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ABSTRACT 
 

Neurodegeneration is age-associated progressive decline of structural and functional features 

of neurons. Neurodegenerative diseases such as Alzheimer’s disease & Parkinson’s disease 

usually arise from unknown reasons and associated with pathological expressions that 

primarily affect specific neurons. The relentless progression rate in such disorders is involved 

with several unlocked mysteries. The biology of neurodegeneration include several genetic 

and molecular factors such as neuro-inflammation, oxidative stress, mitochondrial 

dysfunction, activation of microglia and many other biochemical events, that lead to 

apoptosis. The increased cellular manifestation of reactive oxygen species (ROS) and 

production of numerous inflammatory mediators such as nuclear factor κB (NF-κB), 

cyclooxygenase-2 (COX2), tumor necrosis factor (TNF-α), ionized calcium-binding adapter 

molecule-1 (Iba-1) & interleukins (IL-1β, IL-6) plays a critical role in the pathogenesis of 

neurodegeneration. This cascade not only explains the complexity of events taking place at 

different levels but also provide a potential therapeutic roadmap for the treatment of 

neurodegenerative disorders. Many synthetic derivatives containing amide linkage as a 

central scaffold have emerged as successful agents for the treatment of neurological disorders. 

In this study, ten novel benzimidazole acetamide derivatives (FP1-FP10) were synthesized 

and characterized to investigate its neuroprotective effects in ethanol-induce 

neurodegeneration in a rat model. Further, five derivatives (FP1, FP3, FP4, FP7 and FP8) 

were selected for in vivo molecular analysis based on in silico molecular docking, in silico 

ADMET prediction and preliminary in vitro antioxidant screening assay. Molecular analysis 

revealed elevated expression of neuroinflammatory cytokines (NF-κB, COX2, TNF-α, Iba-1 

and IL-6), increased cellular oxidative stress, and reduced antioxidant enzymes (Glutathione 

(GSH) and glutathione s-transferase (GST)) in ethanol exposed rats brain which was further 

validated by enzyme-linked immunosorbent assay (ELISA). The behavioral (Y-maze and 



x 
 

Morris water maze test) results revealed that ethanol treated rats showed more escape latency 

and had lower alteration percentage as compared to the vehicle treated rats.  Moreover, real-

time PCR was used for the detection and expression of neuroinflammatory markers (TNF-α) 

in the rat brain. Molecular docking analysis was performed to assess the affinity of 

synthesized benzimidazole acetamide derivatives against selected protein targets (COX2, 

TNF-α, Iba-1, IL-1β and IL-6). The ADME predictor tool predicted the drug-likeness, non-

carcinogenicity, non-mutagenicity and ability to cross blood brain barrier (BBB) of FP1, FP3, 

FP4, FP7 and FP8. Pretreatment with novel benzimidazole acetamide derivatives (FP1, FP3, 

FP4, FP7 and FP8) significantly ameliorated the ethanol-induced memory deficits, oxidative 

stress, and proinflammatory cytokines (NF-κB, COX2, TNF-α, Iba-1 and IL-6) in the cortex 

and hippocampus of rat brains. The morphological assessment (H&E staining and 

immunohistochemistry) further validated these findings. While, real time PCR results 

depicted that ethanol significantly down-regulated the TNF-α mRNA in brain cortical tissue 

as compared to ethanol treated group. The multipurpose nature of benzimidazole acetamide 

derivatives and its versatile affinity towards numerous receptors highlight its multistep 

targeting potential. These results indicated the neuroprotective potential of benzimidazole 

acetamide derivatives (FP1, FP3, FP4, FP7 & FP8) in ethanol-induced neurodegeneration 

which may potentially be due to inhibition of neuroinflammatory-oxidative stress vicious 

cycle. 
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1. INTRODUCTION 

1.1 Role of heterocycles in drug designing 

Heterocyclic compounds being the important structural units, frequently present in marketed 

drugs and are important targets in the drug discovery process. US retail data shows over 80 % 

of small molecule drugs contain at least one fragment of heterocycles (Mack et al., 2010). 

While 85% of total bioactive molecule structures have shown integration with heterocycles.  

Most of these heterocyclic compounds have nitrogen, sulphur and oxygen present in the six 

membered rings. Interestingly, top 10 medicine brands have heterocycles present as integral 

components in their structures. It has now been clear that a wide range of natural products 

such as carbohydrates, amino acids, vitamins, nucleic acids and alkaloids contain one or more 

heterocyclic atoms such as sulphur, oxygen and especially nitrogen in their structures which 

makes it obvious to have its high prevalence. Such high abundance of heterocycles provides 

great opportunity to medicinal chemist to manipulate drug properties. The employment of 

heterocyclic moiety in drug structure may be used to modify the overall dynamics of drug 

molecules such as pharmacokinetics and pharmacodynamics including toxicity. Use of 

heterocycles as bioisosters is becoming highly popular to achieve desired effects in drug 

candidates (Meanwell, 2011). 

Due to the technology advancement, synthetic modelling science has evolved multiple folds 

that allow useful techniques like hetero-coupling and metal catalyzed cross coupling 

reactions, to simulate heterocycles beneficially in various ways. Furthermore, medicinal 

chemists have modulated many complex heterocyclic compounds containing natural drugs 

into simpler lead compounds and subsequently modified into newer drugs of their choice. In 

the science of medicinal chemistry, it is now possible to further enhance the drug like 

properties by using different discovery tools and to develop structure activity relationship 
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(SAR) by studying their pharmacokinetics & pharmacodynamics at molecular level 

effectively (Pająk et al., 2019; Pokorna et al., 2019; Šuleková et al., 2019; Szumilak and 

Stanczak, 2019). The ability of heterocyclic compounds to participate in hydrogen bonding 

with target proteins through donating or accepting protons in saturated N-

heterocycles/heteroaromatic compounds improves overall therapeutics of drugs. For instance, 

in the designing of HIV-1 integrase inhibitors, heterocycles were used to achieve better 

chelation with metal ions in enzyme’s binding pocket (Figure 1) (Le et al., 2010). 
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Figure 1: Designing of HIV-1 integrase inhibitor 

Lipophilicity (ClogP) value may also be useful in defining drug likeliness. High ClogP value 

defines low metabolic stability. ClogP value < 5 shows good druglikeness and follow 

lipinski’s rule of five while ClogP < 3 is considered good for CNS drugs. Incorporation of 

heterocycles in drug structures might be helpful in adjusting reduced ClogP values (Lipinski 

et al., 1997). Another important molecular descriptor for determination of drug-likeness is 

Polarity of molecule which is described as polar surface area (PSA) and sometimes may be 

referred as topological polar surface area (TPSA). For example, for CNS drugs TPSA = 40–

90 Å
2
 is considered to be an optimal range. Heterocycles provide needed flexibility to 

optimize TPSA (Wager et al., 2010). The integration of heterocyclic compounds may also be 
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helpful in defining aqueous solubility (bioavailability) of drug as heteroatoms show more 

interaction with water as compared to their carbon counterpart. In short, introduction of 

heterocycles into drug structure play crucial role in drug designing. However it should be kept 

in mind that by incorporating heterocycles in a molecule sometimes bring negative changes in 

other parameters of drug. Therefore, careful manipulation is required in medicinal chemistry 

to achieve optimal properties such as selectivity, potency, pharmacokinetic properties and 

toxicity (Gomtsyan, 2012). 

1.2 Target identification and validation 

Drug discovery and lead identification involve three basic components which include active 

compounds, screening assays and molecular targets (Figure 2). These basic modules proved 

their importance in the process of drug discovery and have ensured vital role in success of 

clinical trials. The introduction of advanced technology has totally changed the drug 

discovery scenario and increased the success rate globally in last 5 decades (Drews, 1999).  In 

the initial stages, scientists used to study proposed therapeutics through animal models 

(pharmacology and efficacy). Then after some advancement, researches refined their research 

and used tissues and cell cultures to study and define pharmacology, following the 

introduction of number of screening assays.  

During the last decade, subsequent advancements in the molecular biology and purification 

techniques allowed researchers to select molecular targets on the basis of screening. Ongoing 

development in this field started using various tools to study proteomics, genomics & 

bioinformatics and proved it to be of great significance for pharmaceutical industry, in order 

to study novel disease genes and their pathways. According to a validated data, almost 10,000 

genes are “drugable targets” out of approximately 150,000 human genes which can be used 

for the treatment of many diseases (Drews, 2000). 



 

4 
 

Some of partially validated molecular targets linked to complex human diseases (G protein 

coupled receptors-GPCRs & nuclear receptors) are also known. This knowledge becomes 

more valuable when combined with genetics and provides opportunities to have potential 

drugs with more specificity and selectivity in future. One of the relevant and interesting 

example is of selective estrogen receptor modulators (SERMs) where a selected molecule 

shows dual nature i.e., antagonist in one cell type and agonist in other.  

 

Figure 2: Drug design and discovery cycle 

Some of the other examples include, where one gene is responsible for multiple diseases such 

as pancreatitis, asthma, male infertility and cystic fibrosis and in some case multiple disease 

are interconnected with each other like obesity and diabetes. New genetic information will 

accelerate this science “gene to drug” many folds and further help to explore & understand 

the biologics of connected pathways more capably (Bikker et al., 1998; Valdenaire et al., 

1998; Wilson et al., 1998; Hinuma et al., 1999). This technique might be helpful in 

identifying & providing better validated gene targets to enhance the quality of drug discovery 

process.  
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1.3 Neurodegeneration  

Neurodegeneration is the gradual decline of structure and function of neurons leading to the 

association of protein aggregates that ultimately results in functional and mental impairment 

(Campbell et al., 1999). Neurodegeneration is a complex phenomenon, associated with poorly 

understood causes. Age is one of the important known reasons which increase the incidence 

of neurodegeneration during mid to late adult life. The development of neurodegenerative 

disease such as Alzheimer’s disease (AD), Parkinson’s disease (PD), Ischemic brain injury, 

multiple sclerosis (MS) mainly occur in elder individuals (Yuan and Yankner, 2000; 

Przedborski et al., 2003). In the recent past, viruses had been linked with neurodegeneration 

either by direct killing of neurons or through induction of apoptosis pathway (Reinacher et al., 

1983; Shinya et al., 2000; Amor et al., 2010). Some of the other associated pathological 

features include increased permeability of blood brain barrier (BBB), presence of 

inflammatory cytokines and chemokines, demolition of myelin sheath and glial activation 

(Jadidi-Niaragh and Mirshafiey, 2010). Neuropathic pain, optic neuritis, muscular spasm and 

paralysis are the clinical manifestations of demolition of neuron myelin sheath (Chastain et 

al., 2011).    

It has been suggested that in all neurological disorders including viral infection induced 

neurodegeneration have a critical role in the activation of immune response cascade in the 

CNS (Czirr and Wyss-Coray, 2012), it further involves the activation of microglia and 

astrocytes (Figure 3) (Perry and Teeling, 2013). Microglia and astrocytes play an important 

role in the regulation of homeostasis of the brain during different ages of life (Schwartz et al., 

2013). Microglia continuously produce certain monitoring factors that survey the surrounding 

microenvironment of brain including astrocytes and neurons (Sofroniew and Vinters, 2010). 

Any pathogen incursion or tissue injury activates inflammatory response which, in return 
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promotes the tissue repair process through engaging immune system (Wyss-Coray and 

Mucke, 2002).  

 

 

Figure 3: General pathways involved in neurodegenerative diseases (Van Bulck et al., 2019) 

 

During the development of these neurodegenerative diseases, many other biochemical events 

such as loss of ionic gradient, the release of excitatory neurotransmitters, and the 

formation of toxic radicals occur, that trigger neurodegeneration (Lull and Block, 2010; 

Sarma, 2014).  

Neurodegenerative disorders have gained a key attention in the aging community due to its 

social and financial burden on their families in the recent era. The up-regulation of the 

inflammatory process and microglia induced morphological changes in the CNS, are the key 

features in neurodegenerative disorders, trauma, infections and immune mediated disorders. It 

is also noteworthy to explain that some of the immune response may also helpful in tissue 

repair and neuronal regeneration, for example, microglia removes damaged myelin and when 
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it is hampered, delayed regeneration occurs (Neumann et al., 2009). True to this approach, the 

activation of immune response is critical in limiting CNS viral infections and also removal of 

dead cells following ischemia. Consequently, it would be true to define that microglia 

exercise dual role as a custodian of brain homeostasis and as initiator of damage in many 

neurological conditions. Oxidative stress is another important hallmark of neurodegenerative 

diseases which also play crucial role in the pathogenesis of these diseases and ultimately cell 

death (Schwartz et al., 2009). A better understanding of such phenomena would be helpful in 

designing new therapeutic strategies for neurodegenerative diseases. 

1.3.1 Neurodegeneration and aging 

Aging is an irreversible process, linked to structural and physical deterioration leading to 

potential risk of disease and death (Rose, 2009). Aging has been well studied during the last 

few decades and revealed nine crucial hallmarks which actually define central molecular 

dogma of aging (Mebane-Sims, 2018). Ageing is one of the most important risk factors 

related to decline of brain functions and cognitive disorders (Raz et al., 2010). Aligned with 

the approach, it is important to consider potential biomarkers of ageing, in order to design 

successful therapeutic strategies for neurodegeneration. In a retrospective designed study, it 

was revealed that neurological disorders are common in elderly population and almost every 

brain showed neurodegeneration, to variable extent, in very old individuals. It was further 

revealed that genetic and associated environmental factors survey the disease progression 

(Wyss-Coray, 2016). Molecular experimentation of the elderly individual brain, showed 

aggregated proteins such as amyloid- β (Aβ), tau protein (p-tau) and α-synuclein which are 

commonly expressed in Alzheimer disease and Parkinson’s disease (Elobeid et al., 2016). It 

has been proposed that, some of the environmental factors related to such disease are drugs, 

trauma and exposure to environmental toxins during early stages of development, show signs 

of such diseases in later stages of life (Schaefers and Teuchert-Noodt, 2016).  
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López-Otin et al. categorized nine hallmarks of aging into primary, antagonistic and 

integrative (Figure 4). The primary aging hallmarks are epigenetic alterations, telomere 

attrition, loss of proteostasis and genomic instability. The antagonistic ageing hallmarks are 

compensatory mechanism to primary hallmarks which include, cellular senescence, 

deregulated nutrient sensing, and mitochondrial dysfunction. Initially, these mechanisms try 

to compensate the primary damage but in the later stages, it becomes harmful itself. The 

integrative ageing hallmarks, emerge as a result of collective damage by initial hallmarks 

(primary & antagonistic), include altered intercellular communication and stem cell 

exhaustion. Finally all these changes lead to functional deterioration during ageing (López-

Otín et al., 2013; Chow and Herrup, 2015).    

 

Figure 4: Hallmarks of ageing 

Ageing is also linked with DNA damage, mitochondrial damage and mitochondrial 

dysfunction which show ultimate association with neurodegeneration. Diet control and 

routine exercise might be helpful in reducing the neuronal ageing and disease progression 

(Chow and Herrup, 2015). In some of the conducted studies, the clinical diagnosis and 
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pathological features do not correlate and interestingly some of the elderly individual (usually 

above 80) brains lack these features. It is hypothesized that some individual might uphold 

normal cognition due to certain compensatory mechanisms in their brains (Hou et al., 2019).     

1.3.2 Neurodegeneration and oxidative stress 

The reactive oxygen species (ROS) has maintained a natural homeostatic balance with 

endogenous antioxidants that help in enduring healthy tissue life. The increased production of 

ROS is responsible for the dysfunction or death of neuronal cells that contributes to 

neurodegeneration. The chemical origin of ROS production, as reported in certain reports, is 

the chemical reaction of redox-active metals (Cu
2+

 & Fe 
2+

) and molecular oxygen (Halliwell 

and Gutteridge, 2015). The overproduction of endogenous reactive oxygen species (ROS) 

produce oxidative stress and is associated with neurodegenerative diseases such as 

Alzheimer’s disease (AD) (Figure 5). The increased level of unregulated ROS such as nitric 

oxide, hydrogen peroxide, highly reactive hydroxyl radicals and superoxide, and low level of 

antioxidants triggers DNA damage which deregulates homeostatic system of neurons leading 

to neuronal damage and cell death (Castegna et al., 2002). Some of the important hallmarks of 

oxidative stress include lipid peroxidation and mitochondrial dysfunction. The increased 

production of ROS, and decreased levels of antioxidants such as superoxide dismutase 

(SOD), glutathione reductase (GR), glutathione (GSH) and glutathione peroxidase (GSH-Px) 

are characteristic features of mitochondrial dysfunction. Lipid peroxidation (LPO) and 

malondialdehyde (MDA- the secondary metabolite of lipid peroxidation & marker of LPO) 

may damage the integrity of cell membrane and protein function, ultimately leading to cell 

death (Zhou et al., 2014).  Another hypothesis suggesting the fact that increased level of ROS 

production is responsible for dysregulated calcium levels in the body while this disrupted 

calcium level is involved in inducing several pathways leading to apoptosis.  
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Figure 5: Cellular events showing relationship between ROS and neurodegenerative diseases (Zaidi, 2010) 

 

1.3.3 Neurodegeneration and neuroinflammation  

Neuroinflammation is basically a protective response within the nervous system; however the 

excessive response leads to the damaging effects in the brain, termed as neuroinflammatory 

disorders. This accelerated neurological response promotes the induction of 

neurodegenerative diseases such as AD, PD etc (Figure 6). Microglia and astrocytes play a 

vital role in the maintenance of homeostasis in the brain during all ages of life. In response to 

this inflammation, innate and acquired immune systems especially microglial cells become 

activated and produce many proinflammatory mediators in the CNS. Such sequential events 

disturb brain homeostasis and cause microglia to gather locally which ultimately results in 

neurotoxicity (Sofroniew and Vinters, 2010; Perry and Teeling, 2013). In the recent past 

studies, some of the researches proved close association between the inflammatory processes 

and neurodegenerative disease including depression and dementia especially in the elderly 

people which results in mental and functional impairment. The specific cytokines/chemokines 

production following inflammation, augment the disease conditions that predict the diligence 

of inflammatory stimuli or failure in normal resolution mechanisms (Wyss-Coray and Mucke, 
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2002; Das Sarma, 2014). The specific known inducers of neuroinflammation responsible for 

sensing, transduction and amplification include, tumor necrosis factor (TNF-α), 

cyclooxygenase-2 (COX2), interleukin-6 (IL-6), interleukin-1β (IL-1β), interleukin-10 (IL-

10) and nuclear factor κB (NF-κB) (Teeling and Perry, 2009; Glass et al., 2010). The 

intracellular mechanisms like dysfunction of mitochondria, the degradation of proteins, the 

relevant neuronal defects and ultimately apoptosis, in the neurodegenerative diseases, are 

linked with these neurotoxic mediators (Taylor et al., 2002; Chevalier-Larsen and Holzbaur, 

2006; Chen and Chan, 2009). This data suggests that, the detailed elucidation of 

neuroinflammatory pathways would provide newer therapeutic targets for better treatment of 

these diseases.  

 

Figure 6: Role of neuroinflammation in neurodegeneration (Choudhury et al., 2018) 

 

1.4 Alzheimer’s disease (AD) 

Alzheimer's disease (AD) is the most common, progressive chronic neurological disorder that 

gradually worsens with time. In 1906, German psychiatrist Alois Alzheimer described 

Alzheimer’s disease for the first time. A higher percentage of dementia cases (About 60-70%) 
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are linked with AD. Alzheimer’s disease is becoming one of the big social and financial 

burdens on their families especially in developed countries. In the initial stages of this 

disease, difficulty in memorizing recent happenings is a common symptom. In the later stages 

during the progression of AD, situation becomes worse, as the person feels difficulty during 

conversation, not remembering exact location, mood swings, abusive language, difficulty in 

sleep, paranoid, and repeating same conversation etc. In more worsen condition, patient 

shows behavioral issues and withdraws himself from family and society (socially isolated). In 

the advanced stages of disease, person loses control on bodily function and eventually leads 

to death (Figure 7). The progression of disease may vary from person to person but the 

average life expectancy is from 3 to 9 years following diagnosis (Burns and Iliffe, 2009; 

Querfurth and LaFerla, 2010; Ballard et al., 2011; Ngo and Holroyd-Leduc, 2014; 

Organization, 2018). 

Alzheimer’s disease can be characterized by neurofibrillary tangles, amyloid beta (Aβ) 

plaques, synaptic loss, functional and cognitive impairment. Initially, some of the symptoms 

are mistakenly understood for regular ageing. A complete medical imaging and blood testing 

is required to rule out causes and brain tissue examination is necessary for certain diagnosis 

(Berchtold and Cotman, 1998; Bonin-Guillaume et al., 2005; Hsu and A Marshall, 2017). 

There is no definite treatment for Alzheimer’s disease to control its progression. However 

symptomatic treatment can improve the condition of patient. Some of the exercise and diet 

plans are also helpful in this regards (Thompson et al., 2007; Forbes et al., 2015).   
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Figure 7: Progression of Alzheimer’s disease 

 

The World Health Organization (WHO) has provided some alarming statistics showing 

current & future data about people suffering from dementia worldwide as, 0.379% of total 

population in 2005, 0.441% in 2015 while 0.556% of people in 2030. In another study, it was 

established that the prevalence rate of AD would be triple by 2050. Some of the other studies 

also quoted the same results. In 2015, majority of the reported cases of AD were in people 

over age of 65 years while only 4-5 % of cases showed early onset. About 1.9 million deaths 

were reported in 2015 due to dementia (Ferri et al., 2005; Brookmeyer et al., 2007; Heriba, 

2014). 
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1.5 Disease mechanism 

 The exact mechanism that how the aggregated proteins (amyloid beta and fibrillary tangles), 

provide the basis for development of AD is unknown. The traditional, beta amyloid 

hypothesis links and terms the accretion of Aβ peptides as fundamental event responsible for 

neuronal degradation. This central event further relates with the accumulation of toxic protein 

(amyloid fibrils) which deregulates the microenvironment of the brain i.e., calcium ion 

homeostasis in the cell, ultimately leading to apoptosis. It has also been established that Aβ 

cause the dysfunctioning of mitochondria and certain enzymes, disrupting glucose supply to 

the neurons (Yankner et al., 1990; Chen and Yan, 2006; Van Broeck et al., 2007; Huang and 

Mucke, 2012). It is now clear that neuroinflammation is one of the important hallmarks in the 

pathology of AD. Various inflammatory cytokines/chemokines show presence following 

tissue damage in Alzheimer’s disease which execute as clinically important indicator. The 

neurodegeneration and inflammation are pivotal to each other.  Obesity may also have a 

contributory role in the disease progression (Heneka et al., 2015). In the recent past the role of 

neurotropic factor such as brain-derived neurotropic factor (BDNF) has been established in 

Alzheimer’s disease (Tapia-Arancibia et al., 2008). 

1.6 Pre-clinical stages of Alzheimer’s disease 

Alzheimer’s disease pathophysiology suggests that this disease begins to start many years 

before its diagnosis. This extensive and long phase is termed as pre-clinical phase of AD. Pre-

clinical phase provides a therapeutic opportunity for clinical intervention, though there is a 

need to further explicate the link between development of clinical symptoms and 

pathophysiological pathway of AD. Depending upon this underlying pathophysiology, the 

diagnostic criteria for clinical stages of AD was defined by Alzheimer’s Association. 

Interestingly it is well established now that all those individuals who show early evidence of 

pre-clinical symptoms will not necessarily progress to AD clinical phase. This pre-clinical 
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phase of AD precedes mild cognitive impairment (MCI) and further encompasses to 

Alzheimer’s disease, (Figure 8) (Sperling et al., 2011).   

 

Figure 8: The continuum of Alzheimer’s disease (AD) 

1.7 Biomarkers involved in the preclinical stage of AD 

Earlier a detailed and organized trajectory was defined to establish numerous validated 

biomarkers involved in pathophysiological cascade and pre-clinical phase of AD (Figure 9) 

(Jack Jr et al., 2010). 

Important biomarkers include, Amyloid beta (Aβ) accumulation that is characterized by 

decreased CSF (Aβ-42) and elevated tracer imaging of Aβ using positron emission 

tomography (PET). Synaptic dysfunction is a suggestive of Alzheimer’s disease related 

neurodegeneration and is characterized by decreased uptake of flouorodeoxyglucose (FDG) 

on PET-imaging. Another important biomarker of pre-clinical neurodegeneration is non-

specific increased tau protein in CSF that may be a predictive biomarker of neuronal injury. 

Another characteristic biomarker of AD is the brain structural atrophy assessed through 

Magnetic Resonance Imaging (MRI) that is further related to cognitive impairment in latter 

stages of MCI and AD-dementia (Vemuri et al., 2010). 
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Figure 9: Biomarkers involved in the pre-clinical stage of AD 

1.8 Stage wise framework for pre-clinical AD: 

R.A. Sperling et al (Sperling et al., 2011), further proposed a three step stage-wise framework 

in order to relate the neurodegenerative biomarkers with prediction of cognitive decline in 

clinically normal aged individuals.     

1.8.1 Stage 1: Asymptomatic cerebral amyloidosis 

During the stage 1, individuals do not show any detectable cognitive or behavioral symptoms 

that suggest no or minimal neurodegenerative brain alteration. In biomarker analysis, PET 

shows asymptomatic Aβ accumulation while CSF assay presents low Aβ-42 (Shaw et al., 

2009). 

1.8.2 Stage 2: Amyloid accumulation, evidence of synaptic dysfunction and early 

neurodegeneration 

These individuals show evidence of Aβ accumulation and might show neuronal injury.  The 

biomarker evaluation presents, elevated tau protein in CSF, Volumetric MRI shows 
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hippocampal atrophy and cortical thinning with specific distribution. These biomarkers also 

show inter-personal variations. 

1.8.3 Stage 3: Amyloid accumulation, evidence of neurodegeneration and mild cognitive 

decline 

R.A. Sperling et al (Sperling et al., 2011), further demonstrated that individuals with 

biomarker evidence of Aβ accumulation leading to early neurodegeneration, and subsequently 

cognitive decline are suggestive of last stage of pre-clinical AD (Figure 10). 

 

Figure 10: Pre-clinical stage wise framework (AD) 

1.9 Clinical stages of AD 

1.9.1 Early stage dementia 

Most of the patients show cognitive impairment as a characteristic feature in this clinical 

phase. This memory and learning impairment is further related to difficulties in daily livings. 

Some of the other prominent findings of this phase include, communication problems, 

inability of planning & organizing and even verbose on casual inspection (Chobor and 

Brown, 1990; Locascio et al., 1995). In early stage dementia, patient may live independent 
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but need support in different organizational matters. Standard neurological examination might 

not show any noticeable sign of impaired complex motor tasks (Kluger et al., 1997).  

1.9.2 Middle stage dementia  

In this stage of dementia, patient may not live independently due to severe “recent memory 

impairment”, as patient lives in the past. Severe impairment of logical temperament, language 

difficulties, reading & writing difficulties, illusionary misidentifications, delusionary 

symptoms and paraphasia are also important features of this clinical stage. In worse 

conditions eating and even dressing becomes disoriented. Patient often develops 

prosopagnosia that leads to difficulty in recognizing familiar faces (Reisberg et al., 1996). In 

20% patients, cholinergic deficits may result in developing hallucinations (visual quality) 

(Perry et al., 1990). Patients might show verbal & physical aggression, insufficient sphincter 

control, disorientation and incontinence (Sperling et al., 2011).  

1.9.3 Late stage dementia  

In this late stage dementia, all cognitive functions are badly impaired. Patient might show 

severe language difficulties and emotional misunderstandings that lead to aggressive reactions 

towards nursing care. The expression of pain usually appears as aggression, yelling and 

restlessness. Basic motor functions disrupt and simple eating, chewing and swallowing 

become impaired. Diurnal incontinence is frequent (Franssen et al., 1993). Frontal lobe 

atrophy leads to grasping and snouting reactions. In the late stages, epileptic seizures may 

also originate. Life expectancy is reduced by one third, after the clinical diagnosis of AD 

(Figure 11).  
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Figure 11: Clinical stages of AD (Moulder et al., 2013) 

Long persistence with such severity of symptoms, physical diseases, old age, and in latter 

stages, Pneumonia, myocardial infarction and sepsis are major and frequent causes of death in 

AD (Förstl and Kurz, 1999).  

1.10 Causes of Alzheimer’s disease 

Alzheimer’s disease is a chronic disease which is believed to be caused by the combination of 

several factors like genetic, environmental factors, lifestyle etc. however the exact cause and 

mechanism is still unknown. A number of hypotheses have been established trying to explain 

the possible cause of AD.  

1.10.1 Genetic 

One of the widely acceptable causes of AD is Genetic differences, as 1-5 % of cases have 

been reported showing prominent genetic dissimilarities. Two major forms of disease exist: 

early onset (familial) and late onset (Sporadic). Familial AD usually develops before the age 

of 65 years and contributes rarely in the total disease burden (less than 5 %) (Blennow et al., 
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2006). Familial AD may be credited due to mutation in one of the 3 genes named as 

presenilin 1 (PSEN1), presenilin 2 (PSEN2) and amyloid precursor protein (APP). Senile 

plaque are produced by the accumulation of a small protein known as Aβ42, while this small 

protein is produced by the mutation in APP or PSEN gene (Selkoe, 1999). Mutation in two of 

the other genes called ABCA7 and SORL1 may also cause familial Alzheimer’s disease 

(Kim, 2018). Sporadic AD (late onset Alzheimer’s) usually develops after the age of 65 years 

and most agreeable factors are considered as environmental and genetic differences (Figure 

12). The inheritance of ε4 allele of the apolipoprotein E (APOE) is considered widely 

acceptable reason of sporadic AD. Studies revealed that at least one APOEε4 allele was found 

in 40 – 80% of people with Alzheimer’s. The presence of ε4 allele of apolipoprotein 

multiplies the risk 3 times in heterozygotes while 15 times in homozygotes (Mahley et al., 

2006).  

1.10.2 Cholinergic hypothesis 

Cholinergic hypothesis was presented some three decades back and currently marketed drugs 

are mainly based on this idea.  This hypothesis suggests the role of acetylcholine in learning 

and memory. It has been proposed that dysfunctioning (reduced synthesis) of cholinergic 

transmission in the brain initiates the basis for Alzheimer’s disease (Francis et al., 1999). 

The cholinesterase inhibitors are currently considered the only approved pharmacological 

“symptomatic treatment” for cognitive impairment but some unaddressed questions needed to 

be answered (Hampel et al., 2017).  

1.10.3 Amyloid hypothesis 

Amyloid beta debate started in early 90s and received worldwide acceptance showing 

imbalance between Aβ42 production and clearance and related Aβ peptides. The presence of 

APP gene on chromosome 21 is crucial and supports this idea. Furthermore, APOEε4 allele is 
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another supportive genetic factor in case of Alzheimer’s disease. In another study, crossing 

mutant human APP gene in transgenic mice produced amyloid plaques and AD like 

morphological brain changes confirming cognitive deficits. Some valuable data was 

generated by researchers discovering amyloid-derived diffusible ligands (ADDLs), which are 

toxic oligomers and play important role in disrupting neuronal communication systems 

(Selkoe and Hardy, 2016). 

1.10.4 Tau (τ) hypothesis 

Another hypothesis gained much attention in which a microtubule-associated protein (MAP) 

i.e., tau protein proved to be responsible for initiating the Alzheimer’s disease cascade. It is 

suggested that abnormal tau (τ) protein phosphorylation (hyperphosphorylation) triggers 

conjugation of normal tau (τ) protein with other fibers of tau resulting into paired helical 

filaments (PHF). This cascade eventually leads to the production of neurofibrillary tangles. 

These insoluble structures interfere with cytoplasmic functions and interfere with neuronal 

transport system leading to cell death (Iqbal et al., 2005; Mohandas et al., 2009). 

 

Figure 12: Influence of genetic factors on AD (Bertram et al., 2010) 
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1.10.5 Inflammatory hypothesis 

Inflammatory hypothesis gained much attention during last two decades. Neurodegenerative 

diseases such as AD are proven to have close association with many inflammatory pathways.   

Proinflammatory cytokines and chemokines behave as neurotoxins and might contribute to 

neurodegeneration. One of the important and proven mediators, cyclo-oxygenase 2 (COX2) 

showed increased expression AD brain and recent findings established that COX2 promotes 

amyloidosis in transgenic animal models of AD (Akiyama et al., 2000; Ho et al., 2001). 

1.10.6 Other hypotheses 

Some of the other studied AD hypotheses are; 

 Possible role of chronic periodontal infection (Kamer et al., 2008) 

 Poor functioning of the blood–brain barrier may be involved (Deane and Zlokovic, 

2007) 

 Spirochete infections may have been linked to possible dementia (Miklossy, 2011) 

 The imbalance in cellular homeostasis of biometals such as ionic copper, iron, and 

zinc. These ions affect may have connection with proteins like tau, APP, and 

APOE (Xu et al., 2014). 

 Smoking is a significant AD risk factor (Cataldo et al., 2010)  

 Systemic markers of the innate immune system are risk factors for late-onset AD 

(Eikelenboom et al., 2010)  

 Dysfunction of oligodendrocytes and their associated myelin during aging 

contributes to axon damage (Bartzokis, 2011) 

 Retrogenesis (Cai and Xiao, 2016) 
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1.11 Alzheimer’s disease treatment: current status and new perspectives 

Alzheimer disease, being one of the leading global health issue producing enormous strain on 

healthcare system while its treatment is a big challenge for healthcare providers. As till now, 

no treatment provided complete cure or stop the disease progression. In the recent past years 

certain new therapeutic avenues has been introduced following the molecular genetic studies 

of AD which may be helpful in addressing new targets and providing more specific 

treatments (Figure 13). 

 

Figure 13: Treatment perspectives in Alzheimer’s disease 

 

1.11.1 Acetylcholinesterase inhibitors 

Acetylcholinesterase (AChE) inhibitors manage the cholinergic deficit in the AD patients 

which proves to be helpful in correcting cognitive and functional impairment. 

Acetylcholinesterase inhibitors managed to achieve important position as first line therapy in 

the current therapeutic options to treat mild to moderate AD (Cummings, 2000). 

Four drugs have been approved as cholinesterase inhibitors by FDA which is galantamine, 

donepezil, tacrine and rivastigmine (Figure 14). EMEA (European Agency for the 

Evaluation) has only approved rivastigmine in Europe. Rivastigmine inhibits 
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acetylcholinesterase as well as butyrylcholinesterase while donepezil galantamine and tacrine 

selectively inhibits AChE. In healthy human brain, butyrylcholinesterase is present about 

10% of the total cholinesterase and mainly associated with glial cells (Scott and Goa, 2000). 
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Figure 14: FDA approved cholinesterase inhibitors 

 

It has been proposed that during the progression of disease and microglial activation, the 

activity of AChE decreases while butyrylcholinesterase activity increases. In some reports, 

the ratio of acetylcholinesterase to butyrylcholinesterase was also reported to be changed 

during this AD progression. This data reveals butyrylcholinesterase as potential target for 

dealing with AD (Figure 15) (Arendt et al., 1992). 
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Figure 15: Functional features of cholinergic system 

 

1.11.2 NMDA-receptor antagonist  

Glutamate is the dominant excitatory neurotransmitter released by nerve cells in the CNS and 

plays important role in neuronal communication systems.  Glutamate receptors are divided 

into N-methyl-d-aspartate receptors (NMDA), α-amino-3-hydroxy-5-methyl-4-

isoxazolepropionic acid receptor (AMPA) and kainate subtypes. The activation of NMDA 

receptor promotes Ca
2+

 influx into neurons and strengthens the synaptic activity. This cellular 

process is linked indirectly with cognition and termed as in long-term potentiation (LTP). 

Memantine

CH3

CH3 NH2

 

During the progression of AD, hyper-activation of NDMA receptors result in the increased 

intracellular accretion of calcium ions which in turn initiate multiple events leading to cell 

death (Bliss and Collingridge, 1993; Sucher et al., 1996). Memantine is non-competitive 

NMDA receptors antagonist that is used to treat moderate to severe AD. It might work by 

blocking increased neuronal calcium influx. In Europe, Memantine was approved in 2002 for 

the treatment of AD (Reisberg et al., 2003). 
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1.11.3 New treatment approaches for AD 

1.11.3.1 β-secretase and γ-secretase inhibitors 

The production of Amyloid beta (Aβ) through cleavage cascade of APP (Amyloid precursor 

protein) is a characteristic step which provides a therapeutic strategy for the treatment of AD. 

APP is a transmembrane protein and its function is unclear till now. Two metabolic 

mechanisms present cleavage of APP; non-amlydogenic pathway & amlyoidogenic pathway. 

α-secretase is responsible for the proteolytic cleavage of APP through non-amlydogenic 

pathway and it is linked with phospotidylinositol hydrolysis (Lee et al., 1995). 

Following amlydogenic pathway, initially APP undergoes cleavage by β-secretase to produce 

C-terminal fragment (C99- membrane bound 99 amino acid fragment), which is subsequently 

followed by the proteolytic cleavage through γ-secretase to generate Aβ. This process 

produces two Aβ variants, Aβ1-40 & Aβ1-42. Majority of fraction produced is Aβ1-40 (almost 

90%) in comparison to Aβ1-42. However, Aβ1-42 has more tendencies to aggregate as beta 

amyloid plaque. Therapeutic strategy to specifically inhibit β-secretase and γ-secretase may 

provide beneficial and targeted approach to treat amyloidopathy in Alzheimer’s disease. 

Moreover, therapeutically β-secretase is more valuable target and may provide more ideal 

results because of its importance in the initial cleavage step during Aβ production (Dewachter 

and Van Leuven, 2002). Previously a gamma secretase inhibitor was synthesized which 

effectively reduced the Aβ production with added benefit of not disturbing notch signaling 

and favorable candidate to enter into clinical trials (Figure 16) (Petit et al., 2001). 

 



 

27 
 

O

O

Cl

O

O2N

R1

O

O

Cl

O

NH2

R1

O

O

Cl

O
R1

N
R2

R1=CH3, C2H4Cl, CH2CH2OCH3 R
1
=CH

3
, CH

2
CH

2
OCH

3

R
1
=CH

3
, CH

2
CH

2
OCH

3

R2 = 
NH2

O

O O

 

Figure 16: β-secretase and γ-secretase inhibitors 

 

1.11.3.2 Aβ vaccination 

It is common understanding that neurofibrillary tangles and amyloid plaques, once produced, 

are always difficult to resolve in the treatment of AD. In such scenarios, Immunotherapy or 

vaccinations may have the highest opportunity to produce desired results. The manipulations 

of immune system have due course of attention through active or passive immunizations. This 

idea got maximum attention when Schenk and co-workers initially observed remarkable 

reduction of Aβ deposits in animal model (transgenic APP mice) following vaccination with 

fibrillary human Aβ1-42 in 1999. This experiment not only produced striking results in both 

young and older mice but also pointed towards the start of new era in the treatment 

therapeutics of AD (Games et al., 1995; Schenk et al., 1999). Several new vaccinating 

protocols were proposed (Scarpini et al., 2003) which have been summarized in following 

table 1. Further studies are needed to explore the possible adverse effects of such therapies.  
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Table 1: Aβ vaccination protocols  

Peptide Route Adjuvant Animal 

model 

Outcome 

Aβ1-42 Intraperitoneal Yes PDAPP 

mice 

Lowering of amyloid 

burden in brain 

Aβ1-40 Intranasal Yes PDAPP 

mice 

Lowering of amyloid 

burden in brain 

Aβ1-16 with two palmitoyl 

residues at each end 

Intraperitoneal Yes NORBA 

mice 

Lowering of amyloid 

burden in pancreas 

Aβ1-30 with six lysine 

residues at N-terminal 

Intraperitoneal Yes Tg2576 

mice 

Lowering of amyloid 

burden in brain 

Filamentous phage with 

Aβ3-6 epitope 

Intraperitoneal No BALB/C 

mice 

Production of Aβ 

antibodies 

 

1.11.3.3 Amyloid antiaggregant therapies  

One of the successful AD treatment strategies is to design and develop anti amyloid 

aggregation therapy as proven by the recent research. Normal intracellular and extracellular 

soluble Aβ converts into insoluble aggregates as β-pleated sheets (Soto, 2001). Soto and co-

workers designed a synthetic β-sheet breaker peptide (iAβ5p) that reduced the aggregated Aβ 

in transgenic mice model (Permanne et al., 2002). 
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1.11.3.4 Serum amyloid P protein (SAP) inhibitor 

It has previously been reported in various reports that Serum amyloid P (SAP) and 

proteoglycans, bind to Amyloid beta fibrils and protect it from degradation and clearance. A 

devised strategy is the removal of SAP gene which produced valuable results while another 

research group working on AD reported the development of a SAP inhibitor (R-1-[6-[R-2-

carboxy-pyrrolidin-1-yl]-6-oxo-hexanoyl]pyrrolidine-2-carboxylic acid), which further 

resulted in beneficial results in animal study (Tennent et al., 1995; Pepys et al., 2002).   
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1.11.3.5 Metal chelators  

Multiple reports suggested the role of multivalent metals in Alzheimer’s disease progression. 

These metal ions especially copper and zinc show binding to amyloid beta leading to the ROS 

production and ultimately neurodegeneration. Higher concentrations of these metals were 

observed in AD brain (Lovell et al., 1998). Designing of metal chelators may provide suitable 

approach to dissolve insoluble Aβ in AD brains. Chemy and co-workers designed a metal 

chelator and antibiotic clioquinol which facilitated the dissolution of amyloid beta in disease 

brain. Combined administration of this drug and vitamin B12 may be useful to inhibit some of 

the clioquinol associated side effects (Yassin et al., 2000). 
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1.11.3.6 Cholesterol-lowering drugs  

The close association of ε4 allele of the apolipoprotein E (APOE) with slightly higher serum 

cholesterol level plays critical role in AD pathogenesis (Holtzman et al., 2000). So, 

cholesterol lowering drugs might show fruitful results in Aβ depletion. Many researchers 

provided evidence of controlling Aβ secretions using statins or “BM15.766” in high 

cholesterol fed diet animal models (Simons et al., 1998; Fassbender et al., 2001). BM15.766 

is a synthetic compound used to inhibit cholesterol synthesis at last step. It may be suggested 

that the chronic use of statins reduces the chances of AD development (Refolo et al., 2001).  
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1.11.3.7 Anti-inflammatory drugs 

As previously explained in this chapter, the inflammation is one of the characteristic factors 

of AD, so by targeting inflammatory pathways with the use of anti-inflammatory drugs 

provide a rationale for the treatment of Alzheimer’s disease. The inflammatory response and 

disease progression are directly linked and play key role in the pathophysiology of 

neurodegenerative diseases (Figure 17) (Szekely et al., 2004). 

True to this approach, several epidemiological studies presented this idea favorable in this 

regard and established that long term anti-inflammatory drugs help reducing the risk of AD in 

dose dependent manner and improving behavioral deficits (McGeer et al., 1996; Stewart et 

al., 1997).     
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According to this strategy, Pasinetti and Pompl have discussed the role of anti-inflammatory 

drugs in detail (Pasinetti and Pompl, 2002). Cyclooxygenase pathway targeting was also 

proven effective in treating mild AD in another study (Ho et al., 2001).  

 

 

Figure 17: Possible targets of NSAIDs in prevention of AD 

1.12 Benzimidazoles 

Heterocyclic compounds or heterocycles are important organic compounds comprised of a 

ring structure and one or more hetero atoms like Sulphur, Nitrogen, Oxygen, etc. These 

heterocycles play a central role in the designing and synthesis of new bioactive molecules by 

Pharmaceutical industries and hence present quite significant role in medicinal 

chemistry(Gaba et al., 2014). Interestingly, according to the 2010 data survey, about 80 % of 

the top US marketed drug molecules contain one or more heteroatoms in their structure 

(Mack et al., 2010). More specifically, heterocyclic compounds containing nitrogen present a 

broad spectrum of biological activities due to its structural similarities with active molecules 
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and sometimes due to bioisosterism (DeSimone et al., 2004). Benzimidazoles are 

heteroaromatic bicyclic class of compounds and occupy prominent position in pharmaceutical 

and biological therapeutics. A six member aromatic ring fused with five membered imidazole 

ring through 4 and 5 position to constitute benzimidazole ring which is completely planner. 

Some of the other commonly used nomenclature for benzimidazole is 1,3-benzodiazole or 

1H-benzimidazole (Congiu et al., 2008).   

The narration of benzimidazole started back dated in 1872 when Hoebrecker synthesized first 

benzimidazole through the ring closure of benzene-1,2-diamine derivatives (Wright, 1951) 

while in 1950s the structure of vitamin B12 was elucidated and found having 5,6-dimethyl-1-

(a-D-ribofuranosyl) benzimidazole (Barker et al., 1960). Subsequently, benzimidazole chapter 

got much attention in the field of medicine and achieved remarkable success. Benzimidazole 

ring possess both basic and acidic characteristics because of amphoteric nature. It contains 2 

nitrogen atoms, -NH- & =N-, the rapid proton exchange occur between these nitrogens and 

this ring exists in two equivalent tautomeric forms. Tautomerism is the exchange of protons 

and electrons which transpires either in an intramolecular fashion or interaction with protic 

solvent like water (Figure 18) (Townsend and Wise, 1990). 
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Figure 18: Benzimidazole Tautomerism 

The electron rich nature of nitrogen heterocyclic compounds allows donating or accepting 

protons and also has the ability to develop weak interactions effortlessly (Wright, 1951).  
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In the field of pharmaceuticals, benzimidazoles and its derivatizations produced crucial 

discoveries and several bioactive molecules (Valdez et al., 2002). Such unique scenario and 

diverse range of properties of benzimidazole impressed medicinal scientists globally and 

attracted their interest in it. The pharmacological spectrum of benzimidazole and derivatives 

can be categorized into different classes as; a) Analgesic and anti-inflammatory, 

b)Antimicrobial, c)Antioxidant, d) Anticancer e) Antitubercular, antiprotozoal, antiparasitic 

agents, f) antiviral, g) antimalarial h) Antinuclear i) Antihypertensive and diuretics j) 

Acetylcholinesterase inhibitors k) receptors and enzyme agonists /antagonists (Figure 19) 

(Keri et al., 2015)  

 

 

Figure 19: Synthetic therapeutic categories of benzimidazole derivatives 

 

Therefore, the syntheses of potential benzimidazole derivatives received central attention of 

synthetic pharmaceutical chemists and biologists.  
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1.12.1 Benzimidazole derivatives as neuroprotective agents 

Deficiency of acetylcholine is involved in different neuromuscular and neurodegenerative 

disorders like Alzheimer’s disease, while acetylcholinesterase (AChE) is responsible for the 

cessation of neuronal signal transmission through hydrolysis of acetylcholine (ACh) 

(Barnard, 1974).   

Benzimidazole derivatives have been synthesized and evaluated as potential neuroprotective 

agents by many researchers. Phenoxy substituted benzimidazole derivatives were reported as 

antiacetylcholinesterase (AChEIs) and antibutyrylcholinesterase (BChEIs) activities by Alpan 

et al (Alpan et al., 2013). In another study 2-aminobenzimidazole derivatives were screened 

as AChEIs & BChEIs (Zhu et al., 2013). Yoon et al synthesized benzimidazole containing 

derivatives and assayed against AChE and BChE (Yoon et al., 2013). A research group 

synthesized styrylbenimidazole derivatives as used it for imaging neurofibrillary tangles 

(Matsumura et al., 2013). An interesting synthetic molecule was also developed by Ulviye 

Acar Cevik et al, containing benzimidazole and multiple nitrogen atoms and evaluated as 

AChEIs and BChEIs (Acar Cevik et al., 2019). Some of the synthesized agents are 

summarized in the Figure 20.  
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Figure 20: Benzimidazole nucleus containing neuroprotectants as cholinesterase inhibitors 

 

Controlling inflammatory pathways has enormous value because of its direct and indirect 

relation with neurodegenerative diseases such as AD. Many benzimidazole containing 

derivatives have been reported to inhibit or control the inflammatory cytokines and mediators 

like interleukins, nitric oxide, Prostaglandins, histamine, tumor necrosis factor etc which play 

significant role as potential neuroprotectants. This inflammatory inhibition occurs either at 

one step or track multiple steps. Various derivatives have been synthesized and evaluated as 

potential anti-inflammatory agents (Figure 21) (Barot et al., 2013). 
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Figure 21: Benzimidazole nucleus containing neuroprotectants as anti-inflammatory agents 

 

The reactive oxygen species (ROS) has maintained a natural homeostatic balance with 

endogenous antioxidants that helps in persistent healthy tissue life. The increase level of ROS 

inclines human health towards several neurodegenerative disorders (Al Kury et al., 2019). 

Keeping in view the importance of antioxidants, many analogues containing benzimidazole 

nucleus have been synthetically produced and assessed as potential antioxidants (Barot et al., 

2013; Keri et al., 2015). Some of the synthesized antioxidants are presented in Figure 22. 
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Figure 22: Benzimidazole nucleus containing neuroprotectants as antioxidants 

 

 

 

 

 

 

 



 

38 
 

AIMS AND OBJECTIVES 

We synthesized a series of novel small neuroprotective molecules with potential multiple 

targeting therapeutics. The versatile nature of benzimidazole nucleus and its affinity towards 

various receptors suggested that it could be a multistep targeting neuroprotectant. For the 

reason, 2-aminobenzimidazole was selected as a raw material to synthesize various 

derivatives and to evaluate its role in neuroprotection. The specific aims and objectives were 

as follows;   

 To synthesize a series of novel substituted benzimidazole derivatives 

 To physically and chemically characterize the synthesized products using different 

spectroscopic techniques 

 To assess the affinity of synthesized benzimidazole acetamide derivatives against 

selected protein targets (COX2, TNF-α, Iba-1, IL-1β and IL-6) using in silico 

molecular docking studies 

 Selection of ligands from the synthesized benzimidazole derivatives 

 Behavioral and in vivo molecular analysis of selected ligands using ethanol-induced 

neurodegeneration model in rats including antioxidant assay (GSH, GST, LPO, NO), 

H & E staining and immunohistochemistry.  

 To study the relationship of selected pro-inflammatory cytokines and 

neurodegeneration using ELISA technique  

 To study the gene hyper expression of TNF-α in neurodegeneration using real time 

PCR (RT-PCR). 
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2. MATERIAL AND METHODS 

2.1 Chemicals and equipment 

All the raw materials were acquired from Alfa-Aesar (Germany) and Daejung (South Korea). 

The melting points of final products were recorded using Digital Sanyo-Gallenkamp 

apparatus and were uncorrected. The 
1
HNMR spectra were recorded using Bruker AM-300 in 

DMSO-d6 (300-400 MHz) while 
13

C NMR spectra were recorded at 75 MHz. TMS was used 

as an internal standard. The FTIR spectra were recorded using FTIR spectrophotometer 

(Alpha Bruker-ATR eco ZnSe, νmax in cm-1). The progress of each reaction was monitored 

through thin layer chromatography (TLC). An ABC Elite kit, 3,3-diaminobenzidine 

peroxidase, mouse anti-p-NF-kB, mouse anti-COX-2, mouse anti-TNF-α, mouse anti-IL-6 

and mouse anti-Iba-1 were procured from (Santa Cruz Biotechnology, USA). H2O2, 

Proteinase K, formaldehyde, mounting media, goat anti-mouse (secondary antibody) from 

Abcam (UK) and PBS tablets were acquired from BDH Germany. Additional solvent and 

reagents like 1- chloro-2,4-dinitrobenzene, 5,5ʹ-dithiobis (2-nitrobenzoic acid), N-(1-

naphthyl) ethylenediamine dihydrochloride, Glutathione (GSH) and trichloroacetic acid 

(CCl3COOH) were procured from Sigma-Aldrich. RNA extraction was done using reagents 

such as Liquid Nitrogen, TRIzol, Chloroform, Isopropanol, 70% Ethanol and RNase free 

water. Other reagents like Template (RNA), Primers oligod(T)18, Random Hexamers, 

dNTPs, M-MuLV Reverse Transcriptase, M-MuLV buffer, Nuclease free water (NF H20) 

were used for cDNA synthesis. While, Template cDNA, Forward & Reverse Primer (TNF-α 

and GAPDH), Taq polymerase enzyme 5U/ µL (Solis BioDyne FIREPol DNA polymerase, 

01-01-00500), Taq buffer (Solis BioDyne FIREPol DNA polymerase, 01-01-00500), MgCl2 

(Solis BioDyne FIREPol DNA polymerase, 01-01-00500), dNTPs (Solis BioDyne, dNTPs 

Set, 02-21-00400), PCR water (Invitrogen PCR grade water, AM9937) and 2X HOT SYBR 



 

40 
 

Green qPCR mix (Solar Bio Cat No. SR1110) were used for polymerase chain reactions 

(PCR) using equipment, “Galaxy XP Thermal Cycler (BIOER , PRC)”. Real time polymerase 

chain reactions were performed on Mic PCR (Bio Molecular System). Highly pure, analytical 

grade chemicals (99% HPLC) were used in this study. 

2.2 Experimental animals 

The animals (adult male Sprague Dawley rats) used in this study were acquired from 

domestic facility of Riphah International University (RIPS-RIU). The weight of acquired 

animals was between 250–290 g and age 10–12 weeks. This animal house facility provided 

controlled conditions like light/dark cycle, 45–55% humidity, and 22 ± 2 ◦C, temperature. All 

animals were provided with water and food ad libitum. All standard guidelines were followed 

as approved by REC (research and ethics committee) RIU, authorization number 

REC/RIPS/2018/22 ruled under the regulation of the Institute of Laboratory Animal 

Resources, Commission on Life Sciences University, National Research Council (1996). 

2.3 Methods 

2.3.1 Study design, treatment and tissue samples 

In our study, the animals were divided randomly following already set criteria to group 

animal of same weight providing same experimental conditions. For in vivo analysis, rats 

were divided arbitrarily and animals with same weight were kept under one group and in alike 

experimental conditions. The rats were divided into six groups (10 animals / group) as 

follows:   

Group I: Control group, treated with saline-1mL/kg intraperitoneally (i.p.) daily for 11 days. 

Group II: Disease group, treated with ethanol-2g/kg i.p. daily for 11 days. We used absolute 

ethanol for disease induction and since 1mL of ethanol is equal to 0.785 gm, therefore we 
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calculated the amount of ethanol for each rat (2g/kg) (Al Kury et al., 2019). We administered 

a max volume of 1mL to each rat (making the volume with saline). 

Group III: Treatment group FP1, treated with compound FP1 (10 mg /kg)(Akhtar et al., 2020; 

Khan et al., 2020) after 30 min of ethanol injection (2g/kg) i.p. for 11 successive days. 

Group IV: Treatment group FP3, treated with compound FP1 (10 mg /kg) after 30 min of 

ethanol injection (2g/kg) i.p. for 11 successive days. 

Group V: Treatment group FP4, treated with compound FP1 (10 mg /kg) after 30 min of 

ethanol injection (2g/kg) i.p. for 11 successive days. 

Group VI: Treatment group FP7, treated with compound FP7 (10 mg /kg) after 30 min of 

ethanol injection (2g/kg) i.p. for 11 successive days. 

Group VII: Treatment group FP8, treated with compound FP8 (10 mg /kg) after 30 min of 

ethanol injection (2g/kg) i.p. for 11 successive days. 

Group VIII: Reference group, treated with standard drug donepezil (3 mg/kg) after 30 min of 

ethanol injection (2g/kg) i.p. for 11 successive days. 

On the 12th day of study, all animals were tested for behavioral performances. The animals 

were sacrificed at the end of study using standard guidelines. The desired brain tissues slices 

(cortex and hippocampus) were dissected out and centrifuged in phosphate buffer solution 

(PBS-pH 7.4, approx. 5% w/v). Supernatant was collected by means of a micropipette and 

stored at -80
o
C. For additional investigations, this collected supernatant was employed for 

biochemical testing n=5/group. For immunohistochemical staining, the brain tissues were 

secured in 4% formaldehyde and later paraffin blocks were made for immunohistochemical 

analysis n=5/group.  
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2.3.2 General procedure for the synthesis of 2-Amino benzimidazole acetamide 

derivatives 

Benzimidazole acetamide derivatives (FP1-FP10) were synthesized based on three-step 

reaction as according to the given scheme in Figure 23. Primarily, a para toluene sulfonyl 

group (p-TsCl) was introduced consuming a nitrogen atom of 2-aminobenzimidazole to yield 

specific products. An amide linkage was generated following reaction with chloroacetyl 

chloride in the second step. Finally, substituted amines were reacted with these intermediate 

products to synthesize FP1-FP10, in the presence of triethylamine ((CH3)3N), potassium 

iodide (KI) and dimethylformamide (DMF) (30 mL) at room temperature.  

2.3.2.1 Synthesis of 1-(4-methylbenzene-1-sulfonyl)-1H-benzimidazol-2-amine (1) 

2-aminobenzimidazole (0.02 mol) was stirred in a mixture of Acetonitrile / Water (44mL / 

4mL) in the presence of NaOH (0.04 mol) at room temperature to form a clear solution. Para 

toluene sulfonyl chloride (0.02 mol) was added to this solution at ambient temperature. The 

solution was stirred for 1-2 hour and then diluted with cooled water (15 °C) (Hay et al., 

1998). The resultant shiny precipitates were separated through filtration to obtain the product 

(1) (89 %). Melting point was 168°C. 

2.3.2.2 Synthesis of 2-chloro-N-[1-(4-methylbenzene-1-sulfonyl)-1H-benzimidazol-2-yl] 

acetamide (2) 

N- Protected 2-aminobenzimidazole (1) (0.02 mol) was reacted with chloroacetyl chloride 

(0.02 mol) in the presence of (C2H5)3 N (0.02) and anhydrous dichloromethane (30 mL) at 

0°C. After continuous stirring of 15 minutes at constant temperature, the reaction mixture was 

further stirred at room temperature for 1 hour. The progress of the reaction was monitored by 

TLC (Ashraf et al., 2016). The resultant mixture was washed with acid (HCl 1% v/v) and 

base (NaOH 1% w/v) and finally with brine solution. The organic layer was dried over 
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anhydrous magnesium sulfate followed by solvent evaporation using rotary evaporator. The 

crude 2-chloro-N-[1-(4-methylbenzene-1-sulfonyl)-1H-benzimidazol-2-yl] acetamide (2) was 

recrystallized in ethanol as needle-like crystals: melting point 99°C–102°C; yield 82%. 

2.3.2.3 Synthesis of 2-Amino-N-[1-(4-methylbenzene-1-sulfonyl)-1H-benzimidazol-2-

yl]acetamide derivatives (3) 

The equimolar ratios of (2), triethyl amine, potassium iodide and respective amines were 

stirred in dimethyl formamide (DMF) (30 mL) at room temperature for 5 hours. The 

completion of the reaction was assessed by using TLC. The mixture was poured into finely 

crushed ice by stirring and extracted with ethyl acetate. The resultant mixture was washed 

with acid (HCl 1% v/v) and base (NaOH 1% w/v) and finally with brine solution. The organic 

layer was dried over anhydrous magnesium sulfate, filtered and the solvent was removed 

under reduced pressure to obtain the crude products (Abbas et al., 2017). The respective 

compounds were purified using silica gel column chromatography. 
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Figure 23: Chemical scheme for the synthesis of benzimidazole acetamide derivatives  
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2.3.3 Spectral analysis of synthesized benzimidazole acetamide derivatives (FP1-FP10) 

2.3.3.1 [2-(cyclohexylamino)-N-[1-(4-methylbenzene-1-sulfonyl)-1H-benzimidazol-2-yl] 

acetamide] (FP1) 

Yellowish viscous brown liquid; yield, 89%; Rf value = 0.71 (petroleum ether : ethyl 

ethanoate 9:1); FTIR spectroscopy: 3340 (NH, stretching), 2990 (sp
2
, -CH), 2890 (sp

3
, -CH), 

1690 (amide stretching, -C=O), 1580 (sp
2
, aromatic, C=C); 

1
H NMR (DMSO-d6, δ ppm): 

2.34 (CH3, s, 3H), 1.3-1.6 (5*CH2, m, 10H, J = 7.3 Hz), 2.54 (C-H, t, 1H) 3.39 (-CH2, s, 2H), 

4.10 (N-H, s, 1H), 7.79 (Ar-H, d, 2H, J = 7.0 Hz), 7.95 (Ar-H, d, 2H, J = 7.8 Hz), 7.31 – 7.44 

(Ar-H, m, 4H); 
13

C NMR: 56.6 (sp3, -CH2, 1C), 21.2 (sp3, -CH3, 1C), 25.3 – 33.6 (sp3, -CH2, 

5C), 44.9 (sp
3
, -CH2, 1C), 57 (sp

3
, -CH2, 1C), 114-122 (sp

2
, Ar-C, 4C), 125-139 (sp

2
, Ar-C, 

6C), 140.5 (sp
2
, Ar-C, 2C), 152.7 (sp

2
, -C=O, 1C).  

2.3.3.2 [2-anilino-N-[1-(4-methylbenzene-1-sulfonyl)-1H-benzimidazol-2-yl] acetamide] 

(FP2) 

Melting point, 142°C – 145°C; yield, 87%; Rf value = 0.76 (petroleum ether : ethyl ethanoate 

9:2); FTIR spectroscopy: 3330 (NH, stretching), 3155 (sp
2
, C-H), 2855 (sp

3
, C-H), 1675 

(amide stretching, -C=O), 1580 (sp
2
, aromatic, C=C); 

1
H NMR (DMSO-d6, δ ppm): 1.24 (-

CH3, s, 3H), 3.10 (-CH2, s, 2H), 4.5 (N-H, s, 1H), 7.06 (Ar-H, d, 2H, J = 8.26 Hz), 7.21 (Ar-

H, d, 2H, J = 8.0Hz), 6.76 (Ar-H, t, 1H), 7.90 (Ar-H, d, 2H, J = 7.2 Hz), 7.40 (Ar-H, d, 2H, J 

=7.0 Hz), 7.50 (Ar-H, d, 2H, J = 7.0 Hz), 7.29 (Ar-H, d, 2H, J = 7.9 Hz); 
13

C NMR: δ = 20.9 

(sp
3
, -CH3, 1C), 44.9 (sp

3
, -CH2, 1C), 117.3- 139.6 (sp

2
, Ar-C, 6C), 114.6-127.8 (sp

2
, Ar-C, 

4C), 137.3 (sp
2
, Ar-C, 2C), 146.6 (sp, C, 1C), 127.1-130.1 (sp

2
, Ar-C, 4C), 135.2-143.6 (sp

2
, 

Ar-H, 2C), 168.1 (sp
2
, -C=O, 1C). 
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2.3.3.3 [2-(4-methoxyanilino)-N-[1-(4-methylbenzene-1-sulfonyl)-1H-benzimidazol-2-yl] 

acetamide] (FP3) 

Melting point 169°C, Lit. 168°C–170°C [18]; yield, 89%; Rf value = 0.59 (n-hexane : ethyl 

ethanoate 5:1); FTIR spectroscopy: 3355(NH, stretching), 2957(sp
2
, C-H), 2888 (sp

3
, C-H), 

1660 (amide stretching, -C=O), 1589 (sp
2
, aromatic, C=C); 

1
H NMR (DMSO-d6, δ ppm): 

2.32 (-CH3, s, 3H), 3.34 (-CH2, s, 2H), 3.65(-CH3, s, 3H), 4.09 (N-H, s, 1H), 6.79 (Ar-H, d, 

2H, J = 8.2 Hz), 6.97 (Ar-H, d, 2H, J = 8.7 Hz), 7.32 (Ar-H, d, 2H, J = 7.9 Hz), 7.51 (Ar-H, d, 

2H, J =7.9 Hz), 7.79 (Ar-H, d, 2H, J = 8.3 Hz), 7.89 (Ar-H, d, 2H, J = 6.1 Hz); 
13

C NMR; δ = 

22.1 (sp
3
, -CH3,1C), 44.9 (sp

3
, -CH2, 1C), 55.5 (sp

3
, -CH3, 1C), 114.4–115 (sp

2
, Ar-C, 4C), 

117.5–125.5 (sp
2
, Ar-C, 4C), 127–129.5 (sp

2
, Ar-C, 4C), 135.5–142.3 (sp

2
, Ar-C, 2C), 140.5 

(sp
2
, Ar-C, 2C), 148.5–156.7 (sp

2
, Ar-C, 2C), 154.7 (sp, C, 1C), 169.3 (sp

2
, -C=O, 1C). 

2.3.3.4 [2-(Dodecylamino)-N-[1-(4-methylbenzene-1-sulfonyl)-1H-benzimidazol-2-yl] 

acetamide] (FP4) 

Dark brown viscous liquid; yield, 83% [18]; Rf value = 0.59 (n-hexane : ethyl ethanoate 5:1); 

FTIR spectroscopy: 3355(NH, stretching), 2959 (sp
2
, C-H), 2890 (sp

3
, C-H), 1665 (amide 

stretching, -C=O), 1580 (sp
2
, aromatic, C=C); 

1
H NMR (DMSO-d6, δ ppm): 0.86 (-CH3, t, 

3H), 1.22–1.36 (10*CH2, m, 20H, J = 7.1 Hz), 1.50 (-CH2, t, 2H) 3.31 (-CH2, s, 2H), 4.20 (N-

H, s, 1H), 7.80 (Ar-H, d, 2H, J = 7.4 Hz), 7.96 (Ar-H, d, 2H, J = 7.0 Hz), 7.30–7.42(Ar-H, m, 

J =8.3Hz); 
13

C NMR δ = 14 (sp
3
, -CH2, 1C), 21.2 (sp

3
, C, 1C), 22.7–30.1 (sp

3
, -CH2, 10C), 

49.2 (sp
3
, -CH2, 1C), 56.8 (sp

3
, -CH2, 1C), 117–126 (sp

2
, Ar-C, 4C), 127–144 (sp

2
, Ar-C, 6C), 

140.5 (sp
2
, Ar-C, 2C), 152.7 (sp

2
, C, 1C), 168 (sp

2
, -C=O, 1C). 
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2.3.3.5 [2-(Octylamino)-N-[1-(4-methylbenzene-1-sulfonyl)-1H-benzimidazol-2-yl] 

acetamide] (FP5) 

Viscous liquid; yield, 76%; Rf = 0.75 (n-hexane : ethyl ethanoate 5:1); FTIR spectroscopy: 

3315 (NH, stretching), 3000 (sp
2
, C-H), 2865 (sp

3
, C-H), 1655 (amide stretching, -C=O), 

1575 (sp
2
, aromatic, C=C); 

1
H NMR (DMSO-d6, δ ppm): 0.89 (-CH3, t, 3H, J= 7.0), 1.22–

1.29 (6*CH2, m, 12H, J=7.8), 2.30 (-CH3, s, 3H), 3.12, (-CH2, s, 2H), 3.31 (-CH2, s, 2H), 4.19 

(N-H, s, 1H), 7.78 (Ar-H, d, 2H, J = 7.3 Hz), 7.92 (Ar-H, d, 2H, J = 7.6 Hz), 7.28–7.39 (Ar-

H, m, 4H); 
13

C NMR, δ = 14 (sp
3
, -CH3, 1C), 20.7 (sp

3
, -CH3, 1C), 22.9–39.6 (sp

3
, -CH2,7C), 

45.8 (sp
3
, -CH2, 1C), 112.5–135.5 (sp

2
, Ar-C, 6C), 126.1–143.4 (sp

2
, Ar-C, 6C), 152.7 (sp

2
, 

C, 1C), 171.1 (sp
2
, -C=O, 1C). 

2.3.3.6 [2-(benzylamino)-N-[1-(4-methylbenzene-1-sulfonyl)-1H-benzimidazol-2-yl] 

acetamide] (FP6) 

Viscous liquid; yield, 90%; Rf value = 0.65 (petroleum ether : ethyl ethanoate 9:1); FTIR 

spectroscopy: 3350 (NH, stretching), 3100 (sp
2
, C-H), 2850 (sp

3
, C-H), 1660 (amide 

stretching, -C=O), 1585 ( sp
2
, aromatic, C=C); 

1
H NMR (DMSO-d6, δ ppm): 2.28 (-CH3, s, 

3H), 3.54 (-CH2, s, 2H), 3.64 (-CH2, s, 2H), 4.35 (N-H, s, 1H), 7.06 (Ar-H, d, 2H, J = 8.2Hz), 

7.19 (Ar-H, d, 2H, J = 7.9Hz), 7.40 (Ar-H, d, 2H, J = 9.3Hz), 7.72 (Ar-H, d, 2H, J =7.0Hz), 

7.21 (Ar-H, d, 2H, J = 6.8Hz), 7.28 (Ar-H, d, 2H, J = 7.7Hz), 9.10 (N-H, s, 1H); 
13

C NMR: δ 

= 24.3 (sp
3
, -CH3, 1C), 53.5 (sp

3
, -CH2, 1C), 44.9 (sp

3
, -CH2, 1C) 117- 119 (sp

2
, Ar-C, 4C), 

110.5-140.5 (sp
2
, Ar-C, 6C), 127-135.5 (sp

2
, Ar-C, 6C), 148.5-156.7 (sp

2
, Ar-C, 2C), 108.3 

(sp
2
, C, 1C), 163.2 (sp

2
, -C=O, 1C).  
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2.3.3.7 [2-(4-chloroanilino)-N-[1-(4-methylbenzene-1-sulfonyl)-1H-benzimidazol-2-yl] 

acetamide] (FP7)  

Melting point, 157°C – 160°C; yield, 85%; Rf value = 0.83 (petroleum ether : ethyl ethanoate 

9:1); FTIR spectroscopy: 3320 (NH, stretching), 3050 (sp
2
, C-H), 2860 (sp

3
, C-H), 1680 

(amide stretching, -C=O), 1599 (sp
2
, aromatic, C=C), 750 (C-Cl); 

1
H NMR (DMSO-d6, δ 

ppm): 2.32 (-CH3, s, 3H), 3.5 (-CH2, s, 2H), 4.09 (N-H, s, 1H), 6.8 (Ar-H, d, 2H, J = 9.0 Hz), 

7.41 (Ar-H, d, 2H, J = 8.9Hz), 7.31 (Ar-H, d, 2H, J = 8.1Hz), 7.52 (Ar-H, d, 2H, J =8.1Hz), 

7.80 (Ar-H, d, 2H, J = 7.6Hz), 7.9 (Ar-H, d, 2H, J = 5.7Hz); 
13

C NMR: δ = 21.9 (sp
3
, -CH3, 

1C), 43.7 (sp
3
, -CH2, 1C), 114- 129 (sp

2
, Ar-C, 5C), 118.4-124.7 (sp

2
, Ar-C, 4C), 126-128.4 

(sp
2
, Ar-C, 4C), 135.7 – 142.9 (sp

2
, Ar-C, 2C), 141.6 (sp

2
, Ar-C, 2C), 149.5-155.7 (sp

2
, Ar-C, 

2C), 168.5 (sp
2
, -C=O, 1C). 

2.3.3.8 [2-(4-fluoroanilino)-N-[1-(4-methylbenzene-1-sulfonyl)-1H-benzimidazol-2-yl] 

acetamide] (FP8)  

Melting point, 142°C – 145°C; yield, 86%; Rf value = 0.84 (petroleum ether : ethyl ethanoate 

9:1); FTIR spectroscopy: 3450 (NH, stretching), 3050 (sp
2
, C-H), 2860 (sp

3
, C-H), 1670 

(amide stretching, -C=O), 1550 (sp
2
, aromatic, C=C), 700 (C-F); 

1
H NMR (DMSO-d6, δ 

ppm): 2.20 (-CH3, s, 3H), 3.62 (-CH2, s, 2H), 4.09 (N-H, s, 1H), 6.78 (Ar-H, d, 2H, J = 8.0 

Hz), 6.92 (Ar-H, d, 2H, J = 7.0 Hz), 7.30 (Ar-H, d, 2H, J = 7.6 Hz), 7.42 (Ar-H, d, 2H, J =8.0 

Hz), 7.64 (Ar-H, d, 2H, J = 8.0 Hz), 7.80 (Ar-H, d, 2H, J = 6.8 Hz), 9.2 (N-H, s, 1H); 
13

C 

NMR: δ = 23.6 (sp
3
, -CH3, 1C), 50.7 (sp

3
, -CH2, 1C), 116- 117 (sp

2
, Ar-C, 4C), 121.3-127.4 

(sp
2
, Ar-C, 4C), 128.5-130.4 (sp

2
, Ar-C, 4C), 146.4 (sp

2
, Ar-C, 1C), 141.6 (sp

2
, Ar-C, 2C), 

147.8 (sp
2
, C, 1C) 152.5-155.7 (sp

2
, Ar-C, 2C), 162.5 (sp

2
, Ar-C, 1C), 170.4 (sp

2
, -C=O, 1C).  
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2.3.3.9 [2-(4-bromoanilino)-N-[1-(4-methylbenzene-1-sulfonyl)-1H-benzimidazol-2-yl] 

acetamide] (FP9)  

Melting point, 154°C – 157°C; Yield, 76%; Rf value = 0.64 (petroleum ether : ethyl ethanoate 

9:1); FTIR spectroscopy: 3500 (NH, stretching), 2850 (sp
2
, C-H), 2950 (sp

3
, C-H), 1675 

(amide stretching, -C=O), 1590 (sp
2
, aromatic, C=C), 580 (C-Br); 

1
H NMR (DMSO-d6, δ 

ppm): 2.28 (-CH3, s, 3H), 3.48 (-CH2, s, 2H), 5.01 (N-H, s, 1H), 6.80 (Ar-H, d, 2H, J = 7.9 

Hz), 7.24 (Ar-H, d, 2H, J = 7.2 Hz), 7.29 (Ar-H, d, 2H, J = 8.2Hz), 7.39 (Ar-H, d, 2H, J 

=5.8Hz), 7.54 (Ar-H, d, 2H, J = 6.9 Hz), 7.74 (Ar-H, d, 2H, J = 6.8 Hz), 8.9 (N-H, s, 1H); 
13

C 

NMR: δ =:21.2 (sp
3
, -CH3, 1C), 49.8 (sp

3
, -CH2, 1C), 115 (sp

2
, Ar-C, 2C), 131 (sp

2
, Ar-C, 

2C), 122.6-128.3 (sp
2
, Ar-C, 4C), 129.5-130.3 (sp

2
, Ar-C, 4C), 147.4 (sp

2
, Ar-C, 1C), 140.8 

(sp
2
, Ar-C, 2C), 146.6 (sp

2
, C, 1C) 151.8-154.5 (sp

2
, Ar-C, 2C), 116.9 (sp

2
, Ar-C, 1C), 171.4 

(sp
2
, -C=O, 1C).  

2.3.3.10 [2-(3-fluoroanilino)-N-[1-(4-methylbenzene-1-sulfonyl)-1H-benzimidazol-2-yl] 

acetamide] (FP10)  

Melting point, 149°C – 152°C; yield, 48%; Rf value = 0.74 (petroleum ether : ethyl ethanoate 

9:1); FTIR spectroscopy: 3300 (NH, stretching), 2890 (sp
2
, C-H), 2970 (sp

3
, C-H), 1670 

(amide stretching, -C=O), 1510 (sp
2
, aromatic, C=C), 730 (C-F); 

1
H NMR (DMSO-d6, δ 

ppm): 2.10 (-CH3, s, 3H), 3.62 (-CH2, s, 2H), 5.21 (N-H, s, 1H), 6.81 (Ar-H, d, 2H, J = 7.0 

Hz), 7.1 (Ar-H, d, 2H, J = 8.7 Hz), 7.28 (Ar-H, d, 2H, J = 6.6 Hz), 7.32 (Ar-H, d, 2H, J =7.0 

Hz), 7.54 (Ar-H, d, 2H, J = 8.0 Hz), 7.70 (Ar-H, d, 2H, J = 6.8 Hz), 9.4 (N-H, s, 1H); 
13

C 

NMR: δ = 21.5 (sp
3
, -CH3, 1C), 49.7 (sp

3
, -CH2, 1C), 109- 119 (sp

2
, Ar-C, 2C), 130-140.1 

(sp
2
, Ar-C, 2C) 122.4-126.5 (sp

2
, Ar-C, 4C), 127.4-129.5 (sp

2
, Ar-C, 4C), 140.4 (sp

2
, Ar-C, 

1C), 142.7 (sp
2
, Ar-C, 2C), 146.6 (sp

2
, C, 1C) 151.6-154.6 (sp

2
, Ar-C, 2C), 160.4 (sp

2
, Ar-C, 

1C), 171.9 (sp
2
, -C=O, 1C).  
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2.3.4 In silico docking evaluation 

The in silico docking evaluation was performed to assess the stabilizing attachments of 

synthesized ligands (FP1-FP10) in the protein pockets of selected proteins. The Autodock 

Vina software (4.2.6) was used for molecular docking studies. The PDB IDs of selected 

proteins (Iba-1-2G2B, IL-10-2H24, IL-6-2I3Y, IL-1β-IT4Q, TNF-α-2AZ5, and COX2-5IKQ) 

were used to download the x-ray crystal structure using http://www.rscb.org/pdb. 

DoGSiteScorer was used to acquire the protein active sites (Volkamer et al., 2012). The 

ligand-protein binding complexes were prepared for docking. These prepared complexes were 

removed from any attached water molecules and co-crystallized ligands and by using 

Discovery Visualizer software were saved as PDB files. The ligand structures were saved as 

Mol. files using ChemSketch. For the interconversions of file formats, Open Babel software 

was utilized to generate desired PDB files of ligands and proteins (O'Boyle et al., 2011). 

Another software, AutoDock Tools (1.5.6) was used to generate PDBQT format files of 

ligands and proteins. Finally the ligand docking was performed into protein pockets using 

Autodock Vina and binding energies were obtained (Trott and Olson, 2010). The stable 

molecular interactions and best binding pose of ligand in each protein pocket was assessed 

using Discovery Studio Visualizer. The validation was done to confirm the procedure through 

pose analysis with re-docked conformations.    

2.3.5 In silico ADMET prediction of synthesized compounds 

The in silico pharmacokinetic profiling and toxicity studies of synthesized compounds were 

determined using online web tool pkCSM and swissADME (Pires et al., 2015; Daina et al., 

2017). The tool aids in predicting the pharmacokinetic and drug likeness properties of small 

molecules. The compounds are considered drug likable if they have molecular weight <500 

g/mol, hydrogen bond donor <5 and number of rotatable bonds <10.  

http://www.rscb.org/pdb
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2.3.6 In vitro antioxidant activity assay 

To preliminary evaluate the free radical scavenging potential of 2-amino benzimidazole 

derivatives; an In vitro antioxidant activity assay was performed using DPPH (Molyneux, 

2004). For relative assay, a solution containing DPPH (3mL) and methanol (1mL), designated 

as negative control. Different concentrations of test compounds were taken up to 3mL and to 

these solutions, 1mM DPPH solution in methanol was added. These mixtures were kept for 

30 minutes under dark. UV spectrophotometer was used to assess the free radical scavenging 

potential of test compounds through measuring absorbance at 517nm. The inverse 

relationship between absorbance and test compound concentrations shows antioxidant 

potential. Furthermore, the color change also presents potential indication i.e., from blue color 

to yellowish orange color. Percent scavenging efficacy was determined using formula:    

% Radical scavenging = [(A- B)/A] x 100  

(A= control absorbance, B = test compound absorbance) 

2.3.7 Behavioral tests 

2.3.7.1 Y-maze test 

In this maze test, a customized Y-shaped apparatus was used to study the behavior of animals. 

The dimensions of each arm in this apparatus were 10 cm wide, 20 cm high and 50 cm long. 

The animals were distributed in 8 groups containing six rats each. A single dose per day was 

injected to all rats for successive eleven days. The group I was designated as control group 

and was injected saline intraperitoneally (1 ml/kg, i.p.). Group II was administered ethanol 

(2g/kg, i.p.) and was designated as disease group. Treated groups (group III, group IV group 

V, group VI & group VII) were treated with 10mg/kg dose i.p. of compound FP1, FP3, FP4, 

FP7 & FP8 respectively, after 30 minutes of ethanol injection each. Whereas, Group VIII was 
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designated as positive control and which received ethanol + standard drug donepezil (3 

mg/kg, i.p.). This test was conducted in three sessions. The duration of each trial was 

continued for 8 min. Concisely, each rat was positioned at the center of this maze and allowed 

to move impulsively in this Y-shaped apparatus. All uninterrupted animal arm entries were 

visually observed. The uninterrupted continuous entry of the rats into these arms was termed 

as spontaneous alteration behavior. The alteration behavior (%) was calculated as [successive 

three sessions × (entries into three different arms successively) / total number of arm entries – 

2] × 100 (Ali et al., 2015). An increase in alteration behavior (%) represented the attenuation 

of memory deficits. 

2.3.7.2 Morris water maze (MWM) test 

The MWM test was performed to assess memory function. Previously reported method was 

used to perform this test with slight modifications (Ali et al., 2015). The animal grouping and 

treatment pattern was as same as in the Y-maze test. The apparatus comprised of a circular 

tank (100 cm in diameter, 40 cm in height), containing water (25 ± 1°C) to a depth of 15.5 

cm. The water was made opaque by adding some white ink. A probe with defined 

specifications (10 cm diameter * 20 cm height) was placed at the center of one quadrant 

almost 1 cm below the water surface. This test was conducted for 5 continuous days for each 

group. For the first four days, all animals in the same group were subjected to determine 

escape latency and there were 4 sessions per day, each session with a different release 

position and with a hidden probe/platform in one specified quadrant. As the rat discovered 

that hidden probe, it was permitted to stay on it for ten seconds. Other animals that could not 

find that probe in almost 90 seconds were also placed on it for ten seconds. The escape 

latency time (finding the hidden platform to escape from maze water) was determined for 

each session. Finally, on the day 5th, the spatial memory assessment test was performed. In 

this session, the hidden platform was removed and this time the animal release point was 
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opposite to that of the probe. All animals were permitted to swim spontaneously in the water 

tank for 60 seconds, and the time spent by the animal in the target quadrant (probe quadrant) 

was calculated. The escape latency time was assessed by video recording using a digital 

recording camera. The attenuation of memory deficits was linked with the decrease in escape 

latency time. 

2.3.8 Enzyme-linked immunosorbent assay (ELISA) 

p-NF-kB, COX-2, TNF-α, IL-6 and Iba-1 expression were measured using rat ELISA p-NF-

kB (Cat # SU-B28069, Shanghai Yuchun Biotechnology, China), rat COX-2 (Cat # E-EL-

M0959, Elabscience Biotechnology Inc., USA), rat TNF-α (Cat # E-EL-R0019, Elabscience 

Biotechnology Inc., USA) rat IL-6 (Cat # E-EL-R0015, Elabscience Biotechnology Inc., 

USA) and rat Iba-1 (Cat # SU-B48003, Shanghai Yuchun Biotechnology, China), 

respectively, according to the manufacturer’s instructions. This analysis was performed 

following two steps. In the first step, 50mg of brain tissues were homogenized at 1500 rpm in 

phosphate buffer solution (PBS-2500 μL) that contained a protease inhibitor 

(Phenylmethylsulfonyl fluoride-PMSF). In the next step, this mixture was centrifuged at 4000 

X g for 10 minutes and the resultant separated supernatant solution was collected. The BCA 

method (Elabscience) was used to determine the total protein concentrations. Accordingly, 

equivalent protein quantities were added to calculate the protein expressions. The expressions 

of p-NF-kB, COX-2, TNF-α, IL-6 and Iba-1 were determined using an ELISA microplate 

reader (BioTekELx808). Finally, the concentration was normalized to total protein content 

(pg/mg total protein). All the experiments were performed in triplicate (Iqbal et al., 2020). 

2.3.9 Morphological analysis 

For morphological evaluation, the separated brain samples were encased in paraffin wax 

blocks and then sliced into 4 μm thin coronal slices into longitudinal section using rotary 

microtome. The tissue slides were then subjected to following morphological analysis. 
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2.3.9.1 Hematoxylin and eosin (H&E) staining 

This histological evaluation was performed to study the nucleus and cytoplasmic distributions 

in a cell. Initially, the tissue slides were deparaffinized using absolute xylene and later ethyl 

alcohol was used for rehydration of these slides in gradded manner (100%, 90%, 80%, 70%).  

Washing of these slides was done using distilled water and then immersed in hematoxylin for 

10 minutes. Slides were again washed with distilled water and then with basic water (1% 

ammonia) and finally with acidic water (1% HCl). Subsequently these tissue slides were 

dipped in eosin solution. After 10 minutes slides were again washed with distilled water and 

air dried. Ethyl alcohol was again used in gradded manner for treatment of slides (70% - 

100%) and subsequently with xylene. The glass cover slips were properly placed on these 

slides and fixed. The images were taken in triplicate per slide using Olympus light 

microscope (Japan) and these images were analyzed through ImageJ software. In all TIF 

images, special consideration was given to focus neuronal cell sizes & shapes, vacuolation 

and inflammatory infiltrated. 

2.3.9.2 Immunohistochemical evaluation 

For immunohistochemical evaluation, brain tissues were fixed in paraffin blocks initially and 

then 4 μm thin coronal tissue slices were trimmed using rotary microtome to perform this 

already reported morphological assay with little modifications (Shah et al., 2018). Briefly for 

the deparaffinization, already prepared tissue slides were initially exposed to 3 different 

xylene treatments for some time (5-10 min) and then treated with alcohol preparations for 

rehydration for 5 – 10 min in graded manner (100%, 90%, 80%, 70%). Subsequently, these 

slides were washed with distilled water to remove any alcohol traces. Further, slides were 

exposed to proteinase K for antigen retrieval and again washed with PBS (0.1 M). For next 10 

min, slides were processed with diluted 3 % H2O2-methanol solution to quench endogenous 

peroxidase activity and then washing continued with 0.1M PBS. Likely for next 1 hour, these 
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slides were incubated in a humidified chamber with 5 % normal goat serum (0.1 % Triton X-

100), following its incubation (4°C) overnight with primary rat antibodies (anti-TNF-α and 

anti-p-NF-κB) (Santa Cruz Biotechnology, USA, dilution 1: 100). On the very next morning, 

this process continued through slides’ incubation with biotinylated secondary antibodies 

(1:50) for 90 min. This incubation further continued in a humidified chamber with ABC Elite 

Kit (Santa Cruz Biotechnology, USA) for next 60 min after subsequent slides washing with 

PBS. The DAB solution (3,3-diaminobenzidine peroxidase) was used for the staining of 

slides.  Next, these slides were washed in distilled water and finally dehydration was done 

with graded alcohol. The treated slides were appropriately adjusted with cover slips after 

fixing in xylene. Light microscope (Olympus, Japan) was used to capture three images (TIF) 

per slide.   

2.3.10 Oxidative enzymes exploration 

2.3.10.1 GSH and GSH S-transferase (GST) assay 

Glutathione (GSH) and glutathione s-transferase (GST) are widely used stress markers to 

quantify the oxidative damage and accordingly relative effect of the test compounds. Freshly 

sliced and homogenized (0.1M PBS at pH 7.4) brain tissue samples were added with 

phenylmethylsulfonyl fluoride (PMSF) and centrifuged (4000 X g) at 4°C for 10 min. The 

supernatant layer was collected to further assess the GSH levels using already reported 

protocol with little modifications (Al Kury et al., 2019). 0.2 M of sodium phosphate solution 

was used to dissolve 0.6 mM DTNB and 2mL of this subsequent mixture was added with 0.2 

mL of already collected supernatant. The final volume make up was done with 0.2 M PBS to 

collect a 3 mL solution. After 10 min, the absorbance of the test mixture was determined at a 

wavelength of 412 nm. Phosphate buffer and DTNB solution were used as negative and 

positive control respectively which was further used to correct the measured absorbance. The 
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obtained results were expressed in µmoles / mg of proteins. The level of glutathione s-

transferase (GST) marker was also evaluated following a formerly reported protocol with 

little modifications (Al Kury et al., 2019). Freshly prepared 0.1 M PBS was used to prepare a 

test solution containing 5mM GSH and 1mM CDNB. 60 μL of the already separated 

supernatant layer was added to a glass vial containing 1.2 mL of test solution in triplicate. In 

the same proportion, water was used to prepare blanks in triplicate too. These prepared 

solutions (210 μL) were added in a microtiter plate and the absorbance was detected using 

ELISA microplate reader (ʎmax = 340 nm, 5 min at 23°C). Similarly, obtained values were 

expressed in µmoles / mg of proteins. 

2.3.10.2 Lipid peroxidation assay 

Lipid peroxide (LPO) is another important oxidative stress marker that quantifies TBARS 

(thiobarbituric acid reactive substances) using colorimetric method (Khan et al., 2019). 

Briefly, a mixture was formulated consisting of 200 µL of supernatant layer solution, 200 µl 

of 100 mM Ascorbic acid, 580 µL of 0.1M PBS (pH 7.4) and 20 µL of ferric chloride. This 

subsequent mixture was incubated for 1 hour at 37°C on a water bath. To this solution, 1000 

µL of 0.66% thiobarbituric acid (TBA) and 1000 µL of 10% trichloroacetic acid (TCA) was 

added to stop the ongoing reaction. Further, these samples tubes were incubated again for 20 

min using water bath, placed in ice-cold water for some time and then centrifuged for 10 min 

at 3000 X g. Finally, the concentration of TBARS was calculated by measuring the 

absorbance of this resultant mixture at 535nm using a suitable blank. The concentration of 

TBARS was expressed as nM/min/mg protein.  

2.3.10.3 Nitric oxide assay 

Already reported Griess reaction method was adopted to perform nitric oxide (NO) assay with 

slight changes (Khan et al., 2014). Briefly, a test mixture was formulated containing 50 µL of 

normal saline, 50 µL of Griess reagent (0.2% NEDD-naphthyl ethylenediamine 
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dihydrochloride, 2% sulfanilamide in 5% phosphoric acid) and 50 µL of previously 

homogenized and diluted supernatant layer of brain tissue lysate. The obtained mixture was 

incubated (37 °C) for 30 minutes. The absorbance of this solution was checked at 540 nm 

utilizing a microplate reader. Moreover, standard sodium nitrite solution was used to calibrate 

the absorbance co-efficient. 

 

2.3.11 Gene expression studies using real-time polymerase chain reaction (rt-PCR) 

PCR is a molecular biology technique used to amplify a single copy of gene or a specific 

sequence of DNA. Following steps were performed to quantify the TNF-α mRNA gene 

expression  

2.3.11.1 Primer sequences 

Respective primers (TNF-α & GAPDH house-keeping gene) were purchased from Macrogen 

technologies (Seoul-South Korea). Primer pairs for the 5′ and 3′ region were selected through 

using the rat cDNA sequence (gene bank data base) and previously reported primers 

(Ledeboer et al., 2005; Loram et al., 2011). 

2.3.11.2 Total RNA extraction 

RNA was extracted from brain cortical tissue using TRI-reagent according to the 

manufacturer’s specifications. Briefly, 200 mg of previously freezed brain tissue at -80°C, 

was weighed and finely crushed in pre-chilled pestle mortar with liquid nitrogen. This 

homogenized tissue was allowed to thaw at room temperature, added with 1 mL of Trizol and 

transferred to 1.5 mL microfuge tubes. These tubes were gently inverted for 4-5 times and 

were incubated at room temperature for 5 minutes. Further, 400µL of chloroform were added 

and incubated at room temperature for 3 minutes. This homogenate was centrifuged at 12,000 

rpm for 10 minutes at 4°C for phase separation (during this centrifugation step, new 

microfuge tubes were labeled and placed in ice box to cool down). Upper separated aqueous 
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layer was transferred in new 1.5mL tube placed on ice and isopropanol was added in equal 

ratio. RNA was precipitated down when the tubes were incubated on ice (-20°C) for 10 

minutes in horizontal position. To collect the precipitated RNA, samples were centrifuged at 

4°C and 12,000 rpm for 10 minutes and the supernatant layer was discarded. RNA pellet was 

washed twice with 1mL of 70 % ethanol at 7500 rpm for 5 minutes at 4°C and then air dried 

thoroughly. Finally, 40 µL of RNase free water or DEPC was added and it was stored at -

80°C until downstream application. Quality of RNA was assessed by running it on 2% 

agarose gel. Only sharp and single bands were selected for further analysis. 

2.3.11.3 RNA quantification 

RNA extraction was performed in duplicates. RNA quality and quantity were assessed using 

Nanodrop plate (Skanit RE 4.1, Thermoscientific). Absorbances at 260, 280 and 320 nm were 

measured. The 260/280 ratio was ranging from 1.9 to 2.2 that confirmed high quality of RNA 

whereas RNA quantity was measured ranging from 800 to 1200 ng/µL (duplicate run). Table 

2 is showing 260/280 ratio and RNA concentration of each sample. 
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Table 2: RNA quantification 

Sr. No Samples 260/280 ratio Quantity (ng/ µL) 

1 Saline (control) 1 1.93 2341 

2 Ethanol (disease) 1 2.01 2272 

3 Ethanol + FP-8 (1) 1.89 2876 

4 Ethanol + FP-7 (1) 2.21 2672 

5 Ethanol + FP-1 (1) 2.10 2458 

6 Saline (control) 2 2.00 2414 

7 Ethanol (disease) 2 1.93 1943 

8 Ethanol + FP-8 (2) 1.89 3301 

9 Ethanol + FP-7 (2) 2.19 1978 

10 Ethanol + FP-1 (2) 2.2 2730 

 

2.3.11.4 Reverse transcription 

As, previously reported, for the synthesis of cDNA, RNA was reverse transcribed by using 

viva cDNA synthesis kit (Vivantis cDSK01-050). Briefly, the reagents were mixed well and 

tubes were centrifuged. Depending upon the concentration of extracted RNA, 10 µL of RNA-

primer mixture (Master-Mix) was prepared for each reaction (Table 3). The mixture was 

incubated at 65°C for 5 min. and further chilled on ice for 2 minutes. 10 µL of “cDNA 

Synthesis Mix” (Table 4) were added into each RNA-primer mixture. The reaction mixture 

was mixed gently and centrifuged. Initially incubated for 60 minutes at 42°C and then 

incubated for 5 minutes at 85°C. After chilling the tubes on ice, again centrifuge the tubes. 

Finally, the synthesized cDNA was stored at -20°C.  
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Table 3: RNA-primer mixture 

Reagents  Stock Conc. Working 

Conc. 

Vol/reaction  

Total RNA   7 µL 

Primers  40 µM 4 µM 1 µL 

DNTPs 10 mM 1 Mm 1 µL 

NF H20   1 µL 

Final Volume 10 µL 

 

Table 4: cDNA synthesis Mix 

Reagents  Stock conc. Working 

conc. 

vol/reaction  

M-MuLV Reverse 

Transcriptase 

5000U  100 U 0.2 µL 

M-MuLV buffer  10X 2X 2 µL 

NF H20   7.8 µL 

Final Volume 10 µL 

 

2.3.11.5 Polymerase chain reaction (PCR) for gene expression 

Two primer sets were used to optimize the annealing temperature (Ta). Sequences of forward 

and reverse primers are mentioned in Table 5. 
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Table 5: Primers sequence 

Primers Tm Sequence (5’-3’) No. of cycles 

Rat_GAPDH_F 62.5°C TCTTCCAGGAGCGAGATCCC 40 

Rat_GAPDH_R 62.5°C TTCAGGTGAGCCCCAGCCTT 

Rat_TNF_α_F 56.1°C CTTCAAGGGACAAGGCTG 40 

Rat_TNF_α_R 56.1°C GAGGCTGACTTTCTCCTG 

 

The used reagents and respective concentrations in making PCR master mix are presented in 

Table 6. 

Table 6: PCR master mix 

PCR Reagents  Stock Conc. Working Conc.  Vol/Rec 

cDNA template       -    -   2.2 µL 

PF 10 µM 0.2 µM 0.2 µL 

PR 10 µM 0.2 µM 0.2 µL 

DNTPs 10 Mm 0.2 mM 0.2 µL 

Buffer 10X 1X 1µL 

MgCl2 25 mM 2.5 Mm 1µL 

taq Polymerase  5U/ µL 1.5 U 0.2 µL 

PCR H2O  5 µL 

                                  Final Volume  10 µL 

   

Polymerase chain reactions were performed on a Galaxy XP Thermal Cycler (BIOER , PRC). 

While the optimized PCR conditions are mentioned in Table 7. 
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Table 7:  Optimized PCR conditions 

Steps Sub-cycles Conditions PCR cycles 

Initial 

Denaturation  

 95 °C, 10 min 1 

PCR Cycles Denaturation  95 °C, 1 min 40 

Primer annealing 61, 1 min 

Primer extension  72 °C, 1 min 

Final 

extension  

 72 °C, 10 min 1 

Hold   04 °C, ∞ 1 

 

2.3.11.6 Primer optimization and gel analysis 

i. Gradient PCR 

Different dilutions of a sample were used to confirm the Ta (Annealing temperature) of 

primers.  Accordingly, considering Tm of primers, gradient PCR was run from 56°C to 62°C. 

In first 28 wells Rat GAPDH primer amplified product was loaded. Primer Rat TNFα 

amplified product was run in last 28 wells. As shown in gel picture (Figure 24 & 25), Rat 

GAPDH is showing bands on range of temperature with different dilutions. Rat TNF-α is 

showing multiple non-specific bands.  
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Figure 24: Gradient I: Rat GAPDH 1-28, different dilutions of cDNA were used. Multiple bands were 

amplified by Rat TNFα primer in last 28 wells. Gradient II: 2 % agarose gel was analyzed with 

temperature range of 55°C to 63°C. 10 times diluted 2 samples were used. TNFα was showing multiple 

bands on lower temperature whereas at higher temperature satisfactory results were produced. 

 

 

Figure 25: Primer TNFα: L is showing 50 bp ladder, In 9 wells, Sample 1 was used which showing intact 

band at 63°C. In last 9 wells, sample 2 was showing multiple bands as well as intact bands at higher 

temperature. 
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ii. Real time polymerase chain reaction (rt-PCR) 

To quantitatively determine neuroinflammation related transcripts (TNF-α gene expression), 

real-time PCR analysis was performed by using Galaxy XP Thermal Cycler (BIOER, PRC) 

(Applied Biosystems, USA) according to the manufacturer’s instructions. For real time PCR, 

the optimized concentrations are mentioned in Table 8, while optimized PCR conditions are 

mentioned in Table 9. 

Table 8: rt-PCR optimized concentrations 

PCR reagents  Stock conc. Working conc.  vol/reaction 

cDNA template       -    1:10  2.6 µL 

PF 10 µM 0.2 µM 0.2 µL 

PR 10 µM 0.2 µM 0.2 µL 

Eva Green  2X 1X 5 µL 

PCR H2O   2 µL 

Final Volume 10 µL 

  

Table 9: rt-PCR optimized conditions 

Steps Sub-cycles Conditions PCR cycles 

Initial Denaturation   95 °C, 12 min          1 

PCR Cycles Denaturation  95 °C, 15 sec         40 

Primer annealing 61°C, 20 sec  

Primer extension  72 °C, 20 sec 

Hold  95 °C, 15 sec   
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The concerned group gene products were normalized using housekeeping gene (GAPDH 

gene). The relative gene expressions of TNF-α was determined by the 2
^-ΔΔCq

 method for real-

time quantitative PCR. 

iii. Representative graphs of real time PCR 

a. Cycling graph 

The amplification graph or cycling graph was recorded as given in Figure 26. This graph 

actually correlates the initial amount of target nucleic acid during the exponential phase of 

PCR. The baseline was observed at 0.092.   

 

Figure 26: Real time cycling graphs showing normalized fluorescence on Y axis and Cycles (Cq) at X axis, 

different colors peaks are showing different samples against threshold. 

b. Melt curve graph 

Melting curve graph (Figure 27) depicted the amplification of desired product only. The 

derivative curve plotted as 𝑑𝐹/𝑑𝑇 (y-axis) against temperature (
o
C, x-axis).  
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Figure 27: Melt curve graph showing single peak amplification between 85
 o
C - 90

 o
C 

2.3.12 Statistical analysis 

All data are represented as mean ± SEM and evaluated using ANOVA (one-way analysis of 

variance) method followed by post hoc Bonferroni multiple comparisons by means of Prism 

GraphPad-6. Moreover, the behavior studies were analyzed by a two-way ANOVA (grouped 

analysis). The ImageJ software was used to evaluate the densitometric data of each PCR 

band. Data are evaluated as p <0.05 and considered as statistically significant. In our study, 

symbol “#” represents significantly different relative to the control group (saline), while 

symbol “*” represents significantly different relative to disease group (ethanol). 
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3. RESULTS 

3.1 Chemistry 

The benzimidazole acetamide derivatives were synthesized as according to the already 

described synthetic scheme I presented in section 2. Thin layer chromatography was used to 

calculate the Rf values while the detailed characterization was done with FTIR, 
1
HNMR and 

13
C NMR spectroscopy. The molecular mass of these synthesized compounds were confirmed 

using CHNS analyzer.  

3.1.1 Physical data of the synthesized compounds & CHN analysis results 

Recrystallization of the resultant compounds was done using suitable solvent. Some of the 

compounds were obtained as solids while some compounds were yielded as viscous liquid. 

The obtained percentage yield varied from 48 % to 89 %. Detailed physical properties and 

molecular weights are presented in the Table 10.   
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Table 10: Physical data and CHN analysis results of the synthesized compounds (FP1-FP10) 

Compound Molecular 

formula 

CHN analyses Mol. 

Weight 

Rf 

value 

% 

yield 

Physical 

state & 

Melting 

point (°C) 

Anal. 

calculated 

Found 

FP1 C22H26N4O3S C,61.89; 

H,6.09; 

N,13.12; 

O,11.25; 

C,61.80; 

H,6.22; 

N,13.14; 

O,11.16; 

426.53 0.71 89 Yellowish 

brown 

viscous 

liquid 

FP2 C22H20N4O3S C,62.78; 

H,4.75; 

N,13.31; 

O,11.41 

C,62.82; 

H,4.66; 

N,13.14; 

O,11.47; 

420.48 0.76 87 Solid, 142-

145 

FP3 C23H22N4O4S C,61.26; 

H,4.88; 

N,12.43; 

O,14.20; 

C,61.20; 

H,4.80; 

N,12.38; 

O,14.26; 

450.51 0.59 89 Solid, 168-

170 

FP4 C28H40N4O3S C,65.53; 

H,7.80; 

N,10.92; 

O,9.36; 

C,65.51; 

H,7.86; 

N,10.81; 

O,9.30; 

412.71 0.59 83 dark brown 

viscous 

liquid 

FP5 C24H32N4O3S C,63.07; 

H,7.01; 

N,12.26; 

O,10.51; 

C,63.16; 

H,7.10; 

N,12.19; 

O,10.48; 

456.6 0.75 76 yellowish 

viscous 

liquid 

FP6 C23H22N4O3S C,63.51; 

H,5.06; 

N,12.88; 

O,11.04; 

C,63.42; 

H,5.12; 

N,12.79; 

O,11.16; 

434.51 0.65 85 Solid, 152-

155 

FP7 C22H19ClN4O3S C,58.03; 

H,4.17; 

N,12.30; 

O,10.55; 

C,58.10; 

H,4.22; 

N,12.22; 

O,10.51; 

454.93 0.83 84 Solid, 149-

151 

FP8 C22H19FN4O3S C,60.20; 

H,4.33; 

N,12.77; 

O,10.94; 

C,60.27; 

H,4.28; 

N,12.74; 

O,10.96; 

438.47 0.69 79 Off white 

precipitates 

using 

ethanol, 

142 – 145 

FP9 C22H19BrN4O3S C,52.86; 

H,3.80; 

N,11.2; 

O,9.61; 

C,52.80; 

H,3.84; 

N,11.14; 

O,9.69; 

499.38 0.64 76 Solid, 154 

– 157 

FP10 C22H19FN4O3S C,60.20; 

H,4.33; 

N,12.77; 

O,10.94; 

C,60.27; 

H,4.29; 

N,12.74; 

O,10.89; 

438.47 0.74 48 white 

precipitates 

crystallized 

using 

ethanol; 

149 – 152 
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3.1.2 FTIR data of synthesized compounds (FP1-FP10) 

The characteristic peaks of synthesized compounds (FP1-FP10) were identified using Fourier 

Transform Infrared (FTIR) spectroscopy. The stretching frequencies for prominent functional 

groups were identified and observed. The –NH stretching was noticed ranging from 3340cm
-1 

– 3450 cm
-1

. The carbonyl peak of amide functionality was observed ranging between 1655 

cm
-1

 -1680 cm
-1 

while the aromatic sp2 carbon peaks (-C=C)were appeared at 1510 cm
-1

 – 

1599 cm
-1

. The detailed FTIR frequencies are mentioned in Table 11.   

 

Table 11: FTIR (νmax cm
−1

) data of FP1-FP10 

 

 

 

Compounds -NH 

stretching 

-C-H sp
2
 -C-H sp

3
 Amide -

C=O 

Aromatic -

C=C 

C-X 

FP1 3340 3240 2890 1680 1580  

FP2 3330 3155 2855 1675 1580  

FP3 3355 2957 2888 1660 1589  

FP4 3355 2959 2890 1665 1580  

FP5 3315 3000 2865 1655 1575  

FP6 3350 3100 2850 1660 1585  

FP7 3320 3050 2860 1680 1599 750 

FP8 3450 3050 2860 1670 1550 700 

FP9 3350 3000 2950 1675 1590 580 

FP10 3300 2970 2870 1670 1510 730 
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3.1.3 
1
H NMR and 

13
C NMR spectral data of synthesized compounds (FP1-FP10) 

3.1.3.1 
1
H NMR & 

13
C NMR (DMSO-d6, δ ppm) spectral data of synthesized compound 

FP1 

 

NH10

15

11

14

12

13 N
9

N NH

S O
O

16

21
17

20
18 19

8

O

7

22

16 2

5 3

4

 

Sr no. Carbon 

number 

Protons Chemical shift (δ) 

ppm 

Multiplicity 

1 22 CH3 0.84 s, 3H 

2 2-6 Cyclohexyl 1.3-1.6 m, 10H 

3 1 CH 2.54 t, 1H 

4 7 CH2 3.39 s, 2H 

5 N-2 NH 4.10 s, 1H 

6 18,20 Ar - H 7.36 d, 2H, J = 7.3 Hz 

7 17,21 Ar - H 7.59 d, 2H, J = 7.9Hz 

8 11-14 Ar - H 7.18-7.86 m, 4H, J = 7.9Hz 

9 N-1 Amide - H 9.2 s, 1H 
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The structure of compound FP1 was elucidated using proton NMR (
1
H-NMR) spectroscopy. 

The multiplet of 10 protons of cyclohexyl ring was observed to appear ranging from 1.3-1.6 δ 

ppm while one proton of this ring was observed at 2.54. One proton was appeared at 3.39, 

confirming the presence of methylene proton. A singlet was observed in spectrum of 

compound FP1 at 0.84 that confirmed the existance of methyl group in this structure. The 

presence of another singlet at 4.10 ppm showed the presence of one proton of secondary 

amine, while a singlet at 9.2 ppm confirmed the presence of amide proton in FP1. Further, the 

doublets of aromatic protons were observed ranging between 7.36 – 7.79 ppm that ensured 

the presence of 8 protons of two aromatic rings.   

 

NH

N

N
NH

SO
O

O

25.9

25.9

25.3

21.2

140.5

140.5

114.5

114.5

122.5

122.5

125.5
125.5

128.5

128.5

139.5

139.5

147.4

152.7

44.9 33.6

33.6

56.6
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Sr no. Chemical shift (δ) 

ppm 

Carbons 

1 21.2 1C, sp
3
 CH3 

2 56.6 1C, sp
3
, CH2 

3 25.9 – 33.6 5C, sp
3
 CH2 

4 44.9 1C, sp
3
, CH3 

5 114-122 4C, sp
2
, Ar 

6 125-139 6C, sp
2
, Ar 

7 140.5 2C, sp
2
, Ar 

8 168.7 1C, sp
2
, CO 

 

The structure of compound FP1 was further confirmed through 
13

C NMR spectroscopy. One 

carbon peak appeared at 21.2, confirming the presence of methyl group in the structure. The 

chemical shift of six carbons of cyclohexyl ring was observed ranging from 25.3-56.6 ppm. 

The 12 aromatic region carbons showed respective peaks ranging from 114- 139.5. The 

specific carbonyl carbon peak was observed at 168.7.     
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3.1.3.2 
1
H NMR & 

13
C NMR (DMSO-d6, δ ppm) spectral data of synthesized compound 

FP2 

 

NH

10 15

11 14

12 13

N

9

N

NH

S

O

O 16

21

17

20

18

19

8

O

7

22

1
6 2

5 3

4

 

 

Sr no. Carbon 

number 

Protons Chemical shift (δ) 

ppm 

Multiplicity 

1 22 CH3 1.24 s, 3H 

2 7 CH2 3.10 s, 2H 

3 N-2 NH 4.5 s, 1H 

4 2,6 Ar - H 7.06 d, 2H, J = 8.26 Hz 

5 3,5 Ar - H 7.21 d, 2H, J = 8.0Hz 

6 11-14 Ar - H 7.18-7.86 m, 4H, J = 7.8 Hz 

7 18,20 Ar - H 7.40 d, 2H, J = 7.0 Hz 

8 17,21 Ar - H 7.50 d, 2H, J = 7.9 Hz 

9 4 Ar - H 6.82 t, 1H, J = 8.3 Hz 
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The structure of compound FP2 was elucidated using proton NMR (
1
H-NMR) spectroscopy. 

One proton was appeared at 3.10, confirming the presence of methylene proton while another 

singlet was observed in spectrum of compound FP2 at 1.24 that confirmed the existance of 

methyl group in this structure. The presence of another singlet at 4.50 ppm showed the 

presence of one proton of secondary amine. Further, the 6 doublets of aromatic protons were 

observed ranging between 7.06 – 7.90 ppm that ensured the presence of 12 protons of three 

aromatic rings.   

NH

N

N
NH

SO
O

O

20.9

140.5

140.5

117.5

114.5

122.5

127.8

126.5
126.5

128.5

128.5

143.6

135.2

146.6

168.1

44.9 117.3 129.5

133.5

129.5
117.5

139.6

 

Sr no. Chemical shift (δ) 

ppm 

Carbons 

1 20.9 1C, sp
3
 CH3 

2 44.9 1C, sp
3
, CH2 

3 114-140.5 6C, sp
2
, Ar 

4 126.5-143.6 6C, sp
2
, Ar 

5 117.3-139.6 6C, sp
2
, Ar 

6 146.6 1C, sp
2
, C 

7 168.1 1C, sp
2
, CO 
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The structure of compound FP2 was further confirmed through 
13

C NMR spectroscopy. One 

carbon peak appeared at 20.9, confirming the presence of methyl group in the structure. 

Another sp3 carbon peak was observed at 44.9. The chemical shift of amide carbon was 

observed at 168.1 ppm, while the 18 aromatic region carbons showed respective peaks 

ranging from 114- 143.5. 

3.1.3.3 
1
H NMR & 

13
C NMR (DMSO-d6, δ ppm) spectral data of synthesized compound 

FP3 

 

NH

10

15

11

14

12

13

N

9 N

NH S
O

O
16

21
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20
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19

8
O

7

221

6

25

3

4

O23

 

The structure of compound FP3 was elucidated using proton NMR (
1
H-NMR) spectroscopy. 

A singlet was observed at 2.32 ppm representing methyl group of para toluene sulfonyl 

chloride moiety. One proton was appeared at 3.34 ppm, confirming the presence of methylene 

proton while another singlet was observed in spectrum of compound FP3 at 3.65 that 

confirmed the existance of methoxy group in this structure. The presence of another singlet at 

4.09 ppm showed the presence of one proton of secondary amine. Further, the 6 doublets of 

aromatic protons were observed ranging between 6.79 – 7.90 ppm that ensured the presence 

of 12 protons of three aromatic rings.   
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Sr no. Carbon 

number 

Protons Chemical shift (δ) 

ppm 

Multiplicity 

1 22 CH3 2.32 s, 3H 

2 7 CH2 3.34 s, 2H 

3 23 CH3 3.65 s, 3H 

4 N-2 NH 4.09 s, 1H 

5 3,5 Ar - H 6.79 d, 2H, J = 9.0 Hz 

6 2,6 Ar - H 6.96 d, 2H, J = 8.9Hz 

7 18,20 Ar - H 7.31 d, 2H, J = 8.1 Hz 

8 17,21 Ar - H 7.52 d, 2H, J = 8.1 Hz 

9 12,13 Ar - H 7.80 d, 2H, J = 8.4 Hz 

10 11,14 Ar - H 7.90 d, 2H, J = 5.7 Hz 
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140.5

140.5
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117.4

127.5

127.8

129.5
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129.3
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148.5
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44.9 114.9 129.5
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129.5
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156.7NH
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N
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O
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Sr no. Chemical shift (δ) 

ppm 

Carbons 

1 22.1 1C, sp
3
 CH3 

2 44.9 1C, sp
3
, CH2 

3 55.5 1C, sp
3
, CH3 

4 114.4-115.5 4C, sp
2
, Ar 

5 117.5-125.5 4C, sp
2
, Ar 

6 127-129.5 4C, sp
2
, Ar 

7 135.5-142.3 2C, sp
2
, Ar 

8 140.5 2C, sp
2
, Ar 

9 148.5-156.7 2C, sp
2
, Ar 

10 154.7 1C, sp
2
, C 

11 169.3 1C, sp
2
, CO 

 

The structure of compound FP3 was further confirmed through 
13

C NMR spectroscopy. One 

carbon peak appeared at 22.1, confirming the presence of methyl group in the structure. 

Another sp3 carbon peak was observed at 44.9. The chemical shift of amide carbon was 

observed at 169.3 ppm, while the 18 aromatic region carbons showed respective peaks 

ranging from 114.4- 156.7 ppm. 
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3.1.3.4 
1
H NMR & 

13
C NMR (DMSO-d6, δ ppm) spectral data of synthesized compound 

FP4 

NH
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Sr no. Carbon 

number 

Protons Chemical shift (δ) 

ppm 

Multiplicity 

1 12 CH3 0.86 t, 3H, J=7.0 Hz 

2 2-11 CH2 1.21-1.35 m, 20H (10*CH2), J= 7.0 Hz 

3 1 CH2 1.50 t, 2H 

4 28 CH3 2.4 s, 3H 

5 13 CH2 3.31 s, 2H 

6 N-2 NH 4.20 s, 1H 

7 24,26 Ar - H 7.31 d, 2H, J = 7.4 Hz 

8 23,27 Ar - H 7.61 d, 2H, J = 7.0 Hz 

9 17-20 Ar - H 7.18-7.86 m, 4H, J = 8.2 Hz 

 

 

The structure of compound FP4 was elucidated using proton NMR (
1
H-NMR) spectroscopy. 

A singlet was observed at 2.4 ppm representing methyl group of para toluene sulfonyl 

chloride moiety. A multiplet appeared ranging from 1.21 - 1.35, while one triplet at 0.86ppm 

represented 23 methylene protons of dodecyl amine chain. One proton singlet was appeared at 
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3.31 ppm, confirming the presence of methylene protons. The presence of another singlet at 

4.20 ppm showed the presence of one proton of secondary amine. Further, 8 aromatic protons 

were observed ranging between 7.31 – 7.98 ppm that ensured the presence two aromatic 

rings.
 

21.3

140.3

140.5

117.5

117.4

122.5

126.5

127.7 126.8

129.3 129.1

144.5

135.5

152.7
168.1

57.9

NH

N

N NH

S OO
O

49.3

30.9

26.4

28.9

28.9

28.9
28.9

28.9
28.9

14.1

22.6

30.6

 

Sr no. Chemical shift (δ) 

ppm 

Carbons 

1 14.1 1C, sp
3
 CH3 

2 21.3 1C, sp
3
 CH3 

3 22.6-30.9 10C, sp
3
, CH2 

4 49.3 1C, sp
3
, CH2 

5 57.9 1C, sp
3
, CH2 

6 117.4-126.5 4C, sp
2
, Ar 

7 127.7-144.5 6C, sp
2
, Ar 

8 140.4 2C, sp
2
, Ar 

9 152.7 1C, sp
2
, C 

10 168.1 1C, sp
2
, CO 
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The structure of compound FP4 was further confirmed through 
13

C NMR spectroscopy. One 

carbon peak appeared at 14.1 while other at 21.3, confirming the presence of methyl groups in 

the structure. 10 sp3 carbons of dodecyl chain were appeared in the range of 22.6 – 30.9. 

Another sp3 carbon peak was observed at 49.3. The chemical shift of amide carbon was 

observed at 168.1 ppm, while the 12 aromatic region carbons showed respective peaks 

ranging from 117.4- 144.5 ppm. 

3.1.3.5 
1
H NMR & 

13
C NMR (DMSO-d6, δ ppm) spectral data of synthesized compound 

FP5 

NH
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The structure of compound FP4 was elucidated using proton NMR (
1
H-NMR) spectroscopy. 

A singlet was observed at 2.30 ppm representing methyl group of para toluene sulfonyl 

chloride moiety. A multiplet appeared ranging from 1.22 - 1.29, while one triplet at 0.89 ppm 

represented 15 methylene protons of octyl amine chain. One proton singlet was appeared at 

3.64 ppm, confirming the presence of two methylene protons. The presence of another singlet 

at 4.19 ppm showed the presence of one proton of secondary amine. Further, 8 aromatic 

protons were observed ranging between 7.28 – 7.51 ppm that ensured the presence two 

aromatic rings. 
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Sr no. Carbon 

number 

Protons Chemical shift (δ) 

ppm 

Multiplicity 

1 8 CH3 0.89 t, 3H, J=7.0 Hz 

2 2-7 CH2 1.22-1.29 m, 12H (6*CH2), J= 7.4 Hz 

3 24 CH3 2.30 s, 3H 

4 1 CH2 2.6 t, 2H, J=6.8 Hz 

5 9 CH2 3.6 s, 2H 

6 N-2 NH 4.19 s, 1H 

7 20,22 Ar - H 7.38 d, 2H, J = 8.1 Hz 

8 19,23 Ar - H 7.51 d, 2H, J = 7.4 Hz 

9 13-16 Ar - H 7.28-7.30 m, 4H, J = 7.0 Hz 

 

21.3

140.3

140.5

117.5

117.4

122.5

126.5

127.7 126.8

129.3 129.1

144.5

135.5

152.7
168.1

57.9

NH

N

N NH

S OO
O

49.3
26.4

29.1

29.3

31.8
23.4

14.230.4

 

In the 
13

C NMR spectrum of FP 5, one carbon peak appeared at 14.2 while other at 21.3, 

confirming the presence of methyl groups in the structure. Whereas, six sp3 carbons of 

octylamine chain were appeared in the range of 23.4 – 30.4 ppm. Another sp3 carbon peak 

was observed at 49.3. The chemical shift of amide carbon was observed at 168.1 ppm, while 

the 12 aromatic region carbons showed respective peaks ranging from 117.4- 144.5 ppm. 
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Sr no. Chemical shift (δ) 

ppm 

Carbons 

1 14.2 1C, sp
3
 CH3 

2 21.3 1C, sp
3
 CH3 

3 23.4-30.4 6C, sp
3
, CH2 

4 49.3 1C, sp
3
, CH2 

5 57.9 1C, sp
3
, CH2 

6 117.4-126.5 4C, sp
2
, Ar 

7 127.7-144.5 6C, sp
2
, Ar 

8 140.4 2C, sp
2
, Ar 

9 152.7 1C, sp
2
, C 

10 168.1 1C, sp
2
, CO 
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3.1.3.6 
1
H NMR & 

13
C NMR (DMSO-d6, δ ppm) spectral data of synthesized compound 

FP6 
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Sr no. Carbon 

number 

Protons Chemical shift (δ) 

ppm 

Multiplicity 

1 23 CH3 2.28 s, 3H 

2 8 CH2 3.54 s, 2H 

3 7 CH2 3.64 s, 2H 

4 N-2 NH 4.35 s, 1H 

5 2,6 Ar - H 7.21 d, 2H, J = 8.2 Hz 

6 11-16 Ar - H 7.18-7.86 m, 4H, J = 7.9Hz 

7 3,5 Ar - H 7.28 d, 2H, J = 6.8 Hz 

8 18,22 Ar - H 7.30 d, 2H, J = 7.7 Hz 

9 19,21 Ar - H 7.59 d, 2H, J = 9.3 Hz 

10 4 Ar - H 7.32 t, 1H, J = 7.6 Hz 

11 N-1 NH 9.10 s, 1H 
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The structure of compound FP6 was elucidated using proton NMR (
1
H-NMR) spectroscopy. 

A singlet was observed at 2.28 ppm representing methyl group of para toluene sulfonyl 

chloride moiety. Two singlet proton peaks were appeared at 3.54 and 3.64 ppm, confirming 

the presence of two methylene moieties. The presence of another singlet at 4.35 ppm showed 

the presence of one proton of secondary amine. Further, the 6 doublets of aromatic protons 

were observed ranging between 7.06 – 7.72 ppm that ensured the presence of 12 protons of 

three aromatic rings.   
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In the 
13

C NMR spectrum of FP 6, one carbon peak appeared at 22.1, confirming the presence 

of methyl group in the structure. Another sp3 carbon peak was observed at 53.5ppm. The 

chemical shift of amide carbon was observed at 169.1 ppm, while the 18 aromatic region 

carbons showed respective peaks ranging from 117.1- 144.5 ppm. 
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Sr no. Chemical shift (δ) 

ppm 

Carbons 

1 22.1 1C, sp
3
 CH3 

2 53.5 1C, sp
3
, CH2 

3 57.3 1C, sp
3
, CH2 

4 117.1-122.5 3C, sp
2
, Ar 

5 127.3-129.7 10C, sp
2
, Ar 

6 135.5-144.5 5C, sp
2
, Ar 

7 154.3 1C, sp
2
, C 

8 169.1 1C, sp
2
, CO 

 

3.1.3.7 
1
H NMR & 

13
C NMR (DMSO-d6, δ ppm) spectral data of synthesized compound 

FP7 
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The structure of compound FP7 was elucidated using proton NMR (
1
H-NMR) spectroscopy. 

A singlet was observed at 2.32 ppm representing methyl group of para toluene sulfonyl 

chloride moiety. One proton was appeared at 3.52 ppm, confirming the presence of methylene 

proton. The presence of one singlet at 4.09 ppm showed the presence of one proton of 
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secondary amine. Further, the 12 aromatic protons were observed ranging between 6.81 – 

7.70 ppm that ensured the presence of three aromatic rings.   

 

Sr no. Carbon 

number 

Protons Chemical shift (δ) 

ppm 

Multiplicity 

1 22 CH3 2.32 s, 3H 

2 7 CH2 3.52 s, 2H 

3 N-2 NH 4.09 s, 1H 

4 2,6 Ar - H 6.81 d, 2H, J = 8.3 Hz 

5 10-15 Ar - H 7.12 – 7.39 m, 4H, J = 7.8Hz 

6 3,5 Ar - H 7.43 d, 2H, J = 8.3 Hz 

7 18,20 Ar - H 7.49 d, 2H, J = 7.9 Hz 

8 17,21 Ar - H 7.59 d, 2H, J = 8.4 Hz 
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The structure of compound FP7 was further confirmed through 
13

C NMR spectroscopy. One 

carbon peak appeared at 21.8, confirming the presence of methyl group in the structure. 

Another sp3 carbon peak was observed at 44.3 ppm. The chemical shift of amide carbon was 



 

87 
 

observed at 169.6 ppm, while the 18 aromatic region carbons showed respective peaks 

ranging from 114.5- 148.7 ppm. 

 

Sr no. Chemical shift (δ) 

ppm 

Carbons 

1 21.8 1C, sp
3
 CH3 

2 44.3 1C, sp
3
, CH2 

3 114.5-129.7 13C, sp
2
, Ar 

4 135.6-148.7 5C, sp
2
, Ar 

5 154.3 1C, sp
2
, C 

6 169.6 1C, sp
2
, CO 

 

3.1.3.8 
1
H NMR & 

13
C NMR (DMSO-d6, δ ppm) spectral data of synthesized compound 

FP8 
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Sr no. Carbon 

number 

Protons Chemical shift (δ) 

ppm 

Multiplicity 

1 22 CH3 2.10 s, 3H 

2 7 CH2 3.62 s, 2H 

3 N-2 NH 4.09 s, 1H 

4 3,5 Ar - H 6.78 d, 2H, J = 8.4 Hz 

5 2,6 Ar - H 6.92 d, 2H, J = 8.3 Hz 

6 10-15 Ar - H 6.88 – 7.53 m, 4H, J = 7.8Hz 

7 18,20 Ar - H 7.30 d, 2H, J = 7.6 Hz 

8 17,21 Ar - H 7.59 d, 2H, J = 7.9 Hz 

9 N-1 NH 9.10 s, 1H 

 

The structure of compound FP8 was elucidated using proton NMR (
1
H-NMR) spectroscopy. 

A singlet was observed at 2.10 ppm representing methyl group of para toluene sulfonyl 

chloride moiety. One proton was appeared at 3.62 ppm, confirming the presence of methylene 

proton. The presence of one singlet at 4.09 ppm showed the presence of one proton of 

secondary amine. Further, the 12 aromatic protons were observed ranging between 6.78 – 

7.59 ppm that ensured the presence of three aromatic rings.   
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Sr no. Chemical shift (δ) 

ppm 

Carbons 

1 21.8 1C, sp
3
 CH3 

2 44.3 1C, sp
3
, CH2 

3 117.1-129.7 12C, sp
2
, Ar 

4 135.6-148.5 5C, sp
2
, Ar 

5 154.3 1C, sp
2
, C 

6 160.4 1C, sp
2
, Ar 

7 169.6 1C, sp
2
, CO 

 

The structure of compound FP8 was further confirmed through 
13

C NMR spectroscopy. One 

carbon peak appeared at 21.8, confirming the presence of methyl group in the structure. 

Another sp3 carbon peak was observed at 44.3 ppm. The chemical shift of amide carbon was 

observed at 169.6 ppm, while the 18 aromatic region carbons showed respective peaks 

ranging from 117.1- 160.4 ppm. 
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3.1.3.9 
1
H NMR & 

13
C NMR (DMSO-d6, δ ppm) spectral data of synthesized compound 

FP9 
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Sr no. Carbon 

number 

Protons Chemical shift (δ) 

ppm 

Multiplicity 

1 22 CH3 2.24 s, 3H 

2 7 CH2 3.59 s, 2H 

3 N-2 NH 4.20 s, 1H 

4 2,6 Ar - H 6.72 d, 2H, J = 8.4 Hz 

5 3,5 Ar - H 7.15 d, 2H, J = 8.3 Hz 

6 10-15 Ar - H 7.20 – 7.38 m, 4H, J = 7.8Hz 

7 18,20 Ar - H 7.40 d, 2H, J = 7.6 Hz 

8 17,21 Ar - H 7.59 d, 2H, J = 7.9 Hz 

9 N-1 NH 9.10 s, 1H 

 

The structure of compound FP9 was elucidated using proton NMR (
1
H-NMR) spectroscopy. 

A singlet was observed at 2.24 ppm representing methyl group of para toluene sulfonyl 

chloride moiety. One proton was appeared at 3.59 ppm, confirming the presence of methylene 

proton. The presence of one singlet at 4.20 ppm showed the presence of one proton of 
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secondary amine. Further, the 12 aromatic protons were observed ranging between 6.72 – 

7.59 ppm that ensured the presence of three aromatic rings.  
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Sr no. Chemical shift (δ) 

ppm 

Carbons 

1 22.3 1C, sp
3
 CH3 

2 44.3 1C, sp
3
, CH2 

3 117.7-129.7 11C, sp
2
, Ar 

4 132.1-148.5 7C, sp
2
, Ar 

5 154.3 1C, sp
2
, C 

6 169.6 1C, sp
2
, CO 

 

The structure of compound FP9 was further confirmed through 
13

C NMR spectroscopy. One 

carbon peak appeared at 22.3, confirming the presence of methyl group in the structure. 

Another sp3 carbon peak was observed at 44.3 ppm. The chemical shift of amide carbon was 

observed at 169.6 ppm, while the 18 aromatic region carbons showed respective peaks 

ranging from 117.7- 148.5 ppm. 
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3.1.3.10 
1
H NMR & 

13
C NMR (DMSO-d6, δ ppm) spectral data of synthesized compound 

FP10 
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Sr no. Carbon 

number 

Protons Chemical shift (δ) 

ppm 

Multiplicity 

1 22 CH3 2.19 s, 3H 

2 7 CH2 3.65 s, 2H 

3 N-2 NH 4.20 s, 1H 

4 1-6 Ar - H 6.72-7.29 4H, J = 8.0 Hz 

5 18-20 Ar - H 7.35 d, 2H, J = 7.8 Hz 

6 10-15 Ar - H 7.30 – 7.80 4H, J = 7.8Hz 

8 17,21 Ar - H 7.59 d, 2H, J = 7.0 Hz 

9 N-1 NH 8.65 s, 1H 

 

The structure of compound FP10 was elucidated using proton NMR (
1
H-NMR) spectroscopy. 

A singlet was observed at 2.19 ppm representing methyl group of para toluene sulfonyl 

chloride moiety. One proton was appeared at 3.65 ppm, confirming the presence of methylene 

proton. The presence of one singlet at 4.20 ppm showed the presence of one proton of 
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primary amine. Further, the 12 aromatic protons were observed ranging between 6.72 – 7.80 

ppm that ensured the presence of three aromatic rings.   
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Sr no. Chemical shift (δ) 

ppm 

Carbons 

1 22.3 1C, sp
3
 CH3 

2 44.3 1C, sp
3
, CH2 

3 108.9-129.7 11C, sp
2
, Ar 

4 130.7-148.5 6C, sp
2
, Ar 

5 154.3 1C, sp
2
, C 

6 162.8 1C, sp
2
, Ar 

7 169.6 1C, sp
2
, CO 

 

The structure of compound FP10 was further confirmed through 
13

C NMR spectroscopy. One 

carbon peak appeared at 22.3, confirming the presence of methyl group in the structure. 

Another sp3 carbon peak was observed at 44.3 ppm. The chemical shift of amide carbon was 

observed at 169.6 ppm, while the 18 aromatic region carbons showed respective peaks 

ranging from 108.9- 162.8 ppm. 
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3.2 Molecular docking analysis of newly synthesized benzimidazole 

acetamide derivatives (FP1-FP10) 

All the synthesized compounds (FP1-FP10) were docked into the active sites of COX2, TNF-

α, Iba-1, IL-6 and IL-1β along with co-crystallized ligands. The resulted binding energies are 

mentioned in Table 12. 

Table 12: Binding energy values of ligands (FP1-FP10) with selected proteins 

Compounds Iba-1 TNF-α IL-β IL-6 1L-10 COX-2 

Binding energies  (kcal/mol) 

FP1 -8.2 -8.4 -6.8 -8.8 -8 -9.4 

FP2 -7.2 -6.2 -7 -8.5 -6.7 -7.3 

FP3 -7.3 -8.4 -7.6 -7.7 -7 -8.9 

FP4 -7.7 -7.4 -7.6 -7.2 -7.8 -7.9 

FP5 -7.6 -7.9 -6.4 -6.4 -6.8 -7.5 

FP6 -6.8 -6.6 -5.1 -6.9 -6.7 -8.9 

FP7 -7.9 -8.8 -7.6 -8 -7.3 -8.9 

FP8 -7.8 -8.8 -8.4 -8.3 -8.2 -9.3 

FP9 -7.7 -8.5 -7.6 -5.1 -5.8 -9.7 

FP10 -7.2 -5.9 -5.7 -5.3 -6.2 -9.1 

Ref-1  -9.3    Meclo 

-9.1 

Ref-2  -9.1     

The docking procedure was confirmed and validated through re-docking of the co-crystallized 

molecules in the same target pockets. The binding interactions and best binding poses of re-

docked ligands in the target protein of COX 2 and TNF-α are mentioned in Figure 28. The 
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pose analysis showed almost same alignment as of original ligand and also exhibited similar 

binding interactions as obtained from the X-ray crystallographic PDB file.  

 

Figure 28: (A-F) Validation of docking procedure, Meclofenamic acid and 6,7-dimethyl-3-[(methyl{2-

[methyl({1-[3-(trifluoromethyl)phenyl]-1h-indol-3-yl} methyl)amino]ethyl} amino)methyl]-4h-chromen-4-

one, in the protein structures of cyclooxygenase-2 (COX-2) and tumor necrotic factor (TNFα), 

respectively (green = co-crystallized ligand, red = re-docked ligand) 

 

The best binding pose and binding interactions of ligand FP1 with COX2 are given in Figure 

29 (A–C). The sulfonyl group of para toluene sulfonyl chloride moiety established strong 

hydrogen bonding with GLN B:375. While another hydrogen bond linkage was observed 

between the carbonyl moiety of amide bond and GLN A:374.   The hydrophobic interaction 

(alkyl) between HIS B:220 & LEU B:146 and cyclohexyl ring further stabilized the 

compound FP1. The aromatic ring of para toluene sulfonyl moiety was stabilized by 

prominent pi-pi stacking with PHE B:143. Figure 29 (D-F) showed the binding pose of 

compound FP1 with TNF-α. The amide nitrogen was stabilized by conventional hydrogen 

bonding with GLY A:121. The cyclohexyl ring formed pi-alkyl interactions with TYR A:119 

to stabilize itself. Other aromatic rings in FP1 were stabilized through hydrophobic 
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interaction engaging LEU A:120, TYR A:59 & LEU B:57. This complex showed minimum 

binding energy of -8.4 kcal/mol. Figure 29 (G-I) represents the binding interactions of 

compound FP1 with protein Iba-1. This compound was stabilized in the protein pocket only 

through hydrophobic interaction. The ligand –protein binding interactions of FP1 and IL-6 is 

given in Figure 29 (J-L). The amino acid residue CYS A:88 was involved in hydrogen 

bonding with –NH group of FP1. The cyclohexyl group was stabilized in the protein pocket 

utilizing ILE A:87 & HIS A:140. The benzimidazole nucleus interacted with LEU A:89, VAL 

A:136 & ILE A:92 through alkyl and pi-alkyl bonding. The phenyl ring of para toluene 

sulfonyl group formed pi-anion bonding with GLU A:135. Figure 29 (M-O) represented FP1-

IL-1β binding interactions in the protein pocket. The amide oxygen showed hydrogen 

bonding with LEU A:134 & LEU A:80. While, amide hydrogen and sulfonyl oxygen 

developed hydrogen bonding with PRO A:78 and PRO A:77 respectively. The other skeletons 

of FP1 were stabilized in the protein pocket using hydrophobic interactions. 
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Figure 29: Post docking 2D and 3D poses of ligand in protein pockets visualized by Discovery Studio 

Visualizer. The interactions and best binding pose are mentioned between FP1 and COX2 (A-C), TNF-α 

(D-F), Iba-1 (G-I), IL-6 (J-L), IL-1β (M-O) respectively. 

The protein ligand complex of FP2 and COX2 is presented in Figure 30 (A-C). This complex 

established different strong hydrogen bonding interactions. The oxygen atoms of sulfonyl and 

carbonyl group interacted with ALA B:544 & GLN A:372, while nitrogen atom of imidazole 

ring interacted with SER A:126.  The aromatic rings in FP2 adjusted itself into the active site 

pocket through hydrophobic interactions with LYS A:532 & ARG A:44. Figure 30 (D-F) 

depicts the binding mode of FP2 with TNF-α. The compound FP2 was stabilized in the 

protein pocket through hydrophobic interactions with LEU A:120, TYR B:59 and TYR 

B:119. The best binding energy of this FP2- TNF-α complex was -6.2 kcal/mol. The ligand-

protein binding complex of FP2-Iba-1 is given in Figure 30 (G-I). All three aromatic rings 

were interacted trough alkyl and pi-alkyl interactions in the protein pocket of Iba-1. While, 

the van der Waals forces and pi-pi T shaped forces stabilized the FP2 skeleton in the protein 

pocket. In the FP2-IL-6 complex, two conventional hydrogen bondings were observed, one 
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between carbonyl oxygen and THR A:15 and other between THR A:35 and sulfonyl oxygen 

(Figure 30 (J-L)). The benzimidazole nucleus was stabilized by ARG A:185, LEU A:184 and 

LEU A:38 through hydrophobic interactions. Figure 30 (M-O) depicts the ligand protein 

complex of FP2 and IL-1β. The conventional hydrogen bonding stabilized both –NH groups 

of this compound. Other structural units of FP2 were stabilized by hydrophobic interactions 

(van der Waals, pi-pi stacking & pi-pi T shaped).  

 

Figure 30: Post docking 2D and 3D poses of ligand in protein pockets visualized by Discovery Studio 

Visualizer. The interactions and best binding pose are mentioned between FP2 and COX2 (A-C), TNF-α 

(D-F), Iba-1 (G-I), IL-6 (J-L), IL-1β (M-O) respectively. 

The synthesized compound FP3 developed conventional hydrogen bonds between GLN 

A:374 & ARG A:376 residues and sulfonyl moiety of para toluene sulfonyl group. Similarly, 

the phenyl ring developed hydrophobic interactions with LEU A: 145. The amino acid residue 

ASN B:376 established hydrogen bond with carbonyl oxygen. The detailed depiction is 

presented in Figure 31 (A-C). The aromatic ring of toluene formed hydrophobic contacts with 

TYR A:119, TYR A:151 and TYR A:59 (Figure 31 (D-F)). Furthermore, this compound was 
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stabilized by two hydrogen bonds, molded between NH (amide) and LEUB:120, while other 

between –NH group and GLY A:121. The phenyl group of attached with methoxy group was 

observed to develop hydrophobic interaction with TYR B:59. Figure 31 (G-I) depicts the 

binding interaction of FP3 with protein Iba-1. All the aromatic rings in FP3 were stabilized in 

the protein pocket through hydrophobic interactions with amino acid residues (TYR A:127, 

LEU A:77, LEU A:92, LEU A:73, ILE A:124, MET  A:76, LEU A:121, LEU A:89). The best 

binding pose of ligand FP3 with protein IL-6 is mentioned in Figure 31 (J-L). The –NH of 

amide group showed hydrogen bonding with THR A:187. The sulphur atom was stabilized in 

the protein pocket of IL-6 through pi-sulfur interaction with PHE A:132. Figure 31 (M-O) 

gives a depiction of binding complex of FP3-IL-1β. Two hydrogen bonds were observed in 

this docking complex, one between –NH amide group and VAL A:132 while other between –

NH group and LEU A:80. The pi-sigma bonding stabilized the aromatic ring in the protein 

pocket. Other hydrophobic interactions like van der Waals forces and pi-alkyl interaction also 

took part in the ligand-protein stabilization. 
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Figure 31: Post docking 2D and 3D poses of ligand in protein pockets visualized by Discovery Studio 

Visualizer. The interactions and best binding pose are mentioned between FP3 and COX2 (A-C), TNF-α 

(D-F), Iba-1 (G-I), IL-6 (J-L), IL-1β (M-O) respectively. 

Figure 32 (A-C) gives an overview of the best binding pose and interactions of complex FP4-

COX2. Two hydrogen bonds were observed in this complex. One bond shaped between 

amino acid residue GLN A:372 and sulfonyl group while other between the secondary amino 

group and ILE A:124. In the similar fashion, hydrophobic contacts also played prominent role 

in the stabilization of this complex in the protein pocket. Protein–ligand interactions of 

compound FP4 with TNF-α underlined that only hydrophobic interactions (pi-pi & pi-sigma) 

were involved in providing stability to the ligand in these protein pocket (Figure 32 (D-F)). 

The best binding pose and binding interactions of FP4 and Iba-1 has been given in figure 32 

(G-I). The overall structure of ligand FP4 was stabilized in the protein pocket of Iba-1 

through hydrophobic interactions (van der Waals forces, pi-sigma, alkyl and pi-alkyl). Figure 

32 (J-L) represents the binding interactions of FP4 with IL-6. The sulfonyl oxygen was 
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stabilized in the protein pocket through hydrogen bonding with amino acid residue LYS 

A:181 while –NH group also interacted through hydrogen bonding with GLY A:12 & PHY 

A:14. The phenyl ring of benzimidazole nucleus interacted with VAL A:142 through pi-

sigma interactions. The best binding pose and binding interactions of FP4-IL-1β is given in 

Figure 32 (M-O). the complete structural moieties of FP4 were stabilized in the protein 

pocket using hydrophobic interactions.   

 

Figure 32: Post docking 2D and 3D poses of ligand in protein pockets visualized by Discovery Studio 

Visualizer. The interactions and best binding pose are mentioned between FP4 and COX2 (A-C), TNF-α 

(D-F), Iba-1 (G-I), IL-6 (J-L), IL-1β (M-O) respectively. 

Figure 33 (A-C) highlights the protein ligand complex of FP5 with COX2. The hydrogen 

bonding interactions between –NH group & ASN A:375, carbonyl oxygen & GLN A:374 and 

imidazole nitrogen & GLN A:374 were observed. The hydrophobic molecular interactions 

(pi-pi stacking, pi-alkyl) stabilized rest of the structure in the protein pocket. The minimum 

binding energy was observed in this case as -5.8 kcal/mol. The binding pose and interactions 
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of FP5 and TNF-α is presented in Figure 33 (D-F). The binding energy in this interaction was 

observed as -5.9 kcal/mol. The hydrogen bonding interactions were molded between amide 

nitrogen group & LEU C:128 and -NH group & TYR C:151. The aromatic rings of the 

structure showed hydrophobic interaction with amino acid residues (TYR D:59, TYR D:119). 

The pi-sigma hydrophobic interactions were also developed to stabilize this complex with 

residues like TYR C:59, GLY C:121. The protein ligand complex of Iba-1 and FP5 is 

mentioned in Figure 33 (G-I). This ligand was stabilized in the protein pocket through 

hydrophobic interactions only. Figure 33 (J-L) depicts the best binding pose of FP5 in the 

protein pocket of IL-6. Conventional bonding was observed between sulfonyl oxygen and 

SER A:93 & amide nitrogen and ASN A:133. The benzimidazole nucleus rings and other 

aromatic moieties were stabilized by hydrophobic interactions. In FP5-IL-1β complex, 

prominent hydrogen bondings were observed. One hydrogen bond was molded between –NH 

group and LYS A:77, THR A:79 & PRO A:78 while other between amide oxygen and LEU 

A:80 & LEU A:134 (Figure 33 (M-O)). Other ligand movements were stabilized by 

hydrophobic interactions in the protein pocket of IL-1β.  
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Figure 33: Post docking 2D and 3D poses of ligand in protein pockets visualized by Discovery Studio 

Visualizer. The interactions and best binding pose are mentioned between FP5 and COX2 (A-C), TNF-α 

(D-F), Iba-1 (G-I), IL-6 (J-L), IL-1β (M-O) respectively. 

The best binding interactions and pose of FP6 and COX2 is given in Figure 34 (A-C). Three 

conventional hydrogen bonds were established, one between sulfonyl oxygen and GLN 

B:375, one between imidazole nitrogen and ARG B:377 and other between amide oxygen and 

ARG B:377. The pi-sulfur bonding interactions were seen between sulphur group and PHE 

B:143. The van der Waals forces and other hydrophobic interactions stabilized FP6 in the 

protein pocket. The protein-ligand complex of FP6 and TNF-α showed a minimum binding 

energy of -6.8 kcal/mol. The residues involved in the hydrophobic interactions (van der 

Waals, pi-pi stacking, pi-alkyl) to stabilize this structure in the protein pocket included TYR 

D:119, GLY C:121, LTU D:57, TYR C:59 and LEU C:57 (Figure 34 (D-F)). The best 

binding pose of FP6 with Iba-1 protein is given in figure 34 (G-I). Different hydrophobic 

interactions like van der Waals forces, pi-pi stacking, alkyl and pi-alkyl forced stabilized the 

ligand in protein pocket. Similarly, this ligand was also stabilized by hydrophobic interaction 
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in protein pocket of IL-6. Also a hydrogen bonding was observed between –NH group and 

PHE A:132 (Figure 34 (J-L)). The ligand-protein complex of FP6-IL-1β is given in figure 34 

(M-O). The amide oxygen established hydrogen bondings with LEU A:134 & LEU A:80 

while other skeleton of FP6 was stabilized in this protein pocket through hydrophobic 

interactions only.     

 

Figure 34: Post docking 2D and 3D poses of ligand in protein pockets visualized by Discovery Studio 

Visualizer. The interactions and best binding pose are mentioned between FP6 and COX2 (A-C), TNF-α 

(D-F), Iba-1 (G-I), IL-6 (J-L), IL-1β (M-O) respectively. 

Figure 35 (A-C) depicts the binding interactions of FP7 and COX2. The carbonyl group of 

amide moiety developed a conventional hydrogen bond with amino acid residue HIS A:388. 

The pi-pi stacking was established between the benzimidazole ring and HIS A:207 while 

phenyl ring of para toluene sulfonyl group interacted with HIS A:386. Moreover, van der 

Waals forces stabilized the FP7 in the target protein. The calculated best minimum binding 

energy observed in this protein-ligand complex was -8.9 kcal/mol. The FP7- TNF-α complex 
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with best binding pose and interactions is given in figure 35 (D-F). The –NH group 

established hydrogen bonding with LEU D:120 & SER D:60. While, the carbonyl oxygen of 

FP7 highlighted hydrogen bonding with TYR D:151. The amide nitrogen group also molded 

hydrogen bonding with GLY C:121.  The benzimidazole ring showed hydrophobic 

interactions with TYR D:59. The rest of the FP7 structure was stabilized through van der 

Waals hydrophobic interactions in the protein pocket. The binding energy observed in this 

complex was -9.8 kcal/mol. The best binding pose and binding interactions of ligand FP7 

with protein Iba-1 are shown in figure 35 (G-I). The –NH group interacted with GLU A:128 

through hydrogen bonding. The hydrophobic interactions appeared to be more prominent in 

stabilizing FP7 in the protein pocket. Figure 35 (J-L) depicts the ligand protein complex of 

FP7 with IL-6. Only the hydrophobic interactions were involved in the stabilization of FP7 in 

protein pocket of IL-6. The FP7-IL-1β docking complex is presented in Figure 35 (M-O). The 

amide nitrogen established a conventional hydrogen bond with VAL A:132. The phenyl ring 

of para toluene sulfonyl moiety showed stacking with amino acid residue PHY A:133. Other 

structural moieties of FP7 were stabilized through hydrophobic interactions.  
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Figure 35: Post docking 2D and 3D poses of ligand in protein pockets visualized by Discovery Studio 

Visualizer. The interactions and best binding pose are mentioned between FP7 and COX2 (A-C), TNF-α 

(D-F), Iba-1 (G-I), IL-6 (J-L), IL-1β (M-O) respectively. 

 The binding interaction of the ligand FP8 and protein COX2 is given in figure 36 (A-C). The 

amino acid residues ARG B:377, GLN B:375 and ASN B:376 engaged FP8 through hydrogen 

bonding with imidazole nitrogen, carbonyl oxygen and –NH group respectively. The pi-pi 

stacking further stabilized the benzimidazole nucleus ring. The phenyl moiety of para toluene 

sulfonyl chloride networked with ARG A:376 through pi-cation interaction. Furthermore, 

other hydrophobic forces also took part in stabilizing the compound FP8 in the protein 

pocket. The figure 36 (D-F) represents the protein-ligand complex of FP8 with TNF-α. The –

NH group molded conventional hydrogen bonding with amino acid residues LEU D:120 & 

SER D:60. While oxygen of amide group in FP8 showed hydrogen bonding with TYR D:151. 

The benzimidazole nucleus was stabilized by pi-pi stacking with TYR D:59. Other 

hydrophobic interactions like van der Waals forces steadied the FP8 in TNF-α protein pocket. 

The lowest binding energy was found in this interaction as -8.8 kcal/mol. The best binding 
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pose and interactions of FP8 and Iba-1 are given in figure 36 (G-I). The oxygen atoms present 

in FP8 established hydrogen bonding with amino acid residues LYS A:122 & ASP A:43. The 

fluorine atom formed halogen interactions with LYS A:39 & TYR A:40 to achieve stability in 

protein pocket. Figure 36 (J-L) gives the best pose and binding interactions of FP8 with IL-6. 

The –NH group formed hydrogen bond with CYS A:88 while the other structural moieties of 

FP8 achieved stability in the protein pocket through hydrophobic interactions. The sulfonyl 

oxygen showed hydrogen bonding interactions with LYS A:77 while carbonyl oxygen with 

LEU A:134 & LEU A:80 (figure 36 (M-O)). Furthermore, FP8 stabilized itself in the protein 

pocket of IL-1β through hydrophobic interactions.  

 

Figure 36: Post docking 2D and 3D poses of ligand in protein pockets visualized by Discovery Studio 

Visualizer. The interactions and best binding pose are mentioned between FP8 and COX2 (A-C), TNF-α 

(D-F), Iba-1 (G-I), IL-6 (J-L), IL-1β (M-O) respectively. 

Figure 37 (A-C) depicts the protein-ligand interaction of FP9 with COX2. The compound FP8 

established two hydrogen bonding; one between carbonyl oxygen and GLN A:374, while 
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other between sulfonyl oxygen and GLN B:375 & ARG B:377. The phenyl ring of para 

toluene sulfonyl chloride interacted with PHE B:143 through pi-pi T shaped bonding. Other 

aromatic rings were also stabilized in the protein pocket through hydrophobic interactions. 

The protein-ligand complex of FP9-TNF-α is given in figure 37 (D-F). The sulfonyl oxygen 

was involved with residue TYR B:151 using hydrogen bonding. The –NH group also 

interacted with LEU A:120 through hydrogen bonding. The rest of the structure of FP9 was 

stabilized by hydrophobic interactions within the protein pocket. The ligand-protein complex 

of FP9 and Iba-1 is given in figure 37 (G-I). This ligand stabilized itself in the protein pocket 

through hydrophobic interactions only. Figure 37 (J-L) presented the binding interactions of 

FP9 with IL-6. The –NH group of amide yielded a hydrogen bond with THR A:187 while rest 

of the molecule showed hydrophobic interactions with IL-6 for stability. Figure 37 (M-O) 

depicts the binding interactions of FP9 with IL-1β. The amide nitrogen molded hydrogen 

bonding VAL A:132 while other structural entities stabilized itself in the protein pocket using 

hydrophobic interactions.  
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Figure 37: Post docking 2D and 3D poses of ligand in protein pockets visualized by Discovery Studio 

Visualizer. The interactions and best binding pose are mentioned between FP9 and COX2 (A-C), TNF-α 

(D-F), Iba-1 (G-I), IL-6 (J-L), IL-1β (M-O) respectively. 

The binding interaction of the ligand FP10 and protein COX2 is given in figure 38 (A-C). The 

carbonyl group of amide moiety developed a conventional hydrogen bond with amino acid 

residue HIS A:388. The pi-pi stacking was established between the benzimidazole ring and 

HIS A:207 while phenyl ring of para toluene sulfonyl group interacted with HIS A:386. 

Moreover, van der Waals forces stabilized the FP7 in the target protein. The calculated best 

minimum binding energy observed in this protein-ligand complex was -7.2 kcal/mol. The 

FP10- TNF-α complex with best binding pose and interactions is given in figure 38 (D-F). 

The –NH group established hydrogen bonding with LEU D:120 & SER D:60. While, the 

carbonyl oxygen of FP7 highlighted hydrogen bonding with TYR D:151. The amide nitrogen 

group also molded hydrogen bonding with GLY C:121.  The benzimidazole ring showed 

hydrophobic interactions with TYR D:59. The rest of the FP7 structure was stabilized through 

van der Waals hydrophobic interactions in the protein pocket. The binding energy observed in 
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this complex was -7.8 kcal/mol. The best binding pose and interactions of FP10 and Iba-1 are 

given in figure 38 (G-I). The oxygen atoms present in FP10 established hydrogen bonding 

with amino acid residues LYS A:122 & ASP A:43. The fluorine atom formed halogen 

interactions with LYS A:39 & TYR A:40 to achieve stability in protein pocket. Figure 38 (J-

L) gives the best pose and binding interactions of FP10 with IL-6. The –NH group formed 

hydrogen bond with CYS A:88 while the other structural moieties of FP10 achieved stability 

in the protein pocket through hydrophobic interactions. The sulfonyl oxygen showed 

hydrogen bonding interactions with LYS A:77 while carbonyl oxygen with LEU A:134 & 

LEU A:80 (Figure 38 (M-O)). Furthermore, FP10 stabilized itself in the protein pocket of IL-

1β through hydrophobic interactions. 

 

Figure 38: Post docking 2D and 3D poses of ligand in protein pockets visualized by Discovery Studio 

Visualizer. The interactions and best binding pose are mentioned between FP10 and COX2 (A-C), TNF-α 

(D-F), Iba-1 (G-I), IL-6 (J-L), IL-1β (M-O) respectively. 

3.3 ADME results of the synthesized compounds 

The swiss ADME predictor tool showed that all the compounds passed the drug-likeness rules 
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except for the compounds FP5 and FP9.  The in silico toxicity studies showed that the 

compounds FP3, FP4, FP5 and FP8 are non- carcinogenic and non-mutagenic in nature. For 

BBB permeability, the compounds having logBB >0 were thought to cross the blood brain 

barrier easily. However, the compounds with logBB <-1 did not cross the BBB easily. 

Compounds FP1, FP3, FP4, FP7 and FP8 were predicted to cross the BBB easily, however, 

the rest of the compounds showed moderate permeability.  Moreover, the compounds FP1, 

FP3, FP4, FP5, FP7 and FP8 showed no Ames toxicity and hepatotoxicity suggesting that 

these compounds may possess lead like properties. Table 13 shows the in silico ADME and 

toxicity studies of synthesized compounds. 

Table 13: The in silico ADME and toxicity studies of synthesized compounds (FP1-FP10) 

Compo

unds 

Molec

ular 

weigh

t 

g/mol 

No. 

of 

hydr

ogen 

bon

d 

don

ors 

No. 

of 

rota

tabl

e 

bon

ds 

Tota

l 

Pola

r 

surfa

ce 

area 

(A) 

Log 

P 

(iLO

GP) 

BBB 

(log) 

Ame

s 

toxic

ity 

Max 

tolerated 

dose 

(human 

log/kg/da

y) 

Hepa

totoxi

city 

hERG 

1 

inhibito

r 

hER

G     

II 

inhi

bito

r 

FP1 426.54

2 

2 6 81.47 3.442 0.5 No 0.316 No No No 

FP2 420.49

4 

2 6 81.47 3.632 0.677 Yes 0.207 Yes No No 

FP3 450.52 2 6 81.70 3.64 0.387 No 0.137 No No No 

FP4 412.72 2 9 81.47 3.03 0.46 No 0.359 No No No 

FP5 456.61

2 

2 8 81.47 4.47 -0.505 No 0.341 Yes No No 

FP6 434.52

1 

2 6 81.47 3.31 -0.592 Yes 0.342 Yes No No 

FP7 454.93

9 

2 6 81.47 3.285 0.404 No 0.117 No No No 

FP8 438.48

4 

2 6 81.47 3.77 0.437 No 0.119 No No No 

FP9 499.39 2 8 81.47 4.39 -0.412 yes 0.117 Yes No No 

FP10 438.48

4 

2 6 81.47 3.77 -0.41 yes 0.125 No No No 
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3.4 In vitro anti-oxidant effect of synthesized compounds FP1-FP10 (DPPH 

free radical scavenging assay) 

The results of concentration-dependent results of reference compound (ascorbic acid) and 

testing compounds (FP1-FP10) are presented in figure 40. The EC50 values of all these 

compounds (FP1-FP10) were determined as, 16.16 ug/mL, 233.1 ug/mL, 20.53 ug/mL, 15.32 

ug/mL, 288 ug/mL, 150.2 ug/mL, 18.03 ug/mL, 16.97 ug/mL, 224.5 ug/mL & 231.3 ug/mL 

respectively, while the EC50 of ascorbic acid was calculated as 11.14ug/mL (Figure 39 (A-

E)).  

 

Figure 39 (A-E): The EC50 values of FP1, FP3, FP4, FP7 & FP8 respectively 

At concentration of 1 µg/mL, ascorbic acid and 2-aminobenzimidazole derivatives FP1-FP10 

showed % DPPH scavenging of 31.71±1.56, 20.83±1.63, 9.00±1.14, 19.14±1.34, 20.11±1.23, 

11.11±3.20, 20.67±1.12, 16.91±0.96, 10.11±1.20 12.03±1.94, 8.90±1.63% respectively. At 

concentration of 3µg/mL, ascorbic acid and Benzimidazole derivatives FP1-FP10 showed % 

DPPH scavenging of 37.80±3.79, 22.30±1.710, 12.64±2.84, 21.4000±1.97, 27.43±3.770, 

16.30±2.39, 29.34±2.10, 25.71±1.87, 12.38±1.37, 14.67±2.99, 13.71±2.13 % respectively. At 
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concentration of 5µg/mL, ascorbic acid and benzimidazole derivatives FP1-FP10 showed % 

DPPH scavenging of 39.53±0.28, 38.80±2.63, 18.32±2.35, 27.19±1.59, 36.61±2.14, 

21.48±1.14, 36.13±1.10, 37.54±2.80, 21.43±3.34, 21.11±1.23, 25.32±2.12% respectively. At 

concentration of 10µg/mL, ascorbic acid and Benzimidazole derivatives FP1-FP10 showed % 

DPPH scavenging of 48.97±2.68, 42.39±3.47, 26.80±3.12, 38.32±2.62, 48.37±2.0, 

29.19±2.35, 44.67±2.80, 47.51±2.19, 35.52±0.91, 29.47±2.19, 23.80±3.35% respectively. At 

concentration of 100 µg/mL, ascorbic acid and Benzimidazole derivatives FP1-FP10 showed 

% DPPH scavenging 59.04±1.11, 54.80±1.61, 40.14±1.15, 48.68±3.73, 55.78±2.86, 

38.41±3.24, 57.66±3.67, 51.62±2.49, 47.45±1.56, 40.0±2.60, 39.14±1.64% respectively. At 

concentration of 300 µg/mL, ascorbic acid and Benzimidazole derivatives FP1-FP10 showed 

% DPPH scavenging 78.54±1.32, 66.71±2.60, 51.73±2.64, 62.72±2.8, 65.65±2.66, 48.74±2.0, 

68.32±1.80, 66.11±2.23, 56.11±2.51, 52.29±2.51,52.73±2.11% respectively. At concentration 

of 1000 µg/mL, ascorbic acid and Benzimidazole derivatives FP1-FP10 showed % DPPH 

scavenging of 92.10±2.59, 75.89±2.40, 65.32±1.23, 71.23±2.10, 70.25±2.73, 59.15±2.86, 

80.56±2.67, 78.12±1.70, 69.37±1.35, 65.55±1.91, 65.31±1.09 % respectively.  

The interpreted results and EC50 value of benzimidazole acetamide derivatives do suggest 

FP1, FP3, FP4, FP7 & FP8 as significantly potent antioxidant in comparison with ascorbic 

acid (used as reference). Although benzimidazole compounds FP2, FP5, FP6, FP9 and FP10, 

also demonstrated good antioxidant activity but comparatively less than aforementioned 

compounds. This preliminary screening data further provided guidance regarding the 

selection of potential compounds for further molecular studies.   
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Figure 40: Antioxidant potential of synthesized compounds (FP1-FP10) using DPPH assay  

 

3.5 Pharmacological testing results 

3.5.1 Behavioral testing 

To study the effect of synthesized benzimidazole derivatives on rat memory and behavior, Y-

maze test and WMM test were performed.  

3.5.1.1 Effect of benzimidazole acetamide derivatives (FP1, FP3, FP4, FP7 & FP8) on 

Alternation Behavior (Y-maze test) 

To investigate the cognitive performance, a Y-maze test was piloted using percent (%) 

alteration behavior. All the selected potential compounds presented positive increase in 

spatial working memory of rats and in our study positive results means a higher percentage of 

increased working spatial memory.  
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The noted latency time during the all trials for group 1 (saline 10ml/kg) was 48.0±1.2, 

49.5±2.0 and 47±0.6 seconds, whereas for group II (disease group, ethanol 2g/kg), it was 

noted as 38±0.9, 36±1.9 and 37±1 seconds (
##

p <0.001 vs saline group). While the respective 

time noted for treatment (ethanol 2g/kg + drug 10mg/kg) groups III (55±0.50, 58±1.20, 

57±0.9, **p<0.05 vs ethanol group), group IV (56±1, 58±2, 59±1.6, ***p<0.05 vs ethanol 

group), group V (53±1.10, 56±2.1, 58±1.80, **p<0.05 vs ethanol group), group VI (55±1.8, 

57±1.2,5±1.1, **p<0.05 vs ethanol group), group VII (57±1, 59±1.9, 59±2, ***p<0.05 vs 

ethanol group) and control group (ethanol 2g/kg + donepezil 3mg/kg) presented reading as 

(60±1, 62±1, 61±1, ***p<0.05 vs ethanol group) respectively (Figure 41).  

The observed data suggested that ethanol treated groups showed reduced alteration behavior 

(%) as compared to the saline group animals. All the drug treated groups significantly 

enhanced cognitive performance showing that benzimidazole acetamide derivatives 

attenuated the cognitive and memory deficits in ethanol treated animals (Figure 41).  
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Figure 41: Spontaneous alteration behavior % of the rats during the Y-maze test. Histograms indicate the 

mean ± SEM for the rats (n = 10/group). ### shows significantly different from the control; *** shows 

significantly different from the ethanol-treated group. Significance: P < 0.001. 

3.5.1.2 Effect of benzimidazole acetamide derivatives (FP1, FP3, FP4, FP7 & FP8) on 

escape latency (WMM test) 

In Water Morris Maze (WMM) test, continuously for four days the escape latency time was 

recorded during training session of rats. Ethanol treated animals took more time to locate the 

hidden probe which indicated increased escape latency time as compared to saline (10mL/kg) 

treated rats. Furthermore, all the treated groups (ethanol, 2g/kg + testing compound, 10mg/kg) 

showed less escape latencies as compared to disease group (Figure 42A). 

On 5
th

 day, after training of animal groups, the hidden probe was removed and probe test was 

conducted. All the treated groups showed significant increase in number of platform crossings 

as compared to the disease (ethanol alone) group (Figure 42B). True to the same behavior, 

treated group animals spent significantly more time in the target quadrant as compared to the 

ethanol treated rats (Figure 42C). These results clearly indicate that our synthesized 

benzimidazole derivatives improved the spatial working memory through reducing the 

ethanol induced memory impairment.  
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Figure 42:  (A) Average escape latency time for experimental rats to reach the hidden platform from 1 to 

4 days. (B) The average number of platform crossings of experimental rats during the probe test of the 

MWM test. (C) Average time spent by experimental animals in the target quadrant on day 5. Values are 

given as mean ± SE; Statistical analysis by one-way ANOVA. 
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3.5.2 Effect of benzimidazole derivatives on oxidative enzymes- in vivo antioxidant 

activity 

All the collected animal tissue homogenates of selected compounds (FP1, FP3, FP4, FP7 & 

FP8) were subjected to the in vivo antioxidant activity to explore the variation of different 

oxidative enzymes.  

3.5.2.1 Effect of selected compounds on GSH & GSH S-transferase (GST)  

The probed data revealed that ethanol injected animal group showed drastic decrease in GSH 

and GST levels that indicate increased level of ROS production in the brain cortex in 

comparison with the saline group. The recorded concentration of GSH (mg/1100g tissue) in 

saline group and disease group were 54.88±3.78 & 3.30±0.97 respectively. While in case of 

GST (pmol), it was noted as 40.42 ± 1.30 & 2.78 ± 0.45 respectively, which clearly indicate 

significant difference vs saline group (Figure 43A, p < 0.001). 

The pre-treatment groups (ethanol + drug) FP1, FP3, FP4, FP7 & FP8 were noted to produce 

GSH level as 46.6±3.9, 34.3±2.4, 40.7±2.6, 41.3±2.4, 38.7±4.1 while GST levels as, 

38.8±4.9, 28.05±4.3, 35.8±3.1, 34.05±2.6, 32.8±4.1, respectively. These results presented the 

idea that treatment with selected drugs significantly attenuated downregulation of GSH and 

GSH S-Transferase (GST) enzymes when compared with disease (ethanol) group (Figure 

43B). The analysis of all data was performed by using one-way analysis of variance 

(ANOVA) followed by post hoc Bonferroni multiple comparison test. 

3.5.2.2 Effect of selected compounds on ethanol induced lipid peroxidation (LPO) 

Oxidative stress induced malondialdehyde (MDA) is the secondary metabolite of lipid 

peroxidation. The LPO level was quantified in all rat groups to assess the disease induction 

and its attenuation. The increased level of LPO was observed in ethanol treated group 
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(disease group) as, 224.54±4.32 in comparison with saline group as 79.32±0.70. The results 

produced to be highly significant (disease group vs. saline group, p < 0.001). While in case of 

ethanol + drug treated groups (FP1, FP3, FP4, FP7. FP8) the noted levels were, 90.8±2.82, 

160.45±8.9, 130.8±2.82, 110.57±4.6, 118.8±3.64. Results clearly indicate the downregulation 

of MDA and so of LPO (Figure 43C, p < 0.01 vs ethanol group). 

3.5.2.3 Effect of selected compounds on ethanol induced nitric oxide (NO) 

Ethanol induced ROS generation triggered the accumulation of Nitric Oxide (NO) and so 

decreasing other antioxidant enzyme (GSH, GST) levels as discussed earlier. This NO level 

(pmol) was quantified in all groups to understand the degree of variation in 

neurodegeneration. The investigated level of NO in disease group was 85±6.0 in brain cortical 

tissue as compared to saline group, 21.02±7.61 (p < 0.001). All the pre-treatment groups 

(FP1, FP3, FP4, FP7 and FP8) downregulated this level to 49.2±3.59, 63.15±3.8, 65.2±4.56, 

55.18±3.2, 60.41±3.51 respectively (Figure 43D).  
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Figure 43 (A-D): The in vivo antioxidant effect of FP1, FP3, FP4, FP7 & FP8 on GSH, GST, LPO & NO 

respectively. 

3.5.3 Effect of benzimidazole acetamide derivatives on ethanol-induced inflammatory 

mediators 

The temporal relationship between inflammatory mediators and neurodegenration was 

examined through enzyme-linked immunosorbent assay (ELISA). This technique was used to 

quantify the hyperexpression of selected inflammatory cytokines/mediators (p-NF-κB, COX-

2, TNF-α, IL6 and Iba-1) using rat ELISA p-NF-kB, rat COX-2,  rat TNF-α rat IL-6 and rat 

Iba-1 respectively. The protein expressions of TNF-α and IL6  were examined using brain 

homogenate of cortex and hippocampus of pretreated animal groups with selected 

benzimidazole derivatives (FP1, FP7 & FP8), while the protein expression of p-NF-κB, COX-

2, and Iba-1 was assessed against the cortical & hippocampal tissue homogenate of animals 

groups which were pretreated with FP3 and FP4 compounds.  
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In response to this inflammation, innate and acquired immune systems especially microglial 

cells become activated and produce many proinflammatory mediators in the CNS (Ransohoff 

and Perry, 2009). Furthermore, different signaling pathways like stress-activated 

protein/extracellular signal-regulated kinase 1 (SEK1), c-Jun N-terminal kinase (JNK) and 

apoptosis signal-regulating kinase 1 (ASK1), correlate the activation of tumor necrosis factor-

TNF-α, p-NF-κB and upregulation of inflammatory transcription machinery such as IL-6, 

COX 2 leading to the neurodegeneration in brain (Medeiros et al., 2010). The hyper 

expression of these proteins was observed in the ELISA results in ethanol treated brain tissue 

homogenates (cortex and hippocampus). Benzimidazole acetamide derivatives significantly 

reduced these levels in all treated animal groups. Ethanol treated brain showed hyper 

expression of p-NF-κB in the brain cortex and hippocampus which was noted as 

284.80±15.20 in cortex and 359.10±20.95 in hippocampus. These results were significant as 

compared to saline group, 235.60±15.20 in cortex while 220.40±14.80 in hippocampus (p < 

0.01). The selected benzimidazole compounds (FP3 & FP4) significantly alleviated these 

levels in cortex and hippocampus (Figure 44A, p < 0.05). FP3 and FP4 also attenuated hyper 

expression of COX 2 levels as compared to ethanol treated brain cortex and hippocampus 

(Figure 44B, p < 0.05). Similarly microglial hyper activation was observed in ethanol treated 

animal brains especially in hippocampus as compared to saline group (p < 0.01) and 

pretreatment benzimidazole acetamide derivatives groups clearly showed reduction in both 

cortex and hippocampus (Figure 44C, p < 0.05). 
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Figure 44 (A-C): Compound FP3 and FP4 ameliorated release of inflammatory mediators (A) The protein 

expression of p- NF-κB (B) COX 2 (C) Iba-1, were quantified by ELISA, n= 5 / group. The data were 

expressed as the mean ± SEM. * or ** or *** shows respectively p<0.05, p<0.01 and p<0.001 relative to 

ethanol, while ## p<0.01, relative to saline. Data are presented as mean ± SEM. Data is analyzed by one-

way ANOVA followed by post hoc Bonferroni multiple comparison test using GraphPad Prism 6 

software. 

Three benzimidazole compounds (FP1, FP7 and FP8) showed significant potential in 

attenuating hyper expression of TNF-α and IL-6 in diseased brain (figure 44D & E, p < 0.05). 
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Figure 44 (D, E): Compound FP1, FP7 and FP8 ameliorated release of inflammatory mediators (D) The 

protein expression of TNF-α (E) IL-6 were quantified by ELISA, n= 5 / group. The data were expressed 

as the mean ± SEM. * or ** or *** shows respectively p<0.05, p<0.01 and p<0.001 relative to ethanol, 

while ## p<0.01, relative to saline. Data are presented as mean ± SEM. Data is analyzed by one-way 

ANOVA followed by post hoc Bonferroni multiple comparison test using GraphPad Prism 6 software. 

 

3.5.4 Benzimidazole acetamide derivatives attenuated ethanol induced 

neurodegeneration  

The morphology and extent of neurodegeneration in different regions (cerebral cortex and 

hippocampus) was observed through hematoxylin and eosin (H&E) staining. H&E is widely 

used for histological evaluation to localize nucleus and extracellular proteins.  

Haematoxylin (C16H14O6) produces blue color through oxidation reaction with nuclear 

histones while eosin (C20H8Br4O5) is an xanthene acidic dye and reacts with basic materials of 

cell especially proteins in cytoplasm and exhibits pink color.  

 

 



 

124 
 

C
16

H
14

O
6
 + O = C

16
H

12
O

6
+ H

2
O)

O

OH

OH

OH

H

OH

OH
O

OH

OH

OH
O

OH

Haematoxylin Haematin

Oxiadation

         

O OOH

OH

O

Br

BrBr

Br

Eosin
 

The disease group (ethanol induced neurodegeneration) showed many abnormal 

morphological changes in the hippocampus and cortex of rat brains in comparison to the 

control saline group (Figure 45, p < 0.01). The ethanol treated brain presented degeneration 

and vacuolation of the neuronal cells, vesicular nuclei, bashed neuronal shapes, eosinophilic 

cytoplasm, karyopyknosis representing irreversible condensation of nuclei in necrotic cells, 

some fragmentation of nucleus and basic dye deposition in negatively charged phosphate 

backbone of DNA in cell nucleus-basophilic nuclei. 
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Figure 45: Representative immunohistochemical images of H and E and the quantified histogram of the 

survival neuron reactivity and integrated density in the cortex and hippocampus region of adult cortex. 

The expressed data are relative to the control. # shows significantly different from the control; ∗ shows 

significantly different from ethanol treated group. Significance: P < 0.05. Bar 20 μm, magnification 40×, 

(n=5/group). 

While treatment with benzimidazole derivatives (FP3 & FP4) mitigated the ethanol induced 

neurodegeneration, so more arranged round pyramidal and intact cells were observed in 

compound treated groups (figure 45, p < 0.05).  
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3.5.5 Benzimidazole acetamide derivatives downregulated the neuroinflammation 

 Microglia and astrocytes play a vital role in the maintenance of homeostasis in the brain 

during all ages of life. In response to this inflammation, innate and acquired immune systems 

become activated especially microglial cells in the CNS and produce many proinflammatory 

mediators. Microglia also presents protective effects due to brain-derived neurotrophic factor 

(BDNF) release. Such sequential events disturb brain homeostasis and cause microglia to 

gather locally which ultimately results in neurotoxicity (Davies et al., 1999; Sofroniew and 

Vinters, 2010; Perry and Teeling, 2013). The hypertrophic appearance of microglia gives 

classical clue of activation of these Iba-1 reactive cells which was discovered by 

immunohistochemistry (IHC). The ethanol treated rat brain regions revealed significant 

increase in the hypertrophic microglia cells in hippocampus and cortex relative to the saline 

group (Figure 46, p < 0.001). These findings were also validated by ELISA results (figure 

44C, p < 0.05). Pre-treatment with benzimidazole derivatives (FP3 & FP4) dosage regimen 

downregulated this hyper expression of Iba-1 reactive cells (Figure 46, p < 0.05). 
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Figure 46: Immunohistochemistry results for Iba-1 in cortex and Dg region of hippocampus. Bar 20 μm, 

magnification 40×, (n=6/group). Histograms show comparatively higher expression of Iba-1 in ethanol 

group. ** or * shows p< 0.01 or p <0.05 respectively and it indicates significant difference relative to 

ethanol, while ### p< 0.001 shows significant difference relative to saline group. Data is presented as 

means ± SEM. Data is analyzed by one-way ANOVA followed by post hoc Bonferroni multiple 

comparison test using GraphPad Prism 6 software. 

The hyper expression of TNF-α was also observed in the ethanol treated rat brain cortex and 

hippocampal tissues which also supported glial reactive cells involvement (Nakajima et al., 

2004). Benzimidazole acetamide derivatives effectively and significantly reduced these levels 

in investigated animal groups (Figure 47, p < 0.05), which was also validated by ELISA 

results (Figure 44D).  
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Figure 47: Immunohistochemistry results of TNF-α in cortex and Dg region of hippocampus. Bar 20 μm, 

magnification 40×, (n=6/group). Histograms show comparatively higher expression of TNF-α in ethanol 

group.  * shows p <0.05 and it indicates significant difference relative to ethanol, while ### p< 0.001 shows 

significant difference relative to saline group. Data is presented as means ± SEM. Data is analyzed by one-

way ANOVA followed by post hoc Bonferroni multiple comparison test using GraphPad Prism 6 

software. 

Accordingly, the increased expression level of COX 2 in ethanol treated brain is classical sign 

and predictive measure to present the attachment of TNF-α to its respective receptor (Li and 

Liu, 2019). This hyper expression of COX 2 was significantly reversed by selected 

benzimidazole derivatives (Figure 48, p < 0.05). 
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Figure 48: Immunohistochemistry results of COX2 in cortex and Dg region of hippocampus. Bar 20 μm, 

magnification 40×, (n=6/group). COX2 exhibited cytoplasmic localization in both tissues. Histograms 

show comparatively higher expression of COX2 in ethanol group.  * shows p <0.05 and it indicates 

significant difference relative to ethanol, while ### p< 0.001 shows significant difference relative to saline 

group.  

 

3.5.6 Effect of benzimidazole acetamide derivatives (FP1, FP7 and FP8) pretreatment on 

TNF-α mRNA gene expression level in ethanol induced neurodegeneration 

In order to study the hyper gene expression of TNF-α in neurodegeneration, the RT-PCR was 

performed. The results depicted that ethanol significantly up-regulated the TNF-α mRNA in 

brain cortical tissue (3.06±0.35) when compared to vehicle treated group which was noted as 

1.0±0.09 (Figure 49, p < 0.001 vs saline group).  However, the pretreatment group FP1, FP7 
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and FP8 significantly attenuated this expression and the noted values were noted as, 

1.09±0.15, 1.34±0.20 and 1.77±0.10 respectively (Figure 49, p < 0.001 vs ethanol group). 

 

Figure 49: Compound FP1, FP7, and FP8 attenuated the hyper gene expression TNF-α mRNA. The data 

were expressed as the mean ± SEM. ** or *** shows respectively p<0.01 and p<0.001 relative to ethanol, 

while ### p<0.001, relative to saline and n= 5 / group. Data are presented as mean ± SEM. Data is 

analyzed by one-way ANOVA followed by post hoc Bonferroni multiple comparison test using GraphPad 

Prism 6 software. 
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4. Discussion 

The pathogenesis of neurodegeneration is a complex and heterogeneous phenomenon because 

of numerous menacing underlying molecular pathways. However, several molecular studies 

elaborated the defined role of inflammation and oxidative stress in depression, anxiety and 

neurological diseases (Rammal et al., 2008; Vogelzangs et al., 2013). Inflammation clearly 

transpires in pathologically susceptible regions of neurodegenerative brain especially in 

Alzheimer’s disease (AD) and, no doubt, it involves all complex and detailed peripheral 

inflammatory mechanisms. Any abnormal insoluble material or degenerating tissue 

classically acts as stimuli to initiate inflammatory pathway in the periphery. Similarly in 

neurodegenerative brains, damaged neurons and relevant insoluble material may provide 

initiating stimuli to generate inflammatory responses. These distinct stimuli usually start from 

the early stages of neurodegeneration and continue over terminal stages of disease. These 

neuroinflammatory responses usually present to be unique, microlocalized and chronic. 

Neuroinflammation causes dramatic and bystander damage to the neurodegenerative brain 

following complex pathways and ultimately situation gets worsen over period of time. 

Therefore, many clinical and animal studies strongly suggest that neuroinflammation 

contributes to the neurodegeneration. The detailed delineation of inflammatory pathways 

would provide new channels to control immunoregulatory processes and thus developing 

better anti-inflammatory schemes. This idea may not cure neurodegenerative disease but 

would likely help to slow down the disease progression (Akiyama et al., 2000). 

Benzimidazole is a versatile nucleus that has been a part of investigational research since 

many decades and proved to be safe and effective moiety despite showing affinity towards 

many receptors. True to this approach, benzimidazole nucleus is a basic part of many patent 

drugs granted to different pharmaceutical firms and designated a safer moiety for future drug 
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design and development (Ajani et al., 2016). As discussed earlier, many benzimidazole 

derivatives have been synthesized experimentally as potent anti-inflammatory agents and 

proved clinically successful drugs. This classical property of benzimidazole nucleus provides 

a potential lead for researchers to use it as neuroprotective agent.     

In present study, we synthesized a series of benzimidazole derivatives (FP1-FP10) according 

to the plan given in the scheme 1 in chapter 2 (figure 23).  This scheme followed a three step 

reaction and resulted in novel benzimidazole acetamide derivatives. The initial challenge was 

to protect one of the nitrogens (position # 1) available in imidazole ring of benzimidazole. 

This was accomplished by using a reported procedure with little modifications (Yoon et al., 

2013) to achieve the desired yield and purity. In this step we used para toluene sulfonyl 

chloride as a protecting agent to protect the imidazole nitrogen in the presence of acetonitrile 

and water mixture (11:1) in basic environment. This protection enabled us to produce mostly 

one product instead of obtaining mixture of products with different yields because of 

tautomeric business.   
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Many drugs reported with amide bond linkage have proved to be very effective and presented 

versatile biological activities such as peptide pond synthesis, anti-inflammatory, 

antimicrobial, analgesic etc (Zasloff, 2002; Giovannini et al., 2003; Summerton et al., 2016). 

Our next approach and second step of scheme was to introduce amide bond linkage by 
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utilizing amino group present at position 2 in 2-aminobenzimidazole nucleus. This task was 

accomplished with the use of chloroacetyl chloride (C2H2Cl2O). For the purpose, we used six 

different procedures with variable resultant yields and purity. The reason behind this complex 

reaction was the high reactivity of chloroacetyl chloride and availability of multiple reaction 

sites.  

In the first optimization reaction for amide formation, the protected intermediate product 

(C14H13N3O2S) reacted with chloroacetyl chloride (C2H2Cl2O) in tetrahydrofuran (THF) at 

0
o
C in the presence of base, while stirring continued for 1 hour. The solvent was evaporated 

under reduced pressure(Sağlık et al., 2016). The reactant remained unreacted after even 

multiple hours of stirring. The reaction also produced multiple products and the resultant 

yield was quite minimal (13 %).  

Another reaction was employed by changing reaction conditions. In this reaction chloroacetyl 

chloride (C2H2Cl2O) was reacted with (C14H13N3O2S) in dry benzene (solvent) without base 

at reflux temperature for 3-6 hours. Finally solvent was removed under reduced pressure 

(Zablotskaya et al., 2013). The TLC showed two spots of product with almost equal densities 

but incomplete reaction. These two products may be due to the reaction on both available 

nitrogens, possibly involving tautomerism. 
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Another reaction was experimented in acetone solvent under reflux conditions and sodium 

bicarbonate base (McMaster et al., 1981). This reaction was quick without formation of 

multiple products but also produced 2 enantiomeric products with almost equal ratios. Its 

separation yielded purification issues. In the next reaction, Pyridine was used as a solvent & 

base with protected 2-amino benzimidazole (C14H13N3O2S) and chloroacetyl chloride at 60 
o
C 

(Patel et al., 2018). This reaction produced multiple spots on TLC and reaction remained 

incomplete and yield was quite low. Another method was engaged with little modifications to 

use glacial acetic acid / saturated sodium acetate solution in order to precede the reaction of 

chloroacetyl chloride with (C14H13N3O2S) at room temperature (Salama and Almotabacani, 

2004). This reaction produced 3 spots with tailing and not produced desired results. Another 

reported method was employed where the protected 2-amino benzimidazole (C14H13N3O2S) 

was reacted with chloroacetyl chloride (C2H2Cl2O) at 0
o
C in the presence of a dried solvent, 

dichloromethane (CH2Cl2) and trimethylamine (Et3N) as base (Sugiyama et al., 1994). The 

reaction mixture was stirred further for 3-5 hours. This reaction yielded high percentage of 

desired product while other minor spots were disappeared through washing the crude product 

with 5% HCl v/v and 5% NaOH w/v solutions, and finally treating the organic layer with 

brine solution. The organic layer was dried over anhydrous MgSO4 and evaporated under 

reduced pressure to give pure needle like crystals as chloride.   

+
Cl Cl

O

N

N

NH
S

O

O

CH3

O

Cl

(C2H5)3N/CH2Cl2

0 0C to -5 0C 

N

N NH2

S
O

O

CH3

(2)

 



 

135 
 

The formation of resultant acetamide (2-chloro-N-[1-(4-methylbenzene-1-sulfonyl)-1H-

benzimidazol-2-yl]) (C16H14N3O3SCl) was confirmed by a prominent stretch at 1660 cm
-1

 

showing formation of amide bond. 

In the third step of our scheme, 2-chloro-N-[1-(4-methylbenzene-1-sulfonyl)-1H-

benzimidazol-2-yl] (C16H14N3O3SCl) was reacted (nucleophilic reaction) with different 

aromatic, aliphatic and substituted aromatic amines using dimethyl formamide (DMF) as 

solvent in the presence of potassium iodide (KI) and trimethylamine following a reported 

method with little optimization to yield final resultant products (FP1-FP10).  
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The purity of final products was assured using silica gel column chromatography. The single 

spot appeared on TLC for all products using solvent system ethyl acetate: n-hexane (different 

ratios). The confirmation of the resultant benzimidazole acetamide derivatives (FP1-FP10) 

was plotted using FTIR, 
1
HNMR and 

13
C NMR spectral analysis. The detailed 

characterization of all synthesized compounds (FP1-FP10) has been given in results section of 

chapter 3. Some of the characteristic peaks were noticed in the final product to assure the 

formation of final skeletons. The amide bond stretching was observed ranging 1660-1690cm
-1 

in all compounds confirmation the formation of intermediate product in second step of our 

synthetic scheme. Another prominent peak in the intermediate product was of secondary 

amine at 3300-3500 cm
-1 

giving an idea that primary amine was utilized during reaction. 
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Some of the observed peaks were of (-C=C) ranging 1510-1600 cm
-1

 showing the aromatic 

alkene present in all structure (FP1-FP10). The C-Cl, C-F and C-Br peaks were also noticed 

in case of FP7, FP8 and FP9 at 750 cm
-1

, 700 cm
-1

 and 580 cm
-1

 respectively. To finally 

confirm the structure of resultant products, 
1
HNMR and 

13
C-NMR was performed. The 

detailed description is presented in previous chapter 3. A singlet proton peak downfield at 

9.83 δ ppm in almost all compound spectra corresponds to the amide bond formation.  
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Further, aromatic protons appeared ranging 7.0 – 7.90 δ ppm while a triplet was observed at 

0.84-2.32 δ ppm showing three protons of a methyl group of paratoluene sulfonyl moiety. 

Similarly, carbon 13 NMR also confirmed the total number of carbons in the final structure 

and some characteristic carbons such as amide carbon at 168-172 ppm. The detailed spctra of 

all compounds (FP1-FP10) has been presented in results section.  
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The in silico studies (molecular docking & drug likliness) and in vitro antioxidant studies 

(DPPH assay) were performed for all synthesized compounds (FP1-FP10) in order to select 

some compounds for in vivo pharmacological screenings.  

The molecular docking results are presented in Table 12, showing binding energies of FP1 – 

FP10 against selected targets COX 2, TNF-α, Iba-1 and IL-6. All compounds showed good 

binding energies against selected different tagrets to variable extent while five compounds 

(FP1, FP3, FP4, FP7 and FP8) relatively showed better binding potential. Further drug 

likeliness was checked for all compounds. The detailed results of FP1-FP10 are given in 

chapter 3 (Table 13). Almost all the compounds followed drug Lipinski rule and appeared 

align with other screened properties. However, some compounds showed hepatotoxicity such 

as FP2, while some compounds were screened as Ames toxic. Five compounds (FP1, FP3, 

FP4, FP7 and FP8)   showed better results to be selected as potential compounds for further in 

vivo molecular analysis. Next, we performed in vitro antioxidant activity for all synthesized 

compounds, as there is a great interest in the designing of natural and synthetic antioxidants 

because these compounds have proved to be beneficial neuroprotective agents (Kumar and 

Rawat, 2013). Therefore, as according to our study plan, DPPH assay was employed to 

further guide us in selection of some compounds from our synthesized compounds for further 

in vivo screening. The results of this activity are shown in chapter 3 (Figure 40). Previously 

many benzimidazole derivatives have been reported showing significantly good in vitro 

antioxidant activity (DPPH) as well as good inhibitors of lipid peroxidation. It was 

established that one of the two available nitrogens in benzimidazole nucleus must be 

derivatized (especially with trizole, thiosemicarbazides or sulphur containing moiety) to show 

potent antioxidant activity (Kus et al., 2004; Kuş et al., 2008). Our synthesized benzimidazole 

containing acetamides derivatives showed significant in vitro antioxidant activity that might 

be due to its attached moieties. Our results showed that five compounds (FP1, FP3, FP4, FP7 
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and FP8) were considerably more potent antioxidant compounds in comparison to other 

synthesized derivatives (FP2, FP5, FP6, FP9 and FP10). Depending upon the in silico 

(molecular docking and ADME) and in vitro antioxidant results five compounds (FP1, FP3, 

FP4, FP7 and FP8) were selected to be screened for in vivo pharmacological screening 

(neuroprotective studies). 

Ethanol treatment has been studied extensively as an inducer of neuroimmune signaling 

which is directly linked with the upregulation of proinflammatory cytokines, toll-like 

receptors (TLR), cyclooxygenases (COXs) and many other signaling proteins which are 

indirectly rely through NF-κB (Vetreno et al., 2018). Accordingly, ethanol is also involved 

with NF-κB induced expression of iNOS and the NO production. However, the ethanol 

induced neurodegeneration is still not well understood (Saito et al., 2016). Depending upon 

facts and literature review, in our study we selected ethanol as neurotoxin to induce 

neurodegeneration in rats (Reddy et al., 2013). 

Behavior is connected output of sensory, motor and cognitive function of neurons and, 

therefore, it acts as delicate indicator to assess neurotoxicity (Leisman et al., 2016). In order 

to evaluate the ethanol induced cognitive deficits and neurotoxicity, we performed behavioral 

test (Y-maze test & WMM test) mostly related to cortex and hippocampus. The Y-maze test 

is used to determine spatial and working memory of animals. As, these behavioral alterations 

depend upon natural curiosity for exploration. Prefrontal cortex and hippocampus are main 

brain parts showing involvement in such assessments (Iqbal et al., 2020). Therefore, in our 

study, we used Y-maze test to evaluate cognitive behavior related to neurodegeneration. The 

results showed that ethanol treated animal groups showed reduced alteration behavior (%) 

while, all the drug treated groups significantly enhanced cognitive performance showing that 

benzimidazole acetamide derivatives attenuated the cognitive and memory deficits in ethanol 
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treated animals (Figure 41). This significant enhancement of cognitive behavior might be due 

to strong anti-inflammatory effect of benzimidazole nucleus containing derivatives.  

Similarly, water morris maze (WMM) test was performed to evaluate memory function. In 

this allocentric type of memory test, hippocampus plays more important role as it involves 

orientation remembrance in a specific probe defined environment (Ali et al., 2015). It has 

been reported that consecutive administration of ethanol increases oxidative stress leading to 

memory and synaptic impairment (Ali et al., 2018). Relevant to this finding we used WMM 

test in our experiment to study memory deficits in neurodegeneration model. Results showed 

that ethanol treated animals took more time to locate the hidden probe which indicated 

increased escape latency time. Similarly, diseased animals showed lesser number of platform 

crossing and spent significantly lesser time in target quadrant as compared to the treated 

group animals (Figure 42A, B). There is a close association of neurodegenerative diseases 

and neuroinflammation especially in elderly people showing cognitive and functional 

impairment (Wyss-Coray and Mucke, 2002). Benzimidazole derivatives have been reported 

previously showing reduction in memory deficits (Unsal-Tan et al., 2017). These facts prove 

inflammatory cytokines are involved in learning and memory deficits of behavioral tests and 

benzimidazole acetamide derivatives downregulated these inflammatory cytokines to reduce 

ethanol induced neurodegeneration. 

Next, we quantified the levels of oxidants (NO, LPO) and antioxidants (GSH, GST) in brain 

homogenates of rats, in order to verify the in vivo effect of synthesized benzimidazoles on 

oxidative stress in animal groups. Elevated ROS induced oxidative stress (NO, LPO) and 

decreased levels of antioxidants such as glutathione (GSH) and GSH S-Transferase (GST) are 

characteristic indicator of mitochondrial dysfunction leading to inflammation and 

neurodegeneration (Porter et al., 2010; Wu et al., 2010). Increased levels of NO and LPO 

were noticed in tested samples showing successful induction of ethanol induced disease and 
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accordingly increased levels of GSH and GST in brain homogenates confirmed the 

antioxidant effect of novel benzimidazole containing acetamide derivatives (FP1, FP3, FP4, 

FP7 and FP8) (Figure 43A-D). Many benzimidazole derivatives have been previously 

evaluated as inhibitors of LPO and NO (Neochoritis et al., 2011). True to this approach, 

different synthetic schemes have also been reported as inducers of antioxidant enzymes such 

as glutathione (GSH) and GSH S-Transferase (GST). This microsomal NADPH dependent 

downregulation of LPO and upregulation of antioxidant enzymes showed abrupt increase by 

enhancing the lipophilicity of synthesized benzimidazole derivatives (Azam et al., 2009; 

Neochoritis et al., 2011). Mainly benzimidazoles showed potent antioxidant activity through 

activating GSH, superoxide dismutase (SODs), Nrf2/HO-1 (nuclear factor erythroid 2-related 

factor 2/heme oxygenase-1) pathway and Sirtuins (SIRTs). Similarly, an evident relationship 

was substantiated between the accretion of oxidative stress and activation of inflammatory 

cascades (Tournier et al., 2000; Jing and Anning, 2005). Present results support this notion as 

our synthesized benzimidazole lipophilic derivatives effectively downregulated the 

inflammatory cytokines which led to boosted antioxidant effect in vivo. 

Histopathological assessment of the brain cortex and hippocampus of diseased brain showed 

significant reduction in cell number in dentate gyrus (DG) and CA2 region as compared to 

control. Similar results were produced by Al Kury et al (Al Kury et al., 2019) showing 

marked reduction of cell number in CA1 & CA2 regions of hippocampus and all parts of 

cortex following ethanol administration. Neurodegeneration is evidently allied with the 

activation of glial cells and subsequently it provides natural immunity against harmful 

exogenous and endogenous stimuli including neuronal degradation (Frank-Cannon et al., 

2009). In response to uncontrolled or sustained neuroinflammatory insults, cause microglia 

and astrocytes to gather locally which ultimately result in neurotoxicity (Cherry et al., 2014). 

In our study, an increased number of reactive Iba-1 cells were observed in disease induced 



 

141 
 

hippocampus (figure 46). It has been established in different studies that majority of 

morphological changes may occur due to oxidative stress induced microglial activation in 

brain(Sofroniew and Vinters, 2010; Perry and Teeling, 2013). The hyper expression of TNF-α 

was also observed in the ethanol treated rat brain cortex and hippocampal tissues (Figure 47) 

which also supported glial reactive cells involvement (Nakajima et al., 2004). Accordingly, 

the increased expression level of COX 2 is a predictive measure to show the attachment of 

TNF-α to its respective receptor(Li and Liu, 2019). These morphological changes in ethanol 

treated brain supported above explained findings and so our study. Several benzimidazole 

derivatives showed marked inhibition of neuroinflammatory cytokines and microglia in 

previously reported studies (Yoon et al., 2013; Arora et al., 2014). Present study supported 

this argument, and so our novel synthesized benzimidazole acetamide derivatives (FP1, FP3, 

FP4, FP7 and FP8) reduced this hyper expression of Iba-1, TNF-α and COX2 through 

inhibiting neuroinflammatory action.  

Subsequently, similar morphological changes were observed in hippocampus and CA1 region 

using hematoxylin and eosin staining. Such structural changes in hippocampus more 

specifically in CA1 region, may be linked with memory impairment (El-Safti et al., 2017). 

Our compounds effectively reversed these morphological changes which further supported 

our results (Figure 45).    

Ethanol-ROS induced neurodegeneration involved activation of NF-κB which further induces 

other proinflammatory cytokines such as inducible nitric oxide synthase (iNOS), COX2, 

MAPKs, TNF-α, IL-10, IL6 and Iba-1 etc [33]. The expression of five inflammatory 

cytokines (p-NF-κB, COX2, TNF-α, Iba-1, IL6) was assessed in brain cortex and 

hippocampus of rats using enzyme linked immunosorbent assay (ELISA). In a previous study, 

a strong correlation was established between IL-6 and COX2 which further signifies that IL-6 

production is enhanced through TNF-α stimulated COX2 (Ricciotti and FitzGerald, 2011). 
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Further supporting these arguments, in present study, increased expression levels of p-NF-κB, 

Iba-1, COX2, TNF-α and IL6 were noticed in diseased rat brain homogenates (Figure 44A-

E). Pretreatment using our novel synthesized compounds strongly reflected neuroprotective 

effect through boosted intrinsic antioxidant action (GST, GSH) and likewise inhibitory effect 

on proinflammatory cytokines. 

To further confirm the involvement of proinflammatory cytokine TNF-α in ethanol induced 

neurodegeneration, real-time PCR was performed. Precedent reports suggested that continued 

ethanol administration induces neurodegeneration and prolonged expression of TNF-α and 

IL-1B genes in brain. Interestingly, aforementioned cytokines proved longer resident time in 

brain cortex as compared to those in liver and plasma because ethanol administration causes 

multiple organ exposure (Qin et al., 2008). A previous study demonstrated that synthetically 

produced benzimidazole derivatives showed effective inhibition of proinflammatory 

cytokines such as TNF-α, in neurodegenerative animal brains (Bansal and Silakari, 2012). 

Present study revealed marked elevation of the levels of TNF-α quantitatively as compared to 

the saline (Figure 49) which was further validated by ELISA (Figure 44A-E) and 

immunohistochemistry results (Figure 46-48). These findings proved the involvement of 

TNF-α in ethanol induce neurodegeneration. While, treatment using our newly synthesized 

compounds significantly reversed this expression which further justify our study hypothesis. 
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5. CONCLUSION 

Benzimidazole has an established therapeutic role in the field of pharmaceutical & medicinal 

chemistry with variety of reported pharmacological activities. Such unique scenario and 

diverse range of properties of benzimidazole impressed medicinal scientists globally and 

attracted their interest in it. Benzimidazole derivatives have also emerged as potential 

neuroprotectants against various neurodegenerative diseases. In this study 10 new 

benzimidazole acetamide derivatives were successfully synthesized & characterized 

physically (TLC, melting point etc) and chemically using different spectroscopic techniques 

like FTIR, 
1
HNMR, 

13
CNMR. Five compounds were further selected depending upon 

different preliminary screening (in silico docking, ADMET evaluations and in vitro 

antioxidant DPPH assay) to study their neuroprotective role in vivo in an ethanol-induced 

neurodegeneration rat model. We have demonstrated that ethanol-induced neuronal injury 

activates various pro-inflammatory cytokines including TNF-α induced NF-κB, IL-6 and 

further associated with ROS mediated oxidative stress. These pro-inflammatory cytokines 

have critical and established role in microglial activation. Our synthesized novel 

benzimidazole acetamide derivatives (FP1, FP3, FP4, FP7, and FP8) ameliorated ethanol-

induced oxidative stress and inflammatory vicious cycle potentially by modulating the 

ROS/TNF-α/NF-κB/COX2 cascade and reducing the microglial activation in brain (cortex / 

hippocampus), which ultimately accounts for its neuroprotective role against neuronal 

apoptosis. So, our results conclude that newly synthesized benzimidazole acetamide 

derivatives (FP1, FP3, FP4, FP7, and FP8) could be potential therapeutic candidates for the 

treatment of various neurological disorders. However, the detailed molecular and cellular 

mechanisms underlying these effects still require further delineation. 
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6. FUTURE STUDY 

In the present study we demonstrated potent neuroprotective effect of benzimidazole 

acetamide derivatives (FP1, FP3, FP4, FP7, and FP8) in ethanol-induced neurodegeneration 

rat model. In order to get complete picture of molecular mechanisms of its action and to 

understand its suitability to be launched as pharmaceutical drug, our next step will be: 

1. To perform its detailed toxicity studies (acute & chronic) in order to evaluate its safety 

profile. 

2. We will further explore the underling mechanisms of these derivatives by employing 

some inhibitors 

3. Since these compounds showed superior antioxidant properties so we are interested to 

evaluate the effect of these compounds (FP1,FP3, FP4, FP7 & FP8) on other 

endogenous antioxidants like Nrf2 and Trx 

4. We are also interested to design nanoparticles of these derivatives to further explore 

their pharmacodynamics studies 

5. Since inflammation and oxidative stress are implicated in most neurodegenerative 

disorders including Alzheimer’s disease and Parkinson’s disease, so we are interested 

to expand our studies in this regard.  
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