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SUMMARY
Cognitive dysfunction or brain fog is a major public health concern of 21 st century
associated with many neuropsychiatric and neurodegenerative disorders like Alzheimer
Disease (AD). Memory is the key function of brain where the neural circuitry necessary
for memory and learning is present in hippocampus of the brain. Nootropic drugs help in
boosting cognitive skills while amnestic drugs disturb memory and learning process.
The potential pharmacological role of flavonoids with special emphasis on their
nueroprotective and nootropic effects is still uneplored. In this connection, the current
research study was planned to synthesize flavonols with substitution and were subjected
to a series of tests to examine their antioxidant potentials, safety and enzyme inhibition,
molecular docking, nootropic activity and their biomarker studies.
A simple and convenient methodology for flavonol derivatives (OF1-OF12) was used to
synthesize the flavonols from ketone and substituted benzaldehyde. Initially
electronically and chemically different

flavonol derivatives (OF1-OF6) were

synthesized. OF1 being the parent flavonol has hydrogen on its para position. The OF2
(N,N-dimethyl, N(CH3)2, strong electron donating and activating ), OF3 (chlorine, Cl,
halogen), OF4 (methyl group, CH3, slightly electron donating and slightly activating),
OF5 (methoxy group, OCH3, strong electron donating and strong activating) and OF6
(trifluoromethyl, CF3, strong electron withdrawing and strong deactivating) were
synthesized and characterized. Similarly, flavonol derivatives OF7 and OF8 by changing
the position of methoxy group from para to ortho and meta position followed by synthesis
of dimethoxy derivatives of flavonols (OF9-OF12) in order to see the effect of 2 nd
methoxy group.
The flavonol derivatives (OF1-OF12) studied in the acute and sub acute toxicity at
v

different dose levels in phases were safe and suggested to be virtually nontoxic. The
molecular docking studies of different flavonol derivatives attested the in-vitro
cholinesterase (acetylcholinesterase and butyrylcholinesterase) studies.
The assessment of nootropic potentials of the selected synthetic flavonols (OF1-OF12) at
the dose of 12.5, 25 and 50 mg/kg was done out by applying well established passive
avoidance step through test, passive avoidance step down test and novel object
recognition (NORT) assay models.
At a dose of 12.5, 25 and 50 mg/kg, all the tested flavonol exhibited a significant
(*P<0.05, **P<0.01,

***

P<0.001, n=8) step through latency (STL) that are comparable to

amnesic group (scopolamine treated). Among the different flavonol derivatives, OF5 and
OF11 were found the most potent flavonols suggesting that methoxy group is important
for activity. The OF5 has methoxy group (OCH3) at para position and OF11 has methoxy
groups (OCH3) at ortho and para position which is strong electron donating and
activating group. In the passive avoidance step down test, the step down latency and in
NORT, the percent discrimination index DI was also significant when mice were treated
with flavonols (OF1-OF12) and tested against these models.
In addition, it showed that synthetic flavonols (OF1-OF12) is decreasing the acetyl
cholinesterase activity while also increasing the acetylcholine levels in the brain of test
animals. The synthetic flavonols (OF1-OF12) significantly increased antioxidant enzyme
activities (SOD, GSH and CAT) and reduced lipid peroxidation (MDA level) in the
frontal cortex and hippocampus of brain.
Pretreatment of mice with synthetic flavonols (OF1-OF12) produced significant change
in SOD activity (2.94 to 2.25 folds) in the hippocampus and frontal cortex when
compared with scopolamine treated (amnesic) group. Moreover, treatment of OF5 and
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OF11 significantly increased (P< 0.001) SOD activity by 2.82 (29.83±2.01, n=8) and
2.94 (31.07±1.92, n=8) folds compared to amnesic group.
Moreover, the pretreatment of mice treated with 50 mg/kg of synthetic flavonols (OF1OF12) significantly increased catalase levels in the hippocampus (4.06 to 2.93 folds) and
frontal cortex (3.35 to 2.65 folds) when compared to amnesic. The synthetic flavonols
(OF1-OF12) prevented scopolamine-induced elevation in MDA level as indicated by
significantly (P<0.05, P<0.01, P<0.001, n=8) less MDA level in mice brain regions
(hippocampus and cortex). There was significant rise (P<0.05, P<0.01 and P<0.001) in
level of GSH in brain regions (hippocampus 3.66 to 3.44 folds and frontal cortex 3.22 to
2.73 folds) of group treated with synthetic flavonols (OF1-OF12) in comparison to
scopolamine group.
In short, the correlation of in-vitro study, in-vivo and ex-vivo animal study of synthetic
flavonols (OF1-OF12) at the dose of 12.5, 25 and 50 mg/kg significantly improved the
memory of mice and reversed the amnesic response induced by scopolamine.
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1.1

Introduction

INTRODUCTION
Heterocyclic Chemistry

Heterocyclic chemistry is a an important sub-class of organic chemistry which represents
around one-third of publications in the field of chemistry [1]. Heterocycles are present
abundantly in nature [2] and are of paramount value to human life due to their structural
diversity which can be found in a variety of natural products like hormones, vitamins,
pigments and antibiotics [3, 4]. To be more precise, nearly two third (66%) of all organic
compounds are naturally heterocyclic. An organic compound bearing all carbon atoms in
a ring/ cyclic form is known as a carbocyclic and if at least one hetero/ other atom than
carbon and hydrogen becomes part of that cyclic compound then it becomes a
heterocyclic compound [5]. Therefore, heterocyclic compounds are organic compounds
containing at least one hetero atom e.g. oxygen, nitrogen or sulphur in cyclic form. The
cyclic structures of these compounds can either be simple aromatic or non-aromatic rings.
Dioxane, pyrimidine and pyridine are examples of heterocyclic rings. These compounds
are used in a broad range of applications. They are on top of the compounds frequently
used as therapeutic agents [6].
1.2

Applications of heterocyclic chemistry

These are an important class of compounds which can be classified into aromatic and
aliphatic ones constituting nearly half of all known organic compounds [7, 8]. These
compounds can be found in variety of drugs including anticancer, anti-inflammatory,
antibacterial, animalarial, antidepressant, anti-HIV, fungicidal, herbicidal and insecticidal
and many natural products , most vitamins and

biomolecules [9]. In addition,

heterocyclic compounds have been regularly found as a pivotal structural unit in most
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synthetic agrochemicals and pharmaceuticals [10-16]. Moreover, they are also used as
organic conductors, semi-conductors, in photovoltaic cells, as molecular wires and
organic light emitting diodes (OLEDs), optical data carriers, light harvesting systems,
chemical switches and liquid crystalline compounds [17]. These compounds are also of
noticeable interest due to their use as synthetic intermediates, chiral auxiliaries,
protecting groups, catalysts and metal ligands in asymmetric catalysis in organic
synthesis [18].
Present day society is subject to synthetic heterocycles for numerous purposes e.g.
medicinal agents, dyes, pesticides, plastics, cosmetics, solvents, information storage,
antioxidants and vulcanizing agents [19-22]. Besides the active therapeutic agents and
agrochemicals, countless modifiers and additives are heterocyclic in nature which are
used in industrial applications like radiography, information storage, cosmetics and
plastics [1]. Another appealing structural feature intrinsic to heterocyclic compounds
which continue to be exploited by the drug industry, lies in their ability to accommodate
substituents around its core in defined three dimensional space [23]. These compounds
have high scale of structural diversity and have proven economically valuable therapeutic
agents [24]. Health problems of the world exponentially increase as its population rise
and there is correspondingly an dire need to find out new therapeutics [25]. Small organic
molecules having heterocyclic moiety got considerable interest due to their wide range of
biological potentials. They have been explored historically as key medicinal
pharmacophores. Among these heterocyclic compounds, sulphur, nitrogen and oxygen
containing rings are growing area of research in medicinal chemistry because they
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possess various biological activities e.g. anti-depressant, antipsychotic, analgesic, anticancer, anti-muscarinic and anti-histaminic [26].
1.3

Cognition and cognitive dysfunction

Cognitive dysfunction or brain fog is a major public health concern of 21 st century
associated with many neuropsychiatric and neurodegenerative disorders like Alzeimer
Disease (AD) dementia, Schizophrenia, cerebrovascular impairment, parkinsonism and
head injury [27]. Cognition in its broader sense means processing of specific information
denoting a relatively superior level of processing of information including memory,
thinking, incentive, perception, skilled movements and language. Memory is the key
function of brain where the neural circuitry necessary for memory and learning is present
in hippocampus of the brain [28]. It is the vital process which enables living beings to
record their experiences and utilize it for adaptation of their responses to circumstances
[29]. The key neurotransmitter responsible for regulating cognitive functions is
considered to be the central cholinergic system [30]. For proper learning and memory
restoration, the presence of acetylcholine within the neocortex in adequate amounts is
necessary [31].
1.4

Memory Formation

Memory formation is an extremely complex process involving various neurotransmitters
and neuronal pathways. In animals and humans, the essential role of cholinergic neuronal
system has been well established for memory and learning process [32]. In development
of memory and learning process, chemical and physical changes take place in brain
which is collectively known as synaptic plasticity. It represents involvement of different
signal transduction pathways, gene expression and induction resulting in the formation of
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new synapses among nerve cells. The whole process of synaptic plasticity is an
uninterrupted remodeling of brain subject to new experiences and time.
1.4.1 Types of Memory
Memory is of three main types i.e. short-term (remains for seconds or minutes),
intermediate long-term that last for days/ weeks and long-term (once stored can be recalled up to years or for lifetime later). Memory is generally divided into declarative and
non-declarative memories. Declarative or explicit memory affords the capability for
cognizant reminiscences about some events and or facts. In ordinary language, this kind
of memory is usually referred to as “remembering”" or “memory”. Non-declarative or
implicit memory is a diverse collection of non-conscious abilities that include learning of
ways of life and skills, priming and some forms of classical conditioning. In such cases,
without access to any memory contents, experiences are cumulated in behavioral
changes. Difference between non-declarative and declarative memory is necessary
because it has been suggested that various types of memories are supported by different
brain parts.
1.5

Alzheimer’s disease

Alzheimer’s disease (AD), a slowly developing neuro-degenerative brain disorder leading
to personality changes, unusual behavior, dementia and eventually to death. It is the most
common in elder population which is characterized by a menacing onset with impairment
in memory and persistent progression of cognitive decline due to damage and death of
brain cells [33]. This disease is thought to be caused by multiple factors like infection or
reduced blood circulation to brain parts and genetic inclination. Though specific
contributing factors cannot be ruled out exactly, researchers have pointed out various
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common predisposing factors that include age, genetic history, heredity, sex, lifestyle,
head size, head injury, diet and vascular risk factors [34].
Dementia alludes to various pathological conditions of the brain causing interruption of
many cortical functions including reasoning, memory, understanding, orientation,
emotional stability and learning capacity [35]. It is a major public health concern in
normal individuals as well as in various diseased states like Pick's disease, Alzheimer's
disease (AD), Parkinson's disease, cerebro-vascular disease, ischemic and hypoxic
encephalopathy, drug abuse, alcoholism, brain tumor and infections like syphilis and HIV
[36]. Senile dementia is a brain defect associated with old age and a clinical syndrome
resulting in loss of cognition and memory. In the field of medicine, treatment of cognitive
disorders e.g. Alzheimer’s disease, attention deficit and amnesia is still a nightmare.
1.6

Nootropics

Nootropic drugs help in boosting cognitive skills while amnestic drugs disturb memory
and learning process [37, 38]. Nootropic drugs like Aniracetam, Piracetam and
cholinesterase enzyme inhibitors e.g. Donepezil are currently employed for boosting
memory, stabilizing mood and improving behavior [39]. Use of nootropic drugs like
Piracetam and its analogues (metrifonate, aniracetam, and oxiracetam,) is based on this
remedial rational. However, used of these drugs have been limited by due to the adverse
effects associated with them [40].
Scopolamine is a non-selective muscarinic anti-cholinergic drug and is used as a centrally
acting cholinergic probe causing memory and learning impairments in humans and
rodents, particularly the learning acquirement and short-term memory processes [41].
Scopolamine has been employed as such in screening models of anti-amnestic drugs.
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Acetyl cholinesterase (AChE) inhibitors e.g. Tacrine, Physostigmine and Donepezil
revert scopolamine effects on spatial memory in radial arm maze, Morris water maze and
in passive avoidance tests [42].
The prototype AChE inhibitor Physostigmine, has been historically used for
improvement of memory and cognitive functions in AD patients. In placebo controlled
studies (both long and short term), it significantly enhanced cognition and memory.
Currently, FDA approved drugs Donepezil HCl (Aricept ®) and Tacrine HCl (Cognex®)
are two reversible AChE inhibitors which are used for the management of mild to
moderate dementia associated with AD.
Flavonoids are main class of natural products belong to secondary metabolites of plants
having a polyphenolic structure, extensively found in vegetables, fruits and certain
beverages. They possess various bio-chemical and antioxidant effects hence can be used
in various diseases like Alzheimer’s disease (AD), cancer, atherosclerosis, etc.
Experimental results from most of research studies demonstrate that these compounds
have a wide range of biological activities including anti-inflammatory, radical
scavenging, anticancer, antimutagenic, anti-HIV and anti-oxidant activities.
In the last two decades, many research groups have addressed their activity on the
discovery of novel bioactive moieties attempting to obtain better therapeutic action and
lesser side effects. Many natural and synthetic compounds became potential candidates
that can protect the neurons against the degeneration. In particular, several studies were
addressed to rationalize the importance of 5- and 6-membered heterocyclic rings-based
compounds (reviewed by Martorana et al., 2016) [43]. Based on the importance of
heterocyclic compounds, this study is designed to synthesize different flavonol
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derivatives with heterocyclic rings and to screen them against neuro-degenerative
disorders in animal models.
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CHALCONES

The name “chalcone” is taken from “chalcos”, a Greek term that means “bronze”, that is
basically due to the appearance of the majority of natural chalcones [44].

These

compounds have a general chalconoid (1,3-diaryl-2-propen-1-one) chemical scaffold, that
exists in cis and trans isomeric forms where the trans isomer being more stable
thermodynamically [44, 45]. Chalcone family has gained immense attention due to its
easy synthetic approach as well as its broad range of biological and pharmacological
applications. The therapeutic use of chalcones dates back to thousand years where herbs
and plants were used for the management of diverse medical disorders, e.g. inflammation,
cancer and diabetes [46, 47]. A number of chalcone derived drugs have been made
official for clinical application. For instance, sofalcone was once sold as an anti-ulcer and
muco-protective agent while metochalcone was previously used as a choleretic drug.
2.1

Chemical Synthesis

Generally chalcones are synthesized from aldehyde and ketones through acid or base
catalyzed condensation reactions. Though chalcones are easily synthesizable α,βunsaturated ketones, recently, various new procedures and techniques for their synthesis
have been reported due to the development of multiple types of catalysts and optimized
reaction parameters. Different synthetic approaches, general methods, catalysts used and
other reaction conditions employed for their synthesis are summarized in the following
section.
2.1.1 Claisen−Schmidt condensation reaction
This reaction is named on account of pioneer scientists, R. L. Claisen [48] and J. G.
Schmidt, [49] which illustrates the condensation of a methyl ketone and benzaldehyde in
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the presence of acid or base catalysts. In organic chemistry, the CSC reaction

is

considered as one of the most classical reactions [50]. This reaction is either catalyzed by
strong acids or bases. Chalcone is synthesized through aldol product via enolate dehydration mechanism in base catalyzed condensation while in acid catalyzed
condensation, the chalcone product is formed through keto-enol mechanism [51].

Scheme 2.1: Synthesis of chalcone using Base/Acid.
2.1.2 Base Condition
The typical Claisen−Schmidt condensation reaction is base-catalyzed using different
strong bases like sodium hydroxide, potassium hydroxide or potassium tert-butoxide at
room temperature in aqueous, ethanolic or methanolic medium. This base catalyzed
reaction mechanism has widely been exploited for the production of high yields hydroxyl
substituted chalcones (60−90%).
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Scheme 2.2: Base-catalyzed synthesis of chalcone.
This reaction at room temperature takes longer time for completion (usually 24 hrs).
Therefore, reflux condition and base condition modification is required for quick reaction
completion [52, 53].

Scheme 2.3: Base-catalyzed synthesis of chalcone using temperature.
The slightly modified Claisen−Schmidt condensation reactions for chalcone synthesis
have been reported where the catalysts or the solvent systems are modified. For instance,
β-trifluoro-methylated chalcones preparation can be carried out in aprotic solvent system
using hydroxides of alkaline earth metals e.g. barium, calcium, or strontium for facile dehydration.
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Scheme 2.4: Other base-catalyzed synthesis of chalcones
Similarly, the use of Lithium bis(trimethylsilyl)amide (LiHDMS) as a base for
condensation of aldehydes and ketones to chalcone has also been reported [54]. The
combination of nitrates, (LiNO3 or NaNO3), methanol and natural phosphate also provide
another proficient basic catalyst for synthesis of chalcones at ambient temperature
through Claisen−Schmidt condensation in good yields [55].
2.1.3 Acid Condition
Base catalysts are mostly employed for the chalcones synthesis, however, Brønsted [56]
Lewis [57] solid acids [58] have been reported aswell. The use of HCl (Brønsted acid) in
ethanol is most common practice with nearly 10-40 % yield of the product (chalcone)
[59]. Using dry HCl gas as an acid catalyst favors the forward reaction to occur because it
also serves as a water absorbent along with its catalytic effect [56, 60].
Aluminum chloride (AlCl3), a Lewis acid can also catalyze the condensation reaction for
chalcone synthesis. High reaction yield is obtained when acetophenone and AlCl3 are
used in 2:1 molar ratio [61]. The mechanism behind AlCl3 catalyzed condensation is the
formation of a general type of R−O−Al−R2 intermediate that actually converts to
chalcone. Boron trifluoride−etherate (BF3−Et2O) application for the synthesis of
chalcone has also been reported where BF3 gas is used as a precursor [62]. Narender et
al. in 2007 reported synthesis of 15 different chalcones in good to excellent yield (7596%) using BF3−Et2O in less than 3 hours reaction times [57].
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Scheme 2.5: Modified acid-catalyzed synthesis of chalcone.
Thionyl Chloride (SOCl2) has also been used for chalcone synthesis as an alternative to
HCl gas, where the reaction of absolute ethanol with SOCl2 generates HCl in situ that
work as acid catalyst. Sixteen different chalcones including 4-hydroxyl-chalcone were
synthesized by Petrov et al. in good yield using SOCl2/ethanol system [63].

Scheme 2.6: SOCl2-catalyzed synthesis of chalcone.
Chalcones have also been synthesized in acetic acid (as solvent) in the presence of
catalyst p-toluenesulfonic acid (p-TsOH) at 70 °C with more than 70% yields [58].
Titanium (IV) chloride (TiCl4), Cp2ZrH2/NiCl2, RuCl3 and Zn(bpy)(OAc)2 have been
reported also as acid catalysts for synthesis of chalcones [64-67].
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Scheme 2.7: p-toluenesulfonic acid -catalyzed synthesis of chalcone.
2.1.4 Nonsolvent Condition
Solvent-free conditions e.g. grinding [68, 69] or microwave irradiation have also been
used for the synthesis of chalcones. In grinding method, sodium hydroxide (NaOH) or
other base catalysts (e.g. KF−Al2O3) can be used to convert aldehyde and ketone to
chalcone in good yield (80%) [68, 70].
Microwave irradiation of aldehydes and ketones in the presence of suitable catalyst has
also been reported for the synthesis of chalcone core. Kulkarni et al. reported a facile,
eco-friendly, solvent-free method for chalcone synthesis where they used calcium oxide
as base catalyst under microwave conditions [69]. Similarly, Xu et al. reported chalcone
synthesis in a green catalyst system using solid sulfonic acid under a nonsolvent
condition with 60-82% yields [71].
2.1.5 Green Chemistry
Green chemistry has got considerable focus in synthetic chemistry [72, 73] and recently
been used for synthesis of chalcones. Organic reactions in water has attracted much
research focus in recent decade and is considered an ideal solvent due to less
environmental toxicity [Water as Solvent for Organic and Material Synthesis]. Synthesis
of chalcone in water has also been reported where the chalcone core was prepared in the
presence of a PTC (phase-transfer catalyst). A modified Claisen−Schmidt condensation
13
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reaction has been reported by Duan et al. where they used water (solvent system) and
cetyltrimethylammonium bromide (CTAB) and K2CO3 as PTC and base catalysts
respectively to get high yields of the desired chalcones mild conditions [68]. Yang et al.
reported heterocyclic ring-containing chalcones synthesis in 2013, where they used
tetrabutylammonium bromide (TBAB) as PTC in microwave conditions using inorganic
alkaline (base) solution [74].
2.1.6 Other common approaches
The Claisen−Schmidt condensation reaction for chalcones synthesis sometimes results in
the formation of a complex mixture leading to less desired product yield and time
consuming purification process. Therefore, other common organic reactions have also
been exploited for including cross coupling, Photo-Fries rearrangement, Friedel−Crafts
acylation and one-pot synthesis from alcohols. The cross coupling includes Suzuki
coupling, Heck reaction, Wittig reaction and Julia−Kocienski reaction.
2.1.6.1 Suzuki Coupling
This reaction was first reported and published by Akira Suzuki in 1979 who shared the
Nobel Prize in Chemistry (2010) with Ei-ichi Negishi and Richard F. Heck for palladiumcatalyzed crosscouplings reactions [75, 76]. It is a potent carbon−carbon bond forming
reaction catalyzed by palladium and applied in 2003 for the first time for chalcone
synthesis [77]. Keeping in view the retrosynthetic pathway, there are two possibilities of
synthesizing chalcones using Suzuki Coupling reaction i.e. either coupling benzoyl
chloride with cinnamoyl chloride or phenylvinylboronic acid with phenylboronic acid
[77].
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Scheme 2.8: Chalcone via Suzuki Coupling reaction.
2.1.6.2 Heck Reaction.
Chalcone is basically a stilbene, and can be synthesized from reaction of aryl iodide or
arylboronic acid with an unsaturated ketones using palladium and a base catalyst (Heck
reaction) [78, 79]. Such type of chalcone derivative synthesis from aryl vinyl ketones
coupling with aryl iodides was first reported by Cavarischia et al where they used
catalysts [80].

Scheme 2.9: Chalcone via Heck Coupling reaction.
2.1.6.3 Wittig Reaction
The Wittig olefination or Wittig reaction is a facile approach for synthesis of alkene
compounds. Chalcone is also an alkene compound and thus seems a reasonable template
to be synthesized using Wittig reaction. In an initial attempt, benzaldehyde and
triphenylbenzoylmethylene phosphorane were reacted for 72 h under reflux conditions in

15

Chapter 2

Literature Review

benzene or for 30 h in THF with 70% product yield [80, 81]. Further optimization of the
reaction in the presence of microwave irradiation has led to faster reaction rate and the
reaction can take place in 5−6 minutes [82].

Scheme 2.10: Chalcone via Wittig reaction reaction.
2.1.6.4 Julia−Kocienski Olefination.
This reaction is modification and further refinement of the original Julia olefination
reaction and can be used for chalcones synthesis [83]. Jorgensen’s method was used to
synthesize

heteroaryl-sulfonyl

phenylethanone

which

was

then

reacted

with

benzaldehyde in basic medium to give chalcone [84]. Several factors like temperature,
base, solvent and Julia reagent effects were assessed for reaction optimization. The most
efficient

and

optimized

reaction

conditions

were

noted to

be

using

1,8-

Diazabicycloundec-7-ene (DBU) as a base in nonpolar solvents (e.g. THF) to get good
yield of the product [83, 85].

Scheme 2.11: Chalcone via Julia−Kocienski olefination reaction.
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2.1.7 Other Cross-Couplings reactions
Besides the previously mentioned cross-couplings reactions, recently metal-catalyzed
(silver or palladium) direct cross-coupling reactions have also been studied for synthesis
of chalcone core [86-88].
2.1.8 Friedel−Crafts Acylation with Cinnamoyl Chloride
Chalcones can be synthesized via Friedel−Crafts acylation using strong Lewis acid
catalyst (e.g. AlCl3) and reacting cinnamoyl chloride and aromatic ethers. Though, this
method is not commonly used for chalcone synthesis, it was first reported in 1978 by
Shotter et al. where they synthesized four chalcones in fair yields [89].

Scheme 2.12: Chalcone via Friedel−Crafts acylation.
2.1.9 Photo-Fries Rearrangement of Phenyl Cinnamates
Fries rearrangement is mostly applied for the photosynthesis chalcones, where a facile
rearrangement of phenyl cinnamate to hydroxy aryl ketone occurs in the presence of
Lewis acids. Photochemical synthesis of chalcones has got considerable focus since
1970’s due to easy synthesis of 2′- hydroxychalcones which are the natural biosynthetic
intermediates for flavonoids [90].
2.1.10 One-Pot Synthesis of Chalcones
To avoid intermediates purification, improve overall yield of the reaction and save time,
one-pot synthesis methodology is applied to chemical reactions. Recently, one-pot
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synthesis of chalcones in excellent yield (92%) from α-ketones and alcohols have been
reported where chromium oxide, 2,2′-bipyridine and 2,2,6,6- tetramethylpiperidine-1oxyl (TEMPO) and nano-palladium (nano-Pd-V, water soluble) catalysts were used in
different solvents. Apart from benzyl alcohols, phenols have been also employed for onepot synthesis of chalcones where carbonylative Heck coupling was applied to phenols in
a one-pot manner [91].

Scheme 2.13: Chalcone via one-pot synthesis.
2.2

Importance of Chalcones

From the last 50 years, research focus has been centered on fulfilling medical needs for
treatment of infectious diseases caused by life-threatening microbes. Pharmaceutical
sectors (including academia) must react promptly to these clinical challenges by putting
forward a stream of novel therapeutic agents having pronounced antimicrobial activity.
The merits of synthesizing and using these novel agents will include their high
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predictability for clinical success, precise biomarkers, shorter clinical trial periods and
shorter duration of treatments resulting in lesser long-standing safety concerns.
Compounds with chalcone core have been documented to possess diverse range of
pharmacological and biological activities, including analgesic, antiinflammatory,
antimicrobial, cytotoxic, anti-tumor, antitubercular, antimalarial, antiviral, antiulcerative,
antileishmanial, antioxidant, anti-HIV, antiprotozoal, anticonvulsant, antifeedent,
immunomodulatory, antihistaminic, antibiotic, antiplatelet, antihyperglycemic and
antihyperlipidemic properties. Some of the important pharmacological activities of
chalcones are highlighted here under and listed in Figure 2.1.
2.2.1 Antiinflammatory activity
Natural chalcones are reported for their

importance as antiinflammatory agents

responsible for inhibition of cell migration and production of various inflammatory
mediators like TNF-α, iNOS, Nitric oxide and cycloxygenase protein [92-94]. Apart
from natural chalcones, various synthetic compounds with chalcone moiety have been
reported to acquire antiinflammatory potentials. In an attempt to produce effective antiinflammatory agents, a library of chalcone derivatives has been synthesized and tested for
its anti-inflammatory potentials comparable to that of standard anti-inflammatory drugs
[95, 96].
2.2.2 Antimicrobial effect
Life-threatening infections caused by multi-drug resistant pathogenic bacteria are an area
of interest around the world [97]. Natural chalcones derived from plant sources are
effective against a broad range of organisms (Gram negative and positive) [98].

19

Chapter 2

Literature Review

Similarly, the synthetic chalcones obtained from various means are tested for their
antimicrobial activities [99].
2.2.3 Antioxidant activity
The antioxidant effects of chalcones (natural and synthetic) are correlated to various
mechanisms like metal ion chelation and serving as a substrate for free radicals, hydrogen
donation singlet oxygen quenching and free radical scavenging [100]. The chalcones
from natural sources are documented with antioxidant effects against in-vitro and in-vivo
antioxidant models [101]. Similarly the radical scavenging potential of various synthetic
chalcones is evaluated via different methods and reported [102].
2.2.4 Antiplasmodial effect
The antiplasmodial effects of natural and synthetic chalcones have been documented for
its various mechanistic approaches [103]. In this connection, licochalcone A (oxygenated
chalcone) has been discovered with it pontent antimalarial activity [104]. Another natural
chalcone know as cajachalcone has also been reported as a active antimalarial compound
[105]. A liabrary of chalcone analogues and some of the chalcone derivatives were
synthesized and screened for their antimalarial potentials that revealed promising results
[106].
2.2.5 Anticancer activities
Cancer is among one of the major and prime health issues that is focused by researchers
worldwide. The incidence and mortality statistics of cancer shows that it is on the rise in
the economically developed and developing countries [107]. In anticancer activity, it has
been documented that chalcones interfere in several pathways and recognized and
attested to bear potentialities as anticancer like licochalcone, xanthohumol, Cardomonin
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and Flavokawain B, xanthoangelol and millepachine [108]. Series of synthetic chalcones
derivatives are reported for their anticancer activities against different cell cultures in
various studies [109].
2.2.6 Antiviral effect
Licochalcone

A,

licochalcone D,

licochalcone G,

5-prenylbutein,

echinantin,

isoliquiritigenin, kanzonol C and licoagrochalcone A were isolated from Glycyrrhiza
inflate that are reported to posses activity against influenza viruses [110].
2.2.7 Anti-diabetic activity
Naturally, the isoliquiritigenin (ISL) and 4’-O-methylbavachalcone are chalcones are
found in licorice roots and Psoralea coryliflia. The chalcones were screened for in-vitro
and in-vivo anti-diabetic potentials and were found to be promising agents for treating
diabetes [111, 112]. In another study, a series of synthetic chalcones were screened for
anti-hyperglycemic potentials in which some compounds showed promising reduction in
blood glucose levels [113].
2.2.8 Antihepatotoxic activity
Natural chalcones (Butein and Phloretin) have been reported to show strong
hepatoprotective effects that are induced by hepatotoxic models like acetaldehyde and
ethanol [114, 115]. The synthesized chalcone derivatives were tested for their
hepatoprotective potentials against hepatotoxicity induced by carbon tetrachloride in rats
and reported to show moderate to potent activity [116].
2.2.9 Enzymes inhibition effects
Enzyme inhibition potentials for series of natural and synthetic chalcone have been
reported. Different chalcones and chalcone derivatives were screened for cysteine,
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tyrosinase, phospholipase A2, angiotensin converting enzyme (ACE), lipoxygenase,
cyclooxygenases, pro-inflammatory cytokines, cholinesterase and antidiabetic enzymes
inhibition potentials. The natural and synthetic chalcones exhibited promising enzyme
inhibition potentials supported with docking studies [117-119].
2.2.10 Analgesic
Several reports documented the peripheral and central analgesic effects of natural
chalcones in animal models [120]. Apart from natural source chalcones, the synthesized
chalcones are also reported for analgesic [121].
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Figure 2.1: Natural and synthetic chalcones.
2.3

FLAVONOIDS

Flavonoids are main class of natural products belong to secondary metabolites of plants
having a polyphenolic structure, extensively found in vegetables, fruits and certain
beverages. They possess various bio-chemical and antioxidant effects hence can be used
in various diseases like Alzheimer’s disease (AD), cancer, atherosclerosis, etc. [122,
123]. Flavonoids possess a wide range of beneficial effects and are chiefl constituent in a
variety of pharmaceutical, medicinal, cosmetic products and nutraceuticals. They have
got considerable research interest due to their potential beneficial effects on human
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health. Experimental results from most of research studies demonstrate that these
compounds have a wide range of

biological activities including anti-inflammatory,

radical scavenging, anti-cancer, antimutagenic, anti-HIV, anti-platelet, anti-allergic, and
anti-oxidant activities [124].
2.3.1 Flavonoid rich food and medicinal plants
Flavonoids are natural compounds extracted from plant sources and they are found in
different parts of plants in nature. Plants use flavonoids for their growth and defense
against various diseases like plaques [125]. These are phenolic compounds with low
molecular weight and are widely distributed in plant kingdom and many are recognized
easily as flower however, their occurrence is not limited only to flowers but in all parts of
plants [126].
Many beverages and foods of plants origin, e.g. vegetables, fruits, cocoa, tea and wine
possess flavonoids in sufficient quantities; hence they are named as dietary flavonoids
and constitute an fundamental part of human and animal diet. Table 1 summarizes some
of the food sources containing flavonoids of different classes and among theses, soy
isoflavones, flavones and flavonols are flavonoids that are present in highest level [127].
Exact estimation of average dietary intake of flavonoids is not easy due to the wide range
of available flavonoids and also due to their widespread distribution in plants and their
diverse utilization by humans [128]. Recently, there has been an increasing attention in
the beneficial potentials of of the phenolic compounds, particularly the flavonoids [129].
Humans on earth have been utilizing flavonoids since the dawn of human life, i.e. for
about 4 million years and possess numerous biological features which nurture human
health and assist to lessen the risk of diseases.
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Table 2.1: Flavonoids of various classes of from food sources [130].

Flavonoid

Type

Dietary source

Apigenin, chrysin, ,
diosmetin, tricin and luteolin

Flavone

Peels of fruits, vetch, red wine, rice bran,
red pepper , buck wheat, chocolate and
tomato skin

Myricetin, kaempferol,
quercetin, fisetin and
tamarixetin

Flavonol

Onion, nuts, berries, red wine, tea, olive
oil, cucumber, grapefruit and apple.

Naringenin, abyssinone,
taxifolin, eriodictyol and
hesperidin

Flavanone

Citrus fruits, grapes, french beans, petit
grains and rosehips.

Catechin, epicatechin and
epigallocatechin

Daidzin and genistin

Flavanol
Milk, chocolate, tea and reduced fats.
(Flavan-3-ol)

Isoflavone

Soyabean, greenbean, alfalfa, kudzu root,
cowpea, peanut, mung bean, meat, egg
and sea food.

Apigenidin, hirsutidin,
peonidin and cyanidin

Anthocyanidin

Cranberry, strawberry, blueberry, plum,
and sweet potato.

Macluraxanthone and
mangostin

Xanthone

Hedge apple, dyer’s mulberry and
mangosteen fruit

Phloretin, butein and phlorizin

Chalcone

Manchurian apricot, apple, strawberry and
pear.
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Figure 2.2: Representation of natural flavonoids and their dietary sources. (A) flavones,
(B) flavonols, (C) flavanols, (D) flavanones, (F) isoflavones, (G) anthocyanidin [131].
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2.3.2 Classification
Flavonoids are classified into various sub-groups depending on the carbon numbers of the
“C ring” to which “B ring” is attached and the degree of “C ring” unsaturation and
oxidation. The type in which B ring is attached to position 3 of the C ring are known as
isoflavones. Those in which ring “B” is attached on position 4 are called neoflavonoids,
while those types in which it is attached on position 2 are further subdivided into various
subgroups depending on the structural features of the “C ring”. These subgroups are:
flavones, flavanonols, flavanones, flavonols, flavanols (catechins), anthocyanins and
chalcones.
They are naturally occurring group of compounds found in plants with different phenolic
structures. A new isolated chemical substance from oranges in 1930 was supposed to be a
member of vitamins and hence was given the name “vitamin P”. Later studies confirmed
that this substance was Rutin; a flavonoid [132]. Over 8000 flavonoids have been isolated
from different sources and pharmacological profiles of most of them have been
investigated [133].
Chemically flavonoids are fifteen-carbon containing compounds having two benzene
rings (A and B) linked through a heterocyclic pyrane (C) ring. They are further divided
into different types such as:
flavones (luteolin and apigenin)
flavonols (quercetin, myricetin, fisetin and kaempferol)
flavanones (naringenin and hesperetin).
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Flavonoids have several sub-groups including flavones, chalcones, flavonols and
isoflavones. The natural sources of these sub-groups are quite different, for instance tea
and onions are major dietary sources of flavones and flavonols.
2.3.2.1 Flavones
Flavones are an important subgroup of flavonoids, extensively present in leaves, flowers
and fruits. Major sources of flavones are parsley, celery, chamomile, mint, red peppers
and ginkgo biloba. Apigenin, luteolin, and tangeritin come under this subclass of
flavonoids. Nobiletin, tageretin and sinensetin are polymethoxylated flavones that are
abundantly found in peels of citrus fruits [134].
Flavones have an unsaturation between C-2 and C-3 and a carbonyl functionality on
position 4 of the “C ring”. Ring A of most flavones of fruits and vegetables origin have a
hydroxyl group particularly in position 5 and mostly in position 7 of the A ring or 3′ and
4′ of the B ring that may vary.
2.3.2.2 Flavonols
Flavonols are also another subgroup of flavonoids family that is abundantly found in a
various fruits and vegetables. Kaempferol, myricetin, quercetin and fisetin are the most
researched flavonols. Major sources of flavonols are kale, onions, tomatoes, lettuce,
apples, grapes and berries. Besides vegetables and fruits, red wine and tea also contains
flavonols in sufficient quantities. Flavonols consumption in appropriate quantities
promotes health by virtue of their antioxidant potentials and reduces vascular disease
risk.
Flavonols bear a hydroxyl group on C-3 of the C ring as compared with flavones, which
may also be glycosylated. These have a diverse pattern of hydroxylation and methylation
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like flavones. They also have diverse glycosylation patterns and considered to be the
most common and largest class of flavonoids found in vegetables and fruits like quercetin
[135].
2.3.2.3 Flavanones
Flavanones also called dihydroflavones are another essential subclass of flavonoids
which is commonly found in citrus fruits like lemons, grapes and oranges. Examples of
major flavonoids of this class are hesperitin, eriodictyol and naringenin. These
compounds impart bitter taste to fruit juice and peels of citrus fruits. Unlike flavones, the
double saturation between C-2 and C-3 is absent in Flavanones and C ring is saturated
that is the only structural difference between these [135].
2.3.2.4 Isoflavonoids
Isoflavonoids are a distinctive and very large subgroup of flavonoids. They are
distributed to a very limited level in plant kingdom and mostly present in soyabeans and
other leguminous plants and have also been documented to be present in many
microorganisms [136]. Isoflavonoids possess incredible potential against a number of
ailments. Daidzein and genistein are isoflavones that are frequently termed as
phytooestrogens due to their oestrogenic property in various animal models [137].
2.3.2.5 Neoflavonoids
Neoflavonoids are class flavonoids and are polyphenolic compounds. They have a 4phenylchromen backbone with no hydroxyl group substitution at C-2 as compared to
flavonoids which have a 2-phenylchromen-4-one backbone. Calophyllolide was the first
neoflavone which was isolated from Calophyllum inophyllum seeds in 1951. It is also
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present in the timber and bark of the Mesua thwaitesii plant endemic to Sri Lanka [138,
139].
2.3.2.6 Flavanonols (flavan-3-ols or catechins)
Flavanonols, also known as catechins or dihydroflavonols, are 3-hydroxy derivatives of
flavanones and are a very much diversified and multi-substituted class. Flavanonols are
also commonly known as flavan-3-ols because of the hydroxyl group attachment to C-3
of the C ring. Contrary to most flavonoids, the double bond between C-2 and C-3 is
saturated in flavanols. They are abundantly found in apples, onions, blueberries, broccoli,
bananas, tea, pears, red wine, olive oil, and peaches. The daily requirement in the central
European diet is suggested to be 20–35 mg [140]. Flavonols possess various therapeutic
effects including anti-atherosclerotic, anti-inflammatory, neuroprotective, anticancer
and others. The anti-inflammatory effect of flavonols is one of its principal potentials
due to safety and easy synthesis of these compounds [141].
2.3.2.7 Anthocyanins
Anthocyanins are colored compounds that are responsible for pigments in most plant
flowers and fruits. Most widely studied anthocyanins are delphinidin, cyanidin, malvidin,
pelargonidin and peonidin. They are predominantly present in the outer-most cell layers
of different plant fruits e.g. cranberries, red grapes, black currants, merlot grapes,
strawberries, raspberries, blueberries, blackberries and bilberries. They are used for
various applications in food industry due to their stability coupled with immense health
benefits [142].
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2.3.2.8 Chalcones
This type of flavonoid is characterized by the absence of ‘C ring’ of the basic skeleton
structure and can also be called to as open-chain flavonoids. Major chalcones include
phloridzin, chalconaringenin and phloretin. Chalcones are naturally present in pears,
tomatoes, bearberries, strawberries and certain wheat products in sufficient quantities.
Chalcones and their derivatives have gained considerable attention due to their wide
biological and nutritional benefits for their bioactivity and research trends [143].
2.4

APPROACHES FOR SYNTHESIS OF FLAVONOLS

Based upon the outstanding above stated literature, the synthesis of flavonol derivatives
had remained the prime objective of research. Various techniques and methodologies
have been published for their synthesis and construction of structurally different
flavonols is eye-catching to synthetic chemists. There are four main strategies for the
synthesis i.e. Auwers synthesis, the Algar-Flynn- Oyamada reaction (AFO), the BakerVenkataraman synthesis and oxidation of flavone by 3,3-dimethyldioxirane (DMDO)
[144]. Besides these strategies, other approaches have also been documented in literature.
2.4.1 Auwers synthesis
The Auwers synthesis approach was first reported in 1908 by Karl von Auwers which is a
series of organic reactions leading to flavonol synthesis from coumarone. The preliminary
step in this approach is the acid catalyzed aldol condensation between 3-cyclooxapentanone and a benzaldehyde to o-hydroxychalcone. In next step, bromination of the
unsaturated double bond produces a dibromo-adduct which subsequently rearranges in
next step in the presence of KOH to flavonol [145-149].
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Scheme 2.14: Auwers synthesis for flavonols
2.4.2 The Baker-Venkataraman synthesis of flavone and oxidation by 3,3dimethyldioxirane (DMDO) to yield flavonol.
The first practical application of the Baker–Venkataraman rearrangement towards
flavones synthesis was by Venkataraman himself, when α-naphthaflavone
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was

synthesized from naphthyl derivative using intermediate Baker– Venkataraman product,
diketone [150, 151]. Incorporation of OH group at C-3 was achieved through oxidation of
flavone using dimethyldioxirane (DMDO) followed by opening of the formed epoxide
with p-toluenesulfonic acid (PTSA) to give flavonol [152, 153].
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Scheme 2.15: Baker–Venkataraman and oxidation for flavonol synthesis
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2.4.3 Acetylation (esterification) of phenols followed by Fries migration
Acetylation/ esterification of phenols followed by Fries migration afford 2-hydroxy
acetophenones, which on subsequent reactions with different aromatic aldehydes gives 1(2-hydroxyphenyl)-3-arylprop-2-en-1-one (chalcones). Upon cyclization, these chalcones
in alkaline hydrogen peroxide (H2O2) gives 3-hydroxy-2-aryl/heteroaryl-4H-chromones
(flavones) [154]

Scheme 2.16: Acetylation/ esterification via Fries migration for flavonol synthesis
2.4.4 Use of Catalyst
Flavonols can also be synthesized from aldehydes and ketones (aromatic) in the presence
of certain catalysts. For example, 2-hydroxyacetophenone and N-ethylcarbazole-3carboxaldehyde react in the presence of pyrrolidine (catalyst) in a one-pot three-step
process to afford a flavone with 41% yield. A hydroxychalcone intermediate is produced
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first by condensation reaction followed by cyclization and oxidation to give the desired
product [155-157].

Scheme 2.17: Use of Catalyst for flavonol synthesis
2.4.5 Refluxing (Facile Synthesis of 3-Hydroxyflavones)
By simple refluxing of 2-hydroxyacetophenone with 4-formylphenylboronic acid in the
presence of solid sodium hydroxide (NaOH) for 5 h in methanol, followed by in situ
oxidative cyclization with H2O2 at room temperature in one step afford flavone with a
relatively high yield (65%). The crude product was simply extracted and did not require
any further purification steps [158].
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Scheme 2.18: Facile Synthesis of flavonols
Moriarty et al., have reported the synthesis of 3-Hydroxy-2-phenyl-4Hchromen-4-one by
the hydroxylation of 2-Phenyl-4H-chromen-4-one in the presence of Palladium catalyst
and KOH in methanol and acetone at room temperature [159].
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Scheme 2.19: Facile Synthesis of flavonol
Mariappan babu et al., have reported the Microwave-assisted Montmorillonite Clay
supported synthesis of 2-(Furan-2-yl)-3-hydroxy-4H-chromen-4-one from 2-(3-(Furan-2yl)oxirane-2carbonyl)phenyl(methylsulfonyl)methanoate [160].

Scheme 2.20: Microwave-assisted synthesis of flavonol
2.4.6 Algar–Flynn–Oyamada reaction
The Algar–Flynn–Oyamada (AFO) reaction is a chemical reaction in which a chalcone is
oxidative cyclized to a flavonol [161, 162]. The AFO reaction is commonly applied for
the synthesis of flavonols because of its relative simplicity and convenience. This
reaction involves the oxidation of 2'- hydroxychalcone in the presence of hydrogen
peroxide and alkaline alcoholic solution to yield flavonol.
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There are two proposed hypothesis regarding the mechanism reaction. In first hypothesis,
it is assumed that the reaction progress by achieving chalcone epoxide from 2hydroxychalcone. Subsequent cyclization of the chalcone epoxide may occur at either the
a- or b-position, leading to aurone or the flavonol synthesis respectively [163]. The other
hypothesis regarding flavonol synthesis by AFO initiates with cyclization of chalcone
anion, followed by electrophilic attack of hydrogen peroxide at C-3 carbon atom of the
anion, subsequent formation of flavonol.

Scheme 2.21: Algar–Flynn–Oyamada (AFO) synthesis of flavonol
Ashish Kumar et al., have reported the synthesis of 3-Hydroxy-2-phenyl-4Hchromen- 4one from (E)-1-(2-Hydroxyphenyl)-3-phenylprop-2-en-1-one by reacting with Urea
hydrogen peroxide (UHP) in the presence of aqueous potassium hydroxide at room
temperature.
3-hydroxy-2-phenyl-4H-chromen-4-ones (flavonols or 3-hydroxyflavones) was prepared
in excellent yields from 2′-Hydroxychalcones by simple grinding it with KOH moisten
with ethanol and urea-hydrogen peroxide complex (UHP). Epoxidation of the chalcone
followed by its oxidative cyclization takes place simultaneously in one-pot reaction
[164].
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Scheme 2.22: Modified Algar–Flynn–Oyamada (AFO) synthesis of flavonol
The AFO transformation can also be accomplished in mild reaction conditions i.e. using
Na2CO3/H2O2 in methanol and water [144].

Scheme 2.23: Modified Algar–Flynn–Oyamada (AFO) synthesis of flavonol
2.5

IMPORTANCE OF FLAVONOIDS

Recently, studies showed considerable efforts on search of antioxidant plant-derived
polyphenol

compounds

with

neuroprotective

potential

for

the

treatment

of

neurodegenerative diseases [165]. Dietary flavonoids have been suggested to prevent and
treat neurodegenerative diseases [166]. Flavonoids are found in numerous plants, fruits,
and vegetables and are known as the most common phytochemicals which possess a
multiple range of pharmacological effects [167]. These secondary metabolites have been
described as potent antioxidant, free radical scavengers, and metal chelators [167, 168],
also presenting anticholinesterase [169], antiaging [170], neuroprotective [171] and antiinflammatory properties [172], and neurotrophic roles [173], ameliorating learning and
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memory [174], possessing potent antidepressant and antiamyloidogenic effects [167],
suppressing the activation of microglia, and mediating inflammatory processes in the
central nervous system (CNS) [175]. Moreover, flavonoids are capable to cross the
blood-brain barrier (BBB) with acute or chronic administration suggesting to have a
direct effect on the brain, so this chemical compounds could be used as a prophylactic, in
order to slow down the progression of diseases such as AD and PD [176]. Considering
that neurodegenerative diseases signifies some of the greatest challenges for basic science
and clinical medicine, our study consist a systematic review of pharmacological reports
involving the use of flavonoids on neurodegenerative conditions, especially AD and PD.
2.6

LIMITATIONS

Though there are numerous examples on the use of naturally occurring flavonoids and
isoflavonoids having useful activities against a wide range of diseases, their application
as therapeutic agents has been restricted due to the reasons given below [177]
i)

Presence of these compounds in the plant materials in scarce amounts,

ii)

Cumbersome purification and extraction approaches which frequently requires

solvents in large volume, various chromatographic purification techniques, seldom
needing HPLC purifications, and
iii)

Unavailability of proper biological results.

Development of effective and efficient synthetic strategies which can not only assist in
the natural products isolation but also in synthesis of their semi synthetic analogues for
biological and pharmacological applications is one of the possible solutions to these
problems.
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AIMS OF THE PRESENT RESEARCH WORK

To discover new therapeutic agents for various ailments, synthetic chemistry is becoming
an interesting area throughout the world for researchers. To synthesize molecules that
have less toxicity and maximum specificity is the main objective of this research work
and to synthesize flavonol derivatives for their pharmacological applications and can
generally be separated into two subdivisions.
Part-1 is focused on the synthesis of different flavonol derivatives from commercially
available aldehydes and ketones. All the synthesized compounds are characterized using
different spectroscopic techniques i.e Infrared spectroscopy (IR), mass spectrometry
(MS), nuclear magnetic resonance (NMR), CHN analysis and X-Ray crystallography
(XRD).
Part-2 is focused on the biological, pharmacological aspect of the study flavonols and
structure activity relationship (SAR) studies with intend of producing compounds with
improve safety profile and enhanced activity.
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CHEMICALS AND DRUGS

Ketone

(HOC6H4COCH,

benzaldehyde

derivatives

CAS

Number: 118-93-4,
(Sigma-Aldrich

Sigma-Aldrich

Germany),

Germany),

2,2'-azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid) (ABTS, C18H24N6O6S4, CAS Number: 30931-670, Sigma Aldrich USA), 1,1-diphenyl-2-picryl-hydrazyl (DPPH, C18H12N5O6, CAS
Number: 1898-66-4, Sigma Aldrich USA), hydrogen peroxide (H2O2, CAS Number:
7722-84-1, Sigma-Aldrich Germany), Tween-80 (Catalog Number, 8574-1405,
DAEJUNG, Korea), tocopherol ( C29H50O2, CAS Number: 10191-41-0, Sigma-Aldrich
Germany), scopolamine (C17H21NO4·HCl, CAS Number: 55-16-3, Sigma-Aldrich
Germany), 2-thiobabituric acid (TBA, C4H4N2O2S, CAS Number: 504-17-6, SigmaAldrich Germany). Enzymes including Acetylcholinestease (AChE, type-VI-S, CAS
9000-81-1, Electric eel, Sigma-Aldrich USA), Butyrylcholinestease (BuChE, CAS 900108-5, equine serum Lyophilized, Sigma-Aldrich USA), substrates acetyl and
butyrylcholine iodide (CAS1866-15-5, Sigma-Aldrich UK, CAS 2494-56-6, SigmaAldrich Switzerland), DTNB 5,5-dithio-bis-nitrobenzoic acid (Ellman’s Reagent, [SC6H3(NO2)CO2H]2, CAS Number: 69-78-3, Sigma-Aldrich Germany), Galanthamine
hydrobromide (C17H21NO3·HBr, CAS Number: 1953-04-4, Sigma-Aldrich France) and
donepezil (C24H29NO3·HCl, CAS Number: 120011-70-3, Sigma-Aldrich USA) were of
Sigma Aldrich Chemical Company. TLC plates 60 F254 (CAS Number: 1003900001) and
silica (CAS Number: 7631-86- 9) were purchased from Merck Darmstadt Germany.
Solvents and chemicals like sodium hydroxide, ethanol, ethyl acetate, n-hexane used
were obtained from E. Merck.
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Bruker SF spectrometers were used to record 1H NMR spectra deutrated chloroform
(CDCl3) operating at 300 megahertz (MHz) frequency. Electrothermal 9100 apparatus
(Barnstead UK) was used to determine th melting points using open capillary tubes. TLC
plates (Merck 60 F254) of Darmstadt Germany were used to check the extent of reaction
and purity of final compounds and were visualized under UV Lamp (254/365 nm).
3.1

SYNTHESIS OF FLAVONOL DERIVATIVES

3.1.1 General procedure
A methodology of Claisen−Schmidt condensation (CSC) reaction followed by Algar–
Flynn–Oyamada (AFO) reaction was used for the synthesis of flavonol derivatives. To an
ethanolic solution of 2-hydroxyacetophenone (5 mmol), sodium hydroxide (40%
ethanolic, 10 mL) was drop wise added at room temperature. To this, the associated
benzaldehyde derivatives (5 mmol) were drop wise added to this mixture and stirred at
room temperature for 18 to 24 hours. TLC was used was to monitor the extent of reaction
and after reaction completion, it was poured into crushed ice followed by neutralization
with HCl (1N) solution to produce precipitates of

the corresponding 2’-

hydroxchalcones.The associated chalcones were then filtered, washed, dried and store for
further process.
In second step, the 2’-hydroxychalcone was suspended in ethanol, and addition of NaOH
(2 eq, 5 M) and H2O2 (2.2 eq, 30%) was carried out at 4°C. The contents of the reaction
mixture was stirred for 4-6 hours at room temperature, afterwards acidified with HCl
(2M) and poured into water (250 mL). Upon filtration, the precipitate was collected and
recrystallized from methanol for obtaining pure product [178].
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Scheme 3.1: Synthesis of flavonol derivatives
3.2

In-vitro antioxidant activity

The in-vitro antioxidant potential of flavonol derivatives was analyzed using DPPH and
ABTS methods.
3.2.1 DPPH radical scavenging activity
The compounds (OF1-OF12) and standard tocopherol was used to determine the
antioxidant potentials using DPPH with the slight modifications. About 1 mL of
synthesized flavonols and standard tocopherol (6.25-250 μg/mL) were mixed with DPPH
(2% in methanol, 1mL) and incubated for 30 minutes. The absorbance was measured
using spectrophotometer (Shimadzu UV-1800, Japan) at 517 nm and percent scavenging
activity in triplicate was calculated to calculate the IC50 of flavonols and standard [179].
3.2.2 ABTS radical Scavenging activity
The compounds (OF1-OF12) and standard tocopherol was used to determine the
antioxidant potentials using ABTS with the slight modifications. Briefly, 0.1mL of
sample (synthesized flavonol derivatives) and standard (tocopherol) solutions (6.25- 250
μg/ mL) was mixed with 1.9 mL of ABTS solution (7 mM ABTS and 2.45 mM
potassium persulphate) followed by incubation for 5 minutes.
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The absorbance was measured spectrophotometrically at 734 nm and percent scavenging
activity in triplicate was calculated. The IC50 of flavonols and standard was calculated
using Graph Pad Prism Software 5 version 5.01 software [180].
3.3

In-vitro anticholinesterase activity

3.3.1 AChE inhibitory activity
The in-vitro acetylcholinesterase inhibitory potentials of the obtained flavonols were
determined by spectrophotometric method with slight modification as per our previous
reported method. Various concentrations of synthetic flavones were diluted further with
phosphate buffer (0.1M) to make different concentrations (μM). AChE (518U/mg) was
diluted with phosphate buffer (0.1M, pH 8.0) to obtain final concentration of 0.03U/mL
(AChE). Solutions of DTNB (0.2273 mM) and substrate ATChI (0.5 mM) were prepared.
For each sample, enzyme solution of 5 µl followed by flavonol derivatives (205 µL) and
DTNB reagent (5 µl) were mixed. The final mixture was kept in water bath for 15
minutes at 30 ºC with consequent addition of substrate solution (5 µL). The absorbance at
412 nm was measured using double beam spectrophotometer. IC50 indicating the
concentration of 50% inhibition was also calculated [181].
3.3.2 BuChE inhibitory activity
The in-vitro butyrylcholinesterase inhibitory activity of synthesized flavonols was
determined by spectrophotometric method with slight modification as per our previous
reported method. Various concentrations of synthetic flavones were diluted further by
phosphate buffer (0.1M) to get different concentrations (μM). Using 0.1 M phosphate
buffer (pH 8.0) for dilution of BuChE (7-16 U/mg) until final concentration of 0.01 U/mL
(BuChE) was obtained. BTChI (0.5 mM) and DTNB (0.2273 mM) solution were made in
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distilled water. During each assay, 5 μL of enzyme solution was added to the cuvette,
then flavonols (205 μL) and finally the reagent DTNB (5 μL). The final mixture was kept
in water bath for 15min at 30 ºC with consequent addition of substrate solution (5 µL).
The absorbance at 412 nm was measured using double beam spectrophotometer. For
positive control Galanthamine was used. A time of 4 minutes was given to the
absorbance along with reaction at 30 °C. The experiment was repeated in triplicate and
IC50 was calculated [182].
3.4

MOLECULAR DOCKING

Molecular docking of the synthetic flavonol derivatives was done by MOE to insight the
binding pattern of the flavonol derivatives against cholinesterase. For AChE and BuChE
PDB ID’s 4EY7 and 4BDS were extracted from Brookhaven Protein Data Bank [183].
In case of BuChE, the conserved water were kept and rest of the water molecules were
deleted.

All the ligands were sketched from MOE-Builder Program followed by

protonation, minimization and partial charges using MMFF94 through MOE. Protonation
and minimization were also applied to both cholinesterase receptors followed by
AMBER99 force field. The binding interactions of protein-ligand complexes were
analyzed by MOE [184].
3.5

NOOTROPIC ACTIVITY

The nootropic effects of flavonols (OF1-OF12) were assessed by passive avoidance step
through test, passive avoidance step down test and novel object recognition test. These
tests are most commonly used to study learning and memory functions in animal models.
3.5.1 Animals and housing
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Balb/C mice (18-23 gm) were obtained from National Institute of Health (NIH)
Islamabad and housed at the animal house of University of Malakand in individual home
cages with free access to standard diet and water. The animals were acclimatized and
starved overnight before the start of experimental design. The animals were handled as
per approved experimental protocols for the study (Pharm/ECC/OFN-22/04/15) by
ethical committee of the Department and guaranteed its fulfillment with provisions of the
“Animal Bye-Laws 2008, Scientific Procedures Issue-I of the University of Malakand”.
3.5.2 Acute toxicity
The synthesized compounds OF1-OF12 suspended in tween-80 (2%) were screened for
its toxicological profile in acute toxicity study. Briefly, mice (n=6) in groups were given
various doses of flavonols by i.p route in two phases (three groups in each) and were kept
under initial observation for 15-30 minutes and kept under observation for next 24 hours
at six hours interval. After this, the animals were kept under observation for two weeks
for any behavioral changes and symptoms of the synthetic flavonoids toxicity [185].
3.5.3 Drug Treatment
After seven days of acclimatization, animals were arbitrarily assigned into groups of 8
each. The pattern of activity (schedule) of the study is presented in Figure 3.2. The
normal and control groups received Tween-80 by orally administration. The synthetic
flavonol derivatives (OF1-OF12) were administrated via intraperitoneal route (i.p.) for
28 days is presented in Figure 3.2.
After prescribed days of administration period in the study layout, scopolamine (1.5
mg/kg, i.p) was administered to tested animals (control, synthetic flavonol derivatives
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and standard donepezil) to cause amnesia (induce memory impairment), while the
Tween-80 was administered orally to normal group.

Figure 3.1: Schedule plan for the study
The grid floor and platform were cleaned with alcohol before each new experiment. The
transfer latency for acquisition and retention of memory was measured on the days
mentioned as in pattern of activity (schedule) of the study for Step through passive
avoidance, Step-down Passive avoidance and Novel Object Recognition Test as
presented in Figure 3.3.
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Figure 3.2: Grouping and dosing of groups
3.5.3.1 Step through passive avoidance test
The step through passive avoidance apparatus was used to determine the nootropic effects
of synthesized flavonols. The apparatus is consist of two same compartments, one light
and the other dark one with grid floor partitioned by a guillotine door (local made). The
grid floor in dark compartment is facilitated by application of electric shock. A test
procedure comprises of two separate trials, an acquisition and a retention trial.
On day 22nd to 24th, during acquisition trial, each mouse in respective group after
habituation was carefully placed in the light compartment and left to explore for 10
seconds. After this, the guillotine door was opened by permitting entry to the dark
compartment. When the animal entered the dark portion, the guillotine door was closed
and an electrical foot shock (0.5 mA, 3 sec) to the grid floor was delivered. The mouse
was returned immediately to its home cage.
After 24 hours of acquisition trial, the similar animals in respective groups were
subjected to the retention trial to ascertain the memory. The mouse in each group was
treated in similar fashion like acquisition without application of foot shock and the step
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through latency (STL) was recorded using stopwatch to enter into the dark compartment
for a maximum of 300 s. The amnesic agent, scopolamine (1.5 mg/kg, i.p.) was used to
induce memory impairment 30 minutes before the start of acquisition trial. The
synthesized flavonols (OF1-OF12), standard (donepezil) and vehicle (Tween-80) were
administered 60 minutes prior to the acquisition trial [186, 187].
3.5.3.2 Step down Passive avoidance test
Passive avoidance step down behavior was used to examine the nootropic effects of
synthetic flavonols on mice model. The apparatus consisted of a Plexi glass box (local
made) consisting a stainless steel grid floor, with a plastic or wooden platform in the
center of the grid floor allied with electric shock (19.5 V, 0.5 mA.).
After acclimatization and habituation, an acquisition trial (On day 22nd to 24th) was
carried out. During this session, each mouse was placed gently on the wooden/plastic
platform. When the animal stepped down by placing all its paws on the grid floor, shocks
were delivered for 15 s and the step down latency (SDL) using stopwatch was recorded.
Animals with latency in the range of 2–15 sec were used for the second session and the
retention test. The animals were again treated in similar fashion for second session after
90 minutes of the first trial and electric shocks were delivered if the animals stepped
down before 60 sec. The animals with SDL more than 60 sec were subjected to retention
test. After 24 hours of acquisition trial, the retention trial (memory) was (i.e. 25th day)
performed in a similar fashion, except the application of electric shocks to the grid floor
with an upper cut off time of 300 sec [188].
3.5.3.3 Novel object recognition test
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The nootropic effects of flavonol derivatives in animal was evaluated using novel object
recognition test that consists of plexiglass box (40cmx40cmx66cm). The study comprises
habituation, training and testing phases. During habituation the animals were left free to
explore in and habituate with empty box during habituation followed by training session.
In training, the animals were exposed to two identical objects that were placed at same
position in two corners. After acquisition the test session was carried out (after 24 hours)
replacing one novel object with identical one. The time in seconds spent to explore the
objects in each phase was recorded and was counted when the mice orienting head or
nose towards the object within a distance of 2 cm or placing forepaws on it. The
capability to recognize the novel object was estimated using a discrimination index (DI)
that was determined for each group using the formula: (N −F/N + F) [189].
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Figure 3.3: Nootropic models used in the study A: Step through latency B: Novel
object recognition C: Step down latency
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Tissue preparation for biochemical analysis

The mice after nootropic studies on 28th day were decapitated under ether anesthesia and
the brains were excised and weighed. The brain was processed for the
separation/extraction of hippocampus (HC) and frontal cortex (FC) portion in ice cold
(chilled) phosphate buffer saline (pH 8.0, 0.1 M), homogenized and centrifuged (1000
×g) for 10 minutes as presented in Figure 6. The supernatants were used for brain
biochemical analysis that includes AChE, ACh, SOD, CAT, MDA (malondialdehyde, a
marker of lipid peroxidation) and GSH reduced glutathione (the principal antioxidant
enzyme of the body).

Figure 3.4: Preparation for biomarker study
3.6.1 Protein concentration
The total protein of brain homogenate was calculated as per method described and
reported by Bradford (1976) using bovine serum albumin (BSA) as standard [190].
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3.6.2 Cholinesterase inhibition assay (Ex-vivo)
AChE activities were calculated in the frontal cortex (FC) and hippocampus (HC) as per
previously reported procedure [191].
3.6.3 Measurement of acetylcholine concentration
The concentration of acetylcholine in the frontal cortex (FC) and hippocampus (HC) of
brain was measured spectrophotometerically by following previously described methods
using hydroxylamine and Ferric chloride (FeCl3) [192].
3.6.4 Superoxide dismutase (SOD) activity
The effect of flavonols on superoxide dismutase (SOD) in brain was assayed as per
previously reported method by Winterbourn et al. Briefly, to the supernatant, 1.5 mL of
Tris/HCl (100 mM, pH 7.8), NBT (75 mM), riboflavin (2 M), EDTA (6 mM) is added.
The absorbance at 560 nm was monitored followed the production of blue formazan and
values for SOD are taken in Units/mg protein [193, 194].
3.6.5 Catalase (CAT) activity
The activity was determined in the frontal cortex (FC) and hippocampus (HC) of brain to
confirm the association of antioxidant enzymes in memory. Briefly, 50 μL aliquots of the
FC and HC was mixed and incubated at 37 °C with phosphate buffer (0.1 M, pH 7.5, 705
μL ) and H2O2 (0.16M, 200 μL) followed by addition of 0.2 mL of dichromate acetic acid
reagent and absorbance at 620 nm was recorded. CAT activity was expressed in terms of
Units/mg protein [195].
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3.6.6 Estimation of MDA level (Thiobarbituric Acid Reactive Substance, TBARS)
To determine the degree of lipid peroxidation, MDA level was spectrophotometrically
measured determined in the frontal cortex (FC) and hippocampus (HC) of brain using the
thiobarbituric acid assay procedure. Briefly, 200 μL of supernatant was thoroughly mixed
with trichloroacetic acid (50%, 1 mL) in HCl (0.1 M) and thiobarbituric acid (26 mM, 1
mL). After vortex mixing, the reaction mixtures were maintained at 95 °C for 20 minutes
followed by centrifugation for 20 minutes. The absorbance of supernatants was read
spectrophotometrically at 532 nm. The results were expressed as mmol/mg protein [196].
3.6.7 Estimation of GSH
The reduced glutathione (GSH) level in the frontal cortex (FC) and hippocampus (HC) of
brain as per previously described by method. Briefly, the homogenates were treated to
precipitate the proteins by adding trichloroacetic acid (20 %) containing EDTA (1 mM)
in equal volume and allowed to kept undisturbed for 5 minutes before centrifugation. The
supernatant (200 μL) after centrifugation was transferred to test tubes and Ellman's
reagent (0.1 mM, 1.8 mL) prepared in phosphate buffer (0.3 M) was added and final
volume of 2 mL was made. The absorbance of total reaction mixture was read
spectrophotometrically at 412 nm and values were compared to that of standard GSH and
results were expressed as mmol/mg protein [196].
3.7

STATISTICAL ANALYSIS

Data was presented as mean ± SEM. One Way ANOVA Test was performed using Graph
Pad Prism version 5.00 for Windows, Graph Pad Software, San Diego California USA.
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Results and Discussion

RESULTS AND DISCUSSION
Characterization

A simple and convenient methodology of Claisen−Schmidt condensation (CSC) reaction
followed by Algar–Flynn–Oyamada (AFO) reaction was used for the synthesis of
flavonol derivatives (OF1-OF12) was used to synthesize the flavonols from ketone and
substituted benzaldehyde (Scheme 4.1) [259]. The synthesis of flavonol derivatives
(OF1-OF12) progressed well in particular time and was produced in a good percent yield
that is presented in (Table 2) along with physical parameters. All the synthesized
compounds are characterized using different spectroscopic techniques i.e mass
spectrometry (MS), Infrared spectroscopy (IR, KBr υ, cm-1), nuclear magnetic resonance
(1HNMR, 300 MHz and 75 MHz, Chloroform- d), CHN analysis and X-Ray
crystallography (XRD).

Scheme 4.1: Synthesis of flavonol derivatives
In the study design, the synthesized flavonol derivatives were in accordance to the
reported previous results are presented in Figure 4.1. The physical parameters of the final
synthesized flavones derivatives are given in Table 4.1 while the 1H NMR, IR, Mass and
CHN study are given in experimental portion.
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Table 4.1: Physical properties of flavonol derivatives

Flavonol

R1

R2

R3

R4

Yeild

Appearance

Rf

mp (ºC)

OF1

-H

-H

-H

-H

71.2%

White crystals

0.63

163-167

OF2

-H

-H

-N(CH3)2

-H

65.6%

Orange solid

0.71

192-195

OF3

-H

-H

-Cl

-H

74.2%

White crystals

0.68

198-201

OF4

-H

-H

- CH3

-H

71.3%

Yellow crystals

0.70

193-197

OF5

-H

-H

- OCH3

-H

76.1%

Off white crystals

0.66

233-235

OF6

-H

-H

-CF3

-H

69.3%

White crystals

0.69

171-174

OF7

- OCH3

-H

-H

-H

57.8%

White solid

0.63

209-211

OF8

-H

- OCH3

-H

-H

61.2%

Yellow solid

0.68

131-133

OF9

- OCH3

- OCH3

-H

-H

55.7%

Pale yellow solid

0.54

176-179

OF10

- OCH3

-H

- OCH3

-H

62.1%

Yellow solid

0.57

192-194

OF11

-H

- OCH3

- OCH3

-H

66.4%

Yellow solid

0.60

199-201

OF12

- OCH3

-H

-H

- OCH3

64.8%

Pale yellow solid

0.67

183-185
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Figure 4.1: Structures of synthesized flavonols used in this study
4.1.1 Characterization of 3-Hydroxy-2-phenyl-4H-chromen-4(1H)-one (OF1)
The synthetic flavonol (OF1) was obtained from chalcone which was synthesized by
reacting equal amount (equimolar) of 2′-hydroxyacetophenone and benzaldehyde in
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alcoholic sodium hydroxide followed by cyclization to flavonol by addition of NaOH
followed

by

drop

wise

addition of H2O2.
Yeild: 71.2%
Melting point: 163-167 ºC
R.f: 0.63
Appearance: White crystals
1

H NMR :

8.24-7.24 (m, 8H, Ar-H), 6.98 (br s, 1H, OH).

IR (KBr):

3226.12 (Ar–OH), 1618.41 (C=O pyrone ring)

EI-MS (m/z): 238.1[197, 198].

Figure 4.2: 1HNMR of 3-Hydroxy-2-phenyl-4H-chromen-4(1H)-one (OF1)
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Figure 4.3: Mass of 3-Hydroxy-2-phenyl-4H-chromen-4(1H)-one (OF1)

Figure 4.4: XRD of 3-Hydroxy-2-phenyl-4H-chromen-4(1H)-one (OF1)
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The synthesized flavonol OF1 was characterized with mass and 1H NMR spectroscopic
techniques. The 1H NMR spectrum of this compound show characteristic peak for the
hydroxyl proton at 6.9 ppm relative to TMS as a broad singlet which is also reported in
the same region for similar flavonol [197, 198]. The remaining 9H for aromatic rings
were observed in the aromatic region of the spectrum from 7.39-8.24 ppm as shown in
Figure 4.2. The theoretical calculated mass of compound OF1 is 238.06 m/z and the
experimentally determined mass of this compound was 238.1 as shown in Figure 4.3.
The IR spectrum of this compound show characteristic peaks for carbonyl and hydroxyl
functional groups at 1618.41 and 3226.12 cm-1 respectively. The XRD of OF1 is also
given in Figure 4.4. These findings confirm the successful synthesis of compound OF1.
4.1.2 Characterization of 3-Hydroxy-2-(4-(dimethylamino)phenyl)-4Hchromen-4one (OF2)
The synthetic flavonol (OF2) was obtained from chalcone which was synthesized by
reacting

equal

amount

(equimolar)

of

2′-hydroxyacetophenone

and

4-

dimethylaminobenzaldehyde in alcoholic sodium hydroxide followed by cyclization to
flavonol by addition of NaOH followed by drop wise addition of H2O2.
Yeild: 65.6%
Melting point: 192-195 ºC
R.f: 0.71
Appearance: Orange solid
1

H NMR:

IR (KBr):

8.23-7.24 (m, 8H, Ar–H), 6.98 (br s, 1H, OH), 3.09 (s, 6H, N(CH3)2)
3236.71 (Ar–OH), 1614.62 (C=O pyrone ring)

EI-MS (m/z): 281.10 [199].
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Figure 4.5: 1HNMR of 3-Hydroxy-2-(4-(dimethylamino)phenyl)-4Hchromen-4-one
(OF2)

Figure 4.6: Mass of 3-Hydroxy-2-(4-(dimethylamino)phenyl)-4Hchromen-4-one
(OF2)
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The synthesized flavonol OF2 was characterized with mass and 1H NMR spectroscopic
techniques. The 1H NMR spectrum of this compound show characteristic peak for the
hydroxyl proton at 6.98 ppm relative to TMS as a broad singlet which is also reported in
the same region for similar flavonol [199]. The remaining 8H for aromatic rings were
observed in the aromatic region of the spectrum from 7.24-8.23 ppm. A singlet peak for
6 protons of NN-dimethyl group was found at 3.09 ppm as shown in Figure 4.5. The
theoretical calculated mass of compound OF2 is 281.11 m/z and the experimentally
determined mass of this compound was 281.10 as shown in Figure 4.6. The IR spectrum
of this compound show characteristic peaks for carbonyl and hydroxyl functional groups
at 1614.62 and 3236.71 cm-1 respectively. These findings confirm the successful
synthesis of compound OF2.
4.1.3 Characterization of 3-hydroxy-2-(4-Chlorophenyl)- 4H-chromen-4-one (OF3)
The synthetic flavonol (OF3) was obtained from chalcone which was synthesized by
reacting equal amount (equimolar) of 2′-hydroxyacetophenone and 4-chlorobenzaldehyde
in alcoholic sodium hydroxide followed by cyclization to flavonol by addition of NaOH
followed by drop wise addition of H2O2.
Yeild: 74.2%
Melting point: 198-201 ºC
R.f: 0.68
Appearance: White crystals
1

H NMR:

8.21 – 7.24 (m, 8H, Ar–H), 7.01 (br s, 1H, OH)

IR (KBr):

3271.65 (Ar–OH), 1604.02 (C=O pyrone ring)

EI-MS (m/z): 272.0 [198, 200].
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Figure 4.7: 1HNMR of 3-hydroxy-2-(4-Chlorophenyl)- 4H-chromen-4-one (OF3)
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Figure 4.8: Mass of 3-hydroxy-2-(4-Chlorophenyl)- 4H-chromen-4-one (OF3)
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Figure 4.9: XRD of 3-hydroxy-2-(4-Chlorophenyl)- 4H-chromen-4-one (OF3)
The synthesized flavonol OF3 was characterized with mass and 1H NMR spectroscopic
techniques. The 1H NMR spectrum of this compound show characteristic peak for the
hydroxyl proton at 7.01 ppm relative to TMS as a broad singlet which is also reported in
the same region for similar flavonol [198, 200]. The remaining 8H for aromatic rings
were observed in the aromatic region of the spectrum from 7.24-8.21 ppm as shown in
Figure 4.7. The theoretical calculated mass of compound OF3 is 272.02 m/z and the
experimentally determined mass of this compound was 272.0 as shown in Figure 4.8.
The IR spectrum of this compound show characteristic peaks for carbonyl and hydroxyl
functional groups at 1604.02 and 3271.65.cm-1 respectively. The XRD of OF3 is given in
Figure 4.9. These findings confirm the successful synthesis of compound OF3.
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4.1.4 Characterization of 3-Hydroxy-2-(p-Tolylphenyl)-4H-chromen-4(1H)-one
(OF4)
The synthetic flavonol (OF4) was obtained from chalcone which was synthesized by
reacting

equal

amount

(equimolar)

of

2′-hydroxyacetophenone

and

4-

methylbenzaldehyde in alcoholic sodium hydroxide followed by cyclization to flavonol
by addition of NaOH followed by drop wise addition of H2O2.
Yeild: 71.3%
Melting point: 193-197 ºC
R.f: 0.70
Appearance: Yellow crystals
1

H NMR:

IR (KBr):

8.29-7.08 (m, 8H, Ar-H), 6.68 (br s, 1H, OH), 2.41 (s, 3H, CH3)
3237.28 (Ar–OH), 1614.34 (C=O pyrone ring)

EI-MS (m/z): 252.10 [197].
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Figure 4.10: 1HNMR of 3-Hydroxy-2-(p-Tolylphenyl)-4H-chromen-4(1H)-one (OF4)
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Figure 4.11: Mass of 3-Hydroxy-2-(p-Tolylphenyl)-4H-chromen-4(1H)-one (OF4)

Figure 4.12: XRD of 3-Hydroxy-2-(p-Tolylphenyl)-4H-chromen-4(1H)-one (OF4)
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The synthesized flavonol OF4 was characterized with mass and 1H NMR spectroscopic
techniques. The 1H NMR spectrum of this compound show characteristic peak for the
hydroxyl proton at 6.68 ppm relative to TMS as a broad singlet which is also reported in
the same region for similar flavonol [197]. The remaining 8H for aromatic rings were
observed in the aromatic region of the spectrum from 7.08-8.29 ppm. In addition, a peak
for 3 protons of two CH3 group is observed at 2.41 ppm as singlet (Figure 4.10). The
theoretical calculated mass of compound OF4 is 252.08 m/z and the experimentally
determined mass of this compound was 252.10 as shown in Figure 4.11. The IR
spectrum of this compound show characteristic peak for carbonyl and hydroxyl
functional groups at 1614.34 and 3237.28 cm-1 respectively. The XRD of OF5 is given in
Figure 4.12. These findings confirm the successful synthesis of compound OF4.
4.1.5 Characterization

of

3-Hydroxy-2-(p-methoxyphenyl)-4H-chromen-4-one

(OF5)
The synthetic flavonol (OF5) was obtained from chalcone which was synthesized by
reacting

equal

amount

(equimolar)

of

2′-hydroxyacetophenone

and

4-

methoxybenzaldehyde in alcoholic sodium hydroxide followed by cyclization to flavonol
by addition of NaOH followed by drop wise addition of H2O2.
Yeild: 76.1%
Melting point: 233-235 ºC
R.f: 0.66
Appearance: Offwhite crystals
1

H NMR:

IR (KBr):

8.28-7.06 (d, 8H, Ar-H), 6.96 (br s, 1H, OH), 3.92 (s, 3H, CH3).
3244.52 (Ar–OH), 1611.72 (C=O pyrone ring)
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EI-MS (m/z): 268.10 [178, 200].

Figure 4.13: 1HNMR of 3-Hydroxy-2-(p-methoxyphenyl)-4H-chromen-4-one (OF5)
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Figure 4.14: Mass of 3-Hydroxy-2-(p-methoxyphenyl)-4H-chromen-4-one (OF5)
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Figure 4.15: XRD of 3-Hydroxy-2-(p-methoxyphenyl)-4H-chromen-4-one (OF5)
The synthesized flavonol OF5 was characterized with mass and 1H NMR spectroscopic
techniques. The 1H NMR spectrum of this compound show characteristic peak for the
hydroxyl proton at 6.96 ppm relative to TMS as a broad singlet which is also reported in
the same region for similar flavonol [178, 200]. The remaining 8H for aromatic rings
were observed in the aromatic region of the spectrum from 7.06-8.28 ppm. In addition, a
peak for 3 protons of two OCH3 group is observed at 3.92 ppm as singlet (Figure 4.13).
The theoretical calculated mass of compound OF5 is 268.07 m/z and the experimentally
determined mass of this compound was 268.10 as shown in Figure 4.14. The IR
spectrum of this compound show characteristic peaks for carbonyl and hydroxyl
functional groups at 1611.72 and 3244.52 cm-1 respectively. The XRD of OF5 is given in
Figure 4.15. These findings confirm the successful synthesis of compound OF5.
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4.1.6 Characterization of 3-hydroxy-2-(4-(trifluoromethyl)phenyl)-4H-chromen-4one (OF6)
The synthetic flavonol (OF6) was obtained from chalcone which was synthesized by
reacting

equal

amount

(equimolar)

of

2′-hydroxyacetophenone

and

4-

trifluoromethylbenzaldehyde in alcoholic sodium hydroxide followed by cyclization to
flavonol by addition of NaOH followed by drop wise addition of H2O2.
Yeild: 69.3%
Melting point: 171-174 ºC
R.f: 0.69
Appearance: White crystals
1

H NMR:

8.42-7.28 (m, 8H, Ar–H), 7.18 (br s, 1H, OH).

IR (KBr):

3241.28 (Ar–OH),, 1617.21(C=O pyrone ring)

EI-MS (m/z): 305.2 [199].
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Figure 4.16: 1HNMR of 3-hydroxy-2-(4-(trifluoromethyl)phenyl)-4H-chromen-4-one
(OF6)
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Figure 4.17: Mass of 3-hydroxy-2-(4-(trifluoromethyl)phenyl)-4H-chromen-4-one
(OF6)

Figure 4.18: XRD of 3-hydroxy-2-(4-(trifluoromethyl)phenyl)-4H-chromen-4-one
(OF6)
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The synthesized flavonol OF6 was characterized with mass and 1H NMR spectroscopic
techniques. The 1H NMR spectrum of this compound show characteristic peak for the
hydroxyl proton at 7.18 ppm relative to TMS as a broad singlet which is also reported in
the same region for similar flavonol [199]. The remaining 8H for aromatic rings were
observed in the aromatic region of the spectrum from 7.28-8.42 ppm as shown in Figure
4.16. The theoretical calculated mass of compound OF6 is 306.05 m/z and the
experimentally determined mass of this compound was 305.2 as shown in Figure 4.17.
The IR spectrum of this compound show characteristic peaks for carbonyl and hydroxyl
functional groups at 1617.21 and 3241.28 cm-1 respectively. The XRD of OF6 is given in
Figure 4.18. These findings confirm the successful synthesis of compound OF6.
4.1.7 Characterization

of

3-Hydroxy-2-(2-methoxyphenyl)-4H-chromen-4-one

(OF7)
The synthetic flavonol (OF7) was obtained from chalcone which was synthesized by
reacting

equal

amount

(equimolar)

of

2′-hydroxyacetophenone

and

2-

methoxyphenylbenzaldehyde in alcoholic sodium hydroxide followed by cyclization to
flavonol by addition of NaOH followed by drop wise addition of H2O2.
Yeild: 57.8%
Melting point: 209-211 ºC
R.f: 0.63
Appearance: White solid
1

H NMR:

IR (KBr):

8.26–7.04 (m, 7H, Ar–H), 6.97 (br, s, 1H, OH), 3.94 (s, 3H, OCH3).
3212.01 (Ar–OH), 1622.33 (C=O pyrone ring)

Anal. Calcd. for C16H12O4:

C, 68.45; H, 4.73%. Found: C, 68.53; H, 4.67% [200-203].
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Figure 4.19: 1HNMR of 3-Hydroxy-2-(2-methoxyphenyl)-4H-chromen-4-one (OF7)
The synthesized flavonol OF7 was characterized with mass and 1H NMR spectroscopic
techniques. The 1H NMR spectrum of this compound show characteristic peak for the
hydroxyl proton at 6.97 ppm relative to TMS as a broad singlet which is also reported in
the same region for similar flavonol [200-203]. The remaining 8H for aromatic rings
were observed in the aromatic region of the spectrum from 7.04-8.26 ppm. In addition, a
peak for 3 protons of two OCH3 group is observed at 3.94 ppm as singlet (Figure 4.19).
The IR spectrum of this compound show characteristic peaks for carbonyl and hydroxyl
functional groups at 1622.01 and 3212.33 cm-1 respectively. These findings confirm the
successful synthesis of compound OF7.
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4.1.8 Characterization

of

3-Hydroxy-2-(3-methoxyphenyl)-4H-chromen-4-one

(OF8)
The synthetic flavonol (OF8) was obtained from chalcone which was synthesized by
reacting

equal

amount

(equimolar)

of

2′-hydroxyacetophenone

and

3-

methoxyphenylbenzaldehyde in alcoholic sodium hydroxide followed by cyclization to
flavonol by addition of NaOH followed by drop wise addition of H2O2.
Yeild: 61.2%
Melting point: 131-133 ºC
R.f: 0.68
Appearance: Yellow solid
1

H NMR:

8.28–7.05 (m, 7H, Ar–H), 6.96 (br, s, 1H, OH), 3.92

(s, 3H, OCH3).
IR (KBr):

3211.23 (Ar–OH), 1627.51 (C=O pyrone ring)

Anal. Calcd. for C16H12O4:

C, 71.82; H, 5.67, found: C, 71.94; H, 5.49

[178, 198, 200]
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Figure 4.20: 1HNMR of3-Hydroxy-2-(3-methoxyphenyl)-4H-chromen-4-one (OF8)
The synthesized flavonol OF8 was characterized with mass and 1H NMR spectroscopic
techniques. the 1H NMR spectrum of this compound show characteristic peak for the
hydroxyl proton at 6.96 ppm relative to TMS as a broad singlet which is also reported in
the same region for similar flavonol [178, 198, 200]. The remaining 8H for aromatic
rings were observed in the aromatic region of the spectrum from 7.05-8.28 ppm. In
addition, a peak for 3 protons of two OCH3 group is observed at3.92 ppm as singlet
(Figure 4.20). The IR spectrum of this compound show characteristic peaks for carbonyl
and hydroxyl functional groups at 1627.51 and 3211.23 cm-1 respectively. These findings
confirm the successful synthesis of compound OF8.
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4.1.9 Characterization of 3-Hydroxy-2-(2,3-dimethoxyphenyl)-4H-chromen-4-one
(OF9)
The synthetic flavonol (OF9) was obtained from chalcone which was synthesized by
reacting

equal

amount

(equimolar)

of

2′-hydroxyacetophenone

and

2,3-

dimethoxyphenylbenzaldehyde in alcoholic sodium hydroxide followed by cyclization to
flavonol by addition of NaOH followed by drop wise addition of H2O2.
Yeild: 55.7%
Melting point: 176-179 ºC
R.f: 0.54
Appearance: Pale yellow solid
1

H NMR:

8.32–7.09 (m, 7H, Ar–H), 6.55 (br, s, 1H, OH), 3.95 (s, 3H, OCH3), 3.94

(s, 3H, OCH3).
IR (KBr):

3217.09 (Ar–OH), 1631.12 (C=O pyrone ring)

Anal. Calcd. for C17H14O5:

C, 68.45; H, 4.73, found: C, 68.61; H, 4.69 [204].
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Figure 4.21: 1HNMR of3-Hydroxy-2-(2,3-dimethoxyphenyl)-4H-chromen-4-one
(OF9)
The synthesized flavonol OF9 was characterized with mass and 1H NMR spectroscopic
techniques. The 1H NMR spectrum of this compound show characteristic peak for the
hydroxyl proton at 6.55 ppm relative to TMS as a broad singlet which is also reported in
the same region for similar flavonol [204]. The remaining 7H for aromatic rings were
observed in the aromatic region of the spectrum from 7.09-8.32 ppm. In addition, peaks
for 6 protons of two OCH3 groups are observed at 3.95 and 3.94 ppm respectively as
singlets (Figure 4.21). The IR spectrum of this compound show characteristic peaks for
carbonyl and hydroxyl functional groups at 1631.12 and 3217.09 cm-1 respectively. These
findings confirm the successful synthesis of compound OF9.
82

Chapter 4

Results and Discussion

4.1.10 Characterization of 3-Hydroxy-2-(2,4-dimethoxyphenyl)-4H-chromen-4-one
(OF10)
The synthetic flavonol (OF10) was obtained from chalcone which was synthesized by
reacting

equal

amount

(equimolar)

of

2′-hydroxyacetophenone

and

2,4-

dimethoxyphenylbenzaldehyde in alcoholic sodium hydroxide followed by cyclization to
flavonol by addition of NaOH followed by drop wise addition of H2O2
Yeild: 62.1%
Melting point: 192-194 ºC
R.f: 0.57
Appearance: Yellow solid
1

H NMR:

8.28–7.05 (m, 7H, Ar–H), 6.98 (br, s, 1H, OH), 3.89 (s, 3H, OCH3), 3.74

(s, 3H, OCH3).
IR (KBr):
Anal. Calcd. for C17H14O5:

3214.23 (Ar–OH), 1629.44 (C=O pyrone ring)
C, 68.45; H, 4.73, found: C, 68.71; H, 4.81 [204].
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Figure 4.22: 1HNMR of 3-Hydroxy-2-(2,4-dimethoxyphenyl)-4H-chromen-4-one
(OF10)
The synthesized flavonol OF10 was characterized with mass and 1H NMR spectroscopic
techniques. The 1H NMR spectrum of this compound show characteristic peak for the
hydroxyl proton at 6.98 ppm relative to TMS as a broad singlet which is also reported in
the same region for similar flavonol [204]. The remaining 7H for aromatic rings were
observed in the aromatic region of the spectrum from 7.05-8.28 ppm. In addition, peaks
for 6 protons of two OCH3 groups are observed at 3.89 and 3.74 ppm respectively as
singlets (Figure 4.22). The IR spectrum of this compound show characteristic peaks for
carbonyl and hydroxyl functional groups at 1629.44 and 3214.23 cm-1 respectively. These
findings confirm the successful synthesis of compound OF10.
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4.1.11 Characterization of 3-Hydroxy-2-(3,4-dimethoxyphenyl)-4H-chromen-4-one
(OF11)
The synthetic flavonol (OF11) was obtained from chalcone which was synthesized by
reacting

equal

amount

(equimolar)

of

2′-hydroxyacetophenone

and

3,4-

dimethoxyphenylbenzaldehyde in alcoholic sodium hydroxide followed by cyclization to
flavonol by addition of NaOH followed by drop wise addition of H2O2
Yeild: 66.4%
Melting point: 199-201 ºC
R.f: 0.60
Appearance: Yellow solid
1

H NMR:

8.29–7.08 (m, 7H, Ar–H), 6.68 (br, s, 1H, OH), 3.94

(s, 3H, OCH3), 3.83 (s, 3H, OCH3).
IR (KBr):

3212.29 (Ar–OH), 1622.67 (C=O pyrone ring)

Anal. Calcd. for C17H14O5:

C, 68.45; H, 4.73, found: C, 68.64; H, 4.61

[178, 199-201, 203, 205]
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Figure 4.23: 1HNMR of3-Hydroxy-2-(3,4-dimethoxyphenyl)-4H-chromen-4-one
(OF11)
The synthesized flavonol OF11 was characterized with mass and 1H NMR spectroscopic
techniques. The 1H NMR spectrum of this compound show characteristic peak for the
hydroxyl proton at 6.68 ppm relative to TMS as a broad singlet which is also reported in
the same region for similar flavonol [178, 199-201, 203, 205]. The remaining 7H for
aromatic rings were observed in the aromatic region of the spectrum from 7.08-8.29 ppm.
In addition, peaks for 6 protons of two OCH3 groups are observed at 3.94 and 3.83 ppm
respectively as singlets (Figure 4.23). The IR spectrum of this compound show
characteristic peaks for carbonyl and hydroxyl functional groups at 1622.67 and 3212.29
cm-1 respectively. These findings confirm the successful synthesis of compound OF11.
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4.1.12 Characterization of 3-Hydroxy-2-(2,5-dimethoxyphenyl)-4H-chromen-4-one
(OF12)
The synthetic flavonol (OF12) was obtained from chalcone which was synthesized by
reacting

equal

amount

(equimolar)

of

2′-hydroxyacetophenone

and

2,5-

dimethoxyphenylbenzaldehyde in alcoholic sodium hydroxide followed by cyclization to
flavonol by addition of NaOH followed by drop wise addition of H2O2.
Yeild: 66.8%
Melting point: 183-185 ºC
R.f: 0.67
Appearance: Pale yellow solid
1

H NMR:

8.39–7.28 (m, 7H, Ar–H), 7.01 (br, s, 1H, OH), 3.93

(s, 3H, OCH3), 3.71 (s, 3H, OCH3).
IR (KBr):

3217.09 (Ar–OH), 1629.22 (C=O pyrone ring)

Anal. Calcd. for C17H14O5:

C, 68.45; H, 4.73, found: C, 68.70; H, 4.69 [200].
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Figure 4.24: 1HNMR of3-Hydroxy-2-(2,5-dimethoxyphenyl)-4H-chromen-4-one
(OF12)
The synthesized flavonol OF12 was characterized with mass and 1H NMR spectroscopic
techniques. The 1H NMR spectrum of this compound show characteristic peak for the
hydroxyl proton at 7.01 ppm relative to TMS as a broad singlet which is also reported in
the same region for similar flavonol [200]. The remaining 7H for aromatic rings were
observed in the aromatic region of the spectrum from 7.28-8.39 ppm. In addition, peaks
for 6 protons of two OCH3 groups are observed at 3.93 and 3.71 ppm respectively as
singlets (Figure 4.24). The IR spectrum of this compound show characteristic peaks for
carbonyl and hydroxyl functional groups at 1629.22 and 3217.09 cm-1 respectively. These
findings confirm the successful synthesis of compound OF12.
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IN-VITRO ANTIOXIDANT ACTIVITY

The antioxidant potentials of synthetic flavonol derivatives with the standard were
evaluated (Table 4.2 and Table 4.3) on DPPH and ABTS free radical capacity. The
observed changes in the ability to scavenge free radicals by flavonols in percent
inhibition are shown in Figure 4.25 and Figure 4.26.
4.2.1 DPPH Radical Scavenging activity
The concentration dependent antioxidant capacity of flavonols is significantly high
representing a to a great extent stronger antioxidant and free radical scavenger however
lower in comparison to standard Tocopherol (Table 4.2). Among the synthesized
flavonols (OF1-OF12), the maximum concentration dependent response of 84.28% (n=3,
Figure 4.25) was observed at 125 μg/mL by disubstituted methoxy containing OF11
while scavenging effects of 31.94% (n=3) was noted at 12.5 μg/mL (IC50=25.41 μg/mL)
and are comparable with standard tocopherol. The monosubstituted methoxy containing
OF5 at 125 μg/mL showed maximum DPPH scavenging effects of 73.25% (n=3) while at
12.5 μg/mL, the scavenging effects of 29.85% (n=3) was observed with IC50=25.54
μg/mL.
On the otherhand, the minimum concentration dependent antioxidant response of 51.07%
(n=3) at 125 μg/mL was noted for OF6 (IC50=122.33 μg/mL) and are in comparison with
standard Tocopherol.
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Table 4.2: Antioxidant activity (DPPH) of synthetic flavonol derivatives (OF1OF12).
% Scavenging activity (DPPH)
Treatment
12.5 μg/mL

25 μg/mL

50 μg/mL

75 μg/mL

100 μg/mL

125 μg/mL

Tocopherol

88.11±0.81

86.17±1.43

90.25±0.91

87.03±1.61

88.67±1.66

90.35±1.51

OF1

16.53±1.47

27.11±0.95

43.39±1.04

58.02±1.26

60.21±1.01

62.15±1.25

OF2

16.18±0.91

31.67±0.75

42.78±0.96

51.46±1.42

57.27±1.27

62.79±1.04

OF3

22.52±1.22

42.27±1.02

51.72±0.88

57.62±1.49

63.82±1.61

68.22±1.12

OF4

23.45±0.95

34.33±0.92

58.10±1.43

63.63±0.93

63.33±1.74

71.24±1.47

OF5

29.85±1.04

48.93±1.39

62.82±1.21

63.89±0.98

64.24±1.34

73.25±1.37

OF6

17.05±0.94

27.16±1.19

31.64±0.91

38.15±1.48

43.71±1.51

51.07±1.18

OF7

28.95±1.04

44.16±0.87

62.64±1.49

65.77±0.82

64.06±1.31

66.22±1.27

OF8

23.01±1.38

47.26±0.88

65.94±1.30

61.33±1.21

65.01±0.87

71.11±1.41

OF9

27.19±1.45

41.72±0.91

54.62±1.11

54.96±1.46

60.99±1.24

66.62±1.21

OF10

22.78±1.05

39.11±1.51

64.96±0.82

67.12±1.21

69.44±0.97

66.16±1.68

OF11

31.94±1.21

49.68±1.14

71.14±0.72

74.12±0.89

80.14±1.50

84.28±1.05

OF12

21.95±1.52

36.11±1.29

62.13±0.49

65.06±1.27

69.01±1.61

64.19±1.67

Values are expressed as mean ±SEM (n=3).
It is evident that monomethoxylated derived flavonols presented good response in
relationship with other flavonol derivatives. These findings propose that addition of
moiety or altering the position may possibly decrease or increase the potency of
individual flavonols.
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Figure 4.25: DPPH radical scavenging activity of flavonol derivatives. Values are
taken as mean ±SEM (n=3).
4.2.2 ABTS Radical Scavenging activity
In connection to DPPH, almost similar type of ABTS radical scavenging activity was
observed and the results are reported in Table 4.3 that is comparable with standard
Tocopherol. The scavenging capability of flavonols is significantly high suggesting a
much stronger and better antioxidant and free radical scavenger (Table 4.3). The
concentration dependent effects of flavonol derivatives are given in results. Among these,
the disubstituted methoxy containing flavonol (OF11) and mono methoxy substituted
flavonol (OF5) showed 50% ABTS scavenging effects with IC50 of 82.18 and 84.65
(n=3, Figure 4.26) were observed and are comparable with Tocopherol.
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On the other hand, the minimum DPPH scavenging effects of 35.87 (n=3) at 125 μg/mL
were recorded by OF6 (IC50=174.24 μg/mL) and are in comparison with standard
Tocopherol.
Table 4.3: Antioxidant activity (ABTS) of synthetic flavonol derivatives (OF1OF12).

% Scavenging activity (ABTS)
Treatment
12.5 μg/mL

25 μg/mL

50 μg/mL

75 μg/mL

100 μg/mL

125 μg/mL

Tocopherol

93.82±1.65

93.75±1.09

94.16±1.11

96.91±1.56

93.19±1.16

95.23±1.03

OF1

20.16±1.21

27.91±0.84

31.92±0.97

37.13±1.11

39.11±1.36

47.41±1.16

OF2

17.91±1.31

22.19±1.21

32.12±0.88

35.11±1.14

44.21±1.62

49.89±1.31

OF3

19.51±1.46

25.96±1.31

31.98±1.09

38.12±1.28

45.31±1.45

60.07±1.18

OF4

20.29±1.14

28.12±1.48

33.12±0.97

38.87±1.27

40.72±1.36

46.31±1.67

OF5

19.91±1.61

29.05±1.21

36.91±1.29

44.28±1.36

58.05±1.31

62.18±1.21

OF6

11.01±1.01

12.18±1.10

14.08±1.46

18.92±0.99

28.17±0.88

35.87±0.97

OF7

23.06±0.71

31.25±1.37

33.92±1.35

42.06±1.19

50.87±1.15

63.18±1.41

OF8

24.26±0.94

31.16±1.07

34.91±1.30

42.13±1.14

55.89±1.14

62.18±1.29

OF9

11.92±0.98

17.12±0.91

23.16±1.24

31.99±1.34

48.36±1.21

66.31±1.41

OF10

19.01±1.45

23.25±1.25

29.12±1.19

36.98±1.06

46.09±1.01

57.19±1.17

OF11

21.91±1.11

27.95±1.25

37.92±1.35

45.63±0.89

62.12±1.43

59.38±0.91

OF12

22.72±1.25

30.98±1.41

32.18±1.33

40.13±1.05

42.02±1.18

52.75±1.13

Values are expressed as mean ±SEM (n=3).
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Figure 4.26: ABTS radical scavenging activity of flavonol derivatives. Values are
taken as mean ±SEM (n=3).
Table 4.4 represent the IC50 values of flavonols (OF1-OF12) against free radical models
and reveal that electron withdrawing substituted flavonols (mono and dimethoxy
substituted flavonols) showed promising antioxidant results against both models that are
comparable with standard Tocopherol.
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Table 4.4: Antioxidant activity (IC50) of synthetic flavonol derivatives.

Test Sample

Antioxidant activity
IC50(µg/mL)
(DPPH)

(ABTS)

OF1

57.66±3.71

154.66±1.96

OF2

72.70±1.91

125.27±3.01

OF3

48.33±2.66

110.35±2.19

OF4

43.22±2.11

134.96±1.61

OF5

25.54±1.21

84.65±2.18

OF6

122.33±1.98

174.24±2.71

OF7

28.21±1.18

98.28±2.03

OF8

26.45±1.52

89.53±1.91

OF9

29.96±3.71

103.34±2.51

OF10

32.05±2.19

108.47±1.91

OF11

25.41±1.86

82.18±1.71

OF12

40.23±2.01

118.46±2.14

8.42±2.14
Tocopherol
Values are expressed as mean ±SEM (n=3).

6.63±1.91

Free radicals are concerned with the development of a wide range of disorders in human
beings e.g. arthritis, gastritis, ischemic heart diseases, cancer, central nervous system
injury etc [206, 207]. Free radicals from toxins, radiations, chemical agents,
environmental pollutants, deep fried and spicy foods diminish body’s defensive
antioxidants system and disturb genes expression resulting in induction of abnormal
proteins. These are spawned in living systems during the process of oxidation that leads
to oxidative stress. To neutralize the oxidative stress, the natural enzymes (catalase and
hydroperoxidase) functioning as natural antioxidants converting hydroperoxides and
hydrogen peroxide to non-radical forms. Thus, free radical scavengers in the form of
natural antioxidants are of pivotal importance for maintaining and boosting human
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immune system [208, 209]. Presently available synthetic antioxidants (free radicals
scavengers) e.g. butylated hydroxy anisole (BHA), tertiary butylated hydroquinone
(TBHQ), esters of gallic acid and butylated hydroxy toluene (BHT) have been reported to
be linked with harmful impact on health that restrict their use [210]. Numerous reports on
the free radical-scavenging and antioxidant potentials of pure natural [211] and synthetic
compounds have been documented [212] with significant emphasis on flavonoids and
phenolic compounds [213]. Due to the presence of hydroxyl groups and conjugated ring
system, these type of compounds function as potential candidates of antioxidant system
to scavenge the free radicals that are associated with oxidative processes [214].
4.3

IN-VITRO CHOLINESTERASE INHIBITION STUDIES

Results of in-vitro cholinesterase inhibitory potentials of the synthesized flavonols (OF1OF12) are summarized in Table 4.5. The simple flavonol (OF1) exhibited 63.3 ± 1.59*,
65.21 ± 0.62**, 57.32 ± 0.90**, 51.10 ± 2.26*** and 41.76 ± 2.46* % inhibition against
AChE at concentration ranges from 62.50 to 1000 µg/mL having an IC50 value of 129.11
µg/mL. In BuChE inhibition assay the same flavonoid displayed 69.34 ± 0.71**, 61.27 ±
0.62**, 54.51 ± 1.59*, 45.31 ± 0.92 and 37.15 ± 0.42% inhibitions at tested
concentrations with IC50 value of 188.59 µg/mL. The standard Galanthamine and
Donepezil exhibited significant inhibitions at the same tested concentrations respectively
with IC50 of 12.81 and 13.69µg/mL for AChE and BuChE respectively for Galanthamine
and IC50 of 5.19 and 7.39µg/mL for AChE and BuChE respectively for Donepezil. In
comparison to OF1 and other flavonols, the best results were obtained by OF11, OF5,
OF8 and OF7 while OF6 and OF2 showed mild to moderate results.

95

Chapter 4

Results and Discussion

The dimethoxy containing flavonol (OF11) exhibited 77.39 ± 0.58ns, 71.51 ± 0.66ns,
65.36 ± 0.64**, 61.27 ± 0.69*** and 47.61 ± 0.67*** % inhibition against AChE at
concentration ranges from 62.50 to 1000 µg/mL having an IC50 value of 60.69 µg/mL. In
BuChE inhibition assay the same flavonoid displayed 74.61 ± 0.57ns, 65.68 ± 0.55*,
58.42 ± 0.56**, 51.51 ± 0.65*** and 42.47 ± 0.64*** % inhibitions at tested
concentrations with IC50 value of 118.23 µg/mL.
Table 4.5: AChE and BuChE activity and (IC50) of synthetic flavonol derivatives.
Sample
Test

OF1

OF2

OF3

OF4

OF5

OF6

OF7

Conc

% AChE Inhibition

1000
500
250
125
62.5
1000
500
250
125
62.5
1000
500
250
125
62.5

68.31±1.59*
65.21±0.62**
57.32±0.90**
51.10±2.26**
41.76±0.74***
65.49±2.26**
58.98±0.42**
53.11±0.62***
49.69±0.35***
43.81±0.66***

1000
500
250
125
62.5

75.09±0.60
67.52±0.34**
61.26±0.77***
54.21±1.65***
47.59±0.78***

1000
500
250
125
62.5
1000
500
250
125
62.5

73.78±0.77
67.22±0.14***
61.65±0.74**
55.21±0.34***
49.48±1.27***
71.22±0.97**
64.88±0.60**
57.21±0.34**
51.41±0.54***
43.92±0.68***

1000

75.11±0.54 ns

IC50
(µg/mL)

IC50
(µg/mL)

ns

129.11

143.69

ns

74.19±0.77
67.41±0.14**
61.09±1,65**
55.11±0.97**
43.61±0.46***

% BuChE Inhibition
69.34±0.71
61.27±0.62*
54.51±1.59*
45.31±0.92**
37.15±0.42***
65.68±1.78*
57.48±0.88**
52.91±0.89**
45.96±0.92***
37.31±1.59***

188.59

210.16

ns

98.61

68.46±0.71
61.39±0.60*
54.37±0.77*
47.59±0.46*
41.88±1.16***

152.34

85.58

67.31±0.78*
62.45±1.65*
54.22±1.27*
47.17±0.77**
41.51±0.60**

161.38

ns

ns

ns

69.39

121.18

78.41

71.91±1.27
65.67±0.34*
57.56±0.60**
51.45±1.65***
43.81±0.78***
65.21±0.72*
57.91±0.97**
51.44±1.65***
46.83±0.78***
41.41±1.01***
72.41±0.54

ns

119.87

185.86

132.36
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500
250
125
62.5

68.43±0.62*
61.51±0.68**
55.67±0.97***
48.46±0.96***

1000
500
250
125
62.5

77.22±0.62
71.56±0.54*
65.51±0.55**
56.85±0.96**
47.52±0.35***

1000
500
250
125
62.5
1000
500
250
125
62.5

75.41±0.57
67.71±0.50*
61.46±0.65**
54.57±0.64**
42.78±0.55***
67.45±0.54*
62.67±0.30**
57.97±1.50**
52.86±1.01***
47.76±0.43***
77.39±0.58

OF11

1000
500
250
125
62.5

OF12

1000
500
250
125
62.5

71.51±0.66
65.36±0.64**
61.27±0.69***
47.61±0.67***
73.79±0.90*
66.89±1.13*
59.67±1.01**
51.78±0.30***
43.73±1.50***

Galanthamine

Results and Discussion

1000
500
250
125
62.5

93.11±1.04
86.28±0.90
80.81±0.63
78.73±0.20
70.79±0.90

Donepezil

Chapter 4

1000
500
250
125
62.5

93.68±0.71
90.21±1.40
87.71±1.73
83.83±1.24
75.56±0.30

OF8

OF9

OF10

64.12±0.20*
57.24±0.91*
51.34±0.61**
40.56±0.68**

ns

75.68

ns

102.43

86.37

ns

69.65±1.12*
62.34±0.20*
55.91±2.26*
49.12±0.47**
41.89±0.96***
65.49±2.26*
59.18±0.42*
53.13±0.62*
49.67±0.35**
43.81±0.66**
68.79±1.07*
61.45±0.60*
56.67±0.56**
49.31±0.43**
41.46±0.58**

139.32

143.67

141.10

ns

60.69

74.61±0.57
65.68±0.55*
58.42±0.56**
51.51±0.65***
42.47±0.64***

118.23

106.89

68.23±1.01*
61.76±0.47*
55.41±0.96*
47.19±1.13**
40.57±0.69***

164.31

12.81

95.32±0.22
89.54±0.90
83.89±0.60
81.19±0.30
72.68±0.45

13.69

5.19

91.64±0.74
89.56±0.83
86.87±0.17
83.62±0.91
73.74±0.98

7.39

ns

Data are taken as mean ± SEM (n = 3). ns= nonsignificant.*P<0.05, **P<0.01, ***P<0.001
are compared to galanthamine (One-Way ANOVA followed by Dunnett’s bilateral
comparisons).
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Researchers are taking keen interest to focus on the pharmacological importance of
synthetic compounds which have been explored as anti-cholinesterases in-vivo and in invitro models. There are several research articles that specify the biological significance of
synthetic compounds as cholinesterase inhibitors (AChE and BuChE) in-vitro as well as
nootropics in-vivo [215, 216].
In this study as described in Table 6, the simple flavonol (OF1) exhibited 63.3 ± 1.59*,
65.21 ± 0.62**, 57.32 ± 0.90**, 51.10 ± 2.26** and 41.76 ± 2.46*** % inhibition against
AChE at concentration ranges from 62.50 to 1000 µg/mL having an IC50 value of 129.11
µg/mL. In BuChE inhibition assay the same flavonoid displayed 69.34 ± 0.71**, 61.27 ±
0.62**, 54.51 ± 1.59*, 45.31 ± 0.92 and 37.15 ± 0.42% inhibitions at tested
concentrations with IC50 value of 188.59 µg/mL. The standard Galanthamine and
Donepezil exhibited significant inhibitions at the same tested concentrations respectively
with IC50 of 12.81 and 13.69µg/mL for AChE and BuChE respectively for Galanthamine
and IC50 of 5.19 and 7.39µg/mL for AChE and BuChE respectively for Donepezil. In
comparison to OF1 and other flavonols, the best results were obtained by OF11, OF5,
OF8 and OF7 while OF6 and OF2 showed mild to moderate results. The dimethoxy
containing flavonol (OF11) exhibited 77.39 ± 0.58ns, 71.51 ± 0.66ns, 65.36 ± 0.64**,
61.27 ± 0.69*** and 47.61 ± 0.67*** % inhibition against AChE at concentration ranges
from 62.50 to 1000 µg/mL having an IC50 value of 60.69 µg/mL. In BuChE inhibition
assay the same flavonoid displayed 74.61 ± 0.57ns, 65.68 ± 0.55*, 58.42 ± 0.56**, 51.51
± 0.65*** and 42.47 ± 0.64*** % inhibitions at tested concentrations with IC50 value of
118.23 µg/mL.

98

Chapter 4

Results and Discussion

Number of flavonoids have been tested for their possible cholinesterase inhibition
potentials [217]. The Cholinesterase inhibitory effect of morin along with rhamnetin,
rhamnazin, isorhamnetin was studied against AChE enzyme and showed to possess
better potentials against AChE enzyme [218]. Another group of researchers screened a
number of flavonoids for their AChE enzyme inhibitory activity and documented that
baicalein is the most potent followed by kaempferol, apigenin, myricetin, quercitrin,
perlargonidin, galangin and chrysin with moderate to high activity [219]. A flavonoid 6OH-luteolin 7-O-β-D-glucoside, was isolated from Achillea millefolium (yarrow) the first
time and screened for in-vitro AChE and BuChE inhibitory activity. The results showed
that 6-OH-luteolin 7-O-β-D-glucoside resulted as potent flavonoid cholinesterase
inhibitor [220]. Viscosine isolated from Dodonaea viscose .showed reasonable AChEI
activity [221].
4.4

MOLECULAR DOCKING STUDIES

Molecular docking studies in the present study were also performed for the newly
synthesized flavonol derivatives, to explore their binding pattern in the active site of
acetyl and butyryl cholinesterase.
Molecular docking studies were performed to explore the significant binding interactions
between cholinesterase and newly synthesized flavonol derivatives. All the ligands were
docked onto the active site of both the cholinesterases. Docking studies reveals that all
the newly synthesized flavonol derivatives showed binding interactions with active site
residues of AChE and BuChE. Among the all synthesized compounds, the disubstituted
methoxy containing flavonol OF11 showed highest binding interaction with both
cholinesterase enzymes. Hydroxyl moiety of compound OF11 mediates hydrogen bond
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with the oxygen of carboxylic acid moiety of Asp74 at a distance of 3.0 Å as shown in
the Figure 4.27(A). -stacking was also observed between aromatic rings of OF11 and
Tyr337 of enzyme. Beside these many hydrophobic interactions were also observed with
active site residues (Trp286, Phe297, Phe338 and Tyr341). In the binding pocket of
BuChE, OF11 forms a water-bridge between oxygen of pyrone ring and hydroxyl moiety
of Tyr332, which anchors the ligand strong binding with the enzyme, as displayed in the
Figure 4.27(B). Beside water-bridge, OF11 also showed hydrophobic interactions with
all the crucial residues (Trp82, Ala328, Tyr332, Trp430 and Tyr 440).
Similarly, the docking studies of mono para substituted methoxy containing flavonol
OF5 showed the good binding interactions with both the cholinesterases. It mediates the
hydrogen bond with Asp74 and hydrophobic interactions with Trp286, Phe297, Phe338
and Tyr341 in the binding pocket of the AChE. OF5 lacks the water-bridge in the active
site of the BChE but it showed strong hydrophobic interaction with all crucial residues
(Trp82, Ala328, Tyr332 and Trp430). Oxygen of methoxy group of compound OF5
mediates the hydrogen bond with hydroxyl group of Tyr128 at a distance of 2.9 Å.
Among all the synthesized ligands, compound OF2 was comparatively least active
against both the cholinesterases. It lacks the hydrogen bond with Asp74 as well as πstacking with Tyr337 in the active site of AChE as displayed in the Figure 4.28(A).
Molecular docking studies also revealed that in the binding pocket of BuChE as shown in
the Figure 4.28(B), compound OF2 lacks the water-bridge with Tyr332 and hydrophobic
interaction with Ala328 which explains the less inhibitory activity of this compound.
The docking studies showed that the disubstituted methoxy containing flavonol OF11
binds more tightly with the enzymes followed by mono para substituted methoxy
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containing flavonol OF5 then the other synthesized flavonol derivatives and exhibited
number of significant interactions with AChE and BuChE which explains the potency of
the compounds.

Figure 4.27 : ( A) Compound OF11 in the active site of the Acetylcholinesterase. (B)
Compound OF2 in the active site of the Acetylcholinesterase.

Figure 4.28: (A) Compound OF11 in the active site of the Butyrylcholinesterase. (B)
Compound OF2 in the active site of the Butyrylcholinesterase.
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ACUTE TOXICITY STUDY

After performing the acute toxicity study, it was observed that the synthetic flavonol
derivatives did not showed any abnormal signs and symptoms of toxicity and did not
affect the general behaviors of animals treated in various groups. During entire study of
toxicity (48 hours and 14 days) no mortality in the animals was observed at 750mg/kg.
The gross anatomical autopsy of internal vital organs of treated groups and control were
examined and found to have no significant changes during observation. In this study,
weight of vital organs in both control and treated groups was observed to remain almost
the same and the change was not significant. The administration of flavonol derivatives
(OF1-OF12) did not show any undesirable effect on all the important organs of animal
studied in the toxicity and suggested to be virtually nontoxic.
Generally, the change in the weights of total body and internal organ of animal model
reflects the toxicity profile of substances administered for determining its safety profile.
The change in body weight is an indicator of undesirable effects of chemicals and drugs
and considered to be significant if more than 10% loss in the weight from the initial is
observed. Weight of the vital organ is also a vital index of determining the safety and
toxic profile in animals and the relative organ weight is fundamental to determine. The
kidney, liver, heart, lungs and spleen are the principal organs targeted by toxicant via
metabolic reaction [270].
4.5.1 HISTOPATHOLOGICAL STUDY
For microscopic examination, 4-5 µm thick section of kidney and liver was stained with
haematoxylin-eosin dye and examined results are given in Figure 4.29. The transverse
section of kidney specimen shows medulla and renal cortex with normal architecture and
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histology and multiple glomeruli are fully undamaged. The tubular section was found non
necrotic while some of the tubules show slight clouding is observed. The blood and
interstitial vessels were found with no congestion in the transverse section. Upon
examination of the transverse section of liver, the parenchyma cells were found with
normal lobular architecture while exceptional mild lobular lymphocytic infiltration was
observed. Both the examinations of kidney and liver are in compliance of transvesrse
section of normal (control) group.
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Figure 4.29: Effects of synthetic flavonols on kidney and liver. (A) TS of normal
mouse kidney (B) TS of treated mouse kidney(C) TS normal mouse liver and (D)
TS of treated mouse liver.
The outcome of this research study throughout the treatment of flavonols in groups of
both phases showed that the vital organs (kidneys and liver) neither were adversely
affected nor showed any clinical signs for toxicity suggesting that the synthetic flavonols
are virtually safe and nontoxic.
4.6

ASSESSMENT OF MEMORY

To determine the nootropic effects of synthetic flavonols on learning and memory model,
we performed the novel object recognition, passive avoidance and step-down test. These
tests are most commonly used to study learning and memory functions in animal models.
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4.6.1 Passive avoidance step through task
The passive avoidance step through test has long been employed to evaluate nootropic
effects in animals. In this test model, animal learned to evade an environment where a
foot-shock was previously applied. Treatment of animals with scopolamine (amnesic
agent, an acetylcholine receptor antagonist) worsens the spontaneous alternation behavior
in passive avoidance step through test [45].
Administration of scopolamine results in the deterioration of learning and memory skills
in mice showed learning and memory deficits. When compared to vehicle control group
(188.14±4.59, n=8) scopolamine induced animals exhibited decreased step through
latency (STL) to 52.01±3.98 sec, n=8. The standard Donepezil treated group showed a
significant (P<0.001) increase in the STL from 32.87±5.54 (n=8) to 206.33±3.51 sec
(P<0.00, n=8) as compared to scopolamine induced animals.
On test trial (day 25th), the synthetic flavonols treatment at various dose concentrations
significantly ameliorated this amnesic response of memory impairment by scopolamine.
The findings are tabulated in the Table 4.6 and depicted in Figure 4.30.
It is evident from the results that OF1 at the dose of 12.5, 25 and 50 mg had significant
effect and showed increase in the STL of (106.31±3.22, P<0.05, n=8), (101.05±4.51,
P<0.05, n=8) and (110.59±5.14, P<0.01, n=8) respectively as compared to scopolamine
induced animals (52.01±3.98 sec). These results gives evidence about the recovery of
amnesic effects produced by scopolamine in mice when treated with synthetic flavonols
(OF1-OF6) and the results are comparable to standard.
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Table 4.6: Step through latency of OF1-OF6 in passive avoidance step through task

Control

Dose
(mg/kg
b.w)
Tween 80

Scopolamine

1.5

49.11±4.75

52.01±3.98†††

Donepezil

2

32.87±5.54

206.33±3.51***

12.5

51.56±3.25

106.31±3.22*

25

44.32±4.21

101.05±4.51*

50

29.13±3.93

110.59±5.14**

12.5

38.56±4.57

98.51±3.76*

25

49.82±5.05

104.62±3.51*

50

32.67±3.29

106.53±4.59*

12.5

51.31±3.89

111.91±4.11**

25

44.45±4.25

107.22±3.19*

50

29.71±5.48

118.71±3.07**

12.5

38.52±3.66

136.76±4.15**

25

49.15±3.81

154.45±3.25**

50

32.67±4.53

169.09±3.71***

12.5

51.01±3.09

166.09±3.88**

25

44.76±4.59

189.12±4.51***

50

29.49±4.91

192.66±5.36***

12.5

38.33±2.78

95.41±4.88*

25

49.71±3.15

88.39±5.15*

50

32.59±3.76

101.01±4.19*

Sample Test

OF1

OF2

OF3

OF4

OF5

OF6

Acquisition

Retention

38.30±4.25

188.14±4.59

Data are taken as mean ± SEM (n = 8). The †††P<0 001 compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolamine-treated group (OneWay ANOVA followed by Dunnett’s bilateral comparisons).
In comparison to standard and simple synthetic flavonol (OF1), moderate to less activity
was observed by administering (OF6) at various dose concentrations. The OF6 at the
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dose of 12.5, 25 and 50 mg had significant effect and showed increase in the STL of
(95.41±4.88, P<0.05, n=8), (88.39±5.15, P<0.05, n=8) and (101.01±4.19, P<0.05, n=8).
The difference and decrease in STL of OF6 over OF1 may possibly due to the presence
of electron-withdrawing trifluoromethyl group at para position of flavonol (OF6). On the
other hand high activity was observed by administering (OF5) at various dose
concentrations. The OF5 at the dose of 12.5, 25 and 50 mg had significant effect and
showed increase in the STL of (166.09±3.88, P<0.01, n=8), (189.12±4.51, P<0.001, n=8)
and (192.66±5.36, P<0.001, n=8). This increase in STL over OF1 and other flavonols
(OF2-OF4) is observed due to the presence of electron-donating methoxy group at para
position of flavonol (OF5). The results of other synthetic flavonols are given in Table
4.6.
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Figure 4.30: Results of OF1-OF6 in Passive Avoidance step through task. Data are
taken as mean ± SEM (n = 8). The †††P<0 001 compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolamine-treated group
(One-Way ANOVA followed by Dunnett’s bilateral comparisons).
In another series of experiments, an attempt was carried out to explore the possible
change in pharmacological behavior of positioning of electron-donating methoxy group
from para position of flavonol (OF5) to ortho substituted electron-donating methoxy
group (OF7) and meta substituted electron-donating methoxy group (OF8).
The flavonols were administered in similar fashion at the dose of 12.5, 25 and 50 mg and
the effects were observed. It was found from the results (Table 4.7) that OF5 was most
potent among mono para substituted electron-donating methoxy group containing
flavonol (12.5 mg, 166.09±3.88, P<0.001, n=8, 25 mg 189.12±4.51, P<0.001, n=8 and 50
mg 192.66±5.36, P<0.001, n=8).
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These results were followed by mono meta substituted electron-donating methoxy group
containing flavonol (OF8, 12.5 mg, 126.29±5.24, P<0.01, n=8, 25 mg 151.64±4.95,
P<0.01, n=8 and 50 mg 156.12±4.05, P<0.01, n=8) and mono ortho substituted electrondonating methoxy group containing flavonol (OF7, 12.5 mg, 114.66±4.15, P<0.05, n=8,
25 mg 116.41±3.67, P<0.05, n=8 and 50 mg 129.61±5.11, P<0.01, n=8). The results of
control group, scopolamine (amnesic) group, standard group and respective flavonols are
given in Table 4.7.
Table 4.7: Step through latency of mono methoxysubstituted flavonols in passive
avoidance step through task
Sample Test

Dose
(mg/kg
b.w)

Acquisition

Retention

Control

Tween 80

38.30±4.19

188.14±3.25

Scopolamine

1.5

49.11±3.72

52.01±3.51†††

Donepezil

2

32.87±3.61

206.33±3.92***

12.5

39.09±4.71

114.66±4.15*

25

47.11±4.05

116.41±3.67*

50

36.71±3.95

129.61±5.11**

12.5

38.36±4.25

126.29±5.24**

25

49.61±3.51

151.64±4.95**

50

39.71±3.78

156.12±4.05**

12.5

41.30±3.91

166.09±3.88**

25

39.11±5.02

189.12±4.51***

50

42.67±3.57

192.66±5.36***

OF7

OF8

OF5
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Data are taken as mean ± SEM (n = 8). The †††P<0 001 is compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001is compared to scopolamine-treated group (OneWay ANOVA followed by Dunnett’s bilateral comparisons).
Apart from mono substituted electron-donating methoxy group containing flavonols, an
attempt was carried out to explore the possible effects of di substituted electron-donating
methoxy group containing flavonols.
Table 4.8: Step through latency of di methoxysubstituted flavonols in passive
avoidance step through task
Sample Test

Dose
(mg/kg
b.w)

Acquisition

Retention

Control

Tween 80

38.30±2.25

188.14±3.81

Scopolamine

1.5

49.11±3.51

52.01±3.67†††

Donepezil

2

32.87±3.87

206.33±4.15***

12.5

39.17±4.15

135.61±4.41*

25

41.35±3.89

153.02±3.19**

50

39.29±5.25

162.09±4.05**

12.5

47.01±3.88

140.06±5.19**

25

41.48±3.65

160.51±4.71**

50

39.76±3.47

169.02±5.21***

12.5

42.71±4.11

146.54±3.71*

25

39.31±4.05

164.71±3.60**

50

48.19±3.94

178.90±3.81***

12.5

32.17±4.51

117.09±4.02*

25

39.91±5.19

126.47±3.93*

OF9

OF10

OF11

OF12
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50

36.55±3.38

131.16±4.19*

Data are taken as mean ± SEM ( n = 8). The †††P<0 001 is compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 is compared to scopolamine-treated group (OneWay ANOVA followed by Dunnett’s bilateral comparisons).
In this connect, di substituted electron-donating methoxy group containing flavonols
were synthesized and were administered in similar fashion at the dose of 12.5, 25 and 50
mg and the effects were observed (Table 4.8).
4.6.2 Passive avoidance step down test
The step down test has long been employed to evaluate nootropic effects in animals. In
this test, animal learned to stay away from an environment where a foot-shock was
previously delivered to the grid floor when the mouse stepped down, placing all its paws
on it. Treatment of animals with scopolamine (amnesic agent, an acetylcholine receptor
antagonist) impairs the spontaneous alternation behavior in passive avoidance step
through test [222].
During step down latency in test trial after acquisition, 25th day of sample and standard
treatment revealed long term memory. Administration of scopolamine (1.5 mg/kg i.p)
decreased the SDL in retention test demonstrating impairment in memory from
49.84±3.29 sec to 30.73±3.38 sec, P<0.001, n=8 as compared to vehicle control animals
group.
The synthetic flavonols (12.5–50 mg/kg) caused a significant dose dependent increase
(P<0.05, P<0.01, P<0.001) in the STL and reversed the scopolamine induced amnesia.
The groups of mice which were treated with Donepezil (2 mg/kg) showed statistically
significant improvement (P<0.001, 186.71±3.51 sec, n=8) in memory and reversed
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amnesia induced by scopolamine as compared to scopolamine induced animals (amnesic
group).
Table 4.9: Step down latency of OF1-OF6 in passive avoidance step down task
Sample Test

Dose
(mg/kg b.w)

Aquisition

Retention

Control

Tween 80

53.31±4.11

112.45±3.71

Scopolamine

1.5

49.84±3.29

30.73±3.38###

Donepezil

2

41.61±3.67

186.71±3.51***

12.5

46.09±3.83

82.67±5.05*

25

47.19±3.71

109.12±4.67*

50

52.17±4.15

116.39±3.29**

12.5

33.87±5.07

88.12±3.91*

25

39.92±3.51

103.25±3.53*

50

47.23±3.35

118.45±4.03**

12.5

37.71±3.67

104.87±3.67*

25

39.06±3.21

116.70±4.16**

50

47.01±4.17

139.21±3.22***

12.5

39.91±3.51

116.90±3.55**

25

40.33±3.22

124.07±3.78**

50

39.89±3.89

156.43±3.69***

12.5

35.67±5.71

141.14±4.22***

25

39.87±5.10

174.59±3.76***

50

32.91±4.07

181.74±3.49***

OF1

OF2

OF3

OF4

OF5
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12.5

44.21±4.59

84.20±4.07*

25

36.51±3.77

101.78±4.15*

50

37.61±5.15

106.12±4.89*

Data are taken as mean ± SEM (n = 8). The ###P<0 001 is compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 is compared to scopolamine-treated group (OneWay ANOVA followed by Dunnett’s bilateral comparisons).
Results are shown in Table 4.9 and Figure 4.31. Among the synthetic flavonols, the
simple flavonol (OF1) showed increase in STL of mice to 82.67±5.05 sec (P<0.05, n=8)
when treated at a dose of 12.5 mg/kg. Similarly a dose dependent increase in STL of
109.12±4.67 sec (P<0.05, n=8) and 116.39±3.29 sec (P<0.01, n=8) was observed at a
dose of 25 and 50 mg/kg respectively as compared to scopolamine induced animals
(amnesic group).
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Figure 4.31: Results of OF1-OF6 in Passive Avoidance step down task. Data are
taken as mean ± SEM (n = 8). The ###P<0 001 compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolamine-treated group
(One-Way ANOVA followed by Dunnett’s bilateral comparisons).
By comparing the standard group and OF1 with other flavonols, it was observed that
maximum memory enhancing effects was observed by OF5 that contain methoxy group.
The flavonol at a dose of 12.5, 25 and 50 mg/kg showed increase in STL of mice to
141.14±4.22 sec (P<0.001, n=8), 174.59±3.76 sec (P<0.001, n=8) and 181.74±3.49 sec
(P<0.001, n=8) when compared to scopolamine induced animals (amnesic group).
Among other flavonols, less activity was observed by administering OF6 at a dose of
12.5, 25 and 50 mg/kg when compared to scopolamine induced animals (amnesic group).
The results are given in Figure 4.31 and Table 4.9.
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Table 4.10: Step down latency of mono methoxysubstituted flavonols in passive
avoidance step down task

Control

Dose
(mg/kg b.w)
Tween 80

Scopolamine

1.5

49.84±4.29

30.73±3.29###

Donepezil

2

41.61±3.67

186.71±4.25***

12.5

40.07±3.55

106.72±3.66*

25

39.22±3.82

119.03±3.89**

50

34.96±4.05

135.12±3.96**

12.5

37.71±3.51

121.67±4.34**

25

39.22±3.37

128.19±5.15**

50

35.41±4.25

142.84±5.29***

12.5

35.67±4.01

141.14±3.24***

25

39.87±3.29

174.59±3.05***

50

32.91±4.51

181.74±3.67***

Sample Test

OF7

OF8

OF6

Acquisition

Retention

53.31±5.13

112.45±3.51

Data are taken as mean ± SEM (n = 8). The ###P<0 001 is compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 is compared to scopolamine-treated group (OneWay ANOVA followed by Dunnett’s bilateral comparisons).
In similar fashion as discussed in step through latency model for assessing the memory of
mice, an attempt was carried out to synthesize and explore the possible change in
pharmacological behavior of ortho and meta mono substituted electron-donating methoxy
group flavonols (OF7 and OF8) in comparison with already tested par mono substituted
electron-donating methoxy group (OF5).
The flavonols were administered in similar fashion at the dose of 12.5, 25 and 50 mg and
the effects were observed. It was found from the results (Table 4.10) that OF5 was most
potent among mono para substituted electron-donating methoxy group containing
flavonol followed by mono meta substituted electron-donating methoxy group containing
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flavonol (OF8) and mono ortho substituted electron-donating methoxy group containing
flavonol (OF7) when compared to scopolamine induced animals (amnesic group). The
self explanatory results of control group, scopolamine (amnesic) group, standard group
and respective flavonols are given in Table 4.10.
Apart from mono substituted electron-donating methoxy group containing flavonols, an
attempt was carried out to explore the possible effects of di substituted electron-donating
methoxy group containing flavonols. In this connect, di substituted electron-donating
methoxy group containing flavonols were synthesized and were administered in similar
fashion at the dose of 12.5, 25 and 50 mg and the effects were observed (Table 4.11).
Table 4.11: Step down latency of di-methoxysubstituted flavonols in passive
avoidance step down task
Sample Test

Dose
(mg/kg b.w)

Acquisition

Retention

Control

Tween 80

53.31±3.55

112.45±3.89

Scopolamine

1.5

49.84±3.59

30.73±3.71###

Donepezil

2

41.61±5.05

186.71±4.67***

12.5

39.17±4.56

103.71±5.12*

25

37.72±3.24

117.07±4.29**

50

36.16±3.48

138.51±3.55**

12.5

41.71±3.89

123.81±4.67**

25

37.22±4.16

129.03±3.83**

50

39.51±3.78

135.19±3.27**

12.5

35.07±3.61

143.28±4.21***

25

38.97±3.88

176.63±4.15***

OF9

OF10

OF11
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50

39.21±3.71

185.01±5.57***

12.5

36.31±4.59

119.92±4.23**

25

41.04±4.06

127.31±3.89**

50

39.16±3.87

143.09±4.71***

Data are taken as mean ± SEM (n = 8). The ###P<0 001 is compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 is compared to scopolamine-treated group (OneWay ANOVA followed by Dunnett’s bilateral comparisons).
4.6.3 Novel object recognition (NOR) Test
The NOR test model was used to determine the nootropic effectfs of OF1-OF12 and
results are shown in Table 4.12 and Figure 4.32. In the sample phase, no significant
change in the total time used in exploration of the objects was observed. Similarly, no
significant difference was observed between the synthetic flavonol derivatives (OF1OF12) treated groups and scopolamine (amnesic) group.

117

Chapter 4

Results and Discussion

Table 4.12: Nootropic effects of OF1-OF12 using NORT
SAMPLE
Sample Test

TEST

Dose

DI
IO A1

IO A2

NO A1

FO A2

Control

T-80

21.43±5.24

23.61±4.02

36.92±4.87

9.19±4.14

60.14±3.92

Scopolamine

1.5

11.01±4.04

12.09±2.19

16.26±3.92!!!

9.01±5.09

28.69±4.02

Donepezil

2

19.99±4.24

19.84±3.24

42.52±3.69***

8.41±2.47

66.98±5.11

12.5

14.15±3.84

15.11±5.11

35.71±4.11*

9.91±2.90

59.34±2.98

25

14.11±4.04

15.10±5.15

34.34±5.08*

8.92±4.04

58.76±4.04

50

14.32±5.15

15.66±4.02

36.91±2.98*

9.41±5.15

59.36±2.56

12.5

15.23±5.08

16.13±2.56

34.75±3.94**

9.32±4.11

57.70±3.67

25

15.25±4.87

16.22±4.04

33.83±5.15**

9.05±2.98

57.78±2.98

50

15.19±3.92

16.09±2.98

32.28±3.67**

8.27±4.87

58.43±4.41

12.5

16.44±4.21

17.24±3.56

41.35±3.78***

9.14±5.71

63.77±4.02

25

16.52±3.92

17.21±3.67

39.61±5.15***

9.21±3.92

64.27±3.24

50

16.78±4.02

17.65±4.87

40.71±4.04***

8.71±5.08

64.75±5.15

12.5

18.35±4.41

18.21±2.78

43.23±2.49***

9.12±3.61

65.15±3.94

25

18.31±2.98

18.09±4.02

41.90±4.04***

8.79±3.92

65.32±3.67

50

18.11±4.02

18.11±5.08

43.11±4.87***

8.94±2.98

65.65±3.92

12.5

19.21±3.24

19.11±2.19

46.18±5.18***

9.34±4.04

66.35±5.08

25

19.29±3.67

19.01±4.04

44.93±5.15***

8.96±3.67

66.73±4.11

50

19.78±4.02

19.76±5.08

43.61±4.02***

8.67±4.49

66.83±4.21

12.5

13.06±2.98

14.09±3.67

33.15±4.67

9.61±5.19

55.05±2.19

OF1

OF2

OF3

OF4

OF5

OF6
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25

13.11±5.15

14.76±3.92

31.16±4.02

9.12±4.04

54.71±4.87

50

12.98±4.02

14.34±4.49

30.32±3.67*

8.72±4.87

55.32±2.98

12.5

15.12±3.24

16.22±4.11

41.84±2.98**

9.21±5.10

63.91±3.67

25

15.33±4.04

16.02±4.87

41.61±4.49**

9.16±3.92

63.88±5.49

50

15.54±4.49

16.34±5.15

40.11±4.04**

8.91±4.02

63.64±4.88

12.5

16.21±4.71

17.31±3.52

43.36±3.67***

9.26±2.97

64.80±4.04

25

16.44±4.87

17.01±4.02

42.51±5.08***

8.97±5.15

65.15±4.87

50

16.17±5.08

17.37±3.67

42.61±4.87***

9.12±4.04

64.79±3.67

12.5

14.34±5.49

15.29±4.19

38.18±5.01**

9.15±3.84

61.33±2.11

25

14.48±4.04

15.76±2.98

37.15±3.92**

8.74±2.98

61.90±2.98

50

14.21±4.02

15.22±3.92

40.01±2.98**

9.41±4.87

61.91±4.81

12.5

15.22±4.88

16.41±2.43

39.63±4.49**

8.97±3.79

63.08±4.49

25

15.66±5.15

16.47±4.87

40.93±5.08**

9.11±4.04

63.59±5.15

50

15.68±4.04

16.88±3.92

42.08±5.15**

9.09±4.87

64.47±4.04

12.5

17.41±2.19

18.88±5.15

44.74±3.24***

9.07±4.47

66.29±5.01

25

17.49±4.02

18.01±4.49

45.29±4.04***

9.15±2.98

66.38±3.92

50

17.34±3.67

18.22±2.98

45.84±5.15***

9.12±5.08

66.81±5.08

12.5

14.16±3.41

15.39±2.11

41.56±5.21*

9.39±4.81

63.14±4.02

25

14.11±2.98

15.55±5.15

40.99±4.87*

8.97±5.08

63.09±2.98

50

14.78±5.08

15.91±4.87

39.50±2.98*

9.01±5.15

62.85±4.87

Data are taken as mean ± SEM (n = 8). The !!!P<0 001 is compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 is compared to scopolamine-treated group (OneWay ANOVA followed by Dunnett’s bilateral comparisons).
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In the test phase, a significant increase in the exploration time spent for exploring the
novel object was observed with synthetic flavonol derivatives treated groups (12.5, 25
and 50 mg/ kg) + scopolamine (1.5 mg/kg) and standard Donepezil (2 mg/kg) +
scopolamine (1.5 mg/kg) than the identical one.
The time for exploration of the novel object was also significantly increased by OF5
from 16.26±3.92 in the scopolamine-treated group to 46.18±5.18 (P<0 001, n=8),
44.93±5.15 (P<0 001, n=8) and 43.61±4.02 (P<0 001, n=8) in mice treated with OF5 at
the doses 12.5, 25 and 50 mg/kg respectively. The three same doses of OF5 significantly
decreased the exploration time of the familiar object (P<0 001, n=8).
The preference to the novel object experienced with synthetic flavonol derivatives treated
groups (OF1-OF12) was comparable to the group (positive control). Donepezil
significantly increased the exploration time of the novel object and decreased the
exploration time of the familiar object (P<0 001, n=8). The standard drug also produced a
significant rise in the discrimination index (% DI). The lowest % DI with scopolamine
(1.5 mg/kg) was observed among all the tested groups and a significant difference was
noted when compared to control group (P< 0.01).
The synthetic flavonols significantly increased the discrimination index from 28.69 in the
amnesic (scopolamine) group to 54.71 to 66.81 (P< 0.05, P< 0.01, P< 0.001, n=8) in mice
treated with flavonoids at the doses 12.25, 25 and 50 mg/kg, p.o., respectively in
comparison to standard group with DI 66.98 (P< 0.001, n=8).
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Figure 4.32: Percent discrimination index of synthetic flavonols (OF1-OF12).
The center for thinking, learning, memory, wanting, perception, feeling, behavior and
curiosity is the brain. Memory is a key mental process without which we are nothing and
will only be able to show simple reflexes and stereo type behaviors [223]. Accordingly,
in the field of neuroscience, learning and memory is the most studied subjects. Memory is
a faculty by which sensations, ideas and impressions are stored and recalled while brain
acquires new information regarding events taking place in surroundings in learning
process [224]. These are complex processes involving coordinated association of multiple
brain structures. The diencephalon (thalamus and hypothalamus) is considered an integral
connecting zone for various memory related circuits. There is also connection between
the hippocampus, thalamus as well as the striatum and amygdala which collectively form
an important circuitry for various types of memories [225, 226].
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The idea of central cholinergic neurotransmitters involvement in cognitive functions was
established in early sixties [227, 228]. Although, in learning and memory process other
neurotransmitters are also involved, yet this system is of paramount scientific interest in
neuropharmacological area [229]. The early practical evidence was reported by Deutsch
related regarding the involvement of cholinergic synapse in retrieval and storage of new
information [36]. Subsequently, other branches of neurological research emerged e.g.
behavioral pharmacology (drugs effects on cognition), aging and dementia and
behavioral neuroscience (brain lesions effects on cognition) providing a realistic basis for
involvement of cholinergic system in learning and memory. Similarly, Alzeimer’s (AD)
patients face cognitive impairment which is attributed to the deterioration of cholinergic
neurons in AD [230]. Acetylcholine (ACh) is a well known neurotransmitter responsible
for signal transmission in synapse and its effect is diminished by cholinesterases (mainly
by AChE and BuChE) [231]. Due to potential role of cholinestearses in the breakdown of
ACh to acetate and choline [232] leading to a significant fall in ACh levels [233], the
cholinestearses like acetylcholinesterase (AChE) and butyrylesterase (BuChE) are of
prime impotrtance. These esterases are interesting targets for developing novel and
mechanism based safe and useful inhibitor drugs to enhance the ACh levels [234]. The
cholinesterases inhibition approach is the most important and significant to counter
neurological diseases including memory loss, AD [235] ataxia and Parkinson's disease
[236]. Therefore important alternatives as inhibitors of enzymes that metabolize the Ach
are the need of today for the treatment of neurological diseases. On the other hand, the
currently available marketed drugs are linked with severe adverse effects [237]. As a
result of that, it is essential to explore novel, effective and safe alternative drug
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candidates. Plants serve as potential candidates of natural products and have been in
therapeutic use since long time way back to the start of human era. Galanthamine
(alkaloid) from snowdrop has anticholinestrase potential and has been

recently

implicated for treating AD [238]. Various other Cholinesterase inhibitors like tacrine,
rivastigmine, galantamine and donepezil are clinically approved and among these, the
tacrine use is restricted due to its undesired hepatotoxic side effects [239, 240].
In addition, it has been reported that the antagonistic effect of scopolamine (non selective
cholinergic antagonist) on cholinergic system aggravate deficits in attainment,
consolidation retention and improvement of memory [241, 242]. Thus, the cognitive
dysfunction can be reverted by increasing the cholinergic tone [243-245]. Utilizing this
idea, numerous strategies were adopted for compensation of cholinergic scarceness in
synapse. In this connection, some ACh precursors e.g. muscarinic and nicotinic agonists
have also been employed but none of them showed efficacy due to their bioavailability,
safety and selectivity issues [246, 247]. Nevertheless, AChE and BuChE enzyme
inhibitors have been found efficient therapeutics on the subject of accomplishing the
desired cholinergic effects [248, 249].
Scopolamine, a nonselective antagonist of muscarinic acetylcholine receptor (mAChR)
that mainly target M1AChR and M2AChR receptors result in impaired learning
possession and short-term memory in humans and rodents [250, 251]. This scopolamine
induced amnesic effect has been employed for creation of experimental animal models
for evaluation of anti-amnesic drugs [252]. It is important to screen therapeutic agents in
a memory impairment model which is non-degenerative and exhibit cholinergic
dysregulation for searching the effects of drugs that result in cognitive benefits. The
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frontal cortex and hippocampus parts of brain are specifically susceptible to scopolamine
induced neuronal injuries [253]. Nonetheless, scopolamine induced memory deficit
animal models have been extensively employed for screening drugs for improving
cognition due to its action on muscarinic receptor [254, 255].
Models involving animals are very useful for understanding and underpinning various
disease states of physiological and psychological nature [256]. For instance, in animal
models for learning and memory, they have been helpful in shaping our perception on
how information are processed by normal and damaged brain. Research involving
animals has enabled us to understand multiple memory systems that cooperatively,
competitively, or in parallel interact based on the psychological nature of the task and
cognitive demands [226]. Non-human primates, mice, rats and non-conventional animals
e.g. the zebra fish are the species widely employed as laboratory animals for carrying out
behavioral experiments [257]. The C57BL/6 and BALB/c mice are commonly employed
strains for conducting behavioral studies related to stress, cognitive functions and fear
[257].
Various processes like learning, memory and attention are the behavioral tasks assessed
for evaluation of cognitive functions in laboratory animals. Learning and memory
processes involve short-term and medium-term, associative spatial and non-spatial
learning and memory tests. Morris water maze is one of the most frequently used model
for evaluation of spatial memory task. Other models such as T or Y-maze task, nonspatial task of memory, the radial maze task, and objects recognition task are also
employed to assess working and spatial memory in animals [258]. Active avoidance and
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passive avoidance behavior of animal study is another class of tasks which is designed on
the basis of associative learning [259].
In recent century, various protocols and apparatus have been designed for assessing
learning and memory behaviors in animals. One such device designed by Thorndike
[260] was consisted of ‘problem boxes’ or small crates. In early 1940’s, the task based
experiment was executed on animals in a box containing a food supplier and a lever. The
rat had to learn how to press the lever and get access to food [261]. Hudson and
colleagues [262] proposed a novel one-trial protocol known as the Inhibitory Avoidance
Task (IAT). Jarvik and Kopp [263] modified the IAT protocol in the 1960’s by
constructing a new apparatus consisting of two chambers i.e. a larger dark chamber
attached with a small lit chamber, where on entering the dark portion, the animal get a
shock. The protocol for IAT has been modified various times thereafter resulting in a
well-established protocol of Step-down inhibitory (passive) avoidance task. In this task,
different intensities of electric current (0.3 to 3 mA) application were one critical point.
The intensities of the stimulus reflect in the step-down latency 24 h after training in the
test trial [264].
In 1988 Ennanceur and Delacour introduce novel object recognition test [265]. It is
known as spontaneous Delayed-Non-Matching-to-Sample. To measure the spontaneous
behavior of animals to recognize new objects in the well-known environment, the above
test is used. Reference memory component is not involved in novel object recognition
test (NOR) (for example precise rule learning). This test is considered as a “pure”
recognition memory assessment and a valid task test to evaluate working memory. It
doesn’t include any negative or positive reinforcement [266]. Some animals like rodent
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explore more the object that is new as compared to the object which is already known to
them. The NOR test is used in different variant but the most common way is to
familiarize the animals with their surrounding and objects. The animals is than return to
their home cages for retention time. After specific period of time the animals are to
exposed to new object in the familiar environment and then observed either they spend
less or more time with novel object as compared to familiar object [267].
With the passage of time, different variations have been executed and developed on the
original task. Variations exist in both object and the surroundings e.g. the shape, size, and
materials of the instrument. Variations in animal factors have been reported to effect
object recognition like age, strain, gender and housing conditions of the animals.
Different tests protocols are also used for example permitting all animals to access a
specific object and varied sample trial durations [268].
These different flavonol derivatives were subject to biological activities and the finding
showed that a consistent memory enhancing effect of flavonols was clearly evident from
the results of all models used in the study using mice as an animal model as shown in
Table 7 to Table 14. At a dose of 12.5, 25 and 50 mg/kg, all the tested flavonol exhibited
a significant (*P<0.05, **P<0.01,

***

P<0.001, n=8) step through latency (STL) that are

comparable to amnesic group (scopolamine treated). Among the different flavonol
derivatives, OF5 and OF11 were found the most potent flavonols suggesting that
methoxy group is important for activity. The OF5 has methoxy group (OCH3) at para
position and OF11 has methoxy groups (OCH3) at ortho and para position which is
strong electron donating and activating group.
In the passive avoidance step down test, the step down latency and in NORT, the percent
discrimination index DI was also significant when mice were treated with flavonols
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(OF1-OF12) and tested against these models.
4.7

BIOCHEMICAL SCREENING

In current research, scopolamine significantly enhanced oxidative stress in mice brains as
evidenced by an increase in MDA content and decreases in GSH content, SOD and CAT
activity. The synthetic flavonols showed significant attenuation effect of these alterations
by increasing in SOD, CAT and GSH content and decreasing in MDA content. In this
study, as expected, administration of scopolamine significantly elevated the MDA levels,
indicating the induction of oxidative stress in mice.
4.7.1 Effect of synthetic flavonols on AChE and ACh level
The effect of synthetic flavonol derivatives after neuropharmacological investigations on
AChE and ACh levels are shown in Table 4.13 and Figure 4.33. In this study, it was
observed that scopolamine (amnesic group) elevated substantially the AChE level in the
hippocampus and cortex, which was efficiently subsided by the administration of
flavonols (OF1-OF12) suggesting potentials of flavonoids to treat cognitive dysfunction
possibly through the AChE inhibitory activity [269].
Table 4.13: Effect of OF1-OF12 on AChE and ACh level in frontal cortex and
hippocampus

Sample Test

AChE
(μmoles of substrate hydrolysed / min
/ g tissue)

ACh
(mmol/min/mg protein)

Frontal Cortex

Hippocampus

Frontal
Cortex

Hippocampus

Control

11.20±1.41

12.73±1.67

15.62±1.40

17.31±1.27

Scopolamine

25.76±0.79§§§

30.62±1.15‡‡‡

5.93±1.48###

6.54±1.15†††

Donepezil

11.81±1.88***

13.38±1.43***

14.07±1.70***

15.27±1.14***

OF1

16.67±1.49*

17.92±1.19*

10.19±1.07*

11.31±1.23*
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OF2

14.01±1.71***

16.51±1.52**

12.28±1.23**

13.40±1.79**

OF3

13.92±1.24***

16.33±1.11**

12.71±1.10**

13.84±1.44**

OF4

13.88±1.98***

16.06±1.67**

12.79±1.55**

13.92±1.83***

OF5

13.47±1.24***

15.42±1.78***

13.03±1.72***

14.16±1.55**

OF6

16.32±1.41*

18.71±1.19*

10.40±1.18*

11.51±1.06*

OF7

14.46±1.21**

15.98±1.65**

11.99±1.72**

13.11±1.47**

OF8

14.21±1.33**

15.81±1.56***

12.63±1.87**

13.76±1.54**

OF9

14.67±1.54**

16.19±1.61**

12.17±1.45**

13.29±1.45**

OF10

14.71±1.24**

16.34±1.44**

11.90±1.26*

13.01±1.58**

OF11

13.51±1.74***

15.37±1.19***

12.81±1.73***

13.89±1.51**

OF12

14.53±1.38**

16.47±1.81**

12.34±1.51**

13.46±1.70**

Data are taken as mean ± SEM (n = 8). The §§§ P<0 001, ‡‡‡P<0 001, ###P<0 001 and
†††
P<0 001 compared to control normal group.*P<0.05, **P<0.01, ***P<0.001 are
compared to scopolamine-treated group (One-Way ANOVA followed by Dunnett’s
bilateral comparisons).
Scopolamine administration produced a significant rise in the AChE level in comparison
to Normal group). It was observed to be 25.76± 0.79 (P<0.001, n=8) and 30.62±1.15
(P<0.001, n=8) in frontal cortex and hippocampus respectively in amnesic group in
comparison to control.
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Figure 4.33: AChE level in frontal cortex and hippocampus of treated OF1-OF12.
Data are taken as mean ± SEM (n = 8). The §§§ P<0 001and ‡‡‡ P<0 001 compared to
control normal group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolaminetreated group (One-Way ANOVA followed by Dunnett’s bilateral comparisons).

Meanwhile, administration of synthetic flavonol derivatives (OF1-OF12) significantly
(P<0.05, P<0.01, P<0.001, n=8) reduced AChE activity reaching values to normal group
(Table 4.13 and Figure 4.33). These results showed that administration of synthetic
flavonol derivatives sheltered the increase of AChE level induced by administration of
scopolamine.
Simultaneously, a significant decline in the ACh content was noticed in the brain of
amnesic group animals (Figure 4.34). One way ANOVA analysis reflects that in contrast
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to the ACh reduction in amnesic group, the mice treated with synthetic flavonol
derivatives and standard showed a significant increase (recovery) on ACh content.

Figure 4.34: ACh level in frontal cortex and hippocampus of treated OF1-OF12.
Data are taken as mean ± SEM (n = 8). The ### P<0 001and †††P<0 001 compared to
control normal group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolaminetreated group (One-Way ANOVA followed by Dunnett’s bilateral comparisons).
In short, the activity on AChE was significantly reduced and ACh level was significantly
increased by synthetic flavonol derivatives. Donepezil also inhibited the effect of
scopolamine induced increased in the activity of AChE when compared to scopolaminealone treated group.
Oxidative stress causes imbalance of prooxidant and antioxidant levels are established.
With aging, the production of reactive oxygen species (ROS) increases and reduced
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endogenous antioxidant enzyme levels that ultimately lead to an increased oxidizing
cellular environment. Antioxidant enzymes (SOD and CAT) and non-enzymatic
antioxidants (GSH) delay or prevent the oxidation of substrates and prevent ROS-induced
oxidative stress [270]. Both SOD and CAT are the main endogenous antioxidant
enzymes, playing an important role in the intracellular antioxidant defense in the
brain.MDA, an important lipid peroxidation product, can be taken as an indicator for the
state of oxidative damage of membranes under condition of oxidative stress. Three
antioxidant markers SOD, CAT and GSH along with one oxidative stress marker MDA
were measured in the current study. The brain SOD, CAT activities and GSH level
showed significant decrease, while MDA level increased significantly in scoplolamine
treated (amnesic) group when compared to control that were significantly reversed by
administration of synthetic flavonol derivatives and standard Donepezil (Table 4.144.17). The results showed that the increasing MDA content and the decreasing activities
of SOD, CAT and GSH level in the scopolamine treated mice could be reversed by
synthetic flavonol derivatives (Figure 4.35-4.38). These findings demonstrated that the
memory enhancing effects of flavonols on mice may be via antioxidant system.
4.7.2 Effect of synthetic flavonols on SOD level
The results from biochemical analysis of scopolamine administered group showed a
significant decrease (10.56±2.02, P<0.001, n=8 and 9.61±2.59, P<0.001, n=8) in SOD
activity by 2.89 and 2.85 folds in the brain regions compared to control (30.51±2.51,
n=8) (Table 4.14 and Figure 4.35). The decrease in the level in the hippocampus and
frontal cortex was upturned by the pretreatment of mice with Donepezil to 3.04 folds
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(32.09±1.78, P< 0.001, n=8) and 3.30 folds (31.72±1.25, P< 0.001, n=8) respectively,
when compare to amnesic (scopolamine) group.
In contrast, pretreatment of mice with 50 mg/kg of synthetic flavonols (OF1-OF12)
produced significant change in SOD activity (2.94 to 2.25 folds) in the hippocampus and
frontal cortex.
Treatment of OF5 and OF11 (50 mg/kg) significantly increased SOD activity by 2.82
(29.83±2.01, P< 0.001, n=8) and 2.94 (31.07±1.92, P< 0.001, n=8) folds compared with
amnesic group. Similarly OF6 increased the SOD activity by 2.25 folds and proved to be
less active amongst the synthetic flavonols.
Table 4.14: Effect of OF-OF12 on SOD level in frontal cortex and hippocampus

Sample
Test

SOD
HC

FC

Control

30.51±2.51

27.39±1.29

Scopolamine

10.56±2.02###

Donepezil

Sample
Test

SOD
HC

FC

OF6

23.83±2.15*

21.73±1.81*

9.61±2.59###

OF7

26.98±1.89*

24.85±2.01**

32.09±1.78***

31.72±1.25***

OF8

28.15±2.78**

26.03±1.61**

OF1

25.16±1.91*

23.09±1.25*

OF9

27.52±2.54**

25.17±1.69**

OF2

27.21±2.15**

25.14±1.67**

OF10

28.79±1.17***

26.69±2.63**

OF3

26.56±1.66*

24.47±2.11**

OF11

31.07±1.92***

28.97±1.87***

OF4

28.01±2.59**

25.96±1.98**

OF12

26.78±1.32*

26.32±2.71**

OF5

29.83±2.01***

27.16±1.17***

Data are taken as mean ± SEM (n = 8). The ###P<0 001 compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolamine-treated group (OneWay ANOVA followed by Dunnett’s bilateral comparisons).
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Figure 4.35: SOD level in frontal cortex and hippocampus of treated OF1-OF12.
Data are taken as mean ± SEM (n = 8). The ### P<0 001 compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolamine-treated group
(One-Way ANOVA followed by Dunnett’s bilateral comparisons).
4.7.3 Effect of synthetic flavonols on catalase level
ANOVA analysis (One way) presented the significant outcome of synthetic flavonols,
scopolamine and Donepezil on the catalase level in hippocampus and frontal cortex.
Administration of scopolamine (amnesic group) caused significant decrease (35.58±1.29,
P<0.001, n=8, ↓ 3.37 folds) in catalase level in the hippocampus and (31.60±1.67,
P<0.001, n=8, ↓ 3.37 folds) in frontal cortex, respectively, when compared with control
treated (133.50±2.33, n=8) as shown in Table 4.15 and Figure 4.36. Meanwhile, the
standard drug significantly increased (132.52±1.91, P<0.001, ↑ 3.72 folds, n=8) levels of
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catalase in the hippocampus and (110.02±2.17, P<0.001, ↑ 3.48 folds, n=8) in frontal
cortex.
Moreover, the pretreatment of mice treated with 50 mg/kg of synthetic flavonols (OF1OF12) significantly increased catalase levels in the hippocampus and frontal cortex when
compared with amnesic group. The results are shown in Figure 4.36 and Table 4.15.
Table 4.15: Effect of OF1-OF12 on CAT level in frontal cortex and hippocampus
Sample
Test

CAT
HC

FC

Control

133.50±2.33

109.45±1.45

Scopolamine

35.58±1.29###

Donepezil

Sample
Test

CAT
HC

FC

OF6

104.57±2.94*

83.96±1.51*

31.60±1.67###

OF7

120.25±2.52**

99.12±2.51**

132.52±1.91***

110.02±2.17***

OF8

124.91±1.76**

100.15±1.68***

OF1

113.83±2.16**

92.36±1.59*

OF9

125.39±2.07**

100.91±1.19***

OF2

130.16±2.09***

98.18±1.58**

OF10

138.26±1.29***

99.51±2.29**

OF3

130.83±2.17***

99.41±2.53**

OF11

142.25±2.16***

104.67±2.18***

OF4

138.16±1.67***

101.72±1.59***

OF12

121.94±1.87**

105.09±1.03***

OF5

144.51±1.51***

106.09±2.29***

Data are taken as mean ± SEM (n = 8). The ###P<0 001 compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolamine-treated group (OneWay ANOVA followed by Dunnett’s bilateral comparisons).
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Figure 4.36: CAT level in frontal cortex and hippocampus of treated OF1-OF12.
Data are taken as mean ± SEM (n = 8). The ### P<0 001 compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolamine-treated group
(One-Way ANOVA followed by Dunnett’s bilateral comparisons).
4.7.4 Effect of synthetic flavonols on malondialdehyde (MDA) level
The MDA level was estimated in mice brain regions (hippocampus and frontal cortex) at
the end of behavioral studies. The level of MDA increased significantly in hippocampus
and frontal cortex (2.31±0.09, P<0.001, n=8 and 1.92±0.04, P<0.001, n=8 respectively)
of scopolamine-treated mice as compared to control group.
In contrast, the standard Donepezil decreased significantly the level of MDA in
hippocampus and cortex (P<0.001) in comparison to scopolamine group (0.84±0.07,
P<0.001, n=8 and 0.72±0.09, P<0.001, n=8 respectively).
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Treatment with 50 mg/kg of synthetic flavonols (OF1-OF12) prevented scopolamineinduced elevation in MDA level as indicated by significantly (P<0.05, P<0.01, P<0.001,
n=8) less MDA level in mice brain regions (hippocampus and cortex) (Table 4.16 and
Figure 4.37).
Table 4.16: Effect of OF1-OF12 on MDA level in frontal cortex and hippocampus
Sample
Test

MDA
(mmol/mg protein)
HC

FC

Control

0.75±0.01

0.63±0.07

Scopolamine

2.31±0.09###

Donepezil

Sample
Test

MDA
(mmol/mg protein)
HC

FC

OF6

1.17±0.06*

1.13±0.11*

1.92±0.04###

OF7

1.01±0.11**

1.02±0.13**

0.84±0.07***

0.72±0.09***

OF8

0.99±0.05***

1.00±0.12**

OF1

1.07±0.09*

1.08±0.12*

OF9

1.02±0.11**

1.01±0.14**

OF2

1.05±0.10*

1.03±0.07**

OF10

1.02±0.08**

1.03±0.09**

OF3

1.03±0.07**

1.02±0.05**

OF11

0.95±0.02*** 0.86±0.15***

OF4

0.99±0.05***

0.84±0.07***

OF12

OF5

0.93±0.09***

0.81±0.06***

1.06±0.05*

1.02±0.13**

Data are taken as mean ± SEM (n = 8). The ###P<0 001 compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolamine-treated group (OneWay ANOVA followed by Dunnett’s bilateral comparisons).
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Figure 4.37: MDA level in frontal cortex and hippocampus of treated OF1-OF12.
Data are taken as mean ± SEM (n = 8). The ### P<0 001 compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolamine-treated group
(One-Way ANOVA followed by Dunnett’s bilateral comparisons).
4.7.5 Effect of synthetic flavonols on glutathione (GSH) level
The GSH level in the brain after the completion of behavioral studies was estimated as
per reported protocol. As shown in Figure 4.38, a significant descend in the levels of
GSH was observed in the hippocampus (5.92±, P<0.001, ↓ 2.28 folds, n=8), and cortex
(4.68±2.28, P<0.001, ↓ 2.28 folds, n=8) of scopolamine group as compared to the control
(21.67±1.83, n=8 and 18.92±2.29, n=8).
On the other hand, the standard drug significantly increased GSH level in hippocampus
(21.78±1.15, P<0.01, ↑ 2.32 folds, n=8) and cortex (16.83±2.19, P<0.001, ↓ 2.28 folds,
n=8) in comparison to scopolamine group (21.67±1.83, n=8 and 18.92±2.29, n=8).
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There was significant rise (P<0.05, P<0.01 and P<0.001) in level of GSH in brain regions
(hippocampus and cortex) of group treated with 50 mg/kg of synthetic flavonols (OF1OF12) in comparison to scopolamine group (Table 4.17).
Table 4.17: Effect of OF1-OF12 on GSH level in frontal cortex and hippocampus
Sample
Test

GSH
(mmol/mg protein)
HC

FC

Control

21.67±1.83

18.92±2.29

Scopolamine

5.92±1.02###

Donepezil

Sample
Test

GSH
(mmol/mg protein)
HC

FC

OF6

20.39±2.04**

12.81±1.13*

4.68±2.28###

OF7

21.24±1.52**

13.88±1.39**

21.78±1.15***

16.83±2.19***

OF8

21.59±1.66**

14.95±1.88***

OF1

20.72±2.11**

13.22±1.21*

OF9

21.41±2.02**

13.90±1.19**

OF2

21.22±1.79**

13.78±1.09**

OF10

21.33±1.55**

13.81±2.07**

OF3

21.02±2.05**

13.91±1.29**

OF11

21.65±1.89***

14.63±1.11***

OF4

21.48±1.92**

14.12±2.11***

OF12

21.29±2.39**

13.93±1.05**

OF5

21.72±1.53***

15.09±1.56***

Data are taken as mean ± SEM (n = 8). The ###P<0 001 compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolamine-treated group (OneWay ANOVA followed by Dunnett’s bilateral comparisons).
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Figure 4.38: GSH level in frontal cortex and hippocampus of treated OF1-OF12.
Data are taken as mean ± SEM (n = 8). The ### P<0 001 compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolamine-treated group
(One-Way ANOVA followed by Dunnett’s bilateral comparisons).
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Numerous evidences indicate that the oxidative stress produced by reactive oxygen
species (ROS) or reactive nitrogen species (RNS) plays a potential vital role in the
progression of AD [271]. Generally, the brain requires high level of oxygen to perform
its extensive synaptic activities, and it is highly sensitive to oxidative stress, specifically
at the hippocampal and cortex regions [272]. The excessive production of ROS inflicts
neurotoxic mechanism by thiol- and lipid- dependent cell membrane peroxidation,
suppression of hippocampal plasticity, thereby contributes to the pathogenesis of AD
[271].
Previous research studies on Scopolamine have shown that it not only disrupt the
cholinergic neurotransmitter system but also start oxidative stress in the brain, which are
responsible for the pathogeneses of AD [273]. Oxidative stress can cause brain cell’s and
other neural tissues damage leading to aging and untimely cell apoptosis. Various
antioxidants are consumed as an approach for combating neurodegenerative disorders
[274].
The

superoxide

dismutase

(SOD)

and

catalase (CAT)

represent

first

line antioxidant defense system contributing a pivotal role in the total defense
mechanisms in biological systems [275]. These antioxidant enzymes work in the cells to
prevent or suppress the generation of reactive species or free radicals. They are
extremely quick to neutralize any molecule having the potential to develop into a free
radical or any free radical having the ability to be a precursor of other radicals.
Superoxide dismutase, catalase and glutathione peroxidase are three key enzymes on top
of this list [276].
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The singlet oxygen radical (1O2−) or superoxide radical (∗O2) produced in tissues during
cell reactions or cells metabolism is catalytically converted by SOD to molecular oxygen
(O2) and hydrogen-peroxide (H2O2). Accumulation of H2O2 is toxic to cells and body
tissues and it is also converted to hydroxyl radical (∗OH) in the presence of Fe2+ via
Fenton reaction. To prevent the formation of these toxic hydroxyl radical and H2O2
species, another antioxidant enzyme catalase (CAT) come in action for breaking down of
H2O2 into water and molecular oxygen, resulting in alleviation of the damage produced
by the free radicals. CAT is extremely efficient in breaking down of H2O2 molecules and
can break down millions of H2O2 in a second. This overall defensive mechanism is
named first line antioxidant defense system and the involved antioxidants are known as
first line defense antioxidants [277].
Among intracellular antioxidants, the reduced glutathione (GSH) is the most abundantly
found non protein antioxidant in cells [278]. It is a tri-peptide thiol useful for intracellular
and extracellular antioxidant action along with its responsibility in controlling signalling
processes, heavy metals detoxification, xenobiotics, and numerous other functions. This
tripeptide is composed of glutamic acid, cysteine and glycine amino acids. The whole
blood and Intracellular concentrations of GSH are usually found in milimolar range while
its plasma concentration is slightly higher i.e. in the micromolar range accounting for
nearly 0.4% of total blood GSH [279, 280].
In current research, Scopolamine significantly enhanced oxidative stress in mice brains as
evidenced by an increase in MDA content and decreases in GSH content, SOD and CAT
activity. The synthetic flavonols showed significant attenuation effect of these alterations
by increasing in SOD, CAT and GSH content and decreasing in MDA content. In this
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study, as expected, administration of scopolamine significantly elevated the MDA levels,
indicating the induction of oxidative stress in mice.
4.8

DISCUSSION

The current research study was focused to synthesize flavonol derivatives that are
mentioned as OF1-OF12. These flavonols were subjected to screening for possible
nootropic activity via animal models.
First, para substituted aldehydes we selected that were


Electron Donating Group



Electron Withdrawing Group



Halogens: A special case

The Donating group includes strong activating N,N-dimethylbenzaldehyde and weakly to
mild activating methyl and methoxy benzaldehyde groups. In case of withdrawing group
strong group like triflormethyl benzaldehyde was used. Chlorobenzaldehyde as halogen
was used.
These flavonols were then screened to nootropic activity and the results obtained are
given in Figure 4.39-4.44.
Bioguided synthesis of Flavonol derivatives was carried. Initially in series Ia,
electronically and chemically different mono para substituted flavonol derivatives (OF1,
OF3, OF4, OF5 and OF6) were synthesized as shown in Figure 4.39.
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Figure 4.39: Comparative study of para substituted flavonols.
OF1 being the parent flavonol has hydrogen on its para position. In OF3 the hydrogen at
para position is replaced by chlorine (Cl) which is electron donating and deactivating
group. In OF4 the hydrogen is replaced by methyl group (CH3) which is slightly electron
donating and slightly activating group. In OF5 the hydrogen at para position is replaced
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by methoxy group (OCH3) which is strong electron donating and strong activating group.
In OF6 the hydrogen is replaced by trifluoromethyl group (CF3) which is a strong
electron withdrawing and strong deactivating group. These different flavonol derivatives
were subject to biological activities and the findings have been summarized in Figure
4.39 and Table 4.18.
Table 4.18: Comparative results of para substituted flavonols.

Control

Dose
(mg/kg b.w)
T-80

Scopolamine

1.5

49.11±4.75

52.01±3.98†††

Donepezil

2

32.87±5.54

206.33±3.51***

12.5

51.56±3.25

106.31±3.22*

25

44.32±4.21

101.05±4.51*

50

29.13±3.93

110.59±5.14**

12.5

51.31±3.89

111.91±4.11**

25

44.45±4.25

107.22±3.19*

50

29.71±5.48

118.71±3.07**

12.5

38.52±3.66

136.76±4.15**

25

49.15±3.81

154.45±3.25**

50

32.67±4.53

169.09±3.71***

12.5

51.01±3.09

166.09±3.88**

25

44.76±4.59

189.12±4.51***

50

29.49±4.91

192.66±5.36***

12.5

38.33±2.78

95.41±4.88*

25

49.71±3.15

88.39±5.15*

Sample Test

OF1

OF3

OF4

OF5

OF6

Acquisition

Retention

38.30±4.25

188.14±4.59

32.59±3.76
101.01±4.19*
50
Data are taken as mean ± SEM (n = 8). The †††P<0 001 compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolamine-treated group (OneWay ANOVA followed by Dunnett’s bilateral comparisons).

144

Chapter 4

Results and Discussion

Among the different flavonol derivatives, OF5 was found the most potent flavonol. OF5
has methoxy group (OCH3) at para position which is strong electron donating and
activating group. Based on initial findings, the flavonol derivative OF2 was synthesized
in series IIb that has N,N-dimethyl group (N(CH3)2) which is also a strong electron
donating and activating group as shown in Figure 4.40. OF2 was subjected for biological
activity and compared the result with that OF5.

Figure 4.40: Comparative study of OF5 and OF2
It was found the activity was decreased dramatically as shown and it shows that methoxy
group is important for activity and replacing methoxy group by N,N-dimethyl group the
activity decreases though both the groups are strong donating groups as shown in Table
4.19.
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Table 4.19: Comparative results of OF2 and OF5

Control

Dose
(mg/kg b.w)
T-80

Scopolamine

1.5

49.11±4.75

52.01±3.98†††

Donepezil

2

32.87±5.54

206.33±3.51***

12.5

38.56±4.57

98.51±3.76*

25

49.82±5.05

104.62±3.51*

50

32.67±3.29

106.53±4.59*

12.5

51.01±3.09

166.09±3.88**

25

44.76±4.59

189.12±4.51***

Sample Test

OF2

OF5

Acquisition

Retention

38.30±4.25

188.14±4.59

29.49±4.91
192.66±5.36***
50
Data are taken as mean ± SEM (n = 8). The †††P<0 001 compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolamine-treated group (OneWay ANOVA followed by Dunnett’s bilateral comparisons).
Based on above finding we synthesized in series II flavonol derivatives OF7 and OF8 by
changing the position of methoxy group from para to ortho and meta. By changing
position of OCH3 from para to meta position (OF8) a decrease in activity was observed.
The activity was further reduced when OCH3 group was brought to ortho position (OF7)
as shown in Figure 4.41 and Table 4.20. Methoxy group on both ortho and para
positions increases electron density at carbon attached to chromone ring unlike methoxy
group at meta postion Figure 4.42.
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Figure 4.41: Comparative study of OF5, OF7 and OF8
The flavonols were administered and was found from the results (Table 4.20) that OF5
was most potent among mono para substituted electron-donating methoxy group
containing flavonol (OF5) followed by mono meta substituted electron-donating
methoxy group containing flavonol (OF8) and mono ortho substituted electron-donating
methoxy group containing flavonol (OF7) as given in Table 4.20.
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Table 4.20: Comparative results of OF5, OF7 and OF8
Sample Test
Control
Scopolamine
Donepezil

OF7

OF8

OF5

Dose
(mg/kg b.w)

Acquisition

Retention

T-80

38.30±4.19

188.14±3.25

1.5

49.11±3.72

52.01±3.51†††

2

32.87±3.61

206.33±3.92***

12.5

39.09±4.71

114.66±4.15*

25

47.11±4.05

116.41±3.67*

50

36.71±3.95

129.61±5.11**

12.5

38.36±4.25

126.29±5.24**

25

49.61±3.51

151.64±4.95**

50

39.71±3.78

156.12±4.05**

12.5

41.30±3.91

166.09±3.88**

25

39.11±5.02

189.12±4.51***

50

42.67±3.57

192.66±5.36***

Data are taken as mean ± SEM (n = 8). The †††P<0 001 compared to control normal
group.*P<0.05, **P<0.01, ***P<0.001 are compared to scopolamine-treated group (OneWay ANOVA followed by Dunnett’s bilateral comparisons).
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Figure 4.42: Resonating structures of OF5, OF7 and OF8
We were expecting comparable activity of both OF5 and OF7 in series II but a decrease
in activity was observed. The reason might be hydrogen bonding between hydrogen of
hydroxyl group and oxygen of methoxy group as shown in Figure 4.43.
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Figure 4.43: Hydrogen bonding of OF8
Dimethoxy derivatives of flavonols (OF9, OF10, OF11 and OF12) were synthesized in
series III and subjected to biological activity in order to see the effect of 2nd methoxy
group as shown in Figure 4.44.
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Figure 4.44: Comparative study of OF9-OF12
4.9

Suggested Molecular and Cellular Mechanisms

Establishment of new natural nootropic must consider the cellular and molecular
mechanism of cognitive processes. Neurons have a well defined structural and functional
plasticity known as synaptic plasticity which is accountable remodeling of synapse
(cellular learning). Cognitive properties are affected with the modulation of neurons in
molecular levels [281]. Following are few suggested mechanisms mediating the effects of
nootropics in cognitive performance.
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4.9.1 Glutaminergic Signalling
Glutamatergic transmission is an example of synaptic plasticity connected with Longterm potentiation (LTP). Glutamate is an important neurotransmitter implicated in
cognitive processes [282]. There are two distinct glutamate receptors i.e. the
metabotropic receptors and ionotropic (including AMPA, kainite and N-methylDaspartate (NMDA)) receptors which are distributed on pre- and postsynaptic clefts of
the neurons. These receptors are responsible for neuronal network that allows the
cognitive performance [283]. The release of glutamate will activate N-methyl-Daspartate
(NMDA) and AMPA receptors. AMPA receptor function is mainly the synaptic
transmission, while NMDA receptor is responsible for classic learning and memory
[284]. LTP is remarkably studied in the hippocampus in connection with learning and
memory. Blockage of NMDA receptor displays the cognitive impairment in animal
models. The α-amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid (AMPA) receptor,
another type of ionotropic channel, is well-known to mediate the immediate and fast postsynaptic response to glutamate release and thus may contribute to synaptic plasticity
[285]. Increased density of AMPA receptor in the hippocampus was shown to enhance
the memory consolidation [286].
4.9.2 Cholinergic System
In regulating the cognitive function, the central cholinergic system is suggested to be an
essential neurotransmitter associated with, namely, acetylcholine (ACh) [287]. Taking
piracetam as an example, nootropics are suggested to involve the biochemical
modifications in the aged brain [288]. Treatment of nootropics shows pronounced effects

152

Chapter 4

Results and Discussion

in the impaired brain functions induced by number of noxious stimuli, for example,
hypoxia, aging, and injury [289].
Cognitive dysfunction is related to diminish cholinergic function, treated by stimulation
of central cholinergic activity expressing the improvement of cognitive performances
[290]. The loss of neuronal cholinergic observed in the hippocampal area is responsible
for the major characteristic of Alzheimer’s disease. Administration of established
nootropics is established to increase the level of ACh and up regulation of receptor
binding for cholinergic system in the hippocampus and frontal cortex [291]. The
nootropics activities are observed through the down regulated ACh esterase activity. The
reduction subsequently leads to upregulation of ACh expression in the brain.
4.9.3 Amyloid Precursor Protein
In Alzheimer’s disease, dysfunction of the cholinergic system is also accompanied by the
involvement of amyloid protein, specifically amyloid
tangles

-protein, and neurofibrillary

[292]. Patients diagnosed with Alzheimer’s disease are expressed with the

deposition of insoluble or oxidised amyloid-

derived from APP present in the brain

[293]. -amyloid peptide is another fragment derived from the APP, contributing to the
impairment of short-term working memory [294]. The consequences of the influence of
APP seem to contribute to the memory formation [295]. Introduction of natural
nootropics increases the learning and memory performance, which causes upregulation of
APP expression [296]. Knockout APP in mice was observed to impair the behavioural
activity and alter the structure and length of the neuron [297].
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4.9.4 Secondary Messenger
Schwartz [298] has claimed the involvement of secondary messenger implicated in the
cognitive purpose. The evolution of the intracellular signalling cascade involves various
enzymes and selective protein-protein interactions in response to the cognitive
performance. LTP, as mentioned before, is related to the activation of NMDA receptor
and leads to influx of Ca2+. It is originating the series of events causing the activation of
pre- and postsynaptic mechanisms [299]. Ca2+ is observed to activate PKC in the dentate
gyrus [300], a molecule that is involved in the processes of learning and memory [301].
The administration of PKC activator [302] and nootropic drugs were observed to improve
the memory performances, suggesting the involvement of similar pathway, the PKC
pathway [303].
Upon PKC activation, it localizes to specific subcellular sites and confers different
physiological function [304]. The failure for this translocation to occur is found in normal
aging and number of neuronal pathologies [305]. Considering the role of PKC in learning
and memory mechanisms, PKC improves synaptic plasticity in the brain. In addition,
diminished calcium/calmodulin-dependent protein kinase II (CaMKII) and PKC activity
contribute to downregulation of NMDA receptor, thus reducing the release of glutamate
[306].
4.9.5 Miscellaneous
Insulin receptor becomes another target for investigating the effect of nootropic in
cognitive purposes. Insulin plays a role in the neuropathological views, including
involvement in neurotropic and neuromodulatory functions [307]. As observed from a
number of studies, insulin receptors are also responsible for learning and memory [308].
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High expression of insulin receptors is found in the hippocampus, including in the dentate
gyrus and CA1 pyramidal cells [309]. Activation of neuronal insulin will stimulate the
signalling pathway of cognitive function, including activation of

MAPK (mitogen-

activated protein kinase), PKC, and PI3K (phosphatidylinositol-3-kinase) [310]. Diabetic
rats were observed to experience cognitive impairment and LTP [311].
Other than insulin receptor, angiotensin receptor also facilitates the signal transduction in
the CNS. Angiotensin, a peptide hormone, is part of the renin-angiotensin system that
stimulates the release of aldosterone from the adrenal cortex. Ang II also interacts with
other neurotransmitters, causing the release of noradrenaline and the synthesis of
serotonin [312]. Ang II facilitates the cognitive and behavioural processes through its
specific receptors and metabolites expressed in animal models [313]. Upon cognitive
impairment of Alzheimer’s disease patient, the Ang II in the brain inhibits the release of
acetylcholine through inhibition on angiotensin type 1 receptor (AT1) [314].
Acetylcholine is known as a critical neurotransmitter responsible for memory. Review by
van der Staay et al. [315] has established a definition of cognition enhancer. Overall, a
cognition enhancer is a pharmacological compound that enhances the cognitive function
that can cross easily the blood-brain barrier.
The cognition function is influenced by the cognition enhancer including the learning,
consolidation and retrieval, and memory. As a contrast, it does not have
psychopharmacological activity such as sedation and has minimal or no adverse effects
with low toxicity level.
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CONCLUDING REMARKS
The findings of this thesis illustrate the effectiveness of flavonol derivatives (OF1-OF12)
as smart candidates for a variety of applications in the field of medicinal chemistry and
reflect the useful approach as nootropic agents.
Simple and expedient methodology was used for synthesis flavonol derivatives (OF1OF12) from ketone and substituted benzaldehyde usin AFO method. The synthesis of
flavonol derivatives (OF1-OF12) progressed well in particular time and was produced in
a good percent yield. Bioguided synthesis of flavonol derivatives was carried out and
initially in series Ia and Ib, electronically and chemically different mono para
substituted flavonol derivatives (OF1- OF6) were synthesized. These compounds were
screened for in-vitro, in-vivo and ex-vivo analysis to corroborate their nootrpic potentials.
From the study, it was concluded that para mono substituted methoxy flavonol (OF5)
was most potent and efficient among the tested compounds. From these compounds the
An attempt was carried out to explore the effect of positioning of methoxy group in
series II and OF7 and OF8 was synthesized followed by synthesis of disubstitued
methoxy containing flavonols (OF9-OF12) in series III and SAR was developed by
subjected to confirm their nootrpic potentials.
The flavonols against DPPH and ABTS model showed significant scavenging capability
suggesting the flavonols are much stronger and better antioxidant and free radical
scavenger radical that is comparable with standard Tocopherol. The synthetic flavonols
(OF1-F12) were non lethal when subjected to acute and sub acute toxicity at different
dose levels in phases.
In-vitro cholinesterase inhibitory response of the synthesized flavonols (OF1-OF12)
revealed that the dimethoxy containing flavonol (OF11) exhibited a significant %
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inhibition against AChE having an IC50 value of 60.69 µg/mL and BuChE inhibition with
IC50 value of 118.23 µg/mL and is comparable with standard Galanthamine and
Donepezil. The in-vitro analysis is further confirmed by molecular docking studies to
check binding interactions with active site residues of AChE and BuChE. Among the all
synthesized compounds, the disubstituted methoxy containing flavonol OF11 showed
highest binding interaction with both cholinesterase enzymes. Similarly, the docking
studies of mono para substituted methoxy containing flavonol OF5 showed the good
binding interactions with both the cholinesterases. Among all the synthesized ligands,
compound OF2 was comparatively least active against both the cholinesterases.
In this research scopolamine amnesic model was used explore the effects of (OF1OF12) on the cholinergic system using passive avoidance step through, step down
latency and in NOR test. The results revealed that (OF1-OF12) are capable of
protecting mice from scopolamine induced learning and memory impairments by
improving the down regulated ACh receptors in all tested models followed by a positive
modulatory effects on biomarkers like AChE, ACh, superoxide dismutase (SOD),
catalase (CAT) and reduced glutathione (GSH) and reduced lipid peroxidation (MDA
level) in the frontal cortex and hippocampus of brain.
At a dose of 12.5, 25 and 50 mg/kg, all the tested flavonol exhibited a significant
(*P<0.05,

**

P<0.01,

***

P<0.001, n=8) step through latency (STL), step down latency

(SDL) and discrimination index (DI) that are comparable to amnesic group (scopolamine
treated). Among the different flavonol derivatives, OF5 and OF11 were found the most
potent flavonols suggesting that methoxy group is important for activity. The OF5 has
methoxy group (OCH3) at para position and OF11 has methoxy groups (OCH3) at meta
and para position which is strong electron donating and activating group.
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In order to elucidate the underlying mechanism of memory enhancing effects of (OF1OF12) in scopolamine treated (amnesic) mice, the cholinergic neurotransmission is
impaired and an increase of AChE level and decrease ACh level was observed. In
addition, we showed the synthetic flavonols (OF1-OF12) significantly increased
antioxidant enzyme activities superoxide dismutase (SOD), catalase (CAT) and reduced
glutathione (GSH) and reduced lipid peroxidation (MDA level) in the frontal cortex and
hippocampus of brain. These effects were countered by administration of (OF1-OF12)
and thus, it demonstrated that antiamnesic effect of flavonols (OF1-OF12) on
scopolamine induced memory impairment may be related to modification of the
cholinergic systems.
Pretreatment of mice with synthetic flavonols (OF1-OF12) produced significant change
in SOD activity (2.94 to 2.25 folds) in the hippocampus and frontal cortex when
compared to amnesic group. The treatment of OF5 and OF11 significantly increased (P<
0.001) SOD activity by 2.82 (29.83±2.01, n=8) and 2.94 (31.07±1.92, n=8) folds
compared with amnesic group.
Moreover, pretreatment with 50 mg/kg of synthetic flavonols (OF1-OF12) significantly
increased catalase levels in the hippocampus (4.06 to 2.93 folds) and frontal cortex (3.35
to 2.65 folds) when compared to amnesic (scopolamine treated) group. Synthetic
flavonols (OF1-OF12) prevented scopolamine-induced elevation in MDA level as
indicated by significantly (P<0.05, P<0.01, P<0.001, n=8) less MDA level in mice brain
regions (hippocampus and cortex). There was significant rise (P<0.05, P<0.01 and
P<0.001) in level of GSH in brain regions (hippocampus 3.66 to 3.44 folds and frontal
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cortex 3.22 to 2.73 folds) of group treated with synthetic flavonols (OF1-OF12) in
comparison to scopolamine group.
In short, the correlation of in-vitro study, in-vivo and ex-vivo animal study of synthetic
flavonols (OF1-OF12) at the dose of 12.5, 25 and 50 mg/kg significantly improved the
memory of mice and reversed the amnesic response induced by scopolamine. All the
synthetic flavonols and more specifically OF5 and OF11 were shown to be more potent.
The molecular docking studies and in-vitro analysis of flavonols was further
authenticated by in-vivo behavioral studies (passive avoidance step through, step down
and novel object recognition models). The in-vitro and in-vivo studies were further
authenticated and correlated by ex-vivo biomarker studies that testify the use of
flavonoids as nootropics. Our results suggest that the synthetic flavonols (OF1-OF12)
demonstrated strong neuroprotective potentials on cognitive deficit induced by
scopolamine in mice and these compounds may be employed as a potential agents as
nootropics.
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