping and
withdrawal of paw from surface etc., were noticed as time to respond in seconds (Gunn et al. 2011).

The nociceptive withdrawal reflex is a defence mechanism to external stimuli was studied
by Randall Selitto test. Changes in pain thresholds in different groups were determined by using a
mechanical stimulus, the classic paw withdrawal test described by Randall and Selitto (Randall LO
et al. 1957). A progressive increasing mechanical pressure was applied on each experimental rat on
the dorsal surface of the paw using an analgesymeter and noted down the reads as paw withdrawal
threshold in pounds.

Biochemical assays

The animals were sacrificed by cervical dislocation on 15th day and the whole brains were collected.
Brain total Superoxide dismutase (SOD) levels were assayed by modified method of Marklund and
Marklund, (1974) (Marklund S et al. 1974) 50% inhibition of autoxidation of pyrogallol by brain
supernatant is calculated as one unit of SOD activity. Absorbance was measured at 420 nm using
spectrophotometer.

The serum anti-oxidant activity of the rats dosed with resveratrol and its analogue were
assessed through DPPH assay. Serum was deproteinized using equal volumes of acetonitrile
(Chrzczanowicz J et al. 2008). DPPH was dissolved in methanol (10 mmol/L). The assay mixture
comprises 970 ul of methanol, 5 pl of DPPH and 25 ul of deproteinized serum and the mixture was
incubated for 30 min in dark before taking the readings at 517nm.

Malondialdehyde, the end product of lipid peroxidation was estimated in brain by using
modified method of Ohkawa et al. (1979) (Ohkawa et al. 1979). The pink coloured tri-methine
product absorbance was measured at 533 nm. The results were expressed as umol of MDA/gm
weight of tissue.
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Histopathological assessment of brain

The animals were sacrificed on day 14 and brain tissues were fixed in 10% formalin. Paraffin
embedded blocks was prepared after dehydrating the tissues in graded ethanol series. 5-10 micron
sections were made on rotary microtome. Fine sections were used for H&E and Cresyl violet
staining. Permanent slides were made and were used for evaluating histopathological changes under
Olympus microscope (Lillie RD et al. 1976). In Golgi-Cox staining, the brain tissues were immersed
in Golgi-Cox solution and kept in dark for 1 week. Sections were made using vibratome. Permanent
slides were prepared for analysis (Anderson WJ et al. 1982).

Statistical Analysis

The samples were analysed in sextuplicate (Behavioural studies) and triplicates (Biochemical) and
the results are presented as mean + SD. One-way ANOVA was used for statistical analysis followed
by student t-test. The p value of <0.05* was considered significant and p value of <0.001*** was
considered highly significant.

Results
Body Weight

Weight gained by Fluoride treated rats is less relative to the control rats during the course of
experiment. Weight gained by RSV and analogue treated groups is more than NaF group and less
than control group. Group dosed with only analogue have equal increase in body weight (bw) to
control group. However, the increase in body weights of RSV dosed rats is not much significant over
NaF treated rats (P>0.1, NaF vs RSV). The mean increase in body weights of animals treated with
RSV analogue at different concentrations are significant over NaF rats (P<0.01, NaF Vs Analogue
treated groups). Treatment of rats with RSV and its analogue minimised the negative effects of NaF
on body weights (Fig 2).

Behavioural tests
Rota rod

Motor co-ordination was very much decreased in fluoride treated rats over control rats (P<0.001,
Control Vs NaF). All the treated groups showed significant endurance on rota rod over NaF treated
group (P<0.001, NaF vs Treated groups). However, rats administered with Resveratrol (50 mg/kg
bw) and analogue at higher concentration (75 mg/kg bw) demonstrated extremely significant
performance. Group treated only with analogue (75 mg/kg bw) have equal effects to that of control

(Fig 3).
Hot plate

Reduced heat sensitivity was observed in NaF group relative to control group (p<0.001, Control Vs
NaF). Resveratrol and its analogue treated rats exhibited enhanced sensitivity towards heat (p<0.01,
NaF Vs Treated groups). Rats treated with RSV+NaF, Analogue (75 mg/kg bw)+NaF and only with
analogue(75 mg/kg bw) exhibited quick response to heat than rats treated with analogue at lower
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doses (25 and 50 mg/kg bw). However, the time to respond was lessened in all the treated groups
(Fig 4).

Randall selitto

Hyperalgesia in fluoride administered rats is significantly greater than in control rats (P< 0.001).
Nociceptive scores recorded lower for Resveratrol (50 mg/kg bw) and its analogue (75 mg/kg bw)
treated groups than the groups treated at lower concentration i.e., at 25 and 50 mg/kg bw. Paw
withdrawal threshold has been reduced in all the treated groups and it is much more substantial in
RSV (50 mg/kg bw) and analogue (75 mg/kg bw) treated groups (p<0.01) (Fig 5).

Biochemical assays

Decreased levels of SOD were observed in fluoride administered rats (P<0.001, Control Vs NaF).
The reduced levels of SOD have been recovered by resveratrol and its analogue significantly (P
<0.001, NaF Vs Treated groups). Though rats dosed with Resveratrol (50 mg/kg bw), RSV analogue
at 50 mg/kg bw and 75 mg/kg bw have shown equal effects on the expression levels of SOD which
were decreased in NaF treated groups (Fig. 6).

As free radicals are directly involved in neurodegeneration, a significant level of free
radicals of DPPH has been quenched by serum antioxidants of treated groups in an increasing order
with increase in concentration (P<0.01, NaF Vs Treated groups). The percentage of scavenging free
radicals is insignificant in NaF treated group. The groups treated with Resveratrol and analogue (75
mg/kg bw) exhibited nearly equal degree of activity (Fig. 7).

Lipid peroxidation levels were significantly high in NaF group compared to control group.
The LPO levels reduced in a dose dependent fashion with the treatment of analogue which was
significant over NaF dosed group (P <0.01, NaF Vs treated groups). Analogue at 75 mg/kg bw
showed equal amount of activity to that of Resveratrol at 50 mg/kg bw (Fig. 8).

Histological studies

Healthy and round neuronal cells were observed in hippocampal and cortex region of control group
rats. NaF treated group showed decreased number of cells, shrunken cells, irregular darkly stained
cells and also decreased dendritic extensions. However, resveratrol and its analogue shielded the
brain from the negative effects of NaF. The groups treated with RSV (50 mg/kg bw) and analogue
(75 mg/kg bw) showed apparent normal appearance of cells similar to control group. There was a
significant difference in cell morphology and neural network between NaF and treated groups. In
addition, no harmful effects were noticed in analogue (75 mg/kg bw) alone treated group (Fig. 9-11).

Discussion

This study was carried out to know the protective effects of resveratrol and its analogue in NaF
induced neurotoxicity in rat brain. It was well established that fluoride mainly acts through
overproduction of reactive oxygen species causing oxidative stress and brain having large amounts
of polyunsaturated fatty acids make it more vulnerable to oxidative stress (Shuhua X et al. 2012;
Joels M 2008). It is clear from the results that resveratrol analogue is potent in antagonising the toxic
effects of NaF in rats. The rats treated with RSV and its analogue at higher concentration (75 mg/kg
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bw) did not show much increase in their body weights but still performed better in behavioural tests.
Earlier it was reported that resveratrol regulates the body weight (Sharma R et al. 2017). Analogue at
lower doses did not restrict the body weights but a higher dose limited the increase of body weight
as resveratrol and it was not observed in the group treated only with analogue. The catechins present
in green tea were reported exhibit anti-obesity effects through several mechanisms (Mohsen
Meydani et al. 2010). It was also reported that increase intake of flavones, flavanols and catechins
results in lower increase of body mass index associated with age in women (Hughes LA et al. 2008).
Hence, we can assume that the RSV and its analogue might have its effect on body weights of rats.
The behavioural studies like roto rod test, hot plate test and randall selitto test visibly show that all
the treated rats i.e. either with resveratrol or its analogue at 25, 50 and 75 mg/kg bw reversed the
impaired motor coordination and decreased the withdrawal latency period to thermal and mechanical
pain than NaF treated rats. Although the synthesised resveratrol analogue at higher concentration (75
mg/kg bw) exhibited nearly equal effects as resveratrol at 50 mg/kg bw. Motor coordination was
restored in RSV (oral dosage) treated rats against NaF and aluminium chloride (AICI5) in the studies
done by Chandrashekar et al., from our lab (Chandrashekar et al. 2017). It is evident that berries
contain resveratrol and in a study on berries improved the cognition and motor coordination in rats
(Shukitt-Hale B et al. 2015) Dopamine and Dopaminergic neurons play an important role in the
movement and motor coordination and dopamine levels get reduced on fluoride intoxication
(Chouhan S et al. 2010). Oxidative stress has been implicated for dopaminergic neuronal cell death
in Parkinson’s disease. In previous studies it was shown that curcumin, naringenin and resveratrol
upregulated the dopamine levels significantly in Parkinson’s model rats and depressed mice
(Zbarsky V et al. 2005; Gu Z et al. 2019). Fisetin is a polyphenol, was proved to prevent oxidative
stress and neuroinflammation by inhibiting proinflammatory cytokines like interleukin (IL-6) and
tumor necrosis factor alpha (TNF-a) which in turn downregulates Cyclooxygenase (COX-2), which
is a potent mediator in inflammation (Sandireddy R et al. 2016) . Hence like polyphenols, resveratrol
and synthetic RSV analogue might have neuroprotective effects by upregulating dopamine levels
and downregulating proinflammatory cytokines.

The influence of oxidative stress induced by NaF and its setback by resveratrol and its
analogue has been assessed by employing SOD, DPPH and LPO assays. In our lab Resveratrol and
quercetin have been studied and were reported to have protective effects against NaF induced
neurotoxicity (Nageshwar M et al. 2018). Resveratrol have protective effects not only against NaF
but also to a wide variety of metals and chemicals like aluminium, manganese, streptozotocin,
idarubicin, di-n-butylphthalate, 6-hydroxydopamine etc. RSV and the synthesised analogue were
found effective in keeping the SOD levels nearer to control group either by increasing the expression
levels of SOD (Kavas GO et al. 2013) or by lessening the burden on SOD from oxidative stress.
Entry of a drug in to the blood stream is important to show its effects. Free radical scavenging
activity of the compounds was estimated in the blood serum using DPPH assay and which indirectly
explains the bioavailability of the drug. Groups treated with resveratrol and analogue at 50 and 75
mg/ kg bw almost had equal degree of free radical scavenging activity. Lipid peroxidation products
are potential biomarkers to estimate the oxidative stress levels in neurodegeneration and other
related diseases in vivo (Niki E 2008). We observed a significant reduction in the levels of MDA in
resveratrol and analogue treated groups except at lesser dose when compared to NaF treated group.
All the biochemical assays show that there is no negative effect in the rats treated only with
synthesised compound. Histological studies clearly showed various degree of degeneration of
neurons in rat brains. H&E images of the hippocampal region of the brain showed multi foci
necrosis and apoptosis was observed in NaF treated group along with other degenerative features
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like distorted cell shape, decreased cell density, demyelination and decrease in Purkinje cells. CA3
region of the hippocampus, which is associated with spatial learning and memory, was severely
damaged with the fluoride intoxication as reported earlier (Tongjaroenbuangam W et al. 2011; Guan
ZZ et al. 1998). Golgi cox staining is one of the best procedures for whole neuron visualisation and
to study dendritic arborisation. Fluoride intoxication critically shrank the neural network. Decrease
in cell density and Nissl substance was analysed by cresyl violet staining. All the damaging effects
of fluoride were minimised by the administration of RSV and synthetic compound in a dose
dependent fashion.

The deleterious effects of fluoride on brain were observed as reported earlier by Varner et al.
in 1998 and Heba et al. in 2010 (Varner JA et al. 1998; Heba S et al. 2010). Resveratrol and its
analogue succeeded in combating the oxidative stress induced damage by NaF. RSV analogue at 75
mg/kg bw had similar effects with resveratrol at 50 mg/kg bw. In vitro study conducted by Naini et
al., 2017 on cancer cell lines showed that the synthesised analogue compound was more potent than
RSV which is not observed in vivo study by us. Similarly, the NAD*-dependent histone deacetylase
SIRT1 was shown to be associated with aging and longevity (Naini R et al. 2019). RVS analogues
reduced the oxidative stress by mediating several terminal kinases pathways like P38, JNK and
ERK1/2 and also shown to exert cardioprotective and anti-aging effects by acting as modulators of
Sirtl (Raut et al. 2020). However, synthesis of RSV analogue compound is advantageous over
synthesis of resveratrol, which involves multiple steps and release of toxic by-products.

Conclusion

In conclusion, the experimental data of this study clearly shows behavioural, oxidative stress
markers and histological alteration induced with fluoride were reversed with Resveratrol and its
synthesized analogue and analogue itself did not show any negative effects. In this study, RSV
analogue at 75 mg/kg bw concentration has shown equal effects with Resveratrol at 50 mg/kg bw.
Hence, Resveratrol analogue is suggested to be a potent neuroprotective compound which can be
easily synthesised with less toxic by-products over Resveratrol and can be an alternative for
Resveratrol in terms of its production and availability.

Statements and Declarations
Acknowledgements

The authors acknowledge the financial assistance from UPE-FAR/(I1I-4) and also acknowledge
SAP-DSA (F.5-26/2015/DSA-I) for partial funding for experimentation.

Conflict of Interest

The Authors declare that they have no Conflict of Interest.

2440

Eur. Chem. Bull. 2023,12(10), 2433-2451



NEUROPROTECTIVE EFFECTS OF SYNTHETIC RESVERATROL ANALOGUE AGAINST
FLUORIDE TOXICITY IN RAT BRAIN

Section A-Research paper

References

Anderson WJ, Felten DL. A modified Golgi-Cox technique for morphological
characterization of serotonergic neurons. J Histochem Cytochem. 1982;30:750-5.
https://doi.org/10.1177/30.8.6181119

Ates O, Cayli S, Altinoz E, Gurses I, Yucel N, Sener M, Kocak A, Yologlu S.
Neuroprotection by resveratrol against traumatic brain injury in rats. Mol Cell Biochem.
2007;294:137-44. https://doi.org/10.1007/s11010-006-9253-0

Bouayed J, Bohn T. Exogenous antioxidants--Double-edged swords in cellular redox state:
Health beneficial effects at physiologic doses versus deleterious effects at high doses. Oxid
Med Cell Longev. 2010;3:228-37. https://doi.org/10.4161/0xim.3.4.12858

Chachra D, Vieira AP, Grynpas MD. Fluoride and mineralized tissues. Crit Rev Biomed Eng.
2008;36: 183-223. https://doi.org/10.1615/critrevbiomedeng.v36.i2-3.40

Chandrashekar, Nagesh, PK Reddy. Amelioration of aluminum- and fluoride-induced
Behavioural alterations through resveratrol in rats. Asian Jour of Pharma and Clin Res.
2017;289-93. https://doi.org/10.22159/ajpcr.2018.v11i1.21620

Chouhan S, Lomash V, Flora SJ. Fluoride-induced changes in haem biosynthesis pathway,
neurological variables and tissue histopathology of rats. J Appl Toxicol. 2010;30:63-73.
https://doi.org/10.1002/jat.1474

Chrzczanowicz J, Gawron A, Zwolinska A, de Graft-Johnson J, Krajewski W, Krol M,
Markowski J, Kostka T, Nowak D. Simple method for determining human serum 2,2-
diphenyl-1-picryl-hydrazyl (DPPH) radical scavenging activity - possible application in
clinical studies on dietary antioxidants. Clin Chem Lab Med. 2008;46:342-9.
https://doi.org/10.1515/cclm.2008.062

Costa LG, Garrick JM, Roque PJ, Pellacani C. Mechanisms of neuroprotection by quercetin:
Counteracting  oxidative stress and more. Oxid Med Cell Longev. 2016.
https://doi.org/10.1155/2016/2986796

Della-Morte D, Dave KR, DeFazio RA, Bao YC, Raval AP, Perez-Pinzon MA. Resveratrol
pretreatment protects rat brain from cerebral ischemic damage via a sirtuin 1-uncoupling
protein2 pathway. Neuroscience. 2009;159:993-1002.
https://doi.org/10.1016/j.neuroscience.2009.01.017

Foti Cuzzola V, Ciurleo R, Giacoppo S, Marino S, Bramanti P. Role of resveratrol and its
analogueues in the treatment of neurodegenerative diseases: focus on recent discoveries. CNS
Neurol Disord Drug Targets. 2011;10:849-62. https://doi.org/10.2174/187152711798072310

2441

Eur. Chem. Bull. 2023,12(10), 2433-2451


https://www.ncbi.nlm.nih.gov/pubmed/?term=Ates%20O%5BAuthor%5D&cauthor=true&cauthor_uid=16924419
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cayli%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16924419
https://www.ncbi.nlm.nih.gov/pubmed/?term=Altinoz%20E%5BAuthor%5D&cauthor=true&cauthor_uid=16924419
https://www.ncbi.nlm.nih.gov/pubmed/?term=Gurses%20I%5BAuthor%5D&cauthor=true&cauthor_uid=16924419
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yucel%20N%5BAuthor%5D&cauthor=true&cauthor_uid=16924419
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sener%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16924419
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kocak%20A%5BAuthor%5D&cauthor=true&cauthor_uid=16924419
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yologlu%20S%5BAuthor%5D&cauthor=true&cauthor_uid=16924419
https://doi.org/10.1615/critrevbiomedeng.v36.i2-3.40
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chouhan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19743388
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lomash%20V%5BAuthor%5D&cauthor=true&cauthor_uid=19743388
https://www.ncbi.nlm.nih.gov/pubmed/?term=Flora%20SJ%5BAuthor%5D&cauthor=true&cauthor_uid=19743388
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4745323/

NEUROPROTECTIVE EFFECTS OF SYNTHETIC RESVERATROL ANALOGUE AGAINST
FLUORIDE TOXICITY IN RAT BRAIN

Section A-Research paper

Ge YM, Ning HM, Wang SL, Wang JD. Effects of high fluoride and low iodine of brain
histopathology in offspring rats. Fluoride. 2005;38:127-32. https://doi.org/10.1016/s2095-
3119(13)60251-8

Gerszon J, Rodacka A, Puchata M. Antioxidant properties of resveratrol and its protective
effects in  neurodegenerative diseases. Adv. in cell bio. 2014;4:97-117.
https://doi.org/10.2478/acb-2014-0006

Gertz M, Nguyen GT, Fischer F, Suenkel B, Schlicker C, Frénzel B, Tomaschewski J,
Aladini F, Becker C, Wolters D, Steegborn C. A molecular mechanism for direct sirtuin
activation by resveratrol. PLoS One. 2012;7:e49761.
https://doi.org/10.1371/journal.pone.0049761

Gu Z, Chu L, Han Y. Therapeutic effect of resveratrol on mice with depression. Exp Ther
Med. 2019;17:3061-3064. https://doi.org/10.3892/etm.2019.7311

Guan ZZ, Wang YN, Xiao KQ, Dai DY, Chen YH, Liu JL, Sindelar P, Dallner G. Influence
of chronic fluorosis on membrane lipids in rat brain. Neurotoxicol Teratol. 1998;20:537-42.
https://doi.org/10.1016/50892-0362(97)00136-0

Gunn, Bobeck EN, Weber C, Morgan MM. The influence of non-nociceptive factors on hot
plate latency in rats. J Pain. 2011;12: 222-227. https://doi.org/10.1016/.jpain.2010.06.011

Heba S, El-lethey, Kamel MM, Shaheed |. NeuroBehavioural toxicity produced by sodium
fluoride in drinking water of laboratory rats. J Am Sci. 2010;6:54-63.

Hughes LA, Arts IC, Ambergen T, Brants HA, Dagnelie PC, Goldbohm RA, van den Brandt
PA, Weijenberg MP. Higher dietary flavone, flavonol, and catechin intakes are associated
with less of an increase in BMI over time in women: a longitudinal analysis from the
Netherlands Cohort Study. Am J Clin Nutr. 2008;88:1341-52.
https://doi.org/10.1002/ijc.24645

Hutter-Saunders JA, Gendelman HE, Mosley RL. Murine motor and behavior functional
evaluations for acute 1-methyl-4-phenyl-1,2,3,6-tetrahydropyridine (MPTP) intoxication. J
Neuroimmune Pharmaco. 2012;7:279-88. https://doi.org/10.1007/s11481-011-9269-4

luga C, Alvarez-ldaboy JR, Russo N. Antioxidant activity of trans-resveratrol toward
hydroxyl and hydroperoxyl radicals: a quantum chemical and computational Kinetics study. J
Org Chem. 2012;77:3868-77. https://doi.org/10.1021/j03002134

Joels M. Functional actions of corticosteroids in the hippocampus. Eur J Pharmacol.
2008;583:312-21. https://doi.org/10.1016/].ejphar.2007.11.064

Kavas GO, Ayral PA, Elhan AH. The effects of resveratrol on oxidant/antioxidant systems
and their cofactors in rats. Adv Clin Exp Med. 2013;22:151-5.

2442

Eur. Chem. Bull. 2023,12(10), 2433-2451


https://www.ncbi.nlm.nih.gov/pubmed/?term=Gu%20Z%5BAuthor%5D&cauthor=true&cauthor_uid=30936978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Chu%20L%5BAuthor%5D&cauthor=true&cauthor_uid=30936978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Han%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=30936978
https://www.ncbi.nlm.nih.gov/pubmed/30936978
https://www.ncbi.nlm.nih.gov/pubmed/30936978
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hughes%20LA%5BAuthor%5D&cauthor=true&cauthor_uid=18996871
https://www.ncbi.nlm.nih.gov/pubmed/?term=Arts%20IC%5BAuthor%5D&cauthor=true&cauthor_uid=18996871
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ambergen%20T%5BAuthor%5D&cauthor=true&cauthor_uid=18996871
https://www.ncbi.nlm.nih.gov/pubmed/?term=Brants%20HA%5BAuthor%5D&cauthor=true&cauthor_uid=18996871
https://www.ncbi.nlm.nih.gov/pubmed/?term=Dagnelie%20PC%5BAuthor%5D&cauthor=true&cauthor_uid=18996871
https://www.ncbi.nlm.nih.gov/pubmed/?term=Goldbohm%20RA%5BAuthor%5D&cauthor=true&cauthor_uid=18996871
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20den%20Brandt%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=18996871
https://www.ncbi.nlm.nih.gov/pubmed/?term=van%20den%20Brandt%20PA%5BAuthor%5D&cauthor=true&cauthor_uid=18996871
https://www.ncbi.nlm.nih.gov/pubmed/?term=Weijenberg%20MP%5BAuthor%5D&cauthor=true&cauthor_uid=18996871
https://www.ncbi.nlm.nih.gov/pubmed/18275953

NEUROPROTECTIVE EFFECTS OF SYNTHETIC RESVERATROL ANALOGUE AGAINST
FLUORIDE TOXICITY IN RAT BRAIN

Section A-Research paper

Krishnaiah C, Pratap Reddy K. Dose-dependent effects of fluoride on neurochemical milieu
in the hippocampus and neocortex of rat brain. Fluoride. 2007;40:101-10.

Lakshmi Vani M, Pratap Reddy K. Effects of fluoride accumulation on some enzymes of
brain and gastrocnemius muscle of mice. Fluoride. 2000;33:17-26.

Lillie RD, Fullmer HM. Histopathologic technic and practical histochemistry. McGraw-Hill.
1976.

Lindsay G Carter, John A D'Orazio, and Kevin J Pearson. Resveratrol and cancer: focus on in
vivo evidence. Endocr Relat Cancer. 2014; 21:R209. https://doi.org/10.1530/erc-13-0171

Maheep Bhatnagar, Pratima Rao, Jain Sushma, Rekha Bhatnagar. Neurotoxicity of fluoride:
neurodegeneration in hippocampus of female mice. Indian J Exp Biol. 2002;40:546-54.

Marklund S, Marklund G. Involvement of the superoxide anion radical in the autoxidation of
pyrogallol and a convenient assay for superoxide dismutase. Eur J Biochem. 1974;47:469-74.
https://doi.org/10.1111/j.1432-1033.1974.tb03714.x

Marta Goschorska, Krzysztof Giewon, Natalia Hasior, 1zabela Gutowska, Irena Baranowska-
Bosiacka, Monika Ewa Ra¢, Dariusz Chlubeka. The protective properties of selected
naturally occurring antioxidants of plant origin against fluoride-induced neurotoxicity.
Fluoride. 2017;50:203-212.

Mohammed A Hussein. A convenient mechanism for the free radical scavenging activity of
resveratrol. Int J of Phytomedicine. 2011;3:459-469.

Mohsen Meydani, Syeda T. Hasan. Dietary polyphenols and obesity. Nutrients. 2010;2:737—
751. https://doi.org/10.3390/nu2070737

Monroy A, Lithgow GJ, Alavez S. Curcumin and neurodegenerative diseases. Biofactors.
2013;39:122-32. https://doi.org/10.1002/biof.1063

Nabavi SM, sureda A, Nabavi SF, Latifi AM, Moghaddam AH, Hellio C. Neuroprotective
effects of silymarin on sodium fluoride-induced oxidative stress. J. Fluorine Chem.
2012;142:79-82. https://doi.org/10.1016/j.jfluchem.2012.06.029

Nageshwar M, Sudhakar K, Pratap RK. Quercetin ameliorates oxidative stress, neural
damage of brain and Behavioural impairment of rat with fluoride exposure. Intern J
Pharmacol Sci Res. 2018;9:1000. http://dx.doi.org/10.13040/1JPSR.0975-8232.9(8).3247-56

Naini R, Ravikumar E, Singh SS, Kancha RK, Rao KV, Reddy VD. Synthesis of novel imine
stilbene analogues exhibiting potent anticancer activity. Anticancer Agents Med Chem.
2017;17:1537-1544. https://doi.org/10.2174/1871520617666170327122929

Naini, Raju, Rajasekhar Chikati, Dashavantha Reddy Vudem, and Rama Krishna Kancha.
"Molecular docking analysis of imine stilbene analogs and evaluation of their anti-aging

2443

Eur. Chem. Bull. 2023,12(10), 2433-2451


https://www.ncbi.nlm.nih.gov/pubmed/?term=Meydani%20M%5BAuthor%5D&cauthor=true&cauthor_uid=22254051
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hasan%20ST%5BAuthor%5D&cauthor=true&cauthor_uid=22254051
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3257683/
https://www.sciencedirect.com/science/article/abs/pii/S0022113912002205#!
https://www.sciencedirect.com/science/article/abs/pii/S0022113912002205#!
https://www.sciencedirect.com/science/article/abs/pii/S0022113912002205#!
https://www.sciencedirect.com/science/article/abs/pii/S0022113912002205#!
https://www.sciencedirect.com/science/article/abs/pii/S0022113912002205#!

NEUROPROTECTIVE EFFECTS OF SYNTHETIC RESVERATROL ANALOGUE AGAINST
FLUORIDE TOXICITY IN RAT BRAIN

Section A-Research paper

activity using yeast and mammalian cell models.” Journal of Receptors and Signal
Transduction 39, no. 1 (2019): 55-59. https://doi.org/10.1080/10799893.2019.1605529

Niki E. Lipid peroxidation products as oxidative stress biomarkers. Biofactors. 2008;34:171-
80. https://doi.org/10.1002/biof.5520340208

Ohkawa H, Ohishi N, Yagi K. Assay for lipid peroxides in animal tissues by thiobarbituric
acid reaction. Anal Biochem. 1979;95:351-8. https://doi.org/10.1016/0003-2697(79)90738-3

Outeiro TF, Marques O, Kazantsev A. Therapeutic role of sirtuins in neurodegenerative
disease. Biochim Biophys Acta (BBA)-Mol Basi of Disea. 2008;1782:363-9.
https://doi.org/10.1016/b978-0-12-813499-3.00013-7

Randall LO, Selitto JJ. A method for measurement of analgesic activity on inflamed tissue.
Arch Int Pharmacodyn Ther. 1957;111:409-19.

Raut, Ganesh Kumar, Sairam Manchineela, Moumita Chakrabarti, Chaitanya Kumar Bhukya,
Raju Naini, A. Venkateshwari, V. D. Reddy et al. "Imine stilbene analog ameliorate
isoproterenol-induced cardiac hypertrophy and hydrogen peroxide-induced apoptosis.” Free
Radical Biology and Medicine 153 (2020): 80-88.
https://doi.org/10.1016/j.freeradbiomed.2020.04.014

Sandireddy R, Yerra VG, Komirishetti P, Areti A, Kumar A. Fisetin imparts neuroprotection
in experimental diabetic neuropathy by modulating Nrf2 and NF-kB pathways. Cell Mol
Neurobiol. 2016;36:883-892. https://doi.org/10.1007/s10571-015-0272-9

Sharma R, Sharma NK, Thungapathra M. Resveratrol regulates body weight in healthy and
ovariectomized rats. Nutr Metab. 2017;14:30. https://doi.org/10.1186/s12986-017-0183-5

Shuhua X, Ziyou L, Ling Y, Fei W, Sun G. A role of fluoride on free radical generation and
oxidative stress in  BV-2 microglia cells. Mediators Inflamm. 2012;10.
https://doi.org/10.1155/2012/102954

Shukitt-Hale B, Bielinski DF, Lau FC, Willis LM, Carey AN, Joseph JA. The beneficial
effects of berries on cognition, motor behaviour and neuronal function in ageing. Br J Nutr.
2015;114,1542-1549. https://doi.org/10.1017/s0007114515003451

Silan C, Uzun O, Comunoglu NU, Gokcen S, Bedirhan S, Cengiz M. Gentamicin-induced
nephrotoxicity in rats ameliorated and healing effects of resveratrol. Biol Pharm Bull.
2007;30:79-83. https://doi.org/10.1248/bph.30.79

Tongjaroenbuangam W, Ruksee N, Chantiratikul P, Pakdeenarong N, Kongbuntad W,
Govitrapong P. Neuroprotective effects of quercetin, rutin and okra (Abelmoschus esculentus
Linn.) in  dexamethasone-treated  mice. Neurochem Int. 2011;59:677-85.
https://doi.org/10.1016/j.neuint.2011.06.014

2444

Eur. Chem. Bull. 2023,12(10), 2433-2451


https://www.ncbi.nlm.nih.gov/pubmed/?term=Sandireddy%20R%5BAuthor%5D&cauthor=true&cauthor_uid=26399251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Yerra%20VG%5BAuthor%5D&cauthor=true&cauthor_uid=26399251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Komirishetti%20P%5BAuthor%5D&cauthor=true&cauthor_uid=26399251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Areti%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26399251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kumar%20A%5BAuthor%5D&cauthor=true&cauthor_uid=26399251
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shuhua%20X%5BAuthor%5D&cauthor=true&cauthor_uid=22933830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ziyou%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22933830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ling%20Y%5BAuthor%5D&cauthor=true&cauthor_uid=22933830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fei%20W%5BAuthor%5D&cauthor=true&cauthor_uid=22933830
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sun%20G%5BAuthor%5D&cauthor=true&cauthor_uid=22933830
https://www.ncbi.nlm.nih.gov/pubmed/?term=A++++Role++++of++++Fluoride++++on++++Free++++Radical++++Generation++++and++++Oxidative++++Stress++++in++++BV-2++++Microglia++++Cells.
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shukitt-Hale%20B%5BAuthor%5D&cauthor=true&cauthor_uid=26392037
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bielinski%20DF%5BAuthor%5D&cauthor=true&cauthor_uid=26392037
https://www.ncbi.nlm.nih.gov/pubmed/?term=Lau%20FC%5BAuthor%5D&cauthor=true&cauthor_uid=26392037
https://www.ncbi.nlm.nih.gov/pubmed/?term=Willis%20LM%5BAuthor%5D&cauthor=true&cauthor_uid=26392037
https://www.ncbi.nlm.nih.gov/pubmed/?term=Carey%20AN%5BAuthor%5D&cauthor=true&cauthor_uid=26392037
https://www.ncbi.nlm.nih.gov/pubmed/?term=Joseph%20JA%5BAuthor%5D&cauthor=true&cauthor_uid=26392037

NEUROPROTECTIVE EFFECTS OF SYNTHETIC RESVERATROL ANALOGUE AGAINST
FLUORIDE TOXICITY IN RAT BRAIN

Section A-Research paper

Trivedi MH, Verma RJ, Chinoy NJ, Patel RS, Sathawara NG. Effect of high fluoride water
on intelligence of school children in India. Fluoride. 2007;40:178-183

Tunali-Akbay T, Sehirli O, Ercan F, Sener G. Resveratrol protects against methotrexate-
induced hepatic injury in rats. J Pharm Pharm Sci. 2010;13:303-10.
https://doi.org/10.18433/j30k5q

Varner JA, Jensen KF, Horvath W, Isaacson RL. Chronic administration of aluminum-
fluoride or sodium-fluoride to rats in drinking water: alterations in neuronal and
cerebrovascular integrity. Brain Res. 1998;784:284-98. https://doi.org/10.1016/s0006-
8993(97)01336-x

Wang Y, Catana F, Yang Y, Roderick R, Van Breemen RB. An LC-MS method for analyzing
total resveratrol in grape juice, cranberry juice, and in wine. J Agric Food Chem.
2002;50:43143-5. https://doi.org/10.1021/jf010812u

Yugandhar P Reddy, Pratap Reddy K, Praveen Kumar K. Neurodegenerative changes in
different regions of brain, spinal cord and sciatic nerve of rats treated with sodium fluoride. J
Med Allied Sci. 2011;1:30-35

Zbarsky V, Datla KP, Parkar S, Rai DK, Aruoma Ol, Dexter DT. Neuroprotective properties
of the natural phenolic antioxidants curcumin and naringenin but not quercetin and fisetin in a
6-OHDA model of Parkinson’s disease. Free Radic Res. 2005;39:1119-1125.
https://doi.org/10.1080/10715760500233113

Zhou B, Wang H, Wang J, Zhang J, Yan X, Wang J. Effects of malnutrition and
supplemented nutrition on nonspecific immune function changes induced by fluoride in
rabbits. Fluoride. 2007;40:169-77.

Legends to figures

Fig 1. Chemical structures of Resveratrol and its analogue

Fig. 2 Effect of resveratrol and Analogue treatment on mean body weight of rats subjected to NaF
treatment. Weight gained by NaF group is very much less relative to control and RSV analogue
treated groups. *p<0.001 against control, “p<0.01 against NaF. Data expressed as the Mean =+
S.E.M (n = 6) and results shown in weight in gr.

Fig. 3 Effect of resveratrol and Analogue treatment on motor coordination (rotarod test) in rats
subjected to fluoride treatment. Rats treated with NaF alone exhibited decreased motor coordination
relative to all the other groups. RSV (50 mg/kg bw) and Analogue (75 mg/kg bw) almost nullified the
effects of NaF on motor coordination. *p<0.001 against control, “p<0.01 against NaF. Data
expressed as the Mean + S.E.M (n = 6) and results shown in time in seconds.
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Fig. 4 Effect of resveratrol and analogues treatment on latency period (hotplate test) in rats
subjected to fluoride treatment. Decreased sensitivity towards heat was observed in NaF group.
Latency period was reduced in all the treated groups relative to NaF group. *p<0.001 against control,
#p<0.01 against NaF. Data expressed as the Mean + S.E.M (n = 6) and results shown in time in
seconds.

Fig. 5 Effect of resveratrol and analogues treatment on nociceptive pain (Randall selitto test) in rats
subjected to sodium fluoride treatment. Paw withdrawal time was very much less in RSV and
Analogue (75 mg/kg bw) treated groups relative to NaF group. *p<0.001 against control, #p<0.01
against NaF. Data expressed as the Mean + S.EM (n = 6) and results shown in withdrawal
threshold

Fig. 6 Effect of resveratrol and analogues treatment on SOD activity in rats subjected to sodium
fluoride treatment. SOD levels were significantly increased in RSV and analogue treated groups.
*p<0.001 against control, # p<0.01 against NaF. Data expressed as the Mean + S.E.M (n = 6) and
results shown in present of inhibition

Fig. 7 Effect of resveratrol and analogues treatment on DPPH activity in rats subjected to sodium
fluoride treatment. *p<0.001 against control, # p<0.01 against NaF. Data expressed as the Mean +
S.E.M (n = 6) and results shown in % of scavenging activity

Fig. 8 Effect of resveratrol and analogues treatment on LPO content in rats subjected to sodium
fluoride treatment. *p<0.001 against control, # p<0.01 against NaF. Data expressed as the Mean +
S.E.M (n = 6) and results shown in umol of MDA / gm weight

Fig 9. Hippocampal region of rat brain in different groups. Blue arrow indicates necrosis in
hippocampal region of rats treated with NaF. Yellow arrow indicates healthy cells in RSV and its
analogue treated groups ameliorating the effects of NaF and also there is increase in cell density in
analogue treated groups in a dose dependent fashion (Olympus microscope, 10X).

Fig 10. Golgi cox-stained sections of rat brain. Blue arrow indicates the damage of neural connections
and network in NaF exposed rats. Yellow arrow indicates well branching of dendrites in RSV and
analogue treated groups and the compounds reduced the deteriorative effects of NaF. Group treated
with analogue at 75 mg/kg bw showed highest shielding effects (40X magnification).

Fig 11. Cortex region of different groups stained with cresyl violet. Protective effects of RSV and its
analogue was observed against NaF showing round and healthy cells with cell membrane and
clearly visible nissl granules which was indicated by yellow arrow. NaF treated group showed
distorted and condensed cells undergoing necrosis with fewer nissl granules and was shown by
black arrow (10X magnification).
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