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Preface 

Natural products are rich in bioactive constituents that serve as a reservoir of the resources of 

medicines. In recent times, the use of natural products are increasing progressively over the 

world and potentiating their use in the traditional healthcare system. Since the early time of 

civilization, natural products, especially the herbal medicines have been used to maintain and 

promote the health status and today, the medicinal herbs contribute to formulate the modern 

medicines as well. The plant derived medicines have gained popularity because of higher 

efficiency and level of safety, less abusiveness like side effects or adverse effects than the 

synthetic drugs. Most of the people are not knowledgeable enough about the traditional 

medicine and ecology indicating the non-toxicity of the natural products. So, the scientific 

study is required to justify their traditional uses and to establish the plants as the possible 

drug candidates in near future.  

Vitex negundo (Linn.) is commonly used in folk medicines and widely distributed in India, 

Pakistan, Afghanistan, Sri Lanka, Thailand, Malaysia, eastern Africa and Madagascar 

especially in moist places. The plant is also commercially cultivated in some regions of Asia, 

Europe, North America and West Indies. However, all parts of V. negundo are used to treat 

different ailments, but leaves are strongly effective for the medicinal uses.    

This research work aimed to explore the comparative potential of the organic extract and 

essential oil of Vitex negundo leaves. A comparative study of the bioactive compounds that 

were obtained from the methanol extract and essential oil of V. negundo leaves was also 

accomplished.  The leaf extracts were investigated to explore the composition by using Gas 

chromatography mass spectrometry. And the result revealed the presence of several volatile 

organic compounds such as isocaryophyllene, caryophyllene, β-myrcene, phytol, oleic acid, 

2-myristynoyl-glycinamide, camphor, γ-sitosterol, β-sitosterol, asarone and so on. The leaf 



xii 

extracts were also evaluated for their antioxidant potentials by using different assay methods. 

And the research findings showed the stronger antioxidant potential of methanol extract than 

the leaf essential oil. The leaf extracts also quantitively evaluated for the bioactive 

compounds such as tocopherol, β-sitosterol and polyphenols. Result demonstrated the 

presence of higher amount of tocopherol, β-sitosterol and polyphenols in methanol extract 

than the essential oil. The antibacterial properties, anti-inflammatory and the anticancer 

potentials were also studied by using different appropriate in-vitro methods. For all the cases, 

the methanol extract exhibited the higher inhibitory potentials than the leaf essential oil. The 

different parts of the plant have been using traditionally to manage the various ailments. But 

the comparative potential of leaf organic extract and leaf essential oil was not studied before. 

Here, as the anticancer and antibacterial activities were checked on the human prostate cancer 

cells and the UTI pathogens respectively. So, the research findings also correlate the 

antibacterial, anti-inflammatory and anticancer potentials and suggest that the significant 

reduction of UTI pathogens could be helpful to lower the risk factors of subsequent 

development of prostate cancer. Therefore, the research findings justify its traditional use, 

which develops a future substantial value of this plant into the scientific discipline 
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1. Introduction 

Chapter 1: Introduction 

 

 

Natural products are rich in bioactive constituents that serve as a reservoir of the resources of 

medicines. In recent times, the use of natural products are increasing progressively over the 

world and potentiating their use in the traditional healthcare system. Since the early time of 

civilization, natural products, especially the herbal medicines have been used to maintain and 

promote the health status and today, the medicinal herbs contribute to formulate the modern 

medicines as well. The plant derived medicines have gained popularity because of higher 

efficiency and level of safety, less abusiveness like side effects or adverse effects than the 

synthetic drugs. Most of the people are not knowledgeable enough about the uses of 

traditional medicine and ecology indicating the non-toxicity of the natural products (Rates, 

2001). 

Several ethnic communities across the globe have well known regarding the benefits of a 

specific herb from their progenitor’s belief system and practices or through the knowledge of 

the aboriginal peoples (Heinrich et al., 2004). That system later contributed to the 

exploration of a new drug molecule in the treatment of various ailments. Although, some 

specific limitations should be considered before choosing a particular plant for the 

pharmacological investigations because different ethnic communities have their different 

understandings about the health promotion, disease prevention, chronic disease management 

and proactive approach for healthcare and wellbeing (Elisabetsky and Posey, 1986). 

Investigation for the promising potential herbs should be accomplished by the 

chemotaxonomic approach. The plants belong in the same group also possessing the similar 

bioactive compounds structurally and functionally as well. This helps to give an idea when 

the unknown compound is selected for its biological examination and whose chemical 

structure resembles the known chemical compound (Heinrich et al., 2004). 
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Phytoconstituents obtained from the various plant foods or medicinal plants have got 

identification for having the crucial role in management of various disease states (Neergheen 

et al., 2010). In the next step, the isolation and characterization of chemical compounds take 

place. In modern methods of drug discovery the chromatographic techniques have been 

widely employed to standardize the plant derived drugs intending for identifying and 

quantifying the presented biomarkers (Balunas and Kinghorn, 2005). Plant materials are 

subjected for the extraction and biological testing respectively and then starting the process 

for finding out and characterizing the bioactives accountable for exhibiting the desired 

pharmacological activities. Medicinal plants are the large resources for the bioactive phyto- 

compounds that have the power to combat several illnesses. 

The American Society of Pharmacognosy described that pharmacognosy deals with the 

investigation of the physical, chemical, biochemical and biological properties of the crude 

drugs and searching for new drug compounds from the origin of nature (Balunas and 

Kinghorn, 2005). If any new molecule is not identified in the process of drug discovery, then 

the previously identified compound accompanied by the new biological property could be 

considered as the major drug lead compound. 

Ethnopharmacology deals with the developmental role of conventional medicine. Out of total 

prescribed medicines, 25% of prescriptions are composed with the plant medicines, 121 plant 

derived bioactives are used presently and 252 compounds are counted as fundamental and 

crucial by the whole world. According to the World Health Organisation (WHO) large 

numbers of synthetic drug molecules come from natural sources (Rates, 2001). WHO also 

declared that three-quarters of peoples in the world depend on the traditionally used 

medicinal plants for health promotion or to manage the different diseases. In fact, WHO 

represents phytotherapy in the health programs and recommends fundamental processes for 
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the confirmation of drugs of plant sources in advanced countries (Vulto & Smet, 1998). 

Plants are being used in the therapies by different fashions such as in home remedies, 

pharmaceutical formulations like tinctures, fluid extracts, powders, pills and capsules etc 

(Rates, 2001). 

Herbal medicines are also known as traditional medicines or natural medicines and mostly 

utilized by various civilizations and cultures as well since the primitive age has been initially 

explored by continuous investigation of clinical restorations and experiences of the native 

people. Although, the use of folklore medicinal plants may depend on the geographic 

locations due to having the difference in environments that influence the potential of the 

active constituents (Gilani and Rahman, 2005). 

1.1. Prostate cancer 

 

Prostate cancer (PCa) has been regarded as the second most common non-cutaneous solid 

cancer behind the prevalence of lung cancer and fifth leading cause of male cancer mortality 

worldwide. Since the last decades the cases of prostate cancer have been rising substantially 

(Crawford, 2003). The disease generally develops in elderly men who have crossed 55 years. 

Above 65 years of age are 65% more susceptible to prostate carcinoma, among these 25% of 

people are over 75 years (Fitzpatrick, 2008). The risk factors of PCa include the inheritance 

of the malignant genes, leading unhealthy lifestyle and moreover the consuming improper 

diet rich in red or processed meat, sugar, fatty dairy products, refined grains, and fewer fruits 

and vegetables.   It has already been explored that western dietary patterns play a crucial role 

in increasing the incidences of carcinoma in western world but in addition a disproportion 

between the risk factors and protective factors also contribute to the development of PCa in 

the Southeast and East Asian countries which are the least affected countries in the world 

(Torricelli et al., 2011). Nowadays, the management of PCa comprises active surveillance at 
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its early phases and afterwards the surgery and androgen deprivation therapy (ADT). 

Androgen plays a key role for building up the structure and proper functioning of the prostate 

gland and the hormone is also involved in initiation and propagation of PCa (Huggins and 

Hodges, 1972). At the initial stage of treatment the ADT is remarkably effective but within 

two years it may gradually develop androgen independent to castration resistant propagation 

of PCa which implies a poor improvement and creates an urge for chemotherapy or any other 

adjunct treatment (Nurgali et al., 2018) . After achieving the significant success rate, the PCa 

therapy can hamper the viability of normal cells, or may show non-specificity in the field of 

treatments that brought about a great impact on the patients receiving PCa therapies. These 

limitations created an urgent demand for designing drug-targeted therapies. Medicinal plants 

have gained attention since the primitive era on account of their therapeutic potential against 

several diseases and cancer as well. Research results encourage the uses of different plant 

extracts with their novel protective and preventive actions towards the aggressiveness of fatal 

illness as PCa (Cragg and Newman, 2013). 

1.1.1. Epidemiology 

 

PCa is the second most common malignancy and the sixth leading cause of carcinoma related 

death across the world. In 2018, 1.276 million new incidences and 0.359 million death cases 

were estimated. PCa is found as fourth frequently detected carcinoma next   to lung, breast, 

and colon carcinoma, and eighth most cause of death of advanced aged men and women as 

well. Continuation of this trend will lead to increase the PCa incidences of 2.2938 million in 

2040. PCa is very commonly diagnosed over the 50% (105 of 185) of countries in the world 

and mortality rate observed in some countries as follows: Southern Africa (26.4%), 

Caribbean (25.4%) and middle Africa (22.4%). However, prostate cancer also very 

commonly affects the male populations in the UK and USA (Bray et al., 2018). 

 

4 



 

Chapter 1: Introduction 
 

1.1.2. Etiology 

 

Possible reasons of PCa are not yet completely understood. Some factors like old age, race, 

ethnicity, and geographic location have an impact on development of PCa. For instance, 

African-American, African-Caribbean is much more vulnerable in the field of forming the 

disease than Asian-American or Hispanic/Latino male humans. The advanced countries 

including North America, North-Western Europe, Australia, New Zealand have an 

aggressiveness to grow up the PCa. The autopsy data disclosed that the maximum cases of 

PCa were seen in the African population and whereas the minimum cases were observed in 

the Asian population (Jalloh et al., 2013). Markedly, the levels of prostate-specific antigen 

(PSA) were found to be in higher amounts in African black men as compared to the white 

men (Vijayakumar et al., 1998). Genome-wide association study (GWAS), candidate gene 

association reports and results of family history investigation stated the connection of 

numerous biomarkers with prostate malignancy. Chromosomes 8q24, 12q24, and 1q24-25 

were identified for increasing the risk for PCa (Cheng et al., 2008). In the case of African- 

American men, the major causes for PCa death are ZFHX3, TP53 gene mutation, focal 

deletion in ETV3 gene and MYC gene amplification. Truncating mutations in KMT2D gene 

and CCND1 gene amplification had been detected for developing primary and localized PCa 

in African-American men (Koga et al., 2020). Poor nutrition and stress also positively 

contribute to rising disease risks (Chan and Giovannucci, 2001). 

Research data indicates that the obese persons are more prone to form PCa. Irregular 

secretion of different hormones is closely related to obesity, like increased levels of estradiol,  

insulin, free insulin-like growth factor-1 (IGF-1), leptin and decreased levels of free 

testosterone, adiponectin promote the invasiveness of PCa (Buschemeyer and Freedland, 

2007). Meta-analysis reported the possibilities of forming PCa from genetic inheritance is 5- 
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10% (Watkins Bruner et al., 2003). PCa is highly linked with the familial background such as 

one man has the high chance to get PCa if his father or brother is the patient of PCa. The risk 

of PCa can be increased with the mutations of breast cancer susceptibility gene 1 (BRCA1) 

and breast cancer susceptibility gene 2 (BRCA2) as well (Castro and Eeles, 2012). Genetic 

predisposition for PCa is connected with some of the genes such as DNA damage repair 

genes like CHEK2, ATM, PALB2, and RAD51D, DNA mismatch repair genes like MSH2, 

MSH6, MLH1, and PMS2 and tumor suppressor gene like RNASEL (Xiang et al., 2003). 

PCa can pass onto offspring when mutations occur in ELAC2 gene which promote 

proliferation via TGF-β signaling cascades and HOXB13 gene having role in maturation of 

prostate glands (Noda et al., 2006). Deletion mutation in the region of Xq26.3-q27.3 of the X 

chromosome retaining the androgen receptor (AR) gene has been referred for getting 

hereditary PCa (Xu et al., 1998). Any change in AR gene expression profile includes AR 

gene amplification, over expression of androgen, various AR splice variants and co- 

regulators linked with the AR therapy resistance or castration resistant prostate cancer 

(CRPC). In addition, WNT signal transductions also have a regulatory role mostly in the last 

phase of PCa like CRPC (Murillo-Garzón and Kypta, 2017). Deregulation of WNT signaling 

pathways can cause the growth and progression of PCa. The two types of WNT signaling 

pathways such as canonical (β-catenin dependent) and non-canonical (ß-catenin-independent) 

WNT signaling pathways revealed their participation in pathogenesis of PCa. Canonical 

WNT pathway exerts its activity through enabling some specific genes implicating ß-catenin- 

TCF/LEF1 transcription complexes (Komiya and Habas, 2008). On the other hand, the non- 

canonical WNT pathway is related with the late phase of CRPC controlling genes that 

influenced the cell adhesion and migration, cell survival, and angiogenesis (van Amerongen, 

2012). Up-regulated LEF1 gene, ß-catenin-TCF-LEF1 transcription complex correlated with 

CRPC and in contrast, up-regulation of ETS-regulating gene (ERG) is associated with 
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progression and metastasis of PCa (Wu et al., 2013). Over expressed AR enhances the 

activities of WNT- β-catenin target genes played a major role in metastasis of PCa and that is 

because of activation of the β-catenin-TCF-LEF1 transcription complex dependant gene 

expressions (Lee et al., 2015). Combinedly, genomic alteration and the WNT pathways 

contribute to invasiveness of PCa cells. Apart from this, this WNT signaling pathway is also 

involved in immune evasion of PCa cells. Various reports revealed the involvement of tumor 

microenvironment (that produces WNT ligands) in forming the PCa and other different 

cancers. The WNT family members are released by stromal cells and display a crucial role in 

tumor growth, development, and drug resistance of PCa (Murillo-Garzón and Kypta, 2017). 

Chronic inflammation leads to develop 20% of cancers or more than that (De Marzo et al., 

2007) and several investigations proved that 80% of specimens of prostate biopsy carry the 

molecular signature for inflammation (Sfanos and De Marzo, 2012). Particularly, altered gut  

microbiome structure has relation with PCa. If the bacterial infection in the prostate persists 

for a long time, then it can cause inactivation of tumor suppressor, a homeobox protein 

NKX3.1 which cooperates with DNA repair mechanism. The inflammatory cells generate 

ROS and concurrently impaired the enzymatic activities for repairing the DNA damage. 

Chronic inflammation is closely connected with the AR signal instigating DNA damage by 

employing DNA topoisomerase 2β and inactivating the DNA damage repair genes (de Bono 

et al., 2020). 

1.2. Inflammation 

 

Balanced inflammatory response is an evolutionary conserved and protective mechanism of 

the mammalian body to defend against various insults like stress, injury, infection and to 

clear the localized deposition of unwanted metabolites and dead or damaged cells 

(Medzhitov, 2010). With removal of the noxious stimuli, the host immune system 
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simultaneously triggers the wound healing process. Acute inflammation is the first response 

against the detrimental substances and is noticed by frequent movement of plasma and innate 

immune system cells, such as movement of neutrophils and macrophages from the 

bloodstream to the damaged cells. Chronic inflammation is the response against 

inflammasomes and persists for a longer period of time and causes gradual alteration in cells 

located at the reaction site. Also it can cause the concomitant demolition and restoration of 

the wounded tissue. Apart from the stimulating factors, some of the common signs of 

inflammatory responses are high blood flow, increased level of cellular metabolism, 

vasodilatation, secretion of soluble mediators, extravasations of fluids and cellular influx 

(Ferrero-Miliani et al., 2007). The inflammatory substances activate the arachidonic acid 

pathway that subsequently release several chemical mediators including cytokines, serotonin, 

histamine, prostaglandin and leukotrienes which increases the vascular permeability and 

promotes leukocytes immigration in local area of inflammatory reactions (Dassoler et al., 

2004). Mounting evidence indicates that the inflammation process is associated with a 

complex system rather than the only involvement at the molecular state. A wide variety of 

inflammations have been detected which are triggered by diverse molecules and controlled by 

regulatory systems. The pervading nature of inflammation creates a great impact to develop 

numerous diseases such as obesity, diabetes, arthritis cancer, Meniere's disease, stroke, 

asthma, autoimmune encephalomyelitis, glomerulonephritis, myasthenia gravis, 

inflammatory bowel disease, aging, hepatitis, retinopathy and cardiovascular diseases. 

Impaired regulation of inflammatory reactions is accountable for progression of several 

chronic diseases. Altered regulatory processes and failure of self-limiting function of immune 

cells can cause chronic inflammation. The cellular level of inflammatory responses is linked 

with the canonical pathway which commences with identification of pathogenic pattern, and 

commonly known as pathogen associated molecular pattern (PAMP) or even any residue of 
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injurious tissue, habitually called as damage associated molecular pattern (DAMP) by the 

pattern recognition receptors (PRRs). Generally, the different classes of receptors such as toll 

like receptors (TLRs), NOD like receptors (NLRs), c-type lectin like receptors (CLRs), and 

triggering receptors protein expressed on myeloid cells (TREM) are involved in this process 

(Sancho and Reis e Sousa, 2012). Ligand-receptor interaction enables the signaling pathways, 

in turn triggers the transcription factors including nuclear factor kappa B (NF-κB), signal 

transducers and activators of transcription 3 (STAT3), activator protein 1 (AP1) and related 

target genes that include different cytokines like tumor necrosis factor α (TNF-α), IL-8 and 

IL-6 (Tabas and Glass, 2013). Inflammatory process is associated with release of several 

cytokines, chemokines (TNF-α, IL-1β, COX-2, IFN-γ) and immune cell mobilization. 

However, the positive feedback loop enhances the reactions of immune cells. 

Molecular level defense response depends upon the activity of resident immune cells 

including eosinophils, monocytes, natural killer cells, macrophages that exist in tissues which 

remain suppressed in normal state. At the first stage of the defense mechanism, the 

neutrophils get activated and subsequently instigate the migration of monocytes and 

leukocytes. After reaching the damaged area the monocyte further differentiates into 

macrophages and destroys the pathogens and gets ready to release several cytokines and 

chemokines including TNF-α, IL-1β and IL-8. When the leukocytes reach the local site of 

action, the mast cells produce the pro-inflammatory mediators such as histamine, and matrix 

remodeling enzymes like proteases. The migration process includes the activities of various 

surface proteins like E-selectin on the leukocytes with various adhesion molecules like 

intercellular adhesion molecule (ICAM) on the endothelium. After emigrating the site 

leukocytes generate reactive oxygen species (ROS) and proteases that eventually help to kill 

the pathogens. Due to having the non-specific cytotoxic properties, these molecules can cause 

harm to the host tissues which are reconditioned at the resolution phase. Finally the resolution 
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phase is accomplished only after reinstallation of structure of the normal tissue and 

vasculature (Pal et al., 2014; Tabas and Glass, 2013). Resolution stage includes elimination 

of pathogens, cell debris, removal of immune cells, pro-inflammatory cytokines, up-regulated 

IL-10 which is produced by regulatory T cells (T-reg) and nuclear receptors. Also IL-13 

contributes in the resolution phase by generating the anti-inflammatory cytokines such as IL- 

10 and TGF-β (Nathan and Ding, 2010). 5- and 15-Lipoxygenase signaling cascades involved 

in the resolution phase by releasing some mediators like lipoxins, and resolvins. Heme 

oxygenase 1 (HO-1) lowers the inflammatory effects by eradicating pro-inflammatory 

molecule heme and producing the CO and bile pigments like biliverdin and bilirubin 

(Durante, 2011). This CO inhibits the lipopolysaccharides (LPS) stimulated TNF-α synthesis. 

Apart from this, CO also involves generating IL-10 from murine macrophages mediating 

through heme oxygenase 1 (Sheikh et al., 2011). Then IL-10 suppresses the synthesis of pro- 

inflammatory cytokines by stopping the activity of NF-κB principally mediated through 

STAT3. Innate inflammatory reaction is closely associated with inflammasomes that has a 

potential role in synthesis of IL-1β and IL-18 against the pathogenic attack and wounded 

tissue which gradually leads to developing a chronic disease (Schroder and Tschopp, 2010). 

Several mechanistic actions help to enable the resolution process. However, different 

disorders prevent activation of the resolution pathway and eventually develop a chronic 

inflammation that subsequently increases the risk factors for different diseases. ROS play a 

major role to activate the NF-κB pathway which is mostly related to the chronic 

inflammatory disease conditions. Generally, ROS is generated from the activated 

macrophages and electron transport chain of mitochondria. ROS could be worked as the 

signaling molecule or an important factor for inflammatory and anti-inflammatory reactions. 

Excessive ROS production induces the activation of NOX2 (NADPH oxidase 2) that are 

closely related to some inflammatory target proteins including matrix metalloproteinase-9 

(MMP-9), vascular cell adhesion molecule-1 (VCAM-1), and cyclooxygenase-2 (COX-2) 
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(El-Benna et al., 2009). Superoxide free radicals and manganese superoxide dismutase (SOD) 

interacts in mitochondrial matrix and produces hydrogen peroxide that initiates the NF-κB 

signaling pathway and activates the pro-inflammatory cytokines, and inflammasomes in 

cytosol (Mittal et al., 2014). 

1.3. Bacterial pathogenesis 

 
In 1928, penicillin discovery changed the global scenario by helping mankind enormously in 

the field of medicine and it was believed that the penicillin could easily cure the bacterial 

infections (Lewis, 2013). But from 1950, the society was suffered with emerging and 

reemerging infectious diseases (EIDs) that significantly hampered the community health 

status. For instance, in 2010, the physicians were struggling to control a peculiar clinical 

condition which was accompanied with unbearable inflammation like transient ischemic 

attacks or venous thromboembolisms. At that time, it was diagnosed that the patients having 

either haematologic malignancies or autoimmune diseases (Grankvist et al., 2014) but not 

even the presence of any microbe. None of the patients was responded even after getting 

treated with the several antibiotic regimens. Finally, the presence of Neoehrlichia mikurensis 

was observed and it was closely related to the Ehrlichia spp., and the human ehrlichiosis. 

Then the infection was rapidly responded with the treatment of doxycycline. Basically, EID 

disseminated quickly in mankind in terms of events or geographical locations. After that 

EIDs were considered as the serious microbiologic threat for the public health (Lederberg et 

al., 1992). Since the last 20 years, health care system have been dealt with the problem of 

multidrug-resistance pathogens including vancomycin-resistant enterococci, extended- 

spectrum β-lactamase E. coli, methicillin-resistant Staphylococcus aureus, multidrug-resistant 

or extensively resistant tuberculosis and carbapenemase-encoding Gram negative bacteria. 

The rapid transmission demanded significant attention to control those emerging pathogens. 

In 2001, after the anthrax attack, the research laboratories were also paid an attention in 
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development of bioterrorism and virulent bacterial strains. In some cases, the atypical 

syndromes because of invasive bacteria made the populations vulnerable; for instance the 

lethal bacillary angiomatosis caused by Bartonella henselae (Barras and Greub, 2014). 

As per the research data of last 30 years or more, the lists of immune-compromised patients 

have been increased. However, the advancement of medical science increased the survival 

rates of the patients having carcinoma, chronic diseases like diabetes, renal impairment, HIV, 

aging, autoimmune diseases or transplant therapies. Furthermore, the invasive bacterial 

diseases like endocarditis or sepsis caused by non-diphtheria Corynebacterium spp. were also 

included (Funke et al., 1997). Those pathogens are the usual inhabitant of mucosal layer and 

skin and can disturb the treatment by developing the multidrug resistance (Funke et al., 1997; 

Miguel-Martinez et al., 1996). The patient got infected from their environment and ultimately 

could develop septicaemia in splenectomized (Lion et al., 1996). 

Among the offensive infections the urinary tract infections (UTIs) are the most common and 

could become serious if untreated for a time. Any age group of peoples including women, 

children and old age could get affected by a wide spectrum of bacterial strains including 

Gram-negative and Gram-positive bacteria or fungi (Flores-Mireles et al., 2015). Mostly they 

reside in the catheters, urinary tract and responsible for complicated or uncomplicated UTIs. 

S. aureus, Enterococcus spp., K. pneumoniae, Candida spp., S. saprophyticus, P. mirabilis, 
 

P. aeruginosa, E. faecalis, and S. aureus , P. aeruginosa, Candida spp reported for the reason 

for complicated and uncomplicated UTIs respectively. All the strains have the diverse sets of 

virulence factors and invasive potentials. Among these strains P. mirabilis invades the host cells 

in urinary tract by forming a colony, stones, fimbriae, adhesions, biofilm, protease, toxins and 

acquisiting the iron and zinc. E. coli attaches with the host epithelial cell by using the pili, 

forms the colony and affects badly the urinary system. 
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1.4. Plant profile 

 
1.4.1. Taxonomical classification 

 

Kingdom: Plantae 

Order: Lamilales 

Family: Verbenaceae 

Genus: Vitex 

Species: Vitex negundo L. 

 

1.4.2. Habitat of Vitex negundo 

 

Vitex negundo grows in humid areas or wetland and in mixed forests of several countries 

such as India, Pakistan, Afghanistan, Sri Lanka, Thailand, Malaysia, eastern Africa and 

Madagascar. The plant is also commercially cultivated in some regions of Asia, Europe, 

North America and West Indies. Vitex negundo is considered as a source of edible substances 

and wood as well. The aromatic plant is also widely found in parts of India, mostly 1500 m 

elevated areas from sea-level, in the outer Himalayan region (Khare, 2004). 

 
 

Figure 1.1. Herbarium of Vitex negundo plant with inflorescence 
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1.4.3. Morphology of Vitex negundo 

 

Vitex negundo is a woody, aromatic deciduous shrub having quadrangular, densely whitish, 

tomentose branchlets. Vitex negundo is commonly called the five-leaved chaste tree or 

chinese chaste tree or horseshoe vitex or nisinda or monk’s pepper. The most salient 

characteristic of this plant is the specific arrangement of five pointed leaves that form a group 

at the central point and has a closest resemblance to plam. Height of the Vitex negundo is 

usually 2-5 m and leaves are lanceolate, acute and glabrous, 4-10 cm prolonged, pointed at 

two ends and possesses hair at the underneath of leaves. Colour of the flowers are bluish 

purple carried on axillary or terminal panicles upto 30 cm extended (Figure1.1.). Marginal 

leaflets possess a long petiole while the lateral leaflets bear the short petiole. Fruits are juicy, 

pulpy and globular in shape, becoming black in colour after ripening. It has four seeds in a 

round shape and has a diameter of 4 mm (Meena et al., 2011). 

1.4.4. Phytochemical studies of Vitex negundo 

 

Different parts of Vitex negundo contain a wide variety of phytoconstituents which are 

frequently used as bioactive constituents to prepare the pharmaceutical formulations. It was 

reported that the plant Vitex negundo is the source of ample amounts of secondary 

metabolites including steroids, triterpenoids, carbohydrates, alkaloids, phenolic compounds, 

saponins, xantho proteins, tannins, flavonoids (Sahayaraj et al., 2008). 

The phytoconstituents have been identified from the leaf extracts of Vitex negundo are 

mentioned as follows: i.e. hydroxy-3,6,7,3′,4′-pentamethoxyflavone, 6′-p-hydroxybenzoyl 

mussaenosidic acid, 2′-p-hydroxybenzoyl mussaenosidic acid, protocatechuic acid, oleanolic 

acid, flavonoids, 5, 3′-dihydroxy-7,8,4′-trimethoxyflavanone, 5,3′-dihydroxy-6,7,4′- 

trimethoxyflavanone; viridiflorol, β-caryophyllene, sabinene, 4-terpineol, gamma-terpinene, 

caryophyllene oxide, 1-oceten-3-ol, globulol, angusid, casticin, vitamin-C, nishindine, gluco- 
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nonitol, phydroxybenzoic acid, sitosterol, betulinic acid [3β-hydroxylup-20-(29)-en-28-oic 

acid], ursolic acid [2β-hydroxyurs-12-en-28-oic acid], n-hentriacontanol, β-sitosterol, p- 

hydroxybenzoic acid and some of the compounds have been isolated from the seed are as 

follows: 3β -acetoxyolean-12-en-27-oic acid, 2α, 3α-dihydroxyoleana-5,12-dien-28-oic acid, 

2β,3α diacetoxyoleana-5,12-dien-28-oic acid, 2α, 3β-diacetoxy-18-hydroxyoleana-5,12-dien- 

28-oic acid, vitedoin-A, vitedoin-B, a phenylnaphthalene-type lignan alkaloid, vitedoamine- 

A, β-sitosterol, p-hydroxybenzoic acid, 5-oxyisophthalic acid, n-tritriacontane, n- 

hentriacontane, n-pentatriacontane, n-nonacosane, 6-hydroxy-4-(4-hydroxy-3- methoxy- 

phenyl)- 3-hydroxymethyl-7-methoxy-3, 4-dihydro-2-naphthaldehyde (Basri et al., 2014). 

Essential oil of fresh leaves, flowers, dried fruits of Vitex negundo contain the following 

phytochemicals such as - δ-guaiene, guaia-3,7-dienecaryophyllene epoxide, 

ethylhexadecenoate, α-selinene, germacren-4-ol, caryophyllene epoxide, (E)-nerolidol, β- 

selinene, α-cedrene, germacrene D, hexadecanoic acid, p-cymene and valencen and root 

extracts possess the 2β, 3α-diacetoxyoleana-5,12-dien-28-oic acid, 2α,3α-dihydroxyoleana- 

5,12-dien-28-oic acid, 2α,3β - diacetoxy-18-hydroxyoleana-5,12-dien-28-oic acid, vitexin 

and isovitexin, negundin-A, negundin-B, (+)- diasyringaresinol, (+)-lyoniresinol, vitrofolal-E 

and vitrofolal-F, acetyl oleanolic acid, sitosterol (Basri et al., 2014). 
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Figure 1.2. Chemical structure of some bioactive compounds such as a) 4- 

hydroxybenzoic acid, b) Oleanolic acid, c) P-Cymene, d) α-Selinene, e) β- 

Caryophyllene, f) β-sitosterol, g) Ascorbic acid which were isolated from the 

Vitex negundo leaves. 
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1.4.5. Taxonomical classification 

 
Kingdom: Plantae 

Order: Malvales 

Family: Malvaceae 

Genus: Hibiscus 

Species: Hibiscus rosa-sinensis L. 

 
1.4.6. Habitat of Hibiscus rosa-sinensis 

 
The stunning flowering plant Hibiscus rosa-sinensis, often known as the "China rose" or 

"Queen of tropics," is mostly found in south-east China as well as several islands in the 

Pacific and Indian Oceans (Missoum, 2018). 

 

Figure 1.3. Photograph of Hibiscus rosa-sinensis 
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1.4.7. Morphology of Hibiscus rosa-sinensis 

 
Hibiscus rosa-sinensis is a big shrub with an uneven structure. It can be wide and dispersing 

or upright. The tree reaches a maximum height of 4.7 meters. Every kind of hibiscus flower 

includes stamen stalks, which can produce pollen. Hibiscus blossoms come in a huge red 

variation that may reach a length of 15cm. Depending on the cultivated kinds, the petals can 

have a single or double structure, and they can be smooth or scalloped. The pollan-producing 

anther is visible halfway up the column, and at apex of the column are five rounded stigma 

lobes. The Hibiscus plant has ovate-shaped leaves that are grouped alternately on the 

branches and grow to a length of 5 to 15 cm (Figure 1.2.). The leaves are broader at the base 

than at the tip. The leaves have serrated borders with lighter areas, and they can be either dark 

green or variegated. The red hibiscus fruit is a dry, five-segmented capsule that can hold up to 

three kidney-shaped, 2.5 cm. long seeds (Khristi and Patel, 2016). 

1.4.8. Phytochemical studies of Hibiscus rosa-sinensis 

 
Different parts of H. rosa-sinensis contain a wide variety of bioactive compounds. Research 

reports revealed that the leaves, flowers, stem and roots are rich in saponins, flavonoids, 

phlobatannins, terpenoids, riboflavin, thiamine and niacin. Furthermore, the flavonoids, 

phytosterols, glucosides, tannins, terpenoids and phenolic compounds were also recognised 

and having significant contribution in management of the various state of disorders. Flowers 

of H. rosa-sinensis contain moisture, nitrogen, fat, crude fibre, calcium, phosphorus, and iron 

which are having some nutrition values. GC-MS report of methanol flower extract revealed 

the presence of ethanimidic acid, propanal, 2,3dihydroxy propanamide, n-ethyl- 

ethylenediamine, o-methylisourea hydrogen sulfate, ethene, ethoxy-hexadecanoic acid, 

methyl ester, 2-butanamine, (s)-1,3,5-triazine-2,4,6-triamine, n-formylβ-alanine, (z)6, (z)9- 

pentadecadien-1-ol, butanedial, and methanecarbothiolic acid. Apart from these compounds 

the flowers also possess flavones including cyanidin-3, 5-diglucoside, 7-diglucoside, 

quercetin-3, kaempferol-3-xylosylglucoside. In addition, the leaves of H. rosa-sinensis was 

reported for the natural sources of phytoconstituents including ß-sitosterol, malvalic acids, 

cyanin, cyanidin, chlorides, quercetin, carotene, gentisic acid, mucilage, and catalase. 

Flavonoids, phenolics are the most important phytoconstituents which are having direct 
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connection with antioxidant effect. Moreover, the other identified phytochemicals including 

propanal, 2,3-dihydroxy, ethylenediamine, O-methylisourea hydrogen sulfate, 2-butanamine, 

(z)6,(z) 9-pentadecadien-1-ol and 1propanol were delineated for their antioxidant and 

antimicrobial properties (Jadhav et al., 2009; Missoum, 2018). 

1.4.9. Taxonomical classification 

 
Kingdom: Plantae 

Order: Lamiales 

Family: Acanthaceae 

Genus: Adhatoda 

Species: Adhatoda vasica L. 

 
1.4.10. Habitat of Adhatoda vasica 

 
The herb Adhatoda vasica intrinsically grows in filthy or barren areas of India and the 

subcontinent of India (Duraipandiyan et al., 2015). It is widely found in Sri Lanka, Nepal,  

Pakistan, Indonesia, Malaysia, China and Panama. 

 

 

Figure 1.4. Photograph of Adhatoda vasica 
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1.4.11. Morphology of Adhatoda vasica 

 
Adhatoda vasica is the dense and evergreen shrub having a height of 1 m to 2.5 m. The plant 

contains an herbaceous woody stem and the flower is dense and large in size. The length of 

the leaf is from 10 cm to 15 cm and the width is about 4 cm and fruit is clavate shaped 

(Figure 1.3.) (Sarkera et al., 2011). 

1.4.12. Phytochemical studies of Adhatoda vasica 

 
Different parts of Adhatoda vasica possess several phytoconstituents which are having 

significant therapeutic benefits. The leaves of A. vasica contain phenols, tannins, alkaloids, 

anthraquinone, saponins, flavonoids, steroids, alkanes, reducing sugars, essential oil and 

crystalline acid. Vasicine was found in the leaves of this plant. Besides, vasicine the other 

alkaloids such as vasicinone, deoxy-vasicinone, vasicinol, adhatodine, adhatonine, 

adhvasinone, anisotine and hydroxy-peganine were also presented in the leaves. Among all 

alkaloids the vasicine and vasicinone are the major compounds and responsible for showing 

the broncho-dilatory and respiratory stimulant activities (Balachandrana et al., 2017). 

1.4.13. Taxonomical classification 

 
Kingdom: Plantae 

Order: Brassicales 

Family: Caricaceae 

Genus: Carica 

Species: Carica papaya L. 
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Figure 1.5. Photograph of Carica papaya 

 

 

 
1.4.14. Habitat of Carica papaya 

 
Among the caricaceae family belonging plants the Carica papaya is one of the most valuable 

plants. The fruit crops mostly grow in the tropical and subtropical regions of different 

countries including India, Malaysia, Indonesia, Philippines, Sri Lanka and Oman. This plant 

is also commercially cultivated in various Asian countries. In some places the papaya is 

considered as a garden plant as well (Wadekar et al., 2021). 

1.4.15. Morphology of Carica papaya 

 
The plant is evergreen, mostly unbranched and 5 to 10 meters tall (Figure 1.4.). Usually, 

leaves are spirally organized at the top of the trunk. The leaves are oval shaped and having 

the diameter of 20 to 28 inches. White coloured latex is presented inside in every part of the 



16 (f)  

Addendum: As per the suggestion of my supervisor based on the reviewer’s comment Chapter 1: Introduction 
 

plant. Flowers of this plant is pale white in colour and floral dimorphism is evident. But both 

of the flowers are joined to the petals. Female flowers are having ovaries at their structure 

and all the five petals are lightly wrapped at their base point. Each part of this plant is having 

the medicinal significance and also have been used all over the world as the folklore 

medicine (Wadekar et al., 2021). 

1.4.16. Phytochemical studies of Carica papaya 

 
Various parts of this plants possess a wide variety of phytochemicals including volatile and 

non-volatile oils which are having some significant medicinal values. Tannin, saponin, 

alkaloids, flavonoids, and glycosides were found out from the extracts of Carica papaya 

leaves. Among the flavonoid compounds seven flavonoids including quercetin, kaempferol, 

kaempferol 3‐ rutinoside, quercetin3‐(2G‐rham nosylrutinoside), quercetin 3‐rutinoside, 

kaempferol 3‐(2G‐rhamnosylrutinoside), myricetin 3‐rhamnoside were identified. The leaf is 

also the natural source of phenolic compounds like kaempferol, protocatechuic acid, 

quercetin, 5,7‐dimethoxy coumarin, caffeic acid, p‐coumaric acid, and chlorogenic acid. 

Research findings also claimed that the n‐hexane extract and methanol extract of leaves 

contain the different quantities of phytochemicals like anthraquinone, glycoside, tannin, 

saponin, flavonoid, steroid and resin. Futhurmore, the most important compounds including 

protocatechuic acid, chlorogenic acid, caffeic acid, quercetin, kaempferol, quercetin 3‐O‐α‐ 

1C4‐rhamnopyranoside, quercetin‐3‐O‐glucopyranuroside, quercetin‐3‐O‐rutinoside, p‐ 

coumaric acid were obtained from the leaves of the C. papaya (Wadekar et al., 2021). 

1.4.17. Assessment report on Hibiscus rosa-sinensis, Adhatoda vasica and Carica papaya 

leaves 

 
Radical scavenging activities of Hibiscus rosa-sinensis, Adhatoda vasica and Carica papaya 

leaves extracts have been executed by using three sets of antioxidant tests (displayed in Table 

1.1). 
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Table 1.1: Radical scavenging activities (IC50 values) of methanol extract and essential 

oil of Hibiscus rosa-sinensis, Adhatoda vasica and Carica papaya leaves. 

 

  Assay methods   

Plant Name Plant Extract DPPH radical 

(AAE µg/mL) 

ABTS radical 

(AAE µg/mL) 

H2O2 radical 

(AAE µg/mL) 

 Methanol extract 175.73 ± 2.63 64.58 ± 1.97 89.78±1.36 

Hibiscus rosa- 

sinensis 

Essential oil 1320.25±1.01 975.56±2.75 596.33±5.68 

 Methanol extract 125.23±2.57 25.85±1.05 67.33 ± 2.14 

Adhatoda 

vasica 

Essential oil 1339±4.57 976.78±2.25 695.68±3.36 

 Methanol extract 178.58±3.75 78.36±1.56 80.47±0.83 

Carica papaya Essential oil 375.57± 4.45 320.56±3.36 125.56±3.57 

 

 
Results in table are expressed as mean (±) standard deviation of triplicate experiments. IC50 

(µg/mL) values of methanol extract and essential oil were compared to ascorbic acid. 

Anti-inflammatory activities of Hibiscus rosa-sinensis, Adhatoda vasica and Carica papaya 

leaves extracts have been executed by using COX-1 and COX-2 assay methods (shown in 

Table 1.2). 



16 (h)  

Addendum: As per the suggestion of my supervisor based on the reviewer’s comment Chapter 1: Introduction 
 

Table 1.2: Anti-inflammatory activities of methanol extract, essential oil of Hibiscus 

rosa-sinensis, Adhatoda vasica and Carica papaya leaves. 

  

Concentration dependant anti-inflammatory activities of a) methanol extract and b) essential oil 

against COX assay. The values are expressed as the percentage in comparison with the 

untreated (control) group and each value in table is represented as mean ± SD (n = 3). 
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To investigate the inhibitory effects on cell viability of human prostate cancer cell lines, the 

MTT assay was carried out by exposing the cultured PC3 cells to different doses (12.5 μg/ml, 

25 μg/ml, 50 μg/ml, 75 μg/ml and 100 μg/ml) of the methanol extract and essential oil for 24 

h and 48 h respectively (displayed in Table 1.3). 

Table 1.3: Anticancer activities of methanol extract, essential oil of Hibiscus rosa- 

sinensis, Adhatoda vasica and Carica papaya leaves. 

 

Plant 

Name 

Plant 

Extract 

Control 12.5 

(µg/ml) 

25 

(µg/ 

ml) 

50(µg/ 

ml) 

75(µg/ 

ml) 

100(µg 

/ml) 

Hibiscus 

rosa- 

sinensis 

Methanol 

extract 

 
98.3±0.5 

98.63±0. 

25 

96.43 

±2.19 

97.53± 

1.16 

97.7±2 

.09 

95.1±2. 

29 

Essential 

oil 

98.33±0.2 

9 

96.87±1. 

39 

95.23 

±4.09 

97.43± 

0.91 

98.27± 

0.23 

94.9±2. 

78 

Adhatoda 

vasica 

Methanol 

extract 

 
96.9±0.85 

97.13±1. 

85 

95.63 

±1.02 

94.87± 

2.71 

96.57± 

1.86 

98.1±0. 

61 

Essential 

oil 

 
99.2±0.17 

96.97±1. 

72 

98.6± 

0.87 

98.67± 

0.57 

97.3±1 

.31 

97.57± 

1.0 

Carica 

papaya 

Methanol 

extract 

96.83±0.3 

8 

96.93±0. 

12 

94.53 

±1.93 

96.2±2 

.27 

94.13± 

2.92 

95.2±1. 

95 

Essential 

oil 

 
98.1±0.36 

98.0±0.8 

9 

97.43 

±1.02 

96.0±1 

.32 

96.7±1 

.18 

96.7±1. 

21 

 

 
Concentration-dependent cell viability of (a) methanol extract and (b) essential oil against 

PC3 cell line at 24 h. The values are expressed as the percentage in comparison with the 

untreated (control) cell group and each value in table is represented as mean ± SD (n = 3) 
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Plant 

Name 

Plant 

Extract 

Control 12.5 

(µg/ml) 

25 

(µg/ml) 

50(µg/ 

ml) 

75(µg/ 

ml) 

100(µg/ 

ml) 

Hibiscus 

rosa- 

sinensis 

Methanol 

extract 

 
97.3±1.0 

 
97.23±0.8 

95.97±0. 

96 

96.23±0 

.55 

96.47±0 

.45 

95.47±0. 

31 

Essential 

oil 

 
96.3±1.41 

 
95.7±0.79 

95.47±0. 

47 

95.87±1 

.39 

93.7±3. 

24 

93.93±0. 

67 

Adhatoda 

vasica 

Methanol 

extract 

 
95.1±1.06 

 
96.5±1.61 

94.2±1.7 

1 

95.63±0 

.7 

94.93±0 

.57 

95.23±0. 

83 

Essential 

oil 

 
97.67±1.07 

 
95.6±1.35 

96.23±2. 

25 

97.03±0 

.55 

96.67±0 

.38 

96.33±0. 

67 

Carica 

papaya 

Methanol 

extract 

 
95.1±0.46 

 
95.4±0.87 

95.23±0. 

9 

93.83±1 

.03 

93.97±0 

.15 

94.2±0.2 

6 

Essential 

oil 

 
96.7±0.44 

 
94.57±0.9 

95.0±1.3 

2 

94.13±1 

.69 

94.57±1 

.1 

94.13±1. 

38 

Concentration-dependent cell viability of (a) methanol extract and (b) essential oil against 

PC3 cell line at 48 h. The values are expressed as the percentage in comparison with the 

untreated (control) cell group and each value in table is represented as mean ± SD (n = 3) 

We investigated the comparative antioxidant, anti-inflammatory and anticancer potentials of 

bioactive molecules of the methanol extract and essential oil of Hibiscus rosa-sinensis, 

Adhatoda vasica and Carica papaya leaves. Among the extracts, the methanol leaf extract of 

Hibiscus rosa-sinensis showed only antioxidant potential. No significant anti-inflammatory 

and anticancer (PC3 cell lines models) activities were found. The leaf oil of Hibiscus rosa- 

sinensis did not show antioxidant potential. It also did not show any significant anti- 

inflammatory and anticancer (against PC3 cell lines) potentials. The methanol leaf extracts of 

Adhatoda vasica and Carica papaya showed antioxidant properties but no significant anti- 

inflammatory and anticancer (against PC3 cell lines) activities were revealed. On the other 

hand, the leaf oil of Adhatoda vasica did not express its antioxidant, anti-inflammatory and 

anticancer properties. Whereas, the leaf oil of Carica papaya expressed its antioxidant 

property but no anti-inflammatory and anticancer (against PC3 cell lines) properties were 

detected. As none of these three plants showed antioxidant, anti-inflammatory and anticancer 

properties consistently, we did not consider these plants for further analysis. 



 

Chapter 1: Introduction 
 

1.5. Present research envisage 

 

In the present study, we investigated the chemical composition of the methanol extract and 

essential oil of Vitex negundo leaves and also evaluated the comparative antioxidant, 

antibacterial, anti-inflammatory and anticancer potentials of the bioactive molecules. We 

estimated the total phenolics and flavonoid contents of the leaf extracts. The methanol extract 

and the essential oil of Vitex negundo leaves had been evaluated for the β-sitosterol, 

polyphenol and tocopherol contents. The leaf extracts are also employed to measure its 

potential against the urinary tract infection pathogens and anti-inflammatory potentials by 

employing the RAW 264.7 cell line models. Besides, the in-vitro anticancer activities were 

assessed against the PC3 cell line models. 
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2. Review of Literature 

 
2.1. Herbal management of prostate cancer 

 

 

Several natural compounds are documented for playing the role in management of prostate 

cancer. The anti-cancer potential of some important phyto-constituents are reported below. 

2.1.1. Curcumin 

 

Curcumin is an active component of Curcuma longa and possesses significant biological 

potentials against cancer, inflammation, oxidation, neuronal damage, radiation damage 

(Amalraj et al., 2017). This yellow pigment exhibits its action by intervening with AR 

signaling, NF-κB-, AP-1-, PI3k/Akt/mTOR-, and Wnt/β-catenin/TGF-β/MYC pathways 

(Abd. Wahab et al., 2020). By interfering with these signaling pathways, curcumin can 

efficiently prevent the growth of PCa cells. By attenuating the activity of epidermal growth 

factor receptor (EGFR) tyrosine kinase, curcuminoid induces an apoptotic cell death in 

LNCaP and PC3 cells (Dorai et al., 2000). Curcumin triggers apoptotic pathways by lowering 

the expression of Bcl2 and increase expression of caspase-3 and caspase-8 through enabling 

TNF and suppression of NF-κB, protein kinase D (PKD), β-catenin on DU145 cells 

(Sundram et al., 2012). Curcumin revealed the AR-dependent anticancer effects on PCa cells 

via inhibiting the Wnt/β-catenin pathway, arresting cell cycle at G2 phase (Teiten et al., 

2011). It destroys the PCa cells via blocking the glyoxalase system, reducing the level of 

ATP and Glutathione (GSH) and enhancing the level of methylglyoxal (Santel et al., 2008). 

Moreover, curcumin and α-tomatine combinedly can stop the growth of tumors on PC3- 

xenograft models (Huang et al., 2015). The compound prevents the cancer-associated 

fibroblast formation (CAFs) that promotes tumorigenesis, invasiveness, metastasis, and EMT 

in prostate malignancy. It reduces the CAFs dependant ROS production, suppresses the 

expression of IL-6 and CXC chemokine receptor-4 (CXCR-4) receptors of PC3 cells via 
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repressing the MAO-A/mTOR/HIF-1α signaling pathway (Du et al., 2015). The curcumin 

derivatives displayed the inhibitory effects on testosterone and DHT-stimulated AR activity 

(Schmidt and Figg, 2016). Recent investigation revealed the remarkable anticancer activity of 

curcumin-loaded lipid nanoparticles on PC3, DU145 cell lines that are docetaxel-resistant 

(Tanaudommongkon et al., 2020). The in-vivo and ex-vivo study demonstrated that lipid 

polymer hybrid nanoparticles (aptamer-PLGA-PEG) of curcumin and cabazitaxel exhibited 

enhanced drug delivery and anti-proliferative effect on PCa cell (Chen et al., 2020). 

Curcumin in combination with metformin showed more potent cytotoxicity and apoptosis 

against the PCa cells (Eslami et al., 2021). 

2.1.2. Lycopene 

 

Lycopene is one of the naturally occurring carotenoids found in some fruits and vegetables. 

This pigment is adequately presented in tomato Lycopersicon esculentum or Solanum 

lycopersicum. Antioxidant properties of this phytochemical decrease the possibilities of 

cardiovascular problems and skin injury (Cámara et al., 2013). Due to have the 

chemopreventive property, lycopene can show cytotoxicity against the PCa cell mediating 

mitochondrial apoptotic pathway. Lycopene suppressed the growth of many cancer cells 

including PCa by stopping the activities of HMG-CoA reductase and Ras. Apoptotic process 

is coupled with the cell cycle arrest and deactivation of NF-κB, JNK and Akt pathway 

(Palozza et al., 2010). Lycopene was documented for blocking the migration and 

invasiveness of PCa via inhibiting the function of integrins (Gioti and Tenta, 2015). 

Apoptosis is instigated because of repressing the expression of Akt mediator and enhancing 

the expression of miR let-7f1 (microRNA Lethal-7) (Mirahmadi et al., 2020). Data of the 

clinical tests disclosed that lycopene can effectively decrease the PCa carcinoma (from 24% 

to 36%) by stopping the transformation of high-grade prostate intraepithelial neoplasia to PCa 

(Mohanty et al., 2005). Lycopene showed the anti-inflammatory potential by lowering the 
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levels of IL-1, IL-6, IL-8, TNF-α in DU145, PC3, and LNCaP cells and tumor burden mice 

model as well (Jiang et al., 2019). Furthermore, lycopene has an impact on metabolism and 

signaling of androgen receptors expressed on an ex-vivo and animal model of PCa 

(Applegate et al., 2019). 

2.1.3. Ellagic acid 

 

Ellagic acid is presented in many fruits and vegetables such as in Rubus spp. (Rosaceae), 

Vaccinium spp. (Ericaceae) and highlighted for its antioxidant and anticancer effects. It 

enhances the possibilities of microtubule assembling while decreasing the polymerization of 

tubulin by cabazitaxel. Ellagic acid shows the blocking effect for drug efflux on castration- 

resistant PCa/22Rv1 cells while unable to alter the activity of docetaxel in the living system 

(Eskra et al., 2019). It also stops the tumor development through enabling the caspase 3 

induced apoptosis process in the TRAM tumor model. Ellagic acid reduces the growth of 

LNCaP cells, enhances the levels of proteins are involved in cell cycle, increases the 

expression of p21Waf, P27Kip, cdk2, and cyclin E associated by suppression of cyclin D1 

and Cdk1 activities in Sprague-Dawley (SD) rats (Naiki-Ito et al., 2015). In association with 

luteolin and punicic acid, ellagic acid resists tumorigenesis, metastasis and angiogenesis in 

PCa cells. Furthermore, ellagic acid was recorded for in reduction of CXCR-4, p-Akt/PI3K 

activities, blocking effects on tube formation, IL-8, VEGF, and angiogenesis in HMVEC 

cells (Wang et al., 2014). 

2.1.4. Quercetin 

 

Quercetin is the penta-hydroxylated flavonoid available in several fruits like berries, onions, 

apples and vegetables like tomatoes and tea as well. This phyto-compound is enriched with 

numerous pharmacological activities including anti-inflammatory, antioxidant, 

immunomodulatory, and anticancer activities. It retards cell proliferation, invasion, 
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migration, and tumorigenesis inside the body by reducing the expression of IncRNA 

MALAT1 and blocking the signal for PI3K/Akt activation (Lu et al., 2020b). Quercetin revert 

the docetaxel resistance via influencing AR and PI3K/Akt activations in-vivo and ex-vivo. 

This compound promotes apoptosis and lowers P-glycoprotein (P-gp), TWIST-1, PSA 

concentration in-vivo and increases efficiency of docetaxel by inverting the chemo-resistance 

(Lu et al., 2020a). In presence of resveratrol, quercetin can regulate methylation in promoter 

region,    IGF1, Bcl-2, PTEN signaling and along with reduces the activations of EGFR, 

EGR3, and IL-6 whereas increases the activations of IGFBP7, NKX3.1 to decrease the tumor 

overload through apoptotic process (Singh et al., 2020). Combinedly, quercetin and 

metformin can instigate the caspase-dependent apoptosis signaling and lowers the cell 

invasion and cellular activities of Bcl-2, VEGF, and Akt/PI3K in in-vitro and in-vivo tumor 

models (Sun et al., 2018). Quercetin heightens the medicinal potency of paclitaxel, enhances 

the relevant factors to restrict the G2/M phase, increases possibilities for apoptosis, ER stress, 

triggers ROS production, blocks the cell migration and proliferation in in-vitro and in-vivo 

(Zhang et al., 2020). It destroys cells through mediating apoptosis via mitochondrial/ROS 

pathway along with down-regulating the activities of tyrosine-protein kinase-met (c-met) and 

PI3K/Akt pathway and reverting the doxorubicin resistance in-vitro (Shu et al., 2017). 

Nanomicellar formulation of quercetin can significantly kill the prostate carcinoma cells ex- 

vivo and in-vivo through mediating apoptosis (Zhao et al., 2016). It also inhibits the overload 

of tumor through blocking angiogenesis and metastasis by increasing the expression of 

thrombospondin-1 called as anti-angiogenesis factor. Quercetin suppresses the EGFR and 

PI3k/Akt pathway, PCNA expression, imentin, N-cadherin, cyclin D1, mRNA concentrations 

in snail slug (Firdous et al., 2014). The compound is reported for exhibiting the inhibitory 

action towards tumor growth via apoptosis by blocking the proliferative actions of IGFIR, 

AR, and Akt (Sharmila et al., 2014). 
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2.1.5. Resveratrol 

 

Resveratrol (RES) is a naturally occurring polyphenolic substance obtained from the dried 

stem of Vitis vinifera (Tian and Liu, 2020). Trans-isomers of RES possess a wide range of 

bioactivities including anti-inflammatory, antioxidant, anti-aging, anticancer, 

immunomodulatory, neuro-protective, and cardio-protective activities. It has proved that RES 

can initiate the apoptotic pathway for LNCaP, DU145, and PC3 cells (Jasinski et al., 2013). 

RES stimulated enhanced apoptotic cell death in PCa cells in addition with doxorubicin, 

taxol, methotrexate, cytarabine, actinomycin D by blocking the survivin and encouraging 

programmed cell death (Gupta et al., 2011). RES also blocks the activities ofcyclooxygenase– 

2 (COX–2) and NF-κB in prostate carcinoma cells and increases the stimulation for apoptosis 

(Athar et al., 2009). In-vivo and ex-vivo experiments revealed that RES can stop PCa through 

suppressing the anti-apoptotic SphK1/S1P, pro-survival signaling (Brizuela et al., 2010). 

Clinical reports revealed that RES effectively reduces the serum concentration of androgen on 

benign prostate hyperplasia individuals but it doesn’t produce any effect on growth of 

prostate tumor (Kjaer et al., 2015). In association with quercetin the resveratrol potentially 

inhibits the growth of tumor in TRAMP model via reducing the oxidative stress and 

enhancing the apoptotic signals (Singh et al., 2020). RES shows anti- proliferative and anti- 

apoptotic effects on PCa cells through blocking the AR, AR-V7, and Akt signaling pathway. 

RES inhibits invasiveness and migration of tumor by increasing the expression of eleven 

translocation-1 (TET1) accompanying TIMP2/3 status and suppressing the expression of 

MMP2/9, TNF-receptor associated factor 6 (TRAF6)/NF-κB/SLUG axis in prostate 

carcinoma cell lines (Wang et al., 2020). Moreover, RES decreases the prostate fibrosis- 

mediated inflammation (Vicari et al., 2020). RES inhibits the release of hepatocyte growth 

factor (HGF) from stromal cells and in turn represses the invasion and EMT in PCa cells 

(Hsieh and Wu, 2020). 

22 



 

Chapter 2: Review of Literature 

 

2.2. Herbal management of inflammation 

 

Several natural compounds are reported for exhibiting their anti-inflammatory properties. The 

anti-inflammatory potential of some important phyto-constituents are reported below. 

2.2.1. Curcumin 

 

Curcumin is the most common polyphenol and possesses the strong pain relieving property. 

Research findings in both the clinical and preclinical reports suggest the function of curcumin 

against inflammation. It was documented curcumin successfully manages the inflammatory 

disease like chronic anterior uveitis (CAU) (Lal et al., 1999). Later, it was revealed that the 

medicinal property of curcumin to mitigate idiopathic inflammatory orbital pseudotumor (Lal 

et al., 2000). Curcumin exerts its anti-inflammatory potential via blocking the arachidonic 

acid (AA) pathway, cyclooxygenase (COX), (Ammon et al., 1993) cytokines interleukin (IL) 

and tumor necrosis factor (TNF) (Kang et al., 1999) nuclear factor kappa B (NF-κB) 

(Bremner, 2005). It plays a role in stabilizing the lysosomal membrane (Srivastava et al., 

1995). Oxidative stress and inflammation are closely associated with each other because the 

ROS is liberated by inflammatory cells. ROS and RNS are involved in up-regulation of pro- 

inflammatory genes and induces various chronic disorders such as Alzheimer’s disease (AD), 

Parkinson’s disease, multiple sclerosis, epilepsy, cerebral injury, cardiovascular disease, 

metabolic syndrome, cancer, allergy, asthma, bronchitis, colitis, arthritis, renal ischemia, 

psoriasis, diabetes, obesity, depression, fatigue, and acquired immune deficiency syndrome 

(AIDS) (Biswas, 2016; Panahi et al., 2016). TNF-α is one of the important factors for 

mediating the inflammation which is modulated through the function of the transcription 

factor, nuclear factor (NF)-κB. Apart from the activator namely TNF-α, the NF-κB may get 

activation signal by inflammatory cytokines, gram-negative bacteria, different viruses, 

environmental pollutants, chemical, physical, mechanical, and psychological stress, high 
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glucose, fatty acids, ultraviolet radiation, cigarette smoke and other related factors for 

developing various diseases. Curcumin shows the potential to inhibit the functions of NF-κB 

and NF-κB-dependent genes and thereby reduces the chances to form inflammations (Panahi 

et al., 2016). 

2.2.2. Flavonoids 

 

Flavonoids are polyphenolic compounds largely available in different parts of plants such as 

fruits, flowers, bark, roots, stems, grains. Among the 4000 of different flavonoids, the four 

groups are considered as major flavonoids including flavones, flavanones, catechins, 

anthocyanins (Cook, 1996). Flavonoids are traditionally used for their various medicinal 

values including in alleviate the inflammatory responses. Ternatin is a tetra-methoxy flavone 

and demonstrates the anti-inflammatory potential on rat carrageenan-induced pleurisy models 

(Souza et al., 1992). Anthocyane flavonoid is found in the juice of Aronia melanocarpa and 

is accountable for its anti-inflammatory activity on in-vivo experimental models like 

histamine-induced or serotonin-induced rat hind paw tests (Borissova et al., 1994). Quercetin 

is the one of the most important flavonoids obtained from onions, apples, broccoli, and 

berries. Quercetin and rutin can exert the anti-inflammatory effects in in-vivo rat models 

(Sanchez de et al., 2002). Flavonoids produce the anti-inflammatory effects by inhibiting the 

generation of eicosanoids and degranulation of neutrophil and other various ways are 

mentioned as follows, i.e. quercetin exhibit their anti-inflammatory activities via blocking the 

functions of COX and LOX (Kim et al., 1998), anthocyanins and their aglycone, cyanidin 

restrict the functions of COX-1 and COX-2 (Wang et al., 1999), anthocyanidins resist the 

lipopolysaccharide-induced activation of COX-2 via triggering the mitogen-activated protein 

kinase (MAPK) pathways, catechin dimers block the biosynthesis of prostaglandin (Damas et 

al., 1985). 
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2.2.3. Parthenolide 

 

Parthenolide is the sesquiterpene lactone isolated from the traditionally used medicinal plant 

like Tanacetum parthenium (Li-Weber et al., 2002). Sesquiterpene lactone is responsible for 

the anti-inflammatory property and the Mexican Indians utilize it to alleviate the skin and 

various organ infections (Heinrich et al., 1998). Parthenolide possesses a remarkable anti- 

inflammatory potential inside the body and since ancient times it has been employed in 

treatment of fevers, migraine, and arthritis. Feverfew shows the significant analgesic action 

and highlights for its efficacy in management of severe migraine attack and also minimizes 

the distinct symptoms of migraine like nausea, vomiting, noise sensitivity and light 

sensitivity. Parthenolide exhibits its anti-inflammatory activity through inhibiting the 

inflammatory gene expression like nitric oxide (NO) synthase, intracellular adhesion 

molecule-1 and pro-inflammatory cytokines such as TNF-α, IL-1, IL-4, IL-8 and IL-12 (Li- 

Weber et al., 2002). Along with this, the parthenolide resists the activation of NF-κB which 

plays a crucial role in inflammatory reactions and immune response (Hehner et al., 1999). 

2.2.4. Lyprinol 

 

Lyprinol is the lipid extract found in the New Zealand green-lipped mussel (NZGLM) and 

shows the efficacy to treat arthritis. The oil extract is the mixture of some components such 

as triglycerides, sterol esters, sterols, polar lipids and free fatty acids (Sinclair et al., 2000). 

Lyprinol expresses its anti-inflammatory effect on in-vivo rat models including adjuvant 

induced polyarthritis model and collagen (II)-induced arthritis (Halpern, 2000). Pretreatment 

of lyprinol shows the remarkable reduction of the distress of inflammatory bowel disease 

(IBD) in mice models. As compared to the fish oil (EPA/DHA) the stabilized lipid extract of 

NZGLM can produce more beneficial effects due to the presence of an ample amount of 

omega 3 fatty acids in its extract (Tenikoff et al., 2004). The reports of both controlled and 
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randomized clinical trials revealed that the lyprinol can cause significant improvements in 

various inflammatory disease conditions such as osteoarthritis, rheumatoid arthritis, and 

asthma in the human body (Cho et al., 2003). Combinedly, lyprinol with EPA and DHA in a 

form of dietary supplement is used in treating rheumatoid arthritis (Gruenwald et al., 2004). 

Lyprinol exhibits its anti-inflammatory effects by lowering the pro-inflammatory LTB4 in 

monocytes, through blocking the 5- lipoxygenase (5-LOX) and COX arachidonate 

oxygenation pathways and by decreasing the concentration of TXB2, PGE2, and IL-1 

(Dugas, 2000). 

2.2.5. 1,8-Cineole 

 

1,8-Cineole is the monoterpene oxide and the major component of essential oil of medicinal 

plants such as eucalyptus, sage, rosemary, psidium etc. The compound is used as a 

percutaneous penetrating agent and along with the management of several diseases including 

bronchitis, sinusitis and rheumatism (Santos and Rao, 2000, 2002). Additionally, it has the 

potential to combat with the inflammatory reactions by employing different in-vivo models 

like carrageenan-induced paw oedema, cotton pellet-induced granuloma, and the acetic acid 

induced increase in peritoneal capillary permeability. 1,8-cineol can successfully inhibit the 

inflammatory reactions associated with asthma (Juergens et al., 2003). It also possesses the 

steroid-saving activity which indicates the anti-inflammatory effect along with its mucolytic 

properties for respiratory diseases like asthma. Some researchers reported the inhibitory 

activity of 1,8-cineole towards the inflammatory mediators like leukotriene B4 (LTB4) and 

PGE2 produced by the patients who had bronchial asthma (Juergens et al., 1998a). 

Furthermore, the 1,8-cineole resists the generation of TNF-α, IL-1β, LTB4 and thromboxane 

B2 (TXB2) in a concentration-dependent manner (Juergens et al., 1998b). 
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2.3. Herbal management of bacterial infection 

 

Several natural compounds are reported for exhibiting their anti-bacterial properties. The anti-

bacterial potential of some important phyto-constituents are reported below. 

2.3.1. Coumarins 

 

Phenolic compounds like flavonoids, coumarin derivatives are documented for the wide 

range of pharmacological effects such as antioxidant, antimicrobial, and anti-inflammatory 

effects (Stefanachi et al., 2018). Several coumarins are reported for preventing the harmful 

effects of different bacterial pathogens including Staphylococcus aureus. Among the 

coumarin derivatives the osthenol showed the significant antibacterial potential against the 

Bacillus cereus and S. aureus strains with a MIC value from 62.5 to 125µg/mL. Research 

findings also suggested that the addition hydrophobic molecules in C8 position and OH group 

in C7 position could enhance the antibacterial potential of coumarin derivatives (Souza et al., 

2005). Courmarin derivatives can inhibit the activities of S. aureus, including methicillin- 

resistant Staphylococcus aureus strains (MRSA) by binding to the B subunit of DNA gyrase 

enzyme (Feng et al., 2020; Hu et al., 2020). 

2.3.2. Essential oils 

 

Essential oil (EO) is comprised of the mixture of volatile components which are mostly 

terpenoid class of compounds. Usually, the EO are found in glandular trichomes, secretory 

ducts, and oil cells of plants and recognized for exhibiting the antimicrobial, sedative, anti- 

inflammatory, analgesic, local anaesthetic, spasmolytic activities. Apart from these, the EO is 

also used as a flavoring agent in food, cosmetics and agronomic industries. For having the 

strong preventive actions on microbial growth, the EOs are extensively used as food or 

cosmetic preservatives (Bakkali et al., 2008). EO exerts the antibacterial effects by interfering 
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with the cell wall integrity, membrane permeability, activity of proton pump and by 

decreasing the membrane potential, reducing the amount of ATP, blocking the bacterial 

metabolism, altering the layers of fatty acid in bacterial cytoplasmic membrane and 

denaturing the cellular components (Chouhan et al., 2017; Li et al., 2019; Wang et al., 2020; 

Zhang et al., 2016). Moreover, EOs can hamper the synthesis and secretion of bacterial toxins 

which may cause of the attenuation of bacterial virulence factors (Szabó et al., 2010) and 

additionally they can fight against the bacterial resistance if they used mutually in 

combination with the antibiotics (Langeveld et al., 2014). Mentha piperita is reported for the 

significant antibacterial activity against Staphylococcus epidermidis and Staphylococcus 

aureus, and including methicillin-resistant strains (Silva et al., 2019). Mostly, the EOs are the 

natural source of 1,8-cineole, terpinen-4-ol, thymol, carvone and carvacrol which have 

received a great importance for their antibacterial, antiviral and antifungal potentials (Jirovetz 

et al., 2005; Kotan et al., 2007; Sarkic and Stappen, 2018). 

2.3.3. Flavonoids 

 

Flavonoids are the secondary metabolites have received a great attention for their role in 

prevention of several bacterial strains. Flavonoids can exhibit their antibacterial potential 

either alone or with synergistic combinations. The virulence factors can be reduce by quorum 

quenching activity and the susceptibility for antimicrobials can be increased by blocking the 

activity of the efflux pump (Górniak et al., 2019; Xie et al., 2014). Furthermore, they can 

effectively inhibit the potential of the Gram-positive and Gram-negative bacteria by 

damaging the phospholipid bilayers of bacterial cell membrane, blocking the synthesis of 

ATP, respiratory chain and nucleic acid (Górniak et al., 2019). It was found that the 

hydroxylated structures of flavonoid compounds possessed better antibacterial effects 

whether the methylation in -OH groups reduced the antibacterial potential of semi-synthetic 
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flavonoids (Xie et al., 2014). Flavonoids successfully cured some skin infections by 

inhibiting the activities of Gram-positive bacteria, including Staphylococcus epidermidis or 

Staphylococcus aureus (Górniak et al., 2019). Flavonoids such as kaempferol, catechin, 

ononin, quercetin and quercetin, diosmetin, naringenin, baicalein, puerarin, linarin are 

reported for their wound healing properties and alleviation of the atopic dermatitis conditions 

respectively (Wu et al., 2021). It was reported that the green and yellow leaves of Walnut 

possessed the antibacterial activity against Enterococcus faecalis, Listeria monocytogenes, 

and methicillin-resistant Staphylococcus aureus (de Lima et al., 2014). Moreover, the 

flavonoid rich plant such as Equisetum arvense, Urtica dioica, Rosa nutkana demonstrated 

significant antibacterial potential against Staphylococcus aureus, Micrococcus luteus, and 

Pseudomonas aeruginosa (Gendron et al., 2021; Pallag et al., 2018). 

2.4. Literature on pharmacological studies of Vitex negundo 

 

The different parts of Vitex negundo have different therapeutic values. Pharmacological 

investigations revealed some important bioactivities which are reported below. 

2.4.1. Antioxidant activity 

 

Antioxidants combat oxidative stress by scavenging the free radicals and provide a 

therapeutic potential for several health issues like heart diseases, cancer, aging, gastric 

problems etc (Sen et al., 2010). Vitex negundo is the natural source of antioxidants. Vitedoin 

A has been identified as a potent antioxidant that showed greater antioxidant property rather 

than other natural antioxidants like vitamin E and L-cysteine (Ono et al., 2004). Plant extracts 

displayed its antioxidant potential by reducing the concentrations of superoxide dismutase, 

catalase and glutathione peroxidase in Freund’s adjuvant induced arthritic-rat. The 

antioxidant potential is associated with presence of a wide range of polyphenols like 
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flavonoids, phenolic acids, tannins, phenolic diterpenes vitamin C and carotene and reduction 

of lipid peroxidation (Preethi, 2010). 

2.4.2. Anti-inflammatory activity 

 

Several research reports suggested the anti-inflammatory potential of this plant (Telang et al., 

1999). Some significant anti-inflammatory activities were established on acute and sub-acute 

inflammation models. It was reported the anti-inflammatory potential of leaf extracts of Vitex 

negundo on carrageenan-induced rat paw edema and formaldehyde-induced rat paw edema 

models. The anti-inflammatory effects were produced through some possible ways including 

resisting the prostaglandin synthesis, inhibiting the histaminic activities and oxidative stress 

(Dharmasiri et al., 2003). 

2.4.3. Anti-cancer activity 

 

Histo-morphological analysis showed that the specific dose of Vitex negundo extract was non-

toxic for stomach tissue whereas the dose became harmful for the other organ tissues like 

heart, liver and lung tissues (Tandon and Gupta, 2004). Research report revealed the 

anticancer properties of leaf extracts of Vitex negundo against COLO-320 tumour cells (Smit 

et al., 1995). Later, it was declared that the chloroform extract of leaves has its cytotoxic 

potential against the human cancer model cell lines (Díaz et al., 2003). 

2.4.4. Antimicrobial activity 

 

Antimicrobial activities of Vitex negundo are potentiated due to possessing the natural 

antioxidants in its structure (Salazar-Aranda et al., 2011). Vitex negundo exhibited the 

remarkable antimicrobial property because of having some polyphenolic compounds such as 

flavonoids, terpenoids, alkaloids, tannins, saponins in plant extracts and essential oils. The 

appearance of flavonoids, terpenoids and tannins in the plant of Vitex negundo has been 
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reported (Panda et al., 2009). The plant extracts showed the antibacterial activities against 

Escherichia coli, Klebsiella aerogenes, Proteus vulgaris and Pseudomonas aerogenes 

pathogens (Perumal Samy et al., 1998), and antifungal effects against Alternaria alternata, 

Curvularia lunata, Trichophyton entagrophytes, Cryptococcus neoformans, Aspergillus 

niger, Candida albicans (Aswar et al., 2009). Apart from the antimicrobial property, the plant 

also possessed the larvicidal, repellent and pesticidal properties. The larvicidal activities 

exerted on the following larvas including Anopheles subpictus, Culex tritaeniorhynchus, 

Culex quinquefasciatus, Anopheles stephensi, Plutella xylostella, Cnaphalocrocis medinalis, 

Plasmodium falciparum (Kamaraj et al., 2008) and the insecticidal activities were exhibited 

on Callosobruchus maculatus, Phthorimaea operculella, Sitotroga cerealella, Aphis citricola, 

Aphis gossypii, Myzus persicae (Paneru and Shivakoti, 2001). Research findings also 

suggested the importance of this plant as the bioinsecticides and biopesticides in Integrated 

Pest Management (IPM) (Rosell et al., 2008). 

2.4.5. Enzyme-inhibitory activity 

 

Root extracts of Vitex negundo have the power to inhibit the activities of some enzymes 

including lipoxygenase, butyryl-cholinesterase, α-chymotrypsin (Arif Lodhi et al., 2008), 

xanthine-oxidase and tyrosinase (Azhar-Ul-Haq et al., 2004). It was reported that the 

methanol extract of Vitex negundo’s leaves possesses the lignins that can suppress the activity 

of tyrosinase (Coulter et al., 2006). Research findings revealed the inhibitory potential of 

aqueous extract of the plant aerial parts of Vitex negundo towards HIV type 1 reverse 

transcriptase enzyme (Tandon and Gupta, 2005). 

2.4.6. Effect on reproductive potential 

 

The seed extract of Vitex negundo contains an adequate amount of flavonoid content which 

can influence the late phase of spermatogenesis of dogs (Bhargava, 1989) and also play the 
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modulatory role with the male reproductive system of rats (Das et al., 2004). Though this 

plant shows anti-androgenic activity, interestingly, some research data also justify its 

conventional use as aphrodisiac agent (Khare, 2004). Ethanolic extract of this plant 

demonstrates the estrogen-like activity and thus gets employed in hormone replacement 

therapy (Hu et al., 2007). 

2.4.7. Drug potentiating ability 

 

The extracts of Vitex negundo can heighten the effects of anti-inflammatory agents like 

ibuprofen and phenylbutazone, analgesic drugs like meperidine, aspirin, morphine and 

pethidine, sedatives and hypnotics such as pentobarbitone, diazepam and chlorpromazine, 

anticonvulsive drugs like diphenylhydantoin, valproic acid (Tandon and Gupta, 2005). 

2.4.8. Anticonvulsant activity 

 

The petroleum ether and butanol extracts of Vitex negundo leaves served better protective 

effects from electroshock seizures than the root extract of the plant.   Petroleum ether extract 

of root efficiently prevented the leptazole induced convulsion while methanol extract of 

leaves significantly inhibited the strychnine and leptazole induced convulsions (Tandon and 

Gupta, 2005). In contrast, the ethanol extract of leaves didn’t show any anticonvulsant effect. 

However, it enhanced the activities of other anticonvulsant agents and helped to minimize the 

dose and associated adverse effects (Mahalakshm et al., 2010). 

2.4.9. Hepatoprotective activity 

 

Vitex negundo showed the hepatoprotective property by reducing the levels of serum 

bilirubin, aspartate, aminotransferase, alanine aminotransferase, alkaline phosphates and total 

Protein (TP). Leaf extract of the plant prevented the d-galactosamine (Yang et al., 1987) or 

carbon tetrachloride induced liver injury (Tandon et al., 2008). 
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2.4.10. Other activities 

 

Apart from these above mentioned properties the plant Vitex negundo also displayed the 

laxative property, antihistaminic property, antidiabetic property, CNS depressant property 

and antivenom property (Alam and Gomes, 2003). 

2.5. Pharmacological activities of some important bioactive compounds 

 

Some compounds have been mostly identified from the essential oils of different parts of the 

various plants and reported for their significant pharmacological activities. For instance, 

phytol is an example of diterpene which is commonly found in essential oil and have been 

reported for the antimicrobial, anti-inflammatory, anticancer and antioxidant activities 

(Swamy et al., 2017). In addition, γ-sitosterol, 2-myristynoyl-glycinamide, squalene, 1- 

methylethyl ester hexanoic acid, 4-methyl-2-heptanol, thunbergol were detected from the 

different plant essential oils and document for the antibacterial (Chelliah et al., 2017), 

antimicrobial (Kumari et al., 2012), antibacterial, antioxidant, antitumor, anticancer (Kumari 

et al., 2012), antibacterial, antifungal (Legault and Pichette, 2010), fragrance (Sales-Campos 

et al., 2013), antibacterial, antioxidant (Salem et al., 2014) activities respectively. Apart from 

these,   maltol and lactose were identified from the organic extract of the plants and reported 

as flavor enhancer, antioxidant (Sales-Campos et al., 2013; Serra, 2015) and energy source of 

humans (Hepworth, 1984). Few more pharmacological properties of the some important 

phyto-constituents are discussed below. 

2.5.1 Caryophyllene 

 

We investigated the effects of β-caryophyllene oxide (CPO), a sesquiterpene isolated from 

essential oils of medicinal plants such as guava (Psidium guajava), oregano (Origanum 

vulgare), cinnamon (Cinnamomum spp.) clove (Eugenia caryophyllata), and black pepper 
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(Piper nigrum) (Park et al., 2011). Essential oil of the biblical balm of Gilead (Commiphora 

gileadensis) contains beta-caryophyllene (Amiel et al., 2012). Essential oil of Salvia 

verticillata contains a substantial amount of caryophyllene oxide (Karakaya et al., 2020). 

β-caryophyllene was able to produce a significant protective effect on gastric mucosal lesions 

of rats (Tambe et al., 1996). The gastro-protective effect was recorded against the absolute 

ethanol and 0.6 N HCL induced gastric ulcer. Tambe et al. (1996) mentioned that in his 

earlier study he noticed the anti-inflammatory activity of β-caryophyllene which was elicited 

by attenuating the secretion of COX-2 and later he observed that β-caryophyllene possessed a 

role to reduce the release of gastric acid and pepsin. 

The rhizome oil of Zingiber nimmonii contains a high amount of caryophyllene and its 

isomers including α-caryophyllene, β-caryophyllene and isocaryophyllene (Sabulal et al., 

2006). The volatile oil produced significant antibacterial effects against Bacillus subtilis, 

Pseudomonas aeruginosa and antifungal activities Candida glabrata, Candida. albicans and 

Aspergillus niger. Caryophyllene and its derivatives were identified as the main components 

of the volatile oil and might be accountable for eliciting these pharmacological responses. 

β-caryophyllene boosted up the anti-carcinogenic effects of α-humulene, iso-caryophyllene 

on MCF-7 cell lines (Legault and Pichette, 2010). Concurrent use of paclitaxel and β- 

caryophyllene fortified the anticancer effect of paclitaxel ten times on DLD-1 cells. The 

compound also developed in drug (calcein) deposition by various procedures. These 

observations indicated the transition of paclitaxel via the membrane and which would lead to 

potentiate the anticancer activities of the test molecule. 

Some researchers represented the function of (E)-β-caryophyllene as an antibacterial 

compound which prevented the growth of a plant pathogen namely Pseudomonas syringae 

pv. tomato DC3000 (Huang et al., 2012). By initiating the defense signaling cascades; (E)-β- 
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caryophyllene served a protective effect to the floral tissues and floral volatile compounds 

and also may have an involvement in welcoming of pollinators. 

β-Caryophyllene obtained from the essential oil of Aquilaria crassna and played a selective 

chemopreventive role in colorectal (HCT-116, HT-29) and pancreatic carcinoma (PANC-1) 

(Dahham et al., 2015). Additionally, β-Caryophyllene revealed a strong preventive effect 

against the oxidative stress and also showed the antibacterial and antifungal activities against  

the Staphylococcus aureus and Trichoderma reesei respectively. Being an apoptotic inducer, 

β-Caryophyllene interfered with the fragmentation pathway, integrity of mitochondrial cell 

membrane which eventually stopped propagation, movement, invasiveness and moreover the 

aggregation of cancer cells. Furthermore, α-caryophyllene and caryophyllene have been 

reported for their anticancer and anti-inflammatory activities (Elfalleh et al., 2019; 

Tungmunnithum et al., 2018). Essential oil of Salvia verticillata contains a substantial 

amount of caryophyllene oxide (Karakaya et al., 2020). The compound revealed significant 

anti-cholinesterase, antioxidant and anticancer activities. The potent cytotoxic effects were 

exhibited against the prostate cancer cell line (PC-3) and human glioblastoma cell line U-87 

MG. 

2.5.2. Myrcene 

 

Myrcene, a monoterpene isolated from lemon grass oil (Cymbopogon citratus) (De-Oliveira 

et al., 1997). β-myrcene was also highlighted for having the potential anti-ulcer property by 

utilizing the antioxidant defense system (Bonamin et al., 2014). By activating of some 

antioxidants and enzymatic components including nitric oxide (NO), sulfhydryl groups (SH), 

glutathione content (GSH), glutathione peroxidase (GPx), glutathione reductase (Gr), β- 

myrcene created a protective barrier for the gastric mucosal layers. Apart from that, β- 

myrcene showed the effect against the bacterial growth of Helicobacter pylori. 
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β-myrcene played a pivotal role in restoration of cerebral ischemia-reperfusion damage 

(Burcu et al., 2016) in mice models. By enhancing the activity of the components (GSH, 

GPx, CAT, SOD) for antioxidant defense system and inhibiting the lipid peroxidation (thio- 

barbituric acid reactive substances level), β-myrcene assisted in retrieval of injured cardiac 

tissue. 

Publication trends revealed the therapeutic potential of myrcene in management of renal 

inflammation and oxidative damage on adrenalectomized rat model. Inflammatory response 

was mitigated by repressing the expression of pro-inflammatory cytokines (IL-1, IL-6, and 

TNF-α), anti-inflammatory cytokines (IL-4 and IL-10), immunomodulatory biomarkers 

(IFNγ and NF-κB), biomarker for oxidative stress (malondialdehyde) and increasing the 

levels of antioxidant enzymes (CAT, GSH, and SOD). Furthermore, down-regulation of 

COX-2, iNOS, KIM-1 and renal functional parameters (UREA, LDH, total protein and 

creatinine) helped to alleviate the renal impairment ( Tungmunnithum et al., 2018). 

2.5.3. Farnesene 

 

Farnesene was identified from the essential oil of Cedrelopsis grevei leaves and highlighted 

for the significant cytotoxic property against the human breast cancer cell lines (MCF-7) 

(Afoulous et al., 2013). Whereas, the other components of essential oil might be responsible 

for the antioxidant and antimalarial activities. 

Farnesene and its isomers increased the cell viability in rat cerebral cortex cells (Turkez et al., 

2014). The H2O2 induced neurotoxic effect was prevented by reversing the excessive 

production of intracellular LDH, and increasing the level of TAC and which assisted to 

inhibit any kind of oxidative injury in DNA structure. The in-vitro experiment suggested the 

compound farnesene and its isomer (α-farnesene, β-farnesene and mixture-farnesene) may 
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contribute to the management of Parkinson and Alzheimer’s diseases. Moreover, α-farnesene 

was also reported as a flavoring agent (Russo, 2011). 

Among the 171 components of essential oil the (E,E)-α-farnesene, (E)-ß-farnesene, and 

(E,E)- farnesol showed antiviral activity towards the SARS−CoV−2 infection (da Silva et al., 

2020). The molecular docking analysis was executed the interaction of essential oil 

constituents with SARS CoV-2 major protease (SARS-CoV-2 Mpro), SARS-CoV-2 

endoribonuclease (SARS-CoV-2Nsp15/NendoU), SARS-CoV-2 ADP-ribose-1.-phosphatase 

(SARS-CoV-2 ADRP), SARS-CoV-2 RNA-dependent RNA polymerase (SARS-CoV-2 

RdRp), the attaching domain of the SARS-CoV-2 spike protein (SARS-CoV-2 rS), and 

human angiotensin-converting enzyme (hACE2). (E,E)-α-farnesene, (E)-ß-farnesene, and 

(E,E)- farnesol were considered as the most perfect docking ligands for the specific viral 

proteins (Turkez et al., 2014). 

2.5.4. Oleic acid 

 

Oleic acid was found out as the major component of sunflower oil and olive oil and proved 

the impact on hypertensive disorder of female volunteers. The research study showed the 

significant effect of OA in lowering the plasma lipids, lipoprotein profile and high blood 

pressure of the tested representatives who were treated with dietary sunflower oil and olive 

oil (Ruiz-Gutierrez et al., 1996). 

Oleic acid (OA) has been studied for opposing the failure of TNF-α inhibited insulin 

secretion in type II diabetic mice model. OA exerted its effect by enhancing the insulin 

production in INS-1 cells and reversed the prohibitory effect of TNF-α by moving the 

peroxisome proliferator- activated receptor-γ (PPAR-γ) to the nucleus which supposed to be 

granted for the anti-inflammatory property of the unsaturated fatty acid. 
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Research findings demonstrated the potential of OA in attenuation of cellular growth and 

viability on gastric carcinoma HGC-27 and breast carcinoma MDA-MB-231 cell lines 

mediating the AMP-activated protein kinase (AMPK) signaling pathway (Li et al., 2014). 

Oleic acid (OA) possesses remarkable anti-inflammatory and anticancer properties which was 

beneficial for balancing the progressive neurological damage at the early stage of 

Alzheimer’s disease (AD). Results showed that Aβ25–35-induced cellular toxicity was 

reduced when the pheochromocytoma12 (PC12) cells were previously treated with OA. OA 

exhibited cyto-protective effects by improving the rate of cell viability, inhibiting the 

generation of uncontrolled levels of intracellular reactive oxygen species (ROS), resisting the 

up-regulation of pro-apoptotic factors, specifically caspase-3. Along with the above 

mentioned fact, the OA significantly decreased Aβ25–35-mediated phosphorylation of p38 

mitogen-activated protein kinase (MAPK), extracellular signal-regulated kinase (ERK1/2), 

and c-Jun-N-terminal kinase (JNK). Pretreatment of OA helped to bring down elevated levels 

of cyclooxygenase-2 (COX-2) and inducible nitric oxide synthase (iNOS) when PC12 cells 

were affected by Aβ25–35-stimulation. In succession, the I-κB degeneration was prevented 

and followed by retardation of nuclear factor-kappa B (NF-κB) translocation. Based upon the 

research evidence, the OA was nominated as a key player in the treatment of Alzheimer's 

disease (Kim et al., 2015; Sales-Campos et al., 2013). Huang et al. (2018) claimed a function 

of oleic acid other than the anti-inflammatory, anti-apototic and antioxidant properties 

(Huang et al., 2018). Here, 0.5 mM of oleic acid caused of the liver steatosis and the 

investigation demonstrated the role of diterpene lactone namely ginkgolide C in modulation 

of metabolic pathway for lipogenesis and depletion of the lipid retention by promoting 

lipolysis via sirt1/AMP activated protein kinase (AMPK) pathway in oleic acid-stimulated 

HepG2 cell lines. The change of fatty acid composition has been regarded as an indicator of 

altered lipid metabolism during human tumorigenesis, but the details are still unclear. It was 
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previously demonstrated a monounsaturated fatty acid (MUFA) named oleic acid (OA) was 

involved in renal cell carcinoma (RCC) cell growth, as an extracellular signaling molecule to 

regulate 786-O cell proliferation via the integrin-linked kinase (ILK) pathway. In this study, 

it was further observed the effects of OA on cell invasion of RCC and the potential 

mechanism by which OA worked was determined. The transwell invasion assay showed OA 

increased cell invasion of RCC in a dose-dependent manner. Western blotting results 

indicated ILK, COX-2, and MMP-9 proteins were involved for their high expressions and 

these effects were reversed when down-regulating the expression of ILK by special siRNA. 

The MMPs inhibitor GM6001 could weaken the abilities of OA on RCC cell invasion. These 

results suggested MUFA indeed affected cell invasion of RCC, which was dependent on the 

regulation of ILK pathway. 

Oleic acid was discovered as the major constituent of the seed oil of Camellia japonica and 

detected by the most extensively used technique namely GC-MS (gas chromatography/mass 

spectrometry) screening method. Camellia japonica seed oil corroborated its ability to 

alleviate asthma (by using ovalbumin asthma murine model) where the maximum 

creditworthiness went to the oleic acid as the main component of composition of the seed oil. 

It significantly prevented the asthmatic condition by decreasing the eosinophil level in 

bronchioalveolar lavage fluid and repressing the production of Th2 (T-helper type-2 cell) 

mediated transcription factor like GATA-3 coupling with the various inflammatory cytokine 

level such as interleukin-4 (IL-4), interleukin-5 (IL-5), interleukin-13 (IL-13), and tumour 

necrosis factor-alpha (TNF-α). Evidently, the concentration-dependent modulation of 

immune cell transcription factor (T-bet) was observed and as well as down-regulation of 

bioactive cytokine IL-12p40 restricted the activation of the dependent subunits like IL-6. 

Also by suppressing the responses of the leukocytes, eosinophil in bronchioalveolar lavage 
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fluid and immunoglobulin E (IgE) in serum; the seed oil was certified as a good anti- 

asthmatic candidate (Lee et al., 2019). 

It has been authenticated that seed oil of Moringa oleifera contains an ample amount of oleic 

acid (OA) was detected and quantified (72.27%) by the GC-MS (gas chromatography/mass 

spectrometry) analysis. Along with the oleic acid the elaidic acid (10.64%), palmitic acid 

(6.36%) and stearic acid (5.09%) also present in seed oil. Moringa oleifera seed oil (MOSO) 

and oleic acid played a contributory role to reduce the phenol-induced ear edema of mice by 

repressing the oxidative damage of phenolic compounds. In addition, MOSO didn’t 

antagonize with the arachidonic acid (AA) induced ear edema whereas oleic acid did respond 

which stipulated OA as a leukotriene B4 receptor inhibitor. MOSO and OA successfully 

reversed the 12-O-tetradecanoylphorbol-13-acetate (TPA) induced ear edema by stopped 

enabling the protein kinase C (PKC) pathway was followed by phospholipase A2 (PLA2) 

activation, elevated levels of AA, prostaglandins and leukotrienes. However, the mifepristone 

(glucocorticoid antagonist) pretreated TPA model opposed the anti-inflammatory potential of 

MOSO and OA and that evidence confirmed the involvement of glucocorticoid receptors in 

management of anti-inflammatory effect. As compared to the conventional anti-inflammatory 

drug like dexamethasone; the MOSO had gained an attraction as a better anti-inflammatory 

agent for prolonged use because it was devoid of skin atrophy and lowering the relative 

weight of lymphoid organs (Cretella et al., 2020). 

Bioactivities of OA have been assessed for antioxidant properties which could be able to 

combat the cadmium induced damage in cardiac and hepatic tissue. The observations 

revealed that OA assisted in balancing of cadmium-induced alterations of the hepatic 

enzymes (alanine aminotransferase and aspartate aminotransferase), reduction in excessive 

production of free radicals (superoxide anion free radical) and oxidative enzymes (xanthine 
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oxidase, xanthine dehydrogenase) as well as inflammatory cytokine levels (IL-1β, IL- 6, IL- 

10) and tumor necrosis factor (TNF-α) and thereby used to treat the liver and heart injury 

(Bhattacharjee et al., 2020). 

Giulitti et al. (2021) showed in his study the contribution of OA to stop tumor progression 

through the autophagocytosis process under the in-vitro conditions using liver cancer cell 

lines such as Hep3B and Huh7.5 cells (Giulitti et al., 2021). 

2.5.5. Citral 

 

Citral is the naturally occurring acyclic monoterpene that was identified as one of the 

essential components of lemongrass oil and evaluated for understanding of the involvement 

in the inflammatory process. Citral expressed its anti-inflammatory property by overpowering 

the LPS-stimulated COX-2 mRNA and followed by subsequent protein expression using the 

proximal 3′-untranslated region of COX-2 gene. 200 μM of citral also showed the anti- 

inflammatory potential by enabling the PPARα and γ receptors in U937 model cell lines 

(Katsukawa et al., 2010). Observation of this study didn’t support the previous report of Lin 

et al.(2008); where citral was unable to inhibit the protein expression of COX-2 using the 

RAW264.7 macrophage model cell lines (Lin et al., 2008). Mismatch of these two results 

could be justified by considering the uses of different experimental conditions like LPS 

concentration, duration of incubation with citral and different cell line models. 

The antibacterial efficacy of the nanoemulsion of citral has been documented (Wen-Chien et 

al., 2017; Martins et al., 2017) . The study was investigated against the six bacterial strains 

including Staphylococcus aureus, Escherichia coli, Pseudomonas aeruginosa, Enterococcus 

faecalis, Salmonella typhimurium, and Listeria monocytogenes following disk diffusion assay 

method. The nanoemulsion (at ultrasonic power 18 W, duration of ultrasonication 120 
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seconds, so, ratio 0.4-0.6 associated with HLB value < 12) revealed the significant 

antibacterial effects against L. monocytogenes and S. aureus. Citral was discovered as the 

main constituent of essential oils of two plants like Cymbopogon citratus and Cymbopogon 

giganteus. Research group reported of the anti-proliferative effects of citral by proving the 

strong scavenging efficacy (DPPH, ABTS assay method), anti-inflammmatory potential 

(lipoxygenase inhibition assay) and anticancer activities against the human prostate cancer 

cell lines (LNCaP, PC-3)and human glioblastoma cell lines (SF-767, SF-763) (Bayala et al., 

2018). Among those two types of essential oils, the leaf oil of Cymbopogon citratus showed 

higher anti-inflammatory and anti-proliferative potential because of having the citral as 

composition in larger quantities than the Cymbopogon giganteus leaf oil. 

Citral was highlighted for the prevention of UVB-induced skin cancer. By decreasing the 

aberrant productions of inflammatory cytokines (IL-1ß, IL-4, IL-10, IL-23, TNF-alpha, IFN) 

and modifying the levels of relevant biomarkers of oxidative stress (total radical-trapping 

antioxidant parameter of skin, glutathione, catalase activity and malondialdehyde), citral 

proved its anticancer property (Kremer et al., 2019). 

2.5.6. Camphor 

 

Camphor is obtained from the wood of the camphor laurel tree (Cinnamomum camphora) 

(Xu, 2005) Cinnamomum camphora was identified as a natural source for camphor oil 

(Rahman et al., 2016). It was demonstrated that the camphor possessed a remarkable 

anticancer property at a particular dose (300 mg/kg body weight) by augmenting the activity 

of glutathione S-transferase. The in-vivo experiment revealed the significant increment of 

glutathione level (with a value of p < 0.05) in liver and established the effectiveness against 

cellular death by altering the levels of mutagenic or carcinogenic chemicals (Banerjee et al., 

1995). 
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The camphor compound 714-X (mixture of camphor, nitrogen, ammonium salts, sodium 

chloride, ethanol) exhibited the anti-carcinogenic and immune boosting effect (Kaegi, 1998). 

The clinical report was written after getting confirmation regarding the safety and benefits of 

the Candian cancer patients. The report claimed that camphor having a special binding 

affinity with cancer cells and the ammonium salt took the responsibility for activation of the 

specific kinins which were accountable for inhibition of the unusual cellular growth. 

Camphor was considered as a topical analgesic agent (Xu, 2005; Lee and Shibamoto, 2000). 

Pain relieving activity was exhibited by enabling the TRPV1 receptor and enhancing the 

DRG neuronal current. Additionally, the suppressive effect of camphor on TRPA1 receptor 

was assumed for contribution in anti-nociceptive action. 

A research group obtained camphor from the leaf oil of Ocimum kilimandscharicum and 

documented for having the significant radical scavenging potential, anticancer and anti- 

inflammatory properties (de Lima et al., 2014). Essential oil showed cytotoxic activity 

against the human ovarian cancer cell lines. Camphor was considered as the major 

component of the leaf oil and showed the significant inhibition against inflammatory 

responses on carrageenan induced pleurisy and total leucocytes migration mice model. 

Camphor oil was reported as an effective antibacterial agent against two bacterial strains such 

as Streptococcus mutants and Enterococcus faecalis ( Rahman et al., 2016). It was stated the 

admixture of racemic camphor and Lavandula latifolia essential oil displayed synergistic 

antibacterial effects against two pathogens including Staphylococcus aureus and Listeria 

monocytogenes (Karaca et al., 2021). Camphor was recognized as an important constituent of 

Lavandula latifolia essential oil and camphor also highlighted for having a great impact in 

prevention of tested bacterial strains. 
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2.5.7. β-sitosterol 

 

Research report revealed the promising cardio-protective potential of β-sitosterol by 

preventing the signal transduction pathways which promote inflammatory responses in 

human aortic endothelial cells (HAEC) (Loizou et al., 2010). β-sitosterol stopped the 

requirements for initial phase of atherogenesis by suppressing the expression of vascular 

adhesion molecule-1 (VCAM-1) and intracellular adhesion molecule-1 (ICAM-1) in TNF- 

alpha induced HAEC cell lines; including by lowering propagation of adhesiveness of the 

U937 cells on TNF-alpha induced HAEC cell lines and decreasing the possibility of nuclear 

factor-kB p65 phosphorylation. Additionally, it was also exhibited antimicrobial, anti- 

nociceptive and anticancer activities (Bin Sayeed et al., 2016). 

It has been proved that n-butanol extract of Moringa oleifera seeds contain a substantial 

amount of β-sitosterol which was detected by thin layer chromatography (TLC) and 

documented for its anti-inflammatory activity in the airways by employing the ovalbumin- 

induced guinea pig asthma model. β-sitosterol efficiently exerted the activities on the 

sensitized and challenged animals by increasing the tidal volume, lowering the rate of 

respiration and cell counting, specifically eosinophils and neutrophils in bronchial fluid and 

blood as well. In addition, β-sitosterol exhibited its protective mechanism by inhibiting the 

production of histamine and excessive synthesis of Th2 (T-helper type-2 cell) mediated 

cytokines such as TNFα, IL-4, IL-5 (without affecting the release of IL-6) in localized region. 

β-sitosterol was found out from the leaf extract of the medicinal plant Nyctanthes arbortristis 

and separated out by thin layer chromatography (TLC). And β-sitosterol was reported for its 

in-vivo analgesic activity (by hot plate test and acetic acid-induced writhing test) and anti- 
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inflammatory activity (carrageenan-induced hind paw edema model) in a concentration- 

dependant manner (Nirmal et al., 2012). 

Afterwards, Yin et al. (2018) proved the hepato-protective function of β-sitosterol (Sit) and 

its esterified derivatives including 2-naphthoyl beta-sitosterol ester (Sit-N), 2- 

hydroxybenzoyl beta-sitosterol ester (Sit-S), furan-2-carbonyl beta-sitosterol ester (Sit-F), 

(2E,4E)-hexa-2,4-dienoyl beta-sitosterol ester (Sit-Sr). Out of all derivatives only the 2- 

naphthoyl Sit ester (Sit-N) showed a great impact in management of liver damage in an acute 

phase by reducing the level of aspartate aminotransferase (AST) and alanine transaminase 

(ALT) in serum. Apart from that the Sit-N proficiently displayed a remarkable reduction of 

inflammatory cytokine levels such as tumor necrosis factor (TNF-α), interleukin-1b (IL-1β) 

and interleukin-6 (IL-6) and also took a responsibility to improve the pharmacological 

activities of some antioxidant enzymes like superoxide dismutase (SOD), glutathione (GSH), 

catalase (CAT), and decreased the expression of malondialdehyde (MDA). Furthermore the 

study reported that Sit-N suppressed the lipopolysaccharide/D-galactosamine (LPS/GalN) 

induced liver injury by blocking the expression of TLR4 signaling pathway and NF-kB as 

transcription factor and by increasing antioxidant potential through enabling the transcription 

factor like Nrf2 (Yin et al., 2018). 

2.5.8. Asarone 

 

The drug α-asarone is one of the active principle components of Acorus calamus 

(Manikandan, and Devi 2005). V. oil of dried rhizome of Acori tatarinowii contains α- 

asarone & β-Asarone (Lam et al., 2017). α-asarone, a bioactive compound found in Acorus 

plant species, has been shown to exhibit neuroprotective, anti-oxidative, anti-inflammatory, 
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and cognitive-enhancing effects (Jo et al., 2018). Acorus tatarinowii is source of beta-asarone 

(Xiao et al., 2020). 

α-asarone possessed a strong antioxidant property which could fight against the 

environmental noise-stress-induced oxidative injury in the rat brain (Manikandan and Devi, 

2005). Excessive loud noise in the surrounding area could cause production of oxygen free 

radicals (OFR) which may ultimately develop various neurodegenerative disorders. α-asarone 

combated the stress related deformities in several lobes of the brain by restoring the levels of 

SOD and LPO, CAT, GPx, GSH, Vitamins C and E and protein thiols. 

Two synthesized nitro derivatives of β-Asarone were reported for the better anticancer 

activities than β-Asarone (Shenvi et al., 2014). The compound 1(1-[2, 4, 5-trimethoxy 

phenyl]- 2-nitropropene) showed two times stronger anticancer potential against SW-982, 

HeLa, PC-3 and IMR-32 cell lines and whereas the compound 2 (1-[2, 4, 5-trimethoxy 

phenyl]-1- nitropropene) exerted five to ten times greater cytotoxic activities on the SW-982, 

HeLa, PC-3 and IMR-32 cancer cells. 

α-asarone and β-asarone were isolated from the essential oil of the rhizome of Acori 

Tatarinowii and acquired recognition as a neuro-protective agent which inhibited the 

oxidative damage in astrocyte cells in rat models (Lam et al., 2017). The cytoprotective 

effects were exhibited by decreasing the production of ROS, encouraging the Nrf2-ARE self- 

defense system, triggering the Akt phosphorylation and successively activating the 

antioxidant enzyme system. 

β-asarone demonstrated the anti-proliferative effect on human glioma U251 cell lines (Wang 

et al., 2018). The cellular proliferation was blocked by increasing activities of P53, LC3-II/I, 
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Beclin-1, AMPK and pAMPK and suppressing the expressions of P62, Bcl-2, mTOR and 

pmTOR. The study suggested that β-asarone could initiate the autophagy process by enabling 

the P53 pathway which played a key role in treatment of cancer. 

It was explored that the α-asarone plays a beneficial role in retrieval of the spinal cord injury 

cases of rats (Jo et al., 2018). α-asarone counteracted against impaired locomotor system, 

decreased the neuroinflammatory responses and promoted the angiogenesis in the spinal cord. 

Moreover, it remarkably lowered the levels of TNF-α, IL-1𝛽, IL-6, monocyte 

chemoattractant protein 1 (MCP-1), macrophage inflammatory protein 2 (MIP-2), and 

inducible nitric oxide synthase (iNOS) levels but elevated the levels of IL-4, IL-10, and 

arginase 1. Results of immunohistochemistry also revealed the decreased reactive gliosis, 

neuroinflammation and enhanced expression of M2 macrophage and angiogenesis. These 

observations indicated that α-asarone possessed a wound healing property in preservation of 

neuronal structures and functions against the injurious spinal cord (Sethi et al., 2018). 

β-asarone represented a cardio-protective function counteracted with myocardial ischemia- 

reperfusion injury by preventing the inflammatory reactions and NLRP3 inflammasome 

dependent pyroptosis (Xiao et al., 2020). The study revealed that the β-asarone ameliorated 

the myocardial lesions, decreased the level of a specific biomarker namely serum cTNT in 

rat’s heart. On the other hand, the compound reduced the granulocyte infiltration, swelling of 

the tissue, myeloperoxidase (MPO) activity, IL-1β level and improved the function of the left 

ventricle associated with better ejection fraction and fractional shortening. 

Research findings established that the α-asarone played a significant role against anti- 

inflammatory responses and analgesic activities on mice models (Saldanha et al., 2020). 

Inflammation management was associated with the suppression of paw oedema, 
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polymorphonuclear leukocytes (PMN) involvement, iNOS activation and TNF-α generation. 

And the pain relieving property was exerted with interacting the adenosinergic and 

opioidergic systems and indicated the central and peripheral analgesic actions of α-asarone. 

β‑asarone reported for prevention of colon carcinoma on in-vitro (HCT116 cell lines) and in- 

vivo (HCT116 tumor cells) models by enabling the immune system and multiple regulatory 

systems as well (Chen et al., 2021). Different gene expressions require β‑asarone in arresting 

cell cycle, cell division, cell proliferation and apoptosis. β‑asarone suppressed the growth of 

HCT116 tumors of mice. Moreover, the compound participated in the antitumor immune 

response system by activating granulocyte colony-stimulating factor (G‑CSF) and enhancing 

the counting of macrophage cells in the spleen. It was shown that the innate immune system 

was also actively involved in preventing liver metastasis. 
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3. Objective and Plan of study 

 
3.1. Objective 

 

The objective of this research work to explore the bioactive compounds which are presented 

in methanol extract and essential oil of Vitex negundo leaves and investigated for the 

comparative bioactive potential by evaluating the in-vitro antioxidant activity, antibacterial 

activity, anti-inflammatory activity and anticancer activity. 

3.2. Plan of study 

 

The study was planned as delineated below: 

 

3.2.1 Preparation of plant leaves extracts 

 

Preparation of plant extract by microwave assisted extraction (MAE). 

Preparation of essential oil by microwave assisted hydro-diffusion. 

3.2.2. Identification of the bioactive phytoconstituents 

 

The bioactive phytoconstituents of methanol extract and fresh leaf oil were investigated by 

Gas chromatography-mass spectrometry (GC-MS). 

The identification and quantitative estimation of bioactive phytoconstituents that were 

presented in methanol extract and fresh leaf oil were examined by using High Performance 

Liquid Chromatography (HPLC). 

3.2.3. In-vitro antioxidant studies 

 

The antioxidant properties of methanol extract and essential oil were evaluated by using 

DPPH free radical scavenging activity method, ABTS radical scavenging activity method and 

Hydrogen peroxide (H2O2) scavenging activity method. 
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3.2.4. In-vitro antibacterial study 

 

The antibacterial properties of methanol extract and essential oil were evaluated by using 

Agar disk diffusion assay method. 

3.2.5. In-vitro anti-inflammatory study 

 

The anti-inflammatory potential of methanol extract and essential oil were evaluated by 

estimating of the levels of IL-1β, IL-6, and IL-10 using ELISA kits (Abcam ELISA Kit, 

Cambridge, MA, USA) employing the RAW 264.7 cell lines. 

3.2.6. In-vitro anticancer study 

 
The anticancer properties of methanol extract and essential oil were evaluated by using the 

MTT assay method against the PC3 cell lines and the IC50 values were determined. 
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4. Materials and Methods 

 
4.1. Chemicals and reagents 

 

 

Methanol was purchased from Spectrochem Pvt. Ltd., Mumbai, India; gallic acid, quercetin, 

DPPH, ABTS, hydrogen peroxide, tocopherol from HiMedia Laboratories Pvt. Ltd., Mumbai, 

India, and Sigma-Aldrich. Folin-denis reagent was purchased from Sigma Aldrich Co. (St. 

Louis, MO, USA). Dulbecco’s Modified Eagle’s Medium (DMEM) was procured from 

Gibco, Grand Island, NY 14072, USA1-716-774-6700. All the chemicals and reagents used 

in this research were of high analytical grade and obtained from Hi-Media Research 

Laboratories Pvt. Ltd., Mumbai, India. 

4.2. Collection of plant materials 

 

Fresh leaves of Vitex negundo were collected in the month of March 2018 from the nursery of 

the Maulana Azad College (Kolkata; West-Bengal the state of India). A voucher specimen 

was   (TR-5, C160686, dated: 25.05.2018) certified by the plant taxonomist after depositing 

the specimen in Botanical Survey of India, Central National Herbarium, Botanical Garden, 

Howrah, West-Bengal, India. Then, the leaves were shade dried for 15 days and subjected for 

size reduction by a cutting mill. To acquire a uniform plant matrix, the small sections of 

leaves were passed through a 60 mesh size sieve and then kept in ziplock pouches for the 

experiment. 

4.3. Preparation of plant extract by microwave assisted extraction (MAE) 

 

The experiment was performed using a microwave extractor coupled with a high efficiency 

condensing unit. 1 g of dried and finely powdered leaf was precisely weighed and imbibed to 

methanol for 15 min. The extraction was conducted with an intermittent way of irradiation 
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for 1min and followed by cooling for 1 min. During the process of extraction the powdered 

sample was immersed in methanol for 27 min and exposed to microwave radiation for 6 min. 

The inbuilt condensing unit makes the extraction more effective and robust. After extraction 

the extract was passed through No.1 Whatman filter paper and then the solvent was 

evaporated by rotary vacuum evaporator was centrifuged at 82 rpm; 43°C. Afterwards, the 

dried residue was collected and reconstituted with methanol and stored for further qualitative 

and quantitative analysis (Kala et al., 2017). 

4.4. Preparation of essential oil by microwave assisted hydro-diffusion and gravity 

 

60 g of freshly collected leaves were cut into small pieces and precisely weighed and then 

subjected into the microwave extractor. The experiment was performed without adding any 

solvent. The extraction was conducted with an intermittent way of irradiation for 2 min with a 

high microwave power (60%=510W) and followed by natural cooling of the apparatus. For 

second cycle, the microwave power was reduced to 40% (340W) and for the remaining 4 

cycles the microwave power was reduced to 20% (170W). After completing the 6 cycles, oil 

was deposited and finally collected by passing through the anhydrous sodium sulphate. 

Anhydrous sodium sulphate was used for removal the water. Afterwards, the oil was kept at 

4°C for further qualitative and quantitative analysis (Chouhan et al., 2019). 

4.5. Estimation of total phenolic content (TPC) 

 

A preliminary test for total phenolic content was executed using the Folin-Ciocalteu method 

with three replicates of the sample (Chouhan et al., 2019). Briefly, aliquot of sample (mg/mL) 

was added in 4 mL of sodium carbonate solution (75 g/L) and 5 mL of 10% Folin- Ciocalteu 

reagent. Equation of the calibration curve was prepared (y = 0.136x + 0.001, R2= 0.999) by 

using the gallic acid (with a range of 10 to 80 μg/mL) as the standard and whereas the 
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methanol was used as a blank. Finally, the results were expressed as gallic acid equivalents in 

milligram per gram (mg GAE/g) of dried extract with the absorbance were measured at 765 

nm using a UV-Vis spectrophotometer. 

4.6. Estimation of total flavonoid content (TFC) 

 

The total flavonoid content was quantitatively determined using the aluminium chloride assay 

method with slight modifications (Chouhan et al., 2019). In brief, leaf extract (mg/mL) was 

diluted with 300 μL 5% NaNO2 solution, 300 μL of 10% AlCl3 solution, 4 mL distilled water 

and allowed to incubate for 6 min. Thereafter, 2 mL of 1M NaOH solution was added to the 

mixture and checked the absorbance at 510 nm using a colorimeter. The total flavonoid 

content was calculated on the basis of calibration curve (y = 0.097x + 1.489, R2= 0.994) 

obtained by using quercetin (ranging from 10 to 80 μg/mL) as the standard solution and result  

was expressed in mg of quercetin equivalents (QE)/mg of plant extract. 

4.7. Antioxidant assay 

 

4.7.1. Free radical scavenging activity 

 

The free radical scavenging activity of extract was assessed by the DPPH free radical 

scavenging method (Chouhan et al., 2019). 0.2 mL of the sample (100 μg/mL) was mixed 

with 2 mL of 0.1 mM 2,2-diphenyl- 1-picrylhydrazyl (DPPH) stock solution in methanol and 

left to incubate for 30 min in a dark place. Ascorbic acid was used as positive control and 

prepared in the same procedure. After the incubation period the absorbance was recorded at 

517 nm against the methanol as a blank solution. The percentage of inhibition of DPPH was 

reported in comparison with the control solution (containing all of the reagents and methanol 

instead of the test sample). The antioxidant activity of the plant extract was calculated using 

the formula: 
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𝐼% = (𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −𝐴𝑠𝑎𝑚𝑝𝑙𝑒 ) × 100 
𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 

 

 

In the above-mentioned equation, A control is the absorbance of the control solution, and A 

sample is the absorbance of a sample solution. 

4.7.2. ABTS radical scavenging activity 

 

The ABTS radical scavenging activity assay was executed with little modifications of the 

method (Ondua et al., 2019). 7.4 mM of ABTS was mixed with 2.6 mM of potassium 

persulphate in an equal proportion. Then the prepared stock solution was kept in a dark place 

at room temperature for 12-16h. Thereafter, 1ml. of ABTS stock solution was mixed with 

different concentrations (20-100μg/ml) of 1ml of sample solutions (methanol extract and 

essential oil) and incubated in a dark place for 2hours. Finally, the absorbances of reaction 

mixtures were checked at 734 nm with the UV-Visible spectrophotometer. Ascorbic acid was 

used as positive control and produced in the same manner. Potassium persulphate was used as 

the blank solution. This assay was carried out in triplicate to establish the reliability and the 

inhibitory potential of ABTS was determined using the equation is given below: 

𝐼% = 
(𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 −𝐴𝑠𝑎𝑚𝑝𝑙𝑒 ) 

× 100
 

𝐴𝑐𝑜𝑛𝑡𝑟𝑜𝑙 
 

 

In the aforementioned equation, A control is the absorbance of the control solution, and A 

sample is the absorbance of a sample solution. 

4.7.3. Hydrogen peroxide (H2O2) scavenging activity 

 

Hydrogen peroxide antiradical activity was determined with a little modification of method 

which was reported earlier (Rashid et al., 2018). Hydrogen peroxide (2 mmol) was dissolved 

into 50 mmol phosphate buffer solution at pH 7.4 and absorbance was measured at 230 nm 

with the UV-Visible spectrophotometer. A range of concentrations (20-100μg/ml) of samples 
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were prepared and then 0.4 ml of 50 mmol phosphate buffer (pH 7.4) was added in each of 

the concentration. Thereafter, the 0.6 ml of hydrogen peroxide solution was added and then 

the reaction mixture was transferred into the tube and allowed to vortex for 15 min. Ascorbic 

acid was used as the positive control and prepared in the same fashion. 50 mmol phosphate 

buffer solution was used as a control solution. The experiment was performed in triplicate to 

establish the reproducibility of the results. The scavenging potential of Hydrogen peroxide 

was calculated using the equation as follows: 

% Inhibition = (1 − Ae/Ao) ×100 

 

Where, Ao is the absorbance of the control solution, and Ae is absorbance of sample solution. 

 

4.8. Chromatographic analysis 

 

4.8.1. GC-MS analysis 

 

The components of leaf extracts were analyzed by GC equipped with a mass spectrometer 

detector and performed with a few modifications of method which was described earlier 

(Tohidi et al., 2017). GC-MS analysis was carried out using an Agilent 19091S-433UI gas 

chromatograph coupled with a HP-5ms 5% phenylmethylsiloxane capillary column (30 m × 

0.25 mm i.d.; film thickness 0.25 μm). Aliquot of 1μL was injected into the GC injector port 

with the split ratio of 1:40. Initially, the oven temperature was set at 60°C for 5 mins. 

Afterwards, the temperature was increased to 240 °C with a successive increment rate of 

3°C/min and followed by at 270 °C with a ramp of 5°C/min and finally kept constant for 8.5 

min. Helium gas was considered as carrier gas and maintained a constant flow rate of 1 

mL/min with the ionization voltage of 70 eV. The volatile organic components (VOC) were 

determined by matching their retention indices (RI, HP-5) with the database of NBS75K 

library. The name, structure and molecular weight of the identified VOC were comprehended 
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with conductance of the Standard and Technology (NIST) covering an extensive range of 

patterns stored in the library. 

4.8.2. Analysis of β-sitosterol and polyphenols 

 

Individual polyphenolic compounds (aspartic acid, gallic acid, dihydroxy benzoic acid, 

catechin, chlorogenic acid, vanillic acid, rutin, trans-cinnamic acid, ferulic acid, quercetin, 

apigenin, kaempferol, tannic acid, and ellagic acid) and phytosterol (β-sitosterol) were 

quantitively determined using high-performance liquid chromatography (HPLC) equipped 

with ultraviolet (UV) detector. β-sitosterol was qualitatively and quantitatively analyzed 

using HPLC system compatible with the Xbridge C18 Column (4.6 mm × 50 mm, 3.5 μm 

i.d.) at 25°C. The mobile phase was composed of a ratio of acetonitrile and water (95:5 v/v). 

The chromatographic separation was accomplished in an isocratic mode at the flow rate of 1 

ml/min. Finally, the chromatogram was registered at 210 nm (Zhah et al., 2010); against the 

standard compound which was purchased from Sigma-Aldrich. The qualitative and 

quantitative estimation of polyphenols was performed using the HPLC system. The 

experiment was conducted with a slight modification of method as depicted before (Wang et 

al., 2019). The separation of test samples was performed using column symmetry C18 (4.6 

mm × 150 mm, 5 μm i.d.) at 30°C. The mobile phase consisted of 0.17% acetic acid (A) and 

acetonitrile (B) with a flow rate of 1 ml/min in a gradient manner. Eventually, the 

chromatogram was recorded at 320 nm and quantified with comparison to external standards. 

4.8.3. Analysis of tocopherol 

 

The tocopherol composition of Vitex negundo extract was evaluated by High-performance 

liquid chromatography (Alliance model 2695) with a UV-Vis detector (2487). Tocopherol 

was separated by using C18 column (4.6 mm × 150 mm × 5 μm particle size), maintained at 

30°C. Tocopherol was eluted out using a mixture of mobile phase i.e. methanol and water 
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(98:2 v/v) at a constant flow rate of 0.5mL/min and total run time of 15 min. 10 μL of 

sample (100μg/mL) was injected into the injector port and detection was carried out at 292 

nm. The compound was detected and quantified with comparison of the peak area and time of 

the authentic standard (tocopherol) purchased from the Sigma Aldrich dissolved in methanol 

and diluted in the same manner (Ge et al., 2002). 

4.9. In-vitro antibacterial assay 

 

4.9.1. Test microorganisms 

 

To determine the antibacterial activities the four bacterial strains including two gram positive 

(Staphylococcus aureus MTCC 9542, Enterococcus faecalis MTCC 389) and two gram 

negative (Escherichia coli MTCC 9541, Pseudomonas aeruginosa MTCC 8077) were used to 

assess the effectiveness of the leaf extracts. 

4.9.2. Preparation of McFarland standard 

 

McFarland number 0.5 standard consisted of 9.95 ml of 1% H2SO4 dissolved in distilled 

water and 0.05 ml of 1% of BaCl2 dissolved in distilled water and used to evaluate the 

bacterial density. The mixture was preserved into an airtight container for further 

requirement. 

4.9.3. Disk diffusion assay 

 

The in-vitro antibacterial activity of leaf extracts were performed using agar disk diffusion 

method with little modifications as previously described (De Zoysa et al., 2019). Different  

concentrations (crude extract, 10-fold dilution, and 100-fold dilution) of leaf extracts were 

dissolved in 10% of DMSO. The density of bacterial cell suspension was set in accordance 

with 0.5 McFarland standard (1.0 x 108 CFU/ml) by employing a turbidometer. Then the 

bacterial strains were separately introduced onto the Mueller-Hinton agar plates and allowed 
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to be dried for 5 mins. Filter paper disks (Whatman No. 1, diameter =   6 mm) were dipped 

into the 10µL of leaf extracts and placed on the prepared Mueller-Hinton agar plates. To 

assess the test validity Chloramphenicol disk (30µg), DMSO-soaked filter paper disk were 

considered as positive control and negative control respectively and the plates were incubated 

for 18-24 h at 37°C. Thereafter, the sensitivities of bacterial strains to the plant extracts were 

evaluated by measuring the growth inhibition zones observed around the disk using a Vernier 

caliper. To establish the reproducibility of results the assay was performed in triplicate. 

4.9.4. Minimum inhibitory concentration (MIC) 

 

The minimum inhibitory concentrations were estimated by the microplate dilution method 

with a little modification of as previously reported (De Zoysa et al., 2019). Four fold serial 

dilutions of leaf extracts were prepared by dissolving in 10% of DMSO. Mueller-Hinton 

broth was used to develop the bacterial inoculums and where the density of bacterial cell 

suspension was adjusted in accordance with 0.5 McFarland turbidity standard (1.0 x 108 

CFU/ml). Then 150µL volume of the previously diluted leaf extracts were withdrawn and 

added to each well of the 96-well micro-titer plate and followed by the addition of 50 μL of 

bacterial suspension to all the wells omitting the negative controls. For this experiment, the 

Chloramphenicol was used as positive control and 10% DMSO was the negative control 

where the leaf extracts were also presented without the presence of a bacterial cell. The 96- 

well plates were transferred to the incubator for 24 h at 37°C and absorbance was measured at 

630 nm. 

4.10. In-vitro anti-inflammatory assay 

 
4.10.1. Cell line and culture conditions 

 

Murine RAW264.7 macrophage cell line was purchased from American Type Culture 

Collection. The cells were cultured in DMEM with 10% heat-inactivated fetal bovine serum 
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and 1% penicillin-streptomycin, and supplemented in a humidified atmosphere at 37°C in 5% 

CO2. Plate the cells onto 96-well plate at a density of 2 × 104 and incubated for 24 h. For this 

experiment, the cells were pretreated with lipopolysaccharide (LPS). 

4.10.2. Cell viability assay of RAW macrophages 

 

The cell viability of RAW 264.7 cell was assessed by 3-(4,5-dimethylthiazol-2-yl)-2,5- 

diphenyl tetrazolium bromide (MTT) assay which was earlier narrated and was used with 

slight modification (Nelson et al., 2016). About 70% confluent cells which were treated with 

different concentrations (6.25 μg/ml, 12.5 μg/ml, 25 μg/ml, 50 μg/ml, and 75 μg/ml) of plant 

extracts and incubated for 24 h. Thereafter, the culture medium was replaced by the fresh 

culture medium and MTT solution (0.5 mg/ml) was added. Subsequently, the plate was kept 

incubated for 3 h. In next step, the MTT solution was removed and 100 μl dimethyl sulfoxide 

was incorporated into each well to solubilize the formed formazan crystals. Finally, the 

absorbance was measured at 540 nm using a micro-plate reader. Cell viability of the test 

samples was expressed as percentage compared to the control solution. 

4.10.3. LPS stimulation and assessment of inflammatory cytokines production (IL-1β, 

IL-6, and IL-10 level) 

To investigate the inhibitory effect of the leaf extracts on cytokine levels, the RAW 264.7 

cells were pretreated with LPS (1 μg/mL). LPS-induced RAW 264.7 cells (2 × 104) were 

seeded into 96 well-plates, and after 24 h incubation period the cells were again treated with 

the various concentrations (12.5 μg/ml, 25 μg/ml, and 50 μg/ml) of the methanol extract and 

essential oil; and then incubated for 24 h at 37°C, 5% CO2. Supernatants were separated and 

stored at −20°C. Cells were thawed and used for the estimation of the levels of IL-1β, IL-6, 

and IL-10 using ELISA kits (Abcam ELISA Kit, Cambridge, MA, USA). These three 

experiments were carried out in accordance with the clear instructions that were provided by 
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the manufacturers. Eventually, the absorbance was checked at 450 nm using a micro-plate 

reader. Ibuprophane (1 μg/ml) was employed as standard and LPS was employed as the 

control (Kim et al., 2018). 

4.11. In-vitro anticancer assay 

 

4.11.1. Cell lines and cell culture conditions 

 

The prostate cancer cell line (PC-3) and normal lung tissue cells (WI-38) were procured from 

American Type Culture Collection (ATCC) and cultured in the laboratory in DMEM 

supplemented with 10% FBS (Invitrogen), 1% L-Glutamine, 0.1 mM non-essential amino 

acid, and 100 U/ml penicillin/streptomycin at 37°C; in a humidified atmosphere with 5% of 

CO2 (Nelson et al., 2016). The culture medium was replaced with the fresh medium at every 

48 to 72h. At the time cells reached density, the culture medium was   removed from the 

75cm2 flask and washed with phosphate-buffered saline (PBS). Afterwards, for removal of 

adhesion-proteins, the 1.5 mL of Trypsin-EDTA was added and placed into the incubator at 

37°C in a humidified atmosphere with 5% of CO2 for 5 mins. Subsequently, 3mL of culture 

media was given to terminate the action of trypsin. Then cells were transferred to a new flask 

for their sub-culture growth. Finally, cells were quantified by using a haemocytometer. 

4.11.2. Cell survival assay 

 

The effect of plant extract on cellular proliferation was evaluated with cell viability assay 

using the tetrazolium salt (3-[4,5-dimethylthiazol-2-yl]-2,5diphenyl tetrazolium bromide) 

(MTT) which was reduced by the mitochondrial succinate dehydrogenase and form the 

formazan crystal (Nelson et al., 2016). Cultured cells were grown until they reached 70% of 

confluence and then treated with the several concentrations (6.25 μg/ml, 12.5 μg/ml, 25 

μg/ml, 50 μg/ml, and 75 μg/ml) of leaf extracts or DMSO as vehicle in triplicate. After 24 h, 

48 h of incubation period the cell viability was assessed by adding MTT solution (5 mg/mL 
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in PBS buffer) into each well and incubated at 37°C for 3 h. Then, the cell culture media was 

removed from each well and newly formed formazan complexes were solublized in 200 µL 

DMSO. Finally, the absorbance was checked at 595 nm using micro-plate reader and values 

of cell viability in different concentration of samples were quantified and plotted on a graph. 

Different time points (24 h and 48 h) were evaluated during the experiment. 

4.12. Statistical analysis 

 

All the experiments were executed in triplicate. The results were expressed as means ± SD 

(n = 3) and the statistical analyses were performed using one-way analysis of variance 

(ANOVA), followed by Bonferroni's multiple comparison test was performed using 

GraphPad Prism (version 5.04) software. 
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5. Results 

 
5.1. Estimation of TPC and TFC 

 

 

Phenolics and flavonoids are the two vital indicators predominantly employed to represent 

the plant-based bioactivities in leaf extracts. In the current study, the TPC was quantified by 

the Folin-Ciocalteu assay method. The amounts of total phenolic contents in methanol extract 

and essential oil were found to be 1.6892 ± 0.11 mg GAE/gm and 1.6625 ± 0.13 mg GAE/gm 

respectively (displayed in Table 5.1). The results revealed the presence of a higher quantity of 

phenolic content in methanol extract than the essential oil. 

The TFC in Vitex leaf was determined by aluminium chloride assay method and the amounts 

of TFC in methanol extract and essential oil were obtained to be 1.07 ± 0.07 mg QE/gm and 

0.505 ± 0.06 mg QE/gm respectively (displayed in Table 5.1). Here, the results also 

exhibited the higher TFC value in methanol extract than the essential oil. 

 

Table 5.1: Estimation of total phenolic and total flavonoid contents in methanol 

extract and essential oil of Vitex negundo leaves. 

 

Plant Extract Total phenolics (mg GAE /gm) Total flavonoids (mg QE /gm) 

Methanol extract 1.6892 mg/gm ± 0.11 1.07 mg/gm ± 0.07 

Essential oil 1.6625 mg/mL ± 0.13 0.505 mg/mL± 0.06 

 

The results are expressed as mg of gallic acid and quercetin equivalent/gm of methanol 

extract and essential oil of Vitex negundo leaves. Results in table are expressed as mean (±) 

standard deviation of triplicate experiments. 
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5.2. Antioxidant assay 

 

Radical scavenging activities of Vitex leaf extracts have been currently executed by using 

three sets of antioxidant tests. In the first set of experiments, the antioxidant activities of 

methanol extract and essential oil were evaluated by DPPH radical scavenging assay. The 

IC50 value of methanol extract was found to be 89 µg/mL, while the essential oil showed 50% 

of inhibition at the dose of 300 µg/mL (shown in Table 5.2). 

In the second set of experiments, the antioxidant activities of methanol extract and essential 

oil were performed by using ABTS assay method. Here, the results showed that the methanol 

extract exhibited the 50% inhibition at the dose of 10µg/mL, whereas the IC50 value of 

essential oil was found to be 100 µg/mL (shown in Table 5.2). 

In the third set of experiments, the activities of methanol extract and essential oil were 

carried out by using the H2O2 assay method. The IC50 values of methanol extract and essential 

oil were found to be 57 μg/mL and 75 μg/mL respectively (shown in Table 5.2). 

The obtained result from three sets of chemical assays exhibited higher antioxidant potential 

of methanol extract than the essential oil. With DPPH assay, the antiradical potential of the 

natural antioxidants was estimated. And where the methanol extract showed an effective 

antioxidant activity (IC50 – 90 µg/mL) while the essential oil showed a moderate antioxidant 

activity (IC50 – 300 µg/mL). The ABTS assay is widely applied to measure the effectiveness 

of the total antioxidant activity of substances. However, the methanol extract showed a 

significant antioxidant power with a low concentration (IC50 – 10 µg/mL) whereas the 

essential oil exhibited a moderate antioxidant activity (IC50 – 100 µg/mL). With hydrogen 

peroxide assay, the scavenging ability of leaf extracts to hydroxyl radicals was determined. 

Here, the methanol extract showed an effective scavenging activity with a concentration of 58 
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μg/mL (IC50 -58 μg/mL) while essential oil exhibited the same effectiveness with a slight 

higher concentration of 76μg/mL (IC50 -76 μg/mL). 

Table 5.2: Radical scavenging activities (IC50 values) of methanol extract and essential 
 

oil of Vitex negundo leaves.   

 Assay methods  

Plant Extract DPPH radical (AAE ABTS radical (AAE H2O2 radical (AAE 

µg/mL) µg/mL) µg/mL) 

Methanol extract 89 ± 0.57 10 ±1.15 57 ± 1 

Essential oil 300 ± 1.53 100 ± 2 75 ± 0.58 

Results in table are expressed as mean (±) standard deviation of triplicate experiments. IC50 

(µg/mL) values of methanol extract and essential oil were compared to ascorbic acid. 

5.3. Chromatographic analysis 

 

5.3.1. GC-MS analysis 

 

The qualitative analysis of crude extract and fresh leaf oil were investigated by GC-MS. The 

identified phytochemical constitutes of methanol extract and essential oil are summarized in 

(Figure 5.1 and Table 5.3, Table 5.4 respectively) following tables along with their names, 

molecular formulas, molecular weight and Chemical Abstracts Service (CAS) numbers. Total 

15 volatile organic compounds were identified from methanol extract and 6 volatile organic 

compounds were identified from essential oil. In methanol extract, the recognized major 

bioactive volatile organic compounds were isocaryophyllene, caryophyllene, β-myrcene, 1- 

methylethyl ester hexanoic acid, 3-methyl-decanoic acid, α-farnesene, thunbergol, (isomer 1) 

cis-trans citral, phytol, oleic acid, (o-nitrophenyl)-hydrazone valeraldehyde, 2-myristynoyl- 

glycinamide, squalene, maltol, lactose. In essential oil, the detected vital bioactive volatile 
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organic compounds were 4-methyl-2-heptanol, 2-myristynoyl-glycinamide, camphor, γ- 

sitosterol, β-sitosterol, asarone. 

Table 5.3: The identified volatile components of methanol extract of Vitex negundo leaf 

are enlisted below: 

 

Compound name Mole formula Mole weight (CAS) number 

α-caryophyllene C15H24 204.35 006753-98-6 

Caryophyllene C15H24 204.35 000087-44-5 

β-myrcene C10H16 136.23 000123-35-3 

1-methylethyl ester hexanoic acid C9H18O2 158.24 002311-46-8 

3-methyl-decanoic acid C11H22O2 186.29 060308-82-9 

α-farnesene C15H24 204.35 000502-61-4 

Thunbergol C20H34O 290.5 025269-17-4 

(Isomer 1) cis-trans citral C10H16O 152.23 000000-00-0 

Phytol C20H40O 296.539 000150-86-7 

Oleic acid C18H34O2 282.5 000112-80-1 

(o-nitrophenyl)-hydrazone 

 

valeraldehyde 

C11H15N3O2 221.26 005977-70-8 

2-myristynoyl-glycinamide C16H28N2O2 280.41 000000-00-0 

Squalene C30H50 410.730 007683-64-9 

Maltol C6H6O3 126.11 000118-71-8 

Lactose C12H22O11 342.3 000063-42-3 

 

The volatile organic compounds were recognized by employing of the NBS75K Library and 

HP-5ms capillary column 
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Table 5.4: The identified chemical compositions of essential oil in Vitex negundo leaf 

are listed below: 

 

Compound name Mole formula Mole weight (CAS) number 

4-methyl-2-heptanol C8H18O 130.23 056298-90-9 

2-myristynoyl-glycinamide C16H28N2O2 280.41 000000-00-0 

Camphor C10H16O 152.23 000076-22-2 

γ-sitosterol C29H50O 414.7 000083-47-6 

β-sitosterol C29H50O 414.7 000083-46-5 

Asarone C12H16O3 208.25 002883-98-9 

The volatile organic compounds were recognized by employing of the NBS75K Library and 

HP-5ms capillary column. 

 

 

Figure 5.1. Chromatograms of volatile organic compounds were obtained from the (a) 

methanol extract (b) essential oil of Vitex negundo leaf. 
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5.3.2. Analysis of β-sitosterol 

 

In the present study, β-sitosterol was identified and quantified by an optimized HPLC 

method. Figure 5.2.a) displayed the chromatogram of β-sitosterol methanol extract of Vitex 

leaves. The amount of β-sitosterol was obtained to be 425.45 μg/gm in methanol extract. 

Figure 5.2.b) clearly demonstrated the chromatogram of β-sitosterol and the amount was 

found to be 23.42 μg/gm in essential oil. This experiment revealed that the methanol extract 

possessed much higher quantity of β-sitosterol than the essential oil. 

Table 5.5 represented the quantifications of β-sitosterol were obtained from methanol extract 

and essential oil of Vitex leaves and figure 5.2.c) showed the chromatogram of β-sitosterol of 

standard compound. 
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Figure 5.2: RP-HPLC chromatogram of β-sitosterol was found in a) methanol extract b) 

essential oil and c) standard compound of Vitex negundo leaf. 

Table 5.5: Quantification of β-sitosterol in methanol extract and essential oil of Vitex 

 
 negundo leaf.     

SL NO Peak Name Retention time Area Height Amount (µg/gm) 

1 β- Sitosterol (methanol extract) 3.059 3478289 398596 425.45 

2 β- Sitosterol (E.Oil) 3.045 1564544 160783 23.42 
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5.3.3. Analysis of polyphenols 

 

An array of polyphenols was detected by HPLC; separation associated with UV detection. 

The HPLC fingerprints showed the appearance of being a collage of thirteen compounds such 

as aspartic acid, gallic acid, dihydroxy benzoic acid, catechin, chlorogenic acid, vanillic acid, 

rutin, transcinnamic acid, ferulic acid, quercetin, apegenin, kaempferol, tannic acid with 

different elution times. 

Figure 5.3.a) demonstrated the chromatogram for polyphenols analysis of methanol extract of 

Vitex leaves and Table 6 revealed the amounts of polyphenols were presented in methanol 

extract. Among the above mentioned compounds, the rutin (480.39 µg/gm) and vanillic acid 

(976.86 µg/gm) were extensively found out in methanol extract. Figure 5.3.b) demonstrated 

the chromatogram for polyphenols analysis of essential oil and Table 5.6. evidently disclosed 

the amounts of polyphenols were presented in essential oil. As compared to essential oil, the 

methanol extract possessed a higher amount of individual polyphenolic compound and which 

leads to exhibit the potential of the methanol extract. Two major polyphenols such as vanillic 

acid (81.87 µg/gm) and trans-cinnamic acid (55.35 µg/gm) were detected in essential oil. 
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Figure 5.3: HPLC chromatograms of polyphenols were detected in a) methanol extract 

and b) essential oil of Vitex negundo leaf. 
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Table 5.6: Quantification of polyphenols in methanol extract of Vitex negundo leaf. 

 

SL NO Peak Name Retention time Area Height Amount (µg/gm) 

1 Aspartic acid 2.957 142228 13685 7.93 

2 Gallic acid 4.543 57473 7994 10.04 

3 Dihydroxy benzoic acid 4.752 78588 6999 87.43 

4 Catechin 5.074 113245 10590 82.77 

5 Chlorogenic acid 5.296 266070 26762 28.20 

6 Vanillic acid 5.571 213456 20861 976.86 

7 Rutin 5.856 158276 13253 480.39 

8 Transcinnamic acid 6.406 208049 13806 66.66 

9 Ferulic acid 6.912 70162 5965 7.02 

10 Quercetin 7.484 64826 4013 95.43 

11 Apegenin 8.617 22583 1775 6.96 

12 Kaempferol 11.432 14965 1420 0.896 

13 Tannic acid 12.274 8812 1149 1.785 

 
 

Table 5.7: Quantification of polyphenols in essential oil of Vitex negundo leaf. 

 

SL NO Peak Name Retention time Area Height Amount (µg/gm) 

1 Aspartic acid 2.993 121392 15916 0.829 

2 Gallic acid 4.615 59887 8584 1.22 

3 Dihydroxy benzoic acid 4.824 94935 8254 1.29 

4 Catechin 5.063 205650 18078 18.39 

5 Chlorogenic acid 5.318 171837 15009 2.23 

6 Vanillic acid 5.595 146223 11837 81.87 

7 Rutin 5.876 85217 8479 0.32 

8 Transcinnamic acid 6.597 141925 10490 55.35 

9 Ferulic acid 6.844 59645 6734 0.73 

10 Quercetin 7.698 36503 2926 6.57 

11 Apegenin 8.801 34787 2685 1.31 

12 Kaempferol 11.411 45572 2761 0.33 

13 Tannic acid 12.226 33111 2788 0.82 
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5.3.4. Analysis of tocopherol 

 

Figure 5.4. revealed the presence of tocopherol in methanol extract and essential oil of Vitex 

negundo leaves. The contents of tocopherol in methanol extract and essential oil were 

obtained to be 414.87 µg/gm and 52.66 µg/lit respectively (shown in table 5.8). Such results 

indicated the presence of higher amounts of tocopherol in methanol extract and lower content 

of tocopherol was recorded in the essential oil. 

Table 5.8: Estimation of   tocopherol   in   methanol   extract   and   essential   oil   of 

 

Vitex negundo leaves. 
 
 

Methanol extract 414.87 ± 1.52 

Essential oil 52.66 ± 2.17 
 

 

 
The results are expressed as µg of α-tocopherol equivalent/gm of methanol extract and 

essential oil of Vitex negundo leaves. Results in table are expressed as mean (±) standard 

deviation of triplicate experiments. 
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Figure 5.4: Reversed phase-high-performance liquid chromatography of tocopherol was 

detected in (a) methanol extract (b) essential oil and (c) standard compound 

of Vitex negundo leaf. 

 

5.4. In-vitro antibacterial activity 

 

5.4.1. Effects of methanol extracts and essential oil on bacteria 

In current research work, the leaf extracts of Vitex negundo exhibited antibacterial activities 

against the four test bacteria commonly cause for urinary tract infection (UTI). Both of the 

extracts showed the growth inhibition zone with a range of 17-27 mm (displayed in Table 
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5.9.). In vitro, antibacterial assay showed that the methanol extract of Vitex leaf formed an 

inhibition zone of 17 ± 0.58 mm, 19 ± 1.0 mm, 23 ± 0.46 mm, 21 ± 0.40 mm against 

Staphylococcus aureus, Enterococcus faecalis and Escherichia coli, Pseudomonas 

aeruginosa strains respectively. Among these four pathogenic strains the Escherichia coli 

revealed the maximum zone of inhibition. 

On the other hand, essential oil of vitex leaf also revealed remarkable antibacterial activities 

with an inhibition zone of 23 ± 0.95 mm, 27 ± 0.82 mm, 22 ± 0.76 mm, 21 ± 0.85 mm against 

Staphylococus aureus, Enterococcus faecalis and Escherichia coli, Pseudomonas aeruginosa 

respectively. Here, the essential oil showed the maximum potential antibacterial activity 

against the Enterococcus faecalis. 

The determination of MIC values (minimum inhibitory concentration) of leaf extracts were 

performed only after getting the significant zone of inhibition.   The obtained MIC potentials 

of leaf extracts were lesser than the MIC potentials of the used reference standard 

(chloramphenicol). The moderate MIC values of methanol extract were found to be 6.75 

mg/mL, 4.16 mg/mL, 1.66 mg/mL and 4.20 mg/mL, against the above mentioned test 

organisms. In case of essential oil, the MIC obtained values were 9.89 mg/mL, 8.79 mg/mL, 

9.90 mg/mL and 12.72 mg/mL respectively (displayed in Table 5.9). 

 

The present study revealed that the methanol extract exhibited the more potential antibacterial 

activities against gram negative bacteria such as Escherichia coli with a value of p < 0.0001 

and whereas the essential oil showed its potential towards the gram positive bacteria such as 

Enterococcus faecalis with a value of p < 0.0001. Table 5.9 represents the zone of inhibitions 

and the obtained MIC values of leaf extracts and chloramphenicol against the four selected 

pathogenic strains. 
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Table 5.9: Antibacterial activity of methanol extract, essential oil of V. negundo leaves 

and Chloramphenicol were assessed against Gram's positive (S. aureus, E. 

faecalis) and Gram's negative (E. coli, P. aeruginosa) bacterial strains. 

 

 

 
 

Bacteria 

Methanol extract Essential oil Chloramphenicol 

Inhibition 

zone 

diameter 

(mm) 

MIC 

Value 

(mg/mL) 

Inhibition 

zone 

diameter 

(mm) 

MIC 

Value 

(mg/mL) 

Inhibition 

zone 

diameter 

(mm) 

MIC 

Value 

(mg/mL) 

Staphylococcus aureus 17 ± 0.58 6.75 23 ± 0.95 9.89 33 ± 0.40 1 

Enterococcus faecalis 19 ± 1.0 4.16 27 ± 0.82 8.79 29 ± 0.25 1 

Escherichia coli 23 ± 0.46 1.66 22 ± 0.76 9.90 36 ± 0.35 1 

Pseudomonas 

aeruginosa 

21 ± 0.40 4.20 21 ± 0.85 12.72 31 ± 0.80 1 

 

The results of inhibition zone diameter are expressed as mm and MIC values are expressed as 

mg/mL. Results in table are expressed as mean (±) standard deviation of three independant 

experiments. ***p < 0.0001 statistically significant in comparison with respective controls. 

5.5. In-vitro anti-inflammatory activity 

 

5.5.1. Effects of methanol extracts and essential oil on viability of RAW macrophage cell 

lines 

In order to assess the effect of cell viability on Raw 264.7 macrophage cell lines, the MTT 

assay was carried out at 24 h with various concentrations (6.25 µg/ml, 12.5 µg/ml, 25 µg/ml, 

50 µg/ml, 75 µg/ml) of methanol extract and essential oil; and ibuprofen (1 µg/ml). 

Figure 5.5.a) showed the percentage of cell viability of methanol extract on RAW 264.7 

macrophages. The results exhibited a slight reduction (16.3% - 24.4%) in cell viability with 

gradual increment of the concentrations. 
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Figure 5.5.b) represented the no obvious cytotoxicity of essential oil on RAW 264.7 cells. 

The figure also displayed the little reduction (13% - 24.4%) in cell viability at different 

concentrations up to 75 µg/ml. In this experiment, the Figure 5.5.a) and 5.5.b) demonstrated 

almost similar cytotoxic effects on RAW 264.7 cells. 

Hence, the concentrations were used on or under 75µg/ml, producing negative effect on cell 

viability and considered as the appropriate concentrations for evaluating the anti- 

inflammatory activity on RAW 264.7 macrophages (Figure 5.5.a) and 5.5.b)). The 

concentration of ibuprofen (1 µg/ml) was used also demonstrating a non-toxic effect on cell 

viability and thus that particular dose warrants for assessing the anti-inflammatory activity on 

RAW 264.7 macrophages. 

 

 

Figure 5.5: Concentration   dependant cell viability of a) methanol extract   and 

 

b) essential oil against RAW macrophage cell line at 24 hours. Ibuprofen 

(1 µg/mL) is showing no cytotoxicity to RAW macrophage cells. The values 

are expressed as the percentage in comparison with the untreated (control) 

cell group and each bar in the graph is represented as mean ± SD (n = 3). 
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5.5.2. Effects of methanol extracts and essential oil on LPS induced inflammatory 

cytokine production 

To investigate the anti-inflammatory activity of Vitex negundo leaf extracts, the ELISA based 

assay was performed on RAW 264.7 macrophage cells. 

The strong inhibitory effects of leaf extracts were found out against two types of pro- 

inflammatory cytokines including IL-1β, IL-6 and reinforcing effects towards the anti- 

inflammatory cytokine such as IL-10. Figure 5.6.a), 5.6.b), 5.6.c) demonstrated the ability of 

methanol extract to restrict the in-vitro release of pro-inflammatory cytokines and enhance 

the release of anti-inflammatory cytokine using lipo-polysaccharide (LPS)-stimulated 

RAW264.7 cells against a range of three different (12.5 µg/ml, 25 µg/ml, 50 µg/ml) effective 

doses. Based upon the effectiveness of methanol extract, the 50 µg/ml dose has been 

considered as a strong significant dose with a value of p < 0.001 for all the biomarkers; when 

the effective dose was compared with LPS induced inflammatory groups. Interestingly, 

somewhere the 50 µg/ml dose exhibited the significant difference and even the stronger anti- 

inflammatory activity, when the 50 µg/ml dose was compared with the positive drug 

ibuprofen (1µg/ml). 

Figure 5.7.a), 5.7.b), 5.7.c) represented the potential of essential oil towards the in-vitro anti- 

inflammatory activity. Afterwards, the anti-inflammatory assay of essential oil revealed 

almost the similar effects on different cytokines; as produced by the methanol extract. The 

three graphs Figure 5.7.a), 5.7.b), 5.7.c) displayed the dose dependant anti-inflammatory 

property of essential oil, where the 50 µg/ml dose was again proved as the most effective 

dose (for all biomarkers; except IL-10) with a value of p < 0.001. Just in one exception, the 

leaf oil exhibited the maximum activity on IL-10 at the 50 µg/ml dose with a statistical 

significance p < 0.01. Result also showed that the bio-activities of essential oil was directly 
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proportional with the effective doses and the 50 µg/ml dose exhibited a significant difference 

in comparison with the positive drug ibuprofen (1 µg/ml). 

In case of extract, interleukin-6 exhibited evidently maximum rate of inhibition whereas in 

case of essential oil interleukin-6 again showed the maximum degree of preventive effects. In 

comparison with essential oil the methanol extract exhibited distinctly higher inhibitory 

activity on RAW cells. Interleukin-6 (IL-6) is conventionally known as a major secreted 

factor and generally secrets in the feedback reaction of cell damage or infection. 

 
 

Figure 5.6. Concentration dependent anti-inflammatory effects of methanol extract of 

V. negundo on RAW 264.7 macrophages. The RAW 264.7 cells were treated 

with leaf extract (12.5 µg/ml, 25 µg/ml and 50 µg/ml) in presence of LPS 

(1µg/ml). The concentrations of a) IL-1β, b) IL-6, c) IL-10 were measured 

in culture media using the booklets were provided with the commercial 

ELISA kits. Results are represented as the mean ± SD of at least triplicates 

of each experiment. * p < 0.05, **p <0.01, and ***p <0.001, statistically 

significant in comparison with control; #p < 0.05, ##p < 0.01, and ###p < 0.001, 

statistically significant in comparison with LPS-induced inflammatory 

groups by one-way ANOVA and followed by bonferroni’s multiple 

comparison test. 
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Figure 5.7. Concentration dependant anti-inflammatory effects of essential oil of V. 

negundo on RAW 264.7 macrophages. The RAW 264.7 cells were treated 

with leaf oil (12.5 µg/ml, 25 µg/ml and 50 µg/ml) in presence of LPS (1 

µg/ml). The concentrations of a) IL-1β, b) IL-6, c) IL-10 were measured in 

culture media using the booklets were provided with the commercial 

ELISA kits. Results are represented as the mean ± SD of at least triplicates 

of each experiment. * p < 0.05, **p <0.01, and ***p <0.001, statistically 

significant in comparison with control; #p < 0.05, ##p < 0.01, and ###p < 0.001, 

statistically significant in comparison with LPS-induced inflammatory 

groups by one-way ANOVA and followed by bonferroni’s multiple 

comparison test. 
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5.6. In-vitro anticancer activity 

 
5.6.1. Effects of methanol extracts and essential oil on viability of human prostate 

cancer (PC3) cell lines 

To investigate the inhibitory effects on cell viability of human prostate cancer cell lines; the 

MTT assay was carried out by exposing the cultured PC3 cells to different doses (6.25 μg/ml, 

12.5 μg/ml, 25 μg/ml, 50 μg/ml, and 75 μg/ml) of the methanol extract and essential oil for 24 

h and 48 h respectively. 

Figure 5.10.a) and 5.10.b) demonstrate the significant preventive effects of methanol extract 

and essential oil on viability of PC3 cells in a concentration dependant manner at 24 h. The 

100 μg/ml dose was determined as the strong significant dose with a value of p < 0.0001 for 

both methanol extract and essential oil respectively. 

Figure 5.12.a) and 5.12.b) clearly indicate the dose dependant significant cytotoxic effects of 

methanol extract and essential oil against PC3 cell lines at 48 h. Here, the 100 μg/ml 

concentration was again considered as the strong effective dose with a value of p < 0.0001 for 

both methanol extract and essential oil respectively. 

The IC50 value of methanol extract was found to be 90 μg/ml and 70 μg/ml at 24 h and 48 h 

respectively. In case of essential oil the IC50 value was observed to be 95 μg/ml at 48 h. 

The dose dependant structural deformities in PC3 cell lines are represented in Figure 11 and 

Figure 13. Here, the result exhibited the stronger anti-proliferative effects of methanol extract 

as compared to the essential oil. The remarkable cytotoxic effects of leaf extracts were 

characterized by the irreversible morphological changes of cells and dissociation from the 

surface of the plate at higher doses. However, these concentrations showed the positive 

effects on cell viability of WI38 cell lines and recommended as favorable doses for assessing 

the cytotoxic activity on PC3 cell (Figure 5.8 and Figure 5.9). 
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Figure 5.8. Concentration-dependent cell viability of (a) methanol extract and (b) 

essential oil against WI38 cell line at 24 h. The values are expressed as the 

percentage in comparison with the untreated (control) cell group and each 

bar in the graph is represented as mean ± SD (n = 3). 

 

 

 

Figure 5.9. Concentration-dependent cell viability of (a) methanol extract and (b) 

essential oil against WI38 cell line at 48 h. The values are expressed as the 

percentage in comparison with the untreated (control) cell group and each 

bar in the graph is represented as mean ± SD (n = 3) 
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Figure 5.10. Concentration-dependent cell viability of (a) methanol extract and (b) 

essential oil against PC3 cell line at 24 h. The PC3 cells were treated with 

leaf extracts (12.5 μg/ml, 25 μg/ml, 50 μg/ml, 75 μg/ml, 100 μg/ml) for 24 

h. Results are represented as the mean ± SD of at least triplicates of each 

experiment. *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001, 

statistically significant in comparison with control groups by one-way 

ANOVA and followed by Bonferroni’s multiple comparison test. 

 

 
Figure 5.11. Concentration-dependent finite deformation effects in cell morphology of 

PC3. After treating with the 12.5 μg/ml, 25 μg/ml, 50 μg/ml, 75 μg/ml, 

100μg/ml of methanol extract and essential oil for 24 h. 

 
 

82 



 

Chapter 5: Results 

 

 

Figure 5.12. Concentration-dependent cell viability of (a) methanol extract and (b) 

essential oil against PC3 cell line at 48 h. The PC3 cells were treated with 

leaf extracts (12.5 μg/ml, 25 μg/ml, 50 μg/ml, 75 μg/ml, 100 μg/ml) for 48 

h. Results are represented as the mean ± SD of at least triplicates of each 

experiment. *p < 0.05, **p < 0.01, ***p < 0.001 and ****p < 0.0001, 

statistically significant in comparison with control groups by one-way 

ANOVA and followed by Bonferroni’s multiple comparison test. 

Figure 5.13. Concentration-dependent finite deformation effects in cell morphology of 

PC3. After treating with the 12.5 μg/ml, 25 μg/ml, 50 μg/ml, 75 μg/ml, 100 

μg/ml of methanol extract and essential oil for 48 h. 
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Chapter 6: Discussion 

 

 

In this study, we followed the microwave-assisted extraction conditions which were 

previously optimized before commencement of the research work. It was observed that this 

research work demonstrated these highly sensitive extraction conditions as certain and robust  

for bringing out the higher amounts of phenolic compounds from the plant cells without 

damaging their bioactivities and using a minimum laboratory set up cost as well. To get the 

maximum yield of essential leaf oil, we also maintained the extraction conditions which were 

also optimized before commencement of the study. Furthermore, we have checked the use of 

different polar solvents as solvents for successful extractions of phenolics and flavonoid 

compounds. And ultimately methanol was selected to make successful the extraction 

procedure. Phenolics and flavonoids both are the most important phyto-constituents that are 

found in our test samples and which are accounted for their role in scavenging potential or 

chelating ability. These phytochemicals are widely known as promising source of natural 

antioxidants and responsible for exhibiting the anticancer, antibacterial, anti-inflammatory 

activities and which leads to project those compounds as an excellent drug candidate for 

pharmaceutical field. 

Plant essential oils are predominantly characterized as the high volatile secondary metabolites 

of plants, sporadic resistance problems; and the essential oils mainly consist of terpenes, 

aromatic compounds and their derivatives. In recent research trends, the essential oils have 

received widespread recognition as the antibacterial, antifungal, antioxidant, insecticidal and 

flavoring agents. It was mentioned in chapter-2 (literature review) that the essential oil plays 

a significant role in prevention of cell proliferation and inflammatory diseases. Some of the 

important components of essential oil such as β-sitosterol, oleic acid, isocaryophyllene, 
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caryophyllene, phytol, citral have been cited for their promising anti-inflammatory and 

chemo-preventive properties. 

Presence of monounsaturated fatty acid like oleic acid facilitates to improve the body 

immune system by successfully eliminating some of pathogens, potentiating the role of 

macrophages, lymphocytes and neutrophils. In addition, it has a contributory role to minimize 

the inflammatory response which ultimately helps to cure or manage various diseases. 

In-vitro antioxidant assays were predominantly executed to build up a direct relationship 

between the degree of scavenging activity and therapeutic applications. To our knowledge, 

the rate of electron transfer of ABTS is much quicker than DPPH; and this kinetic reaction 

makes a subtle difference in mechanism of actions of DPPH and ABTS at antioxidant activity 

level. DPPH radical reaction is worked on the use of very crowded radical whereas the ABTS 

is applicable for low crowded radical. The DPPH radical gets chemically involved with 

polyphenols (catechins, proanthocyanidins), and the highly reactive ABTS gets chemically 

involved with a broader range of antioxidants (Mareček et al., 2017). In addition, the use of 

hydrogen peroxide assay is most significant for the evaluation of radical scavenging abilities 

of phenolic and non-phenolic compounds. Here, the leaf extracts demonstrated a remarkable 

antioxidant potential against the highly reactive species like hydroxyl radical, singlet oxygen, 

non-radical reactive oxygen species. Consequently, the leaf extracts may play an important 

role in mitigating cellular stress which in turn plays a profound role in arresting a wide range 

of onset diseases like cancer and inflammatory disease. 

β-sitosterol is one of the important phytosterols which was identified from our plant extracts. 

β-sitosterol is one of the remarkable component of functional foods and having a crucial role 

in management of inflammatory diseases. Many of the scientific investigations previously 

proved a significant role of β-sitosterol in attenuating topical inflammation and exhibiting its 
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anti-inflmmatory property by interfering with arachidonic acid cascade. Furthermore, due to 

enhancement of antioxidant defense system, reduction in serum cholesterol levels, effectively 

blocking the expression of vascular adhesion molecules (VCAM-1 and ICAM-1); makes β- 

sitosterol a well proven cardio-protective agent. 

Our study revealed that the leaf extracts of Vitex negundo contain a wide array of 

polyphenols (aspartic acid, gallic acid, dihydroxy benzoic acid, catechin, chlorogenic acid, 

vanillic acid, rutin, trans-cinnamic acid, ferulic acid, quercetin, apigenin, kaempferol, and 

tannic acid) was detected by HPLC separation with the distinct elution times. The qualitative 

and quantitative estimation of polyphenols were obtained from the plant extracts would be 

compared against of the chromatograms of each standard compound. Apigenin, catechin, 

rutin are three important phenolic compounds and they are registered to represent for 

significant anti-inflammatory property by modulating the activation of NLRP3 

inflammasome. Anti-inflammatory effect of polyphenols has been already documented and 

action may be exerted notably through regulating the various transcription factors (AP-1, NF- 

𝜅B, and protooncogenes), second messengers (cGMP, cAMP, protein kinases, and calcium), 

enzymes and compounds (iNOS, COX-2), cytokines (IL-1𝛽, TNF-𝛼), neuropeptides, 

proteases which are directly involved in inflammatory reactions. Rutin is known as a 

glycoside of quercetin and widely distributed in plant materials. It is responsible to reduce the 

inflammation by lowering the production of pro-inflammatory cytokines, modulating the 

antioxidant enzyme activities and activation of the mitogen-activated protein kinase cascade. 

Research evidence suggested that the vanillic acid exerts its anti-inflammatory property by 

inhibiting oxidative stress, pro-inflammatory cytokine generation, and NFκB activation in 

rodent inflammation models. Trans-cinnamic acid belongs to the group of styrene and 

recorded for exerting a wide range of therapeutic activities including antioxidant, anti- 

inflammatory and anticancer properties. Predominantly, chronic diseases linked with 
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excessive generation of ROS which leads to a wide spectrum of oxidative stress reactions. 

Many of signalling molecules and peroxiredoxin 2 (PRDX2) are released after protein 

oxidations which eventually initiates the inflammatory reactions. Phenolics are mostly 

appreciated as radical scavenger and received attention for the treatment of several diseases 

including cancer, and neurodegenerative diseases or for use in anti-aging products. 

Furthermore, the flavonoids are pharmacologically potent bioactive compounds which are 

associated with analgesic, anti-inflammatory and antioxidant properties. Hence, phenolics 

and flavonoids provide therapeutic synergism which indicates towards the plant-based 

bioactivity by deactivating the pro-oxidative enzyme promote health status and quality of life 

(Kundu et al., 2020). 

Presence of ample amount of tocopherol in our test samples suggested that the plant is one of 

the most important natural sources of antioxidants.   Furthermore, β-carotene, α-tocopherol 

and ascorbic acid synergistically could prevent the cell proliferation by inhibiting 

phosphorylation of c-Jun N-terminal kinase (JNK), extracellular-signal-regulated protein 

kinase (ERK), activation of mitogen-activated protein kinase signaling cascades; and also by 

stopping up-regulation of total p53 and Bax proteins, phosphorylation of p53 and 

proliferating cellular nuclear antigen proteins in the lungs of mammals. Besides providing the 

antioxidant effects towards the cells it also reduces the chance of pre-neoplastic lung injury as 

well and thus imparted to be a more beneficial chemotherapeutic approach for 

carcinogenesis. In addition, the role of tocopherol on depleting the level of pro-inflammatory 

mediators by modulating the cyclooxygenase pathway has also been well documented (Rhimi 

et al., 2018). 

In this investigation, the Vitex negundo showed a significant antibacterial potential. The 

chemical constituent of methanol extract and essential oil contain monoterpene hydrocarbons 
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and which seems to exhibit its antibacterial activity by disrupting the cytoplasmic cell 

membrane and by encouraging efflux of the cellular potassium ions of microorganisms. 

It has been shown in our research work that the methanol extract and essential oil of leaves of 

Vitex negundo were found to be the richest source of polyphenols. Some of the phenolic acids 

such as gallic, caffeic, and ferulic acids are responsible for their strong growth suppressive 

activity towards the gram positive (S. aureus and E. faecalis) and gram negative bacteria (E. 

coli and P. aeruginosa); and its due to presence and positioning of their hydroxyl group. 

Polyphenols have been extensively investigated for their several potential clinical 

significances including antioxidant, antimicrobial, anti-inflammatory, anticancer properties. 

As compared to other polyphenols, the flavan-3-ols, flavonols, and tannins have been 

recognized for their broad spectrum and powerful antimicrobial activity. Several research 

investigations suggested different modes of actions of polyphenols as antimicrobial agents. 

By counterbalancing bacterial toxins, preventing the formation of biofilm, and decreasing the 

ability of the host receptor binding site; they exhibit their antimicrobial efficacy. 

Furthermore, by promoting the effect of other antibiotics and by acting as reactive species 

scavengers, lipoxygenase inhibitor; polyphenols could reduce the detrimental impact on 

cellular components. From the standpoint of a qualitative research approach, our findings of 

present work are in line with prior empirical work. The comparative analysis of antibacterial 

potential of complex mixture of numerous bioactive compounds of Vitex leaf extracts was 

validated and the work tends to give an indication to the trial drugs as a primordial 

antibacterial agent in near future. 

Here, the research findings also exhibited the significant successful inhibition of IL-6, IL-1β 

and enhanced expression of IL-10 cytokines. IL-6 plays a contributory role to promote 

tumorigenesis and followed by modulating related factors are responsible to form cancer by 
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triggering relevant cell-signaling pathways including JAK/STAT3, Ras/ERK, and PI3 K/Akt 

which induce cell proliferation, invasion, metastasis, and angiogenesis and most evidently the 

metabolism. Thus, the IL-6 dominated cell-signaling might be playing a counter-regulatory 

role independently or in adjuvant therapy for the treatment of chronic diseases. Interleukin-1β 

is widely known as a prototypic pro-inflammatory cytokine and having a crucial role to 

produce acute and chronic inflammation which ultimately may responsible for autoimmune 

disorders. Though IL-1β plays a key role to maintain the homeostatic balance (such as in the 

regulation of feeding, sleep, and temperature) but aberrant production of IL-1β initiates a 

various types of inflammatory diseases including rheumatoid arthritis, neuropathic pain, 

inflammatory bowel disease, osteoarthritis, vascular disease, multiple sclerosis, and 

Alzheimer's disease. In current study the plant extracts showed the evidence of blocking 

effect against IL-1β which suggests the blockade of IL-1β receptor as a potential therapeutic 

strategy for the management of different inflammatory diseases. Interleukin 10 (IL-10) is 

commonly appreciated as a potent anti-inflammatory cytokine and serves a key role in 

regulating host immune response towards the pathogens such as viruses, bacteria, fungi and 

protozoa. Inadequacy or aberrant expression of IL-10 may cause to develop several microbial 

infections and lead to progression of inflammatory bowel disease and numerous autoimmune 

diseases. In this experiment, the plant extracts exhibited the up-regulated expression against 

IL-10. By coordinating the response of pro-inflammatory and anti-inflammatory cytokines, 

IL-10 maintains the immunomodulatory balance in living system and can be considered as a 

therapeutic opportunity (Kundu et al., 2020). 

A significant correlation exists between polyphenols consumption and reduced risk of 

prostate cancer. Here, exposure to polyphenols may regulate the signaling cascades by 

increasing or decreasing some levels of proteins, producing pro-oxidant or antioxidant 

effects, stopping progression of cell cycle and initiating the apoptosis pathway. 
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For instance; apigenin has been found to be growth inhibitor of prostate cancer cells by 

pulling down the potential of mitochondrial membrane and subsequently by producing the 

cytochrome c into cytoplasm, reducing the levels of anti-apoptotic proteins Bcl-2 and Bcl-2- 

extra-large (Bcl-XL) proteins and elevating the level of Bax. Additionally, apigenin plays a 

cardinal role in prevention of prostate cancer by involving TNF-related apoptosis-inducing 

ligand (TRAIL) and death receptor 5 (DR5) (Costea et al., 2019). Ellagic acid is a well 

known natural phenolic compound and our research findings showed that ellagic acid is 

adequately presentd in our research sample and that plays a pivotal role in management of 

prostate cancer (Kundu et al., 2020). By impairing the activity of heme oxygenase system, 

blocking the activity of vascular endothelial growth factor (VEGF) and osteoprotegerin 

(OPG), suppressing the expression of cyclin D1, downregulating the levels of prostate- 

specific antigen (PSA), ellagic acid slows down the progression of metastasis and may induce 

the cell cycle arrest. One of the major metabolites of anthocyanin is protocatechuic acid and 

which is potentially employed for apoptotic cell death in prostate cancer. Through enhanced 

caspase-3 activity, decreased VEGF activity, impared the mitochondrial membrane potential 

and reduced the levels of pro-inflammatory cytokines (IL-6, IL-8), protocatechuic acid 

destroys the prostate cancer cells (Semaming et al., 2015). Here, as the anticancer and 

antibacterial activities were checked on the human prostate cancer cells and the UTI 

pathogens respectively. So, the research findings also correlate the antibacterial, anti- 

inflammatory and anticancer potentials and suggest that the significant reduction of UTI 

pathogens could be helpful to lower the risk factors of subsequent development of prostate 

cancer. Therefore, the research findings justify its traditional use, which develops a future 

substantial value of this plant into the scientific discipline. 
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Chapter 7: Conclusion 

 

This research study also comes up with proofs on the worth of Vitex negundo leaves as an 

excellent source of volatile organic compounds. The results of this scientific study indicate 

that the methanol extract and essential oil of the plant extracts contain substantial amount of 

antioxidants (β-sitosterol, polyphenols and α-tocopherol). Combinedly, β-sitosterol and 

polyphenols can enable the free radical scavenging activities which suggests that the plant is 

a natural source of antioxidants. The methanol extract and essential oil are coupled with 

strong antibacterial activities against UTI causing pathogens including Staphylococcus 

aureus, Enterococcus faecalis and Escherichia coli, Pseudomonas aeruginosa. The data also 

revealed that the methanol extract and essential oil of the plant extracts possess significant 

anti-inflammatory properties. Both of the leaf extracts demonstrated the significant anti- 

inflammatory potentials by preventing the release of IL-1β, IL-6 and enhancing the release of 

IL-10. The key role of obtained phyto-constituents is in alleviation from chronic disorder like 

cancer and inflammation. However, for all these cases, the methanol extract exhibited the 

higher inhibitory potentials than the leaf essential oil. Our results vividly demonstrated that 

the methanol extract is also more active against prostate carcinoma cell lines as compared to 

the essential oil and that suggested the potential use of these extracts as a holistic approach to 

manage the life-threatening diseases including prostate cancer, risk factors for developing 

prostate cancer, bacterial infections and inflammation which are emerging issues in global 

health. Hence, this research work is contemplated as a preliminary analysis that is 

empowering the diverse therapeutic applications and novelty of this endemic species. 

Therefore, further research should be aimed to investigate the mechanism of action of these 

extracts towards its specific targets. Here, only four types of bacterial strains were employed 

for this study but use of more similar bacterial strains should increase the importance of this 

study. Moreover, isolation of the bioactive compounds and the in-vivo experiments data could 

help to reach the study to the more advanced stage. 
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