
 
 

CHEMICAL CHARACTERIZATION AND STUDY OF THE 

ANTHELMINTHIC ACTIVITY OF 

ACMELLA OLERACEA 

 

 

 

 

 

P. B. LALTHANPUII 

 

 

 

 

 

DEPARTMENT OF ZOOLOGY 

MIZORAM UNIVERSITY 



i 
 

CHEMICAL CHARACTERIZATION AND STUDY OF THE ANTHELMINTHIC 

ACTIVITY OF 

ACMELLA OLERACEA 

 

 

 

 

BY 

P. B. LALTHANPUII 

Department of Zoology 

 

 

 

 

 

 

Submitted in partial fulfilment of the requirements for the degree of Doctor of Philosophy 

in Zoology of Mizoram University, Aizawl. 



 

ii 

 

SUPERVISOR’S CERTIFICATE 

 

I certify that the thesis entitled “Chemical characterization and study of the 

anthelminthic activity of Acmella oleracea” submitted to the Mizoram University for 

the award of the degree of Doctor of Philosophy in Zoology Department by P. B. 

Lalthanpuii is a record of research work carried out during the period of 2014 – 2020 

under my guidance and supervision, and that this work has not formed the basis for the 

award of any degree, diploma, associateship, fellowship or other titles in this 

University or any other University or Institution of higher learning. 

 

 

 

 

    

 

        

Signature of Co-Supervisor 

 

 

(Dr K. LALCHHANDAMA) 

Associate Professor & Head 

Department of Zoology 

Pachhunga University College 

Aizawl, Mizoram 

Signature of Supervisor 

 

 

(Dr H. T. LALREMSANGA) 

Associate Professor & Head 

Department of Zoology 

Mizoram University 

Aizawl, Mizoram 



iii 

 

DECLARATION 

 

 

 

I, P. B. Lalthanpuii, hereby declare that the subject matter of this thesis is the 

record of work done by me, that the contents of this thesis did not form the basis of the 

award of any previous degree to me or to the best of my knowledge to anybody else, and 

that the thesis has not been submitted by me for any other University or Institute. 

This is being submitted to Mizoram University for the degree of Doctor of 

Philosophy in the Department of Zoology. 

 

 

  

 

 

Date: December, 2020           

Place: Aizawl 

(P. B. LALTHANPUII) 

Department of Zoology 

Mizoram University 

Aizawl, Mizoram 

 

 

 

 

 

 

 

(Dr K. LALCHHANDAMA) 

Co-Supervisor 

Associate Professor & Head 

Department of Zoology 

Pachhunga University College 

Aizawl, Mizoram 

(Dr H.T. LALREMSANGA) 

Supervisor 

Associate Professor & Head 

Department of Zoology 

Mizoram University 

Aizawl, Mizoram 

               

 



 

iv 

 

CERTIFICATE OF HEAD OF DEPARTMENT 

 

 

This is to certify that miss P. B. Lalthanpuii, PhD Scholar with Registration 

number MZU/PhD/764 of 22.05.2015 has worked on the thesis entitled “Chemical 

characterization and study of the anthelminthic activity of Acmella oleracea”. She 

has fulfilled all the criteria prescribed by the UGC (Minimum standard and procedure 

governing PhD regulation). She has fulfilled the mandatory publication (enclosed 

herewith). She was admitted through an entrance test followed by an interview as per 

Clause 9(i) and (ii) of the UGC regulation, 2009. 

 

 

 

 

 

 

 

 

 

 

 

 (Dr H. T. LALREMSANGA) 

       Head  

                             Department of Zoology 

                                                                                            Mizoram University 

                                                                                              Aizawl, Mizoram 



v 
 

ACKNOWLEDGEMENTS 

 

I am in awe and thank my supervisor Dr. H. T. Lalremsanga, Associate Professor & 

Head, Department of Zoology, Mizoram University, for being such an excellent and 

unruffled supervisor. 

Never have I put myself on a high horse and thought I’d live to not only see but work 

with a legend. I am forever grateful to my co-supervisor Dr. K. Lalchhandama, Head & 

Associate Professor, Department of Zoology, Pachhunga University College, for 

believing in me. 

My parents, P.B. Lalenga and Thangthuami, Ngopa, for everything. 

My labmates, Ngurzampuii Sailo, Zarzokimi and Charles Lalnunfela for their 

instantaneous help, support, hilarity and all those dim-witted advices that occasionally 

hinder my research but always were a driving force to go further. 

All the faculties, staffs and my fellow scholars at the Department of Zoology, Botany 

and Chemistry, Pachhunga University College for their co-operation throughout my 

research.  

All the faculties, staffs and my fellow scholars at the Department of Zoology, Mizoram 

University for their considerate and kind adjustment as per my conveniences.  

Dr. Chawngthanliana, Director and Dr. H. Lalhlenmawia, Head, Department of 

Pharmacy, RIPANS for their consent for an interim training, Dr. R. Lalawmpuii, 

Assistant Professor, Department of Pharmacy for her excellent supervision through my 

training. All the faculties, staffs and scholars of Department of Pharmacy, RIPANS for 

their hospitality.  

Dr. B. Lalruatfela (Atetea), without whom I would have completed my research six 

months earlier. 

 

 

P. B. Lalthanpuii 

 



 

vi 

 

TABLE OF CONTENTS 

       

Page 

Inner cover page        i 

Supervisor’s Certificate       ii 

Declaration of the candidate       iii 

Certificate of Head of Department      iv 

Acknowledgement        v 

Table of contents        vi 

List of tables         vii 

List of figures         viii - xi 

Abbreviations         xii - xiii 

CHAPTER 1   Introduction                        1 - 10 

CHAPTER 2   Review of literature    11 - 23 

CHAPTER 3   Methodology     24 - 44 

CHAPTER 4   Results      45 - 104 

CHAPTER 5   Discussion     105 - 118 

CHAPTER 6   Summary     119 - 126 

References         127 - 160 

Publications  

Biodata of the candidate 

Particulars of the candidate  



 

vii 

 

LIST OF TABLES 

 

         Tables                                             Title 

4.1  Yield of extraction from dried samples of A. oleracea. 

4.2 Phytochemical detection of different extracts of A. oleracea using 

different biochemical tests. 

4.3  Compounds identified from methanol extract of A. oleracea. 

4.4  Compounds identified from chloroform extract of A. oleracea. 

4.5  Compounds identified from hexane extract of A. oleracea. 

4.6  Compound identified from aqueous extract of A. oleracea. 

4.7 In vitro survival test of the cestode, R. echinobothrida upon treatment with 

albendazole, different extracts of A. oleracea and isolated compound. 

4.8 Pearson’s correlation between the different concentrations of different 

treatment media with the time of death of the parasites. 

4.9 Effect of 20 mg/ml of albendazole and different extracts of A. oleracea on 

acid phosphatases of R. echinobothrida. 

4.10 Effect of 20 mg/ml of albendazole and different extracts of A. oleracea on 

alkaline phosphatases of R. echinobothrida. 

 



viii 

 

LIST OF FIGURES 

 

         Figure      Title 

1.1  Photograph of Acmella oleracea. 

4.1 Free radical scavenging activity of butylated hydroxytoluene and different 

extracts of A. oleracea on 2,2-diphenyl-1-picrylhydrazyl (DPPH). 

4.2 IC50 of butylated hydroxytoluene and different extracts of A. oleracea in 

scavenging 2,2-diphenyl-1-picrylhydrazyl (DPPH). 

4.3 Free radical scavenging activity of ascorbic acid and different extracts of 

A. oleracea on hydroxyl radical (OH-). 

4.4 IC50 of ascorbic acid and different extracts of A. oleracea on hydroxyl 

radical (OH-). 

4.5 Total antioxidant activity of different extracts of A. oleracea estimated 

against ascorbic acid. 

4.6 Chromatogram of methanol extract of A. oleracea detected by Gas 

Chromatography Mass Spectrometry (GC-MS). 

4.7 Chromatogram of chloroform extract of A. oleracea detected by Gas 

Chromatography Mass Spectrometry (GC-MS). 

4.8 Chromatogram of hexane extract of A. oleracea detected by Gas 

Chromatography Mass Spectrometry (GC-MS). 

4.9 Chromatogram of aqueous extract of A. oleracea detected by Gas 

Chromatography Mass Spectrometry (GC-MS). 

4.10 Chromatogram of Spilanthol detected by High Performance Liquid 

Chromatography (HPLC). 



ix 

 

4.11 Chromatogram of A. oleracea methanol extract detecting Spilanthol by 

High Performance Liquid Chromatography (HPLC). 

4.12 Chromatogram of A. oleracea hexane extract detecting Spilanthol by High 

Performance Liquid Chromatography (HPLC). 

4.13 Overlay chromatogram of Spilanthol (-), methanol (-) and hexane (-) 

extracts of A. oleracea by High Performance Liquid Chromatography 

(HPLC). 

4.14  Mass spectrum of isolated compound. 

4.15  1H NMR spectra of isolated compound. 

4.16  13C NMR spectra of isolated compound. 

4.17 Effect of different concentrations of incubation medium on the survival of 

cestode R. echinobothrida. 

4.18 Scanning electron micrographs of untreated control cestode R. 

echinobothrida. 

4.19 Scanning electron micrographs of untreated control cestode R. 

echinobothrida. 

4.20 Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of albendazole. 

4.21 Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of albendazole. 

4.22 Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of methanol extract of A. oleracea. 



x 

 

4.23 Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of methanol extract of A. oleracea. 

4.24 Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of chloroform extract of A. oleracea. 

4.25 Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of chloroform extract of A. oleracea. 

4.26 Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of hexane extract of A. oleracea. 

4.27 Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of hexane extract of A. oleracea. 

4.28 Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of aqueous extract of A. oleracea. 

4.29 Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of aqueous extract of A. oleracea. 

4.30 Scanning electron micrographs of cestode R. echinobothrida treated with 

lupeol. 

4.31 Scanning electron micrographs of cestode R. echinobothrida treated with 

lupeol. 

4.32 Light micrographs of histological section of untreated control of R. 

echinobothrida. 

4.33 Light micrographs of histological section of R. echinobothrida treated 

with 20 mg/ml of albendazole. 



xi 

 

4.34 Light micrographs of histological section of R. echinobothrida treated 

with 20 mg/ml of methanol extract of A. oleracea. 

4.35 Light micrographs of histological section of R. echinobothrida treated 

with 20 mg/ml of chloroform extract of A. oleracea. 

4.36 Light micrographs of histological section of R. echinobothrida treated 

with 20 mg/ml of hexane extract of A. oleracea. 

4.37 Light micrographs of histological section of R. echinobothrida treated 

with 20 mg/ml of aqueous extract of A. oleracea. 

4.38 Acid phosphatase activities of control, albendazole and different extracts 

of A. oleracea. 

4.39 Alkaline phosphatase activities of control, albendazole and different 

extracts of A. oleracea. 

4.40 β-tubulin expression of control, albendazole and different extracts of A. 

olercaea. 



xii 

 

ABBREVIATIONS 

 

µg  : Microgram 

µl  : Microliter 

µM  : Micromole 

ALB  : Albendazole 

amu  : Atomic mass unit 

AO  : Acmella oleracea 

AOA  : Acmella oleracea aqueous extract 

AOC  : Acmella oleracea chloroform extract 

AOH  : Acmella oleracea hexane extract 

AOM  : Acmella oleracea methanol extract 

BHT  : Butylated hydroxytoluene 

BSA  : Bovine serum albumin 

BSI  : Botanical Survey of India 

CDRI  : Central Drug Research Institute 

CON  : Control 

Conc  : Concentrated 

CSIR  : Council of Scientific & Industrial Research 

DMSO  : Dimethyl Sulfoxide 

DPPH  : 2,2-diphenyl-1-picrylhydrazyl 

DPX  : Distyrene plasticizer xylene 

ECL  : Enhanced chemiluminescent 



xiii 

 

EDTA  : Ethylenediaminetetraacetic acid 

FeCl3  : Ferric chloride 

g  : Gram 

GC-MS : Gas chromatography mass spectrometry 

h  : Hour 

H2O2  : Hydrogen peroxide 

H2SO4  : Sulfuric acid 

HCl  : Hydrochloric acid 

HPLC  : High performance liquid chromatography 

M  : Mole 

mA  : Milliampere 

mg  : Milligram 

ml  : Milliliter 

mM  : Millimole 

N  : Normality 

NaCl  : Sodium chloride 

NIST  : National Institute of Standards and Technology 

nm  : Nanometer 

NMR  : Nuclear Magnetic Resonance 



1 
 

 

 

 

 

 

 

 

CHAPTER 1 

INTRODUCTION 
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Infection by parasitic helminths, referred to as helminthiasis, is a neglected 

tropical disease estimated to affect about 24% (more than 1.5 billion) of the world’s 

population (WHO, 2019). It is one of the major causes of morbidity, mortality and 

increased disability-adjusted life year (DALY) among vulnerable rural communities 

(Montresor et al., 2017). Four primary helminths such as the whipworm (Trichuris 

trichiura), roundworm (Ascaris lumbricoides) and hookworms (Necator americanus 

and Ancylostoma duodenale) are responsible for severe infections (WHO, 2019). 

Helminth infection is highly prevalent in tropical and sub-tropical countries where 

maximum incidence is seen in underdeveloped countries wherever sanitation is 

neglected (Mitra et al., 2017). The highest numbers of infections are seen in China, 

East Asia, Sub-Saharan Africa and America (De Silva et al., 2003). The prevalence 

is significantly influenced by environmental conditions such as temperature, rainfall, 

humidity, pressure, type of soil, and altitude (Hotez et al., 2008; Dybing et al., 

2013). When the land surface temperature is 38-40°C, hookworm infection is highly 

prevalent and when there is a 5°C drop in temperature, infection by A. lumbricoides 

and T. trichiura become more prevalent with decrease prevalence of hookworm 

infection (Brooker et al., 2004). Beside these, traditional culinary practices and 

ignorance play crucial role in the incidence and prevalence of these parasitic diseases 

(Kamga et al., 2011).  

Numerous drugs are available for the treatment of helminthiasis including 

benzimidazoles (albendazole, mebendazole, fenbendazole, abamectin and 

oxfendazole), macrocyclic lactones (ivermectin, moxidectin, doramectin, 

eprinomectin), piperazines (diethylcarbamazine), levamisoles (pyrantel, morantel), 

paraherquamides (marcfortine A and paraherquamide A), amino acetonitrile 
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derivatives, imidazothiazoles, tetrahydro pyrimidines and spiroindoles (Idris et al., 

2018; Morgan et al., 2019). Benzimidazoles are usually selected for the treatment of 

nematodes and trematodes and occasionally for cestodes as they are less effective. 

They bind to β tubulin inhibiting the dimerization of monomeric α and β subunits 

thereby preventing the polymerization of the microtubule. Cellular transport and 

metabolism of energy are inhibited leading to the depletion of energy which further 

leads to paralysis and eventual death of the parasites (Wang et al., 2019; 

Lalchhandama, 2010). Macrocyclic lactones are specific for nematodes in which the 

glutamate-gated chloride channels are opened leading to an influx of chloride ions. 

This leads to paralysis of the pharynx, uterine muscles and the body wall which, on 

prolong exposure, leads to death of the worms (Osborne et al., 2019; Kohler, 2001). 

Piperazines act through GABA-gated chloride channels where the neuromuscular 

transmissions are blocked leading to flaccid paralysis of roundworms and pinworms 

(Banerjee and Dey, 2019). Levamisoles bind to nicotinic acetylcholine receptor 

which depolarizes the muscles and paralyzes the nematodes (Wolstenholme, 2011). 

Paraherquamides block cholinergic neuromuscular transmission and are nicotinic 

cholinergic antagonists. They induce flaccid paralysis in nematodes and aid in their 

removal from an infected host (Zinser et al., 2002). Aminoacetonitrile derivatives 

are specific for nematodes where they bind to mptl-1 channel and cause an 

uncontrolled influx of ions which further leads to the depolarization of muscle cells 

thereby causing irreversible paralysis of the worms (Karmisky et al., 2008). 

Imidazothiazoles bind to nicotinic acetylcholine receptors of nematodes where the 

ganglion-like structures in somatic muscle cells are stimulated. This stimulation 

leads to sustained muscle contraction and paralysis (Abongwa et al., 2017). 
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Tetrahydropyrimidines are nicotinic acetylcholine (ACh) receptors agonist at 

synaptic and extra synaptic on muscle cells of nematodes. They depolarize the 

membrane and increase muscle conductance allowing an influx of Na+ and K+ ions 

leading to paralysis of the worms (Gokbulut and McKellar, 2018). Spiroindoles are 

antagonists of B-subtype nicotinic acetylcholine receptors located at the nematode 

neuromuscular junction. They inhibit 45-pS channels causing flaccid paralysis of 

nematodes (Little et al., 2011). 

Even though the current anthelminthic drugs are effective and prevent many 

of the so-caused diseases, resistance has been reported from different parts of the 

world (Albonico et al., 2004). Resistance is reported for different classes of narrow 

and broad-spectrum anthelminthic drugs which pose serious threats to livestock and 

humans (James et al., 2009). There are certain factors which contribute to the 

emergence of resistance such as high frequency of treatment with the same drug, low 

refugia population at the time of treatment and treatment with an incorrect dose of 

the drug that is unable to eliminate the worm. Resistance is developed by change and 

amplification of target genes, change in the metabolism and distribution of the drugs 

in the body of the target organism (Tasew, 2015). To address the emergent resistance 

of the currently available anthelminthic drugs by the parasites, there is an urgent 

need for the discovery and development of new anthelminthic drugs (Benavides et 

al., 2017). Therefore, the development of both synthetic and plant-derived drugs for 

the treatment of helminthiasis is a promising research aspect that must be 

undertaken. 

  



5 
 

About the plant: 

Acmella oleracea (L.) R.K. Jansen (AO) (Figure 1.1), is considered to 

originate from Peru and is an important native plant of the Amazon (Abeysiri et al., 

2013). The plant has been known to be exported from the Amazon to tropical and 

sub-tropical countries such as India, Africa, Borneo, America, Sri Lanka, and 

Southeast Asia (da Silva Borges et al., 2015; da Silva et al., 2016). In different parts 

of the world, it bears common names such as toothache plant, paracress, electric 

daisy, ting flower and eyeball (Sahu et al., 2011). In Mizoram, the Mizo people 

called it “Ankasa” or “Ansapui” (Lalfakzuala et al., 2007). 

AO is a polliniferous, flowering and annual or perennial herb in some 

regions. It is sown in April and May and attains maturity in 4-5 months. It is 

sensitive to frost and flourishes well in clayey soil; mostly in low open spaces and 

occasionally ascends to an altitude of 1200 metres (Gilbert and Favoreto, 2010). The 

mature plant is usually 20-60 cm tall and the stems are usually cylindrical, 

moderately malleable and decumbent to ascending. The leaves are simple, ovate to 

deltoid with broad obtuse base, truncate to slightly cordate with uneven edges 

(Abeysinghe et al., 2014). Capitula is cylindric and discoid more than 1 cm wide, 

involucral bracts are 15-18 and triseriate and the mature achenes are without evident 

cork-like margins. The flower or inflorescence is yellow, domed-shaped with tightly 

arranged sepals surrounded by minute petals. The somatic chromosome number is 2n 

= 52 (Chung et al., 2008). It is most abundant during summer with a density of 12.3 

and importance value index (IVI) is found to be highest (31.9) during winter 

(Lalmuanpuii et al., 2017).  
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Systematic position:  

The systematic classification of Acmella oleracea is as follow (Jansen in 

GBIF Secretariat., 2017): 

 Kingdom: Plantae 

    Phylum: Tracheophyta 

        Class: Magnoliopsida 

            Order: Asterales 

               Family: Asteraceae 

                   Genus: Acmella 

                      Species: oleracea 

  Binomial name: Acmella oleracea  

Medicinal uses:  

AO is known to have diverse therapeutic uses in different parts of the world. 

Among the several practices, its use as an analgesic and anaesthesia in toothache and 

gum infections is believed to be effective and common (Crouch et al., 2005; 

Prachayasittikul et al., 2013). A decoction of the aerial parts of the plant is taken for 

diuresis and is believed to be able to resolve stones in the urinary bladder, whereas a 

decoction of the roots is used as a purgative and as an antiemetic (Hind and Biggs, 

2003; Ratnasooriya et al., 2004; Sahu et al., 2011). It is also used as a defensive 

medicine for scurvy and stimulant for digestion (Sahu et al., 2011).  

https://www.gbif.org/species/6135765
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The leaves are used as immunomodulatory, adaptogenic, toothpaste, 

lithotriptic, antiscorbutic and ailagogine (Savadi et al., 2010). It is used as an 

aphrodisiac in India, while in Chinese culture; it is commonly used as an appetizer 

(Sahu et al., 2011). It is also used for the treatment of athlete’s foot and various skin 

diseases such as ringworm, fungal infection and nail infection (Joseph et al., 2013). 

The whole plant is consumed for the treatment of dysentery, rheumatism, toothache, 

stomatitis, flu, cough, rabies, tuberculosis, and throat complaints. It is also known to 

have antipyretic, anti-obesity, antimicrobial, antimalarial, analgesic and antioxidant 

properties (Haw et al., 2003; Ekanem et al., 2007; Phrutivorapongkul et al., 2008; 

Franca et al., 2016; Neves et al., 2018,). It is also effective against protozoans and 

thus is used for the treatment of malaria. The flower and roots are used to treat 

scabies, psoriasis and periodontosis (Jayaweera, 1981; Pandey et al., 2007; Srinath 

and Laksmi, 2014). The flower is often used to paralyze tongue and is used to treat 

stammering in children. It is also used as mouthwash, muscle relaxant and for 

reduction and repair of wrinkles (Shimada and Gomi, 1995).  

Phytochemicals:  

Phytochemicals are secondary metabolites and the by-products of primary 

metabolism in plants. They are often classified based on their chemical structure, 

solubility, composition or the pathway by which they are synthesized (Bruneton, 

1999). They may also be divided into three groups such as terpenes, synthesized 

through mevalonate pathway and mevalonate-independent pathway having mainly 

carbon and hydrogen; phenols, made from simple sugars containing benzene rings, 

hydrogen and oxygen, and nitrogen-containing compounds which also contain 
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sulphuric parts (Kennedy et al., 2011). Some of the common phytochemicals include 

alkaloids, flavonoids, phytosterols, tannins, saponins, reducing sugars, glycosides, 

carbohydrates, proteins, and amino acids. These phytochemicals are not necessary 

for growth, survival, reproduction and other metabolic activities of the plants but are 

important for defence against pathogens, viruses, bacteria, etc. They are synthesized 

by specialized cells in different developmental stages in response to environmental 

stimuli (Leitzmann, 2016).  

Since the production of phytochemicals is known to be influenced by 

environmental conditions, the type of phytochemicals produced by plants of the 

same species may also vary in different regions (Abeysinghe et al., 2014). These 

phytochemicals are important for human beings as they serve as valuable food 

source (nutraceutical), powerful antioxidant, raw material for cosmetic and 

agricultural industries and potent bioactive compounds for pharmaceutical industries 

(Varzakas et al., 2016). Phytochemicals also serve as a good source of anthelminthic 

as most of the anthelminthic drugs are derived from plants (Idris et al., 2019). 

Besides this, about 25% of drugs in clinical use are derived from different kinds of 

plants (Rates, 2001).  
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Therefore, considering what has been mentioned, this research was 

undertaken to discover the potential of Acmella oleracea for the treatment of 

helminthiasis upon the following objectives: 

1) Phytochemical characterization of Acmella oleracea. 

2) To study the in vitro antioxidant status of Acmella oleracea. 

3) To study the in vitro anthelminthic activity of Acmella oleracea on 

helminth parasites of fowl.   
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Figure 1.1: Photograph of Acmella oleracea. 
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CHAPTER 2 

REVIEW OF LITERATURE 
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Medicinal plants serve as an alternative treatment for various diseases 

including soil-transmitted helminthiasis, particularly where there is no access to 

contemporary drugs (Patil et al., 2019). They remain an imperative medication 

among the poor community especially in remote areas where there is an abundant 

variety of plants with potent anthelminthic activity. Numerous plants were studied 

based on traditional knowledge and practices of many cultures from different 

regions. Many plants were examined and confirmed to be effective against 

helminths, some of which were found to be comparable with commonly available 

standard drugs (Sofowora et al., 2013). However, scientific validation of the 

activities of various plants is far from being attained. From these plants, the active 

portion of different extracts were selected, and bioactive compounds were further 

isolated. Various compounds isolated from plants were identified, tested and 

compared with the activity of reference drugs (Sasidharan et al., 2011).  

Reports indicated that several traditionally known anthelminthic plants were 

tested on different parasites such as Raillietina echinobothrida, R. tetragona, 

Ascaridia galli, Ascaris suum, Gastrothylax crumenifer, Fasciolopsis buskii, 

Hymenolepis diminuta, Syphacia obvelata, Teladorsagia circumcincta, Haemonchus 

contortus and Trichostrongylus colubriformis (Sunita et al., 2017; Mali and Mehta, 

2008). Experimental evidences suggested that tannin-rich plants were usually known 

to have anthelminthic properties. Besides, the presence of fundamental 

phytochemicals such as flavonoid, saponins and polyphenols were mostly attributed 

with the anthelminthic activity (Kalmobe et al., 2017).  
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Flemingia vestita is a perennial herb used by the Khasi tribes of North 

Eastern India for the treatment of various helminth infections. The evaluation of the 

efficacy of the root tuber extract in an in vitro experiment led to paralysis and 

increasing concentration dependent death of the parasites which evidently validates 

the traditional use of the plant as anthelminthic. However, the onset of the activity 

was observed earlier in cestodes and trematodes and a while later in nematodes. 

Electron microscopy also showed that the extract caused severe alterations in the 

morphology of the worms such as indecorous folding of the teguments and 

detachment of the microtriches. Further analysis of the active fraction and 

purification of bioactive compounds showed the presence of isoflavones such as 

genistein, daidzein, formononetin and pseudobaptigenin which exhibited excellent 

anthelminthic activity. These compounds were established to be responsible for the 

significant decline in the activity of enzymes such as 5’-nucleotidase (5’-Nu), Acid 

phosphatase (AcPase), adenosine triphosphatase (ATPase) and alkaline phosphatase 

(AlkPase) which are responsible for the uptake of nutrients in the teguments of 

cestode parasites (Pal and Tandon, 1998; Tandon et al., 1997; Kar and Tandon, 

2004). 

A sesquiterpene lactone artemisinin isolated from a Chinese medicinal herb, 

Artemisia annua indicated distinct antimalarial activity which upon treatment 

eliminated plasmodium parasites from blood. A. annua remains treasured for its 

various therapeutic activities (Graham et al., 2019). Artemisinin derivatives such as 

artesunate, arteether, artemether, artemotil and artemether dihydroartemisinin were 

also established to be effective against plasmodium parasites. Beside the antimalarial 

activity, artemisinin and all other derivatives were all potent anthelminthic. 
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Artemisinin has been tested against different trematode parasites such as 

Schistosoma japonicum, S. mansoni, S. haematobium, Clonorchis sinensis, Fasciola 

hepatica, and Opisthorchis viverrini where excellent anthelminthic activity was 

observed (Lam et al., 2018; Khalid et al., 2019). Comparable effects were also noted 

on human blood fluke F. gigantica and giant fluke S. mekongi. Anticestodal activity 

was also observed on R. echinobothrida and R. tetragona where irregular folding and 

erosion of the tegument was observed. The suckers were damaged and the tissues 

and eggs in the proglottid were clumped indicating severe impairment 

(Lalchhandama, 2015). Concentration dependent death of the parasites was also 

observed on fowl nematode A. galli although the effects were seen a while later than 

on cestode and trematode (Lalchhandama, 2017). 

Cysteine proteinases were known to have anthelminthic activity against 

gastrointestinal nematodes where the proteolytic enzymes digest the cuticle of the 

worms. Ficin isolated from Ficus sp., and bromelain from Ananas comosus were 

reported to be the active principle of anthelminthic activity apparently by proteolytic 

digestion in A. suum and T. trichiura (Stepek et al., 2004). Papain and chymopapain 

from Carica papaya also caused severe damage in the cuticle of Heligmosomoides 

polygyrus, Protospirura muricola and equine cestode Anoplocephala perfoliata 

(Stepek et al., 2007; Mansur et al., 2016). Actinidain isolated from Actinidia 

deliciosa and bromelain from Ananas comosus had damaging effect on H. bakeri 

(Luoga et al., 2015). Chymopapain, caricain, glycyl endopeptidase and papain from 

A. comosus were also effective against mouse cestode H. microstoma and rat cestode 

H. diminuta (Mansur et al., 2014). The alcohol extracts of Fumaria parviflora 
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(Papaveraceae), the fruit of Embelia ribes (Myrsinaceae) and the seeds of A. indica 

(Meliaceae), Caesalpinia crista (Caesalpiniaceae) and Vernonia anthelmintica 

(Asteraceae) exhibited anthelmintic efficacy comparable to pyrantel tartrate. Similar 

anthelminthic activities were seen in male and female H. polygyrus when treated 

with extracts containing cysteine proteinases from pineapple, papaya, kiwi fruit, fig 

and Egyptian milkweed, however, the activity was found to be lowest in the kiwi 

fruit extract (Salas et al., 2008). 

Curcumin extracted from Curcuma longa and ginger extracts exhibited 

anthelminthic activity against fowl nematode A. galli. In vitro and in vivo 

experiments showed that there was concentration and time dependent death of the 

worms (Bazh and Bahi, 2013). Colchicine extracted from dried seeds of Colchicum 

autumnale prevented polymerisation of tubulin. However, there was no significant 

morphological difference in control and treated polymerized tubulin of A. galli, but 

the length was much shorter in the treated tubulin (Dawson et al., 1984). Ascaridole, 

a bicyclic monoterpene isolated from the oil of Chenopodium sp. was reported to be 

effective for hookworm. It has been used extensively for the removal of intestinal 

helminths in human, chicken, dogs, cats, horses, goats and sheep (Wink, 2012). 

Arocus calamus is a perennial plant used for many therapeutic purposes including 

the treatment for parasitic worms. Experiments on cestode H. diminuta showed that 

alcoholic extracts of aromatic rhizome caused 62.30% reduction of eggs per gram 

count and 83.25% reduction in worm count of faecal matter. The isolated phenyl 

propanoid β-asarone also caused 79% and 92% reduction of eggs per gram count and 

worm reductions respectively in faecal matter (Nath et al., 2016). Phloroglucinol 
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compounds such as filicinic acid and aspidins isolated from Dryopteris ferns and 

Kosin and protokosin isolated from Hagenia abyssinica were reported to possess 

anthelmintic activity (Singh and Bharate, 2006).  

Tribulosin and β-sitosterol-D-glucoside isolated from Tribulus terrestris 

Linn. revealed anthelminthic action with ED50 values of 76.25 μg/ml and 82.50 

μg/ml respectively (Deepak et al., 2002). Three major compounds such as piperine, 

piperlonguminine and N-isobutyl deca-trans-2-trans-4-dienamide isolated from 

alcohol extract of Piper sylvaticum exhibited anthelminthic activity both in in vitro 

and in silico studies (Paul et al., 2018). Alcoholic extract of the aerial part of 

Macleaya microcarpa (Maxim) Fedde exhibited antiparasitic activity when tested on 

Dactylogyrus intermedius, the common parasite of Carassius auratus (goldfish). 

Alkaloids isolated from the alcoholic fractions such as sanguinarine, cryptopine, β-

allocryptopine, protopine and 6-methoxyl-dihydro-chelerythrine were attributed to 

this activity (Wang et al., 2010). Crude methanol extract of Cinnamomum cassia 

bark compounds derived from plants such as rutin, mangiferin, β-sitosterol and 

quercetin inhibited hatching of eggs and larval development of sheep nematodes 

(Giovanelli et al., 2018). Rutin isolated from ethanol extract of the leaves of 

Nicotiana tabacum showed significant anthelminthic and larvicidal activity which is 

comparable to piperazine (Dubey et al., 2013). Acetogenin isolated from the ethanol 

extract of Annona squamosa seeds repressed hatching of the eggs of H. contortus, 

the most important nematode of sheep and goats (Souza et al., 2008). Isoflavones 

present in the dichloromethane extract of Millettia thonningii (Leguminosae) seeds 

such as dimethylalpinumisoflavone, alpinum isoflavone and robustic acids exhibited 
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schistosomicidal activity against cercariae and miracidia of schistosomes (Lyddiard 

and Whitfield, 2001). 

Crude saponin extracted from n-butanol fraction of alcohol extract from 

aerial parts of Teucrium stocksianum and Achillea wilhelmsii showed anthelminthic 

activity against nematode A. galli and cestode R. spiralis (Ali et al., 2011). α-

Viniferin and resveratrol isolated from Carex baccans caused flaccid paralysis of R. 

echinobothrida and induced significant reduction or inhibition of neurotransmitter, 

acetylcholine esterase and its related enzyme nitric oxide synthase (Giri and Roy, 

2015). Luteolin and (3R, 6R)-linalool oxide acetate isolated from Ajania nubigena 

exhibited in vitro and in vivo anthelminthic activity against T. muris and S. mansoni. 

These compounds caused significant damage in the tegument, bacillary glands, 

bacillary bands and the cuticle of the treated worms (Wangchuk et al., 2016). 

Perillaldehyde and monoterpenes such as carvacrol, geraniol, citronellol, 

cuminaldehyde and citral from Perilla frutescens showed larvicidal activity against 

nematode Anisakis simplex (Hierro et al., 2004). 3-O-Acetyl aleuritolic acid isolated 

from Discoglypremna caloneura (Euphorbiaceae) and polycarpol and polyveoline 

from Polyalthia suaveolens (Annonaceae) exhibited inhibition or reduction of 

motility and viability of adult Onchocerca gutturosa (Nyasse et al., 2006).  

The aqueous extract of Mangifera indica L. showed concentration dependent 

increase inhibition of Strongyloides stercoralis larval development. A 100% growth 

inhibition of larvae was seen at 100 mg/ml (El-Sherbini and Osman, 2013). Alcohol 

extracts of Solanum torvum Swartz, A. squamosa L., Andrographis paniculata 

(Burm.f.) Wall. ex Nees., Anisomeles malabarica (L.) R. Br., and Datura metel L., 
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were found to inhibit hatching of eggs and development of H. contortus larvae 

(Kamaraj et al., 2011). Ethanol extracts of the widely used African medicinal plants 

such as Punica granatum, Clausena anisata and Zanthoxylum zanthoxyloides 

inhibited migration of A. suum larvae. The EC50 of the extracts were found to be 164, 

74 and 97µg/ml respectively (Williams et al., 2016). The alcohol extracts of 

commonly used traditional plants such as Sclerocarya birrea (A. Rich) Hochst, 

Hibiscus asper Hook f, Lannea kerstingii Engl. & K. Krause, Aframomum, 

alboviolaceum (Ridely) K. Schum., Pseudocedrela kotschyi (Schweinf.) Harms 

Pericopsis laxiflora (Benth) van Meeuwen, Securidaca longepedunculata Fres., 

Alchornea cordifolia (Schum. & Thonn.) Müll. Arg., Ampelocissus grantii (Lour) 

Merrill, Anthostema senegalense A. Juss, Ficus vallis-choudae Del. and Vitellaria 

paradoxa C. F. Gaertn were found to possess nematocidal activity against H. 

contortus. The highest activity was observed for the extract of S. birrea (A. Rich) 

Hochst where the LC100 was found to be 0.00546 mg/ml which is comparable to 

standard fenbendazole (Kone et al., 2008). The acetone extract of the leaves of 

Gliricidia sepium inhibited the egg hatching of nematode Cooperia punctata, one of 

the common nematodes of cattle. The active compound responsible for the reduction 

of parasite larvae in the pastures and inhibition of egg hatching was reported to be 

2H-chromen-2-one (Fernex et al., 2017). 

Picrolemma sprucei Hook. f. (syn. P. pseudocoffea Ducke), an important 

medicinal shrub of the Amazon was reported to be a potent anthelminthic. The 

ethanol and aqueous extracts exhibited distinct nematocidal against larvae of 

gastrointestinal nematode of ruminants and cattle, H. contortus. Two quassinoid 
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compounds isobrucein B and neosergeolide presumed to be responsible for the 

anthelminthic activity were isolated. The isolated compounds showed larvicidal 

activity comparable to standard anthelminthic drug levamisole (Nunomura et al., 

2006). Other quassinoids such as 15 b-O-acetyl-14-hydroxyklaineanone, 14,15 b-

dihydroxyklaineanone, longilactone, 11-dehydroklaineanone, dehydrolongilactone 

and 15β- dihydroxyklaineanone isolated from the leaves of Eurycoma longifolia Jack 

showed plasmodicidal and antischistosomal activities (Jiwajinda et al., 2002). 

Alcohol extract of Andira anthelmia (Leguminosae) roots showed anthelminthic 

activity against pinworm of mouse, Aspiculuris tetraptera. Bioactive guided 

isolation led to purification of isoflavones such as biochanin A, genistein, catechin, 

biochanin A 7- O - β -D-apiofuranosyl (1 → 5) - β -D-apiofuranosyl (1 → 6) - β -D-

glucopyranoside and biochanine A 7- O - β -D-glucopyranoside and A 7- O - α -L-

rhamnopyranosyl- (1 → 6) - β D-glucopyranoside. The total worm burden of A. 

tetraptera pinworms was greatly reduced upon treatment with the isolated 

isoflavones (Silva et al., 2008). Ethanol extract of pumpkin (Cucurbita pepo) seeds 

showed anthelminthic activity against A. galli both in vitro and in vivo. Extracts at 

different concentrations showed comparable activities with standard fenbendazole. 

However, for aqueous extract of pomegranate (Punica granatum), anthelminthic 

efficacy was observed only at higher doses on A. galli (Aziz et al., 2018).  

Extracts of Lotus corniculatus, L. pedunculatus and Onobrychis viciifolia 

inhibited feeding behaviour and delayed the exsheathment of first stage larvae of 

Ostertagia ostertagi and Cooperia oncophora. Condensed tannin prodelphinidin is 

presumed to be responsible for the larvicidal activity (Novobilsky et al., 2011). 
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Condensed tannins also caused reduction of the eggs of adult goat nematode H. 

contortus (Paolini et al., 2003). Ethanol extracts of Tephrosia vogelii (Fabaceae) 

inhibited the hatching of Oesophagostomum sp., Trichostrongylus sp. and 

Haemonchus sp. eggs. Triterpenoids and rotenoids such as tephrosin, 12a-hydroxy-

α-toxicarol and deguelin were the major compounds isolated from the active 

fractions (Antonio et al., 2019). Hexane, ethyl acetate and methanol extracts of 

Berlina grandiflora showed distinct anthelminthic activity. Among the three 

extracts, ethyl acetate extract was found to be the most active extract supposed to be 

attributable to the presence of betulinic acid (Enwerem et al., 2001). Bioactive 

compounds isolated from the alcohol extract of Apium graveolens seeds such as 

senkyunolide-J, sedanolide and senkyunolide-N caused mortality of nematode 

Panagrellus redivivus (Momin and Nair, 2001). Benzoquinones and anthraquinones 

isolated from Rumex sp. were potent anthelminthic (Midiwo et al., 2002). Four 

abietane-type terpenoids such as 6,7-dehydroxyleanone, 9,10-didydro-7,8-dimethyl-

2-(1-methylethyl) phenanthren-3-ol, 7,8-dimethyl-2-(1-methylethyl) phenanthren-3-

ol and 7α-acetoxyroyleanone isolated from the ethyl acetate extract of dried roots of 

Salvia hydrangea showed anthelminthic and antiprotozoal activity against 

Plasmodium falciparum (Sairafianpour et al., 2003). Three polyphenolic compounds 

kaempferitrin, protocatechuic acid and sutchuenoside A isolated from the methanol 

extract of dried rhizomes of Dryopteris crassirhizoma showed anthelminthic activity 

against Dactylogyrus intermedius (Jiang et al., 2013). 

Eryngial isolated from Eryngium foetidum exhibited nematocidal activity 

comparable to ivermectin (Forbes et al., 2014). Aporphine from Nelumbo nucifera 
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showed anthelminthic activity on both cestode and nematode (Lin et al., 2014), 

anthelmintic properties of Plumbagin from species of Plumbago has also been 

demonstrated (Lorsuwannarat et al., 2013, 2014). Antiprotozoal, nematocidal and 

antifungal activities of isolated azadirachtins from A. indica was observed (Habila et 

al., 2011; Sharma et al., 2003).  Geraniol from Cymbopogon martinii and oleononic 

and oleonolic acids from Lantana camara showed strong nematocidal effects 

(Kumaran et al., 2003; Misra et al., 2007). Alcohol extracts of Inula helenium, 

Albizzia lebbek and Artemisia santonica were established to efficiently kill both the 

larvae and eggs of Ascaris lumbricoides (El Garhy and Mahmoud, 2002). Extracts of 

Jatropha carcus, Euphorbia royleana and Mirazid purified from myrrh, an oleo-gum 

resin showed significant mortality against adult S. mansoni (Abdel-Hamid, 2003; 

Hassan et al., 2003; Massoud et al., 2005). Extracts of A. sieversiana, A. parviflora, 

Annona senegalensis, A. leiocarpus, Lippia rugosa, Vernonia tonoreana, 

Stereospermum kunthianum, Caesalpinia crista, Schinus molle, Cissus 

quadrangularis, Chenopodium album inhibited hatching of eggs and caused 

significant mortality of adult H. contortus (Irum et al., 2017; Monglo et al., 2006; 

Jabbar et al., 2007; Zenebe et al., 2017). Ethanol extracts of Senna occidentalis and 

Gastrothylax crumenifer were effective against H. diminuta (Kundu et al., 2015; 

Rajesh et al., 2017). Alcohol extract of fruit pulp of Citrullus colocynthis was active 

against an amphistome, Orthocoelium scoliocoelium (Swarnakar et al., 2014). 

Alcohol extracts of Albizia anthelmintica and Balanites aegyptiaca were 

effective against Fasciola gigantica of goats (Koko et al., 2000). Extracts of Nauclea 

latifolia, Piliostigma thonningiim and Ocimum gratissimum showed distinct 
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anthelminthic activity against nematodes such as A. suum, H. contortus and O. 

volvulus with lethal activity like piperazine (Fakae et al., 2000). Extracts of Vernonia 

amygdalina, Cassia occidentalis, Amorphophallus campanulatus, Euphorbia hirta, 

Anogeissus leiocarpus, Evodia rutaecarpa, P. thonningi, A. indica, Vernonia 

anthelmintica, Viola odorata and Lippia sidoides exhibited distinct anthelminthic 

activity against nematodes (Adedapo et al., 2005; Agaie and Onyeyili, 2007; 

Hördegen et al., 2006;  Chandrawathani et al., 2006; Al-Rofaai et al., 2012; Iqbal et 

al., 2006; Colgrave et al., 2008; Camurça-Vasconcelos et al., 2008). Extracts of 

Streblus asper, Centella asiatica and Acacia auriculiformis were reported to be 

effective against Brugia malayi and microfilaria of Litomosoides carinii and Setaria 

cervi (Batra et al., 1992; Nazneen et al., 1989; Singh et al., 1994; Sarkar et al., 1998; 

Chakraborty et al., 1995; Mohamoud and El Alfy, 2003). Ayurvedic plants such as 

Butea monosperma, E. ribes and Roltleris tinctoria were reported to have deleterious 

effect on trematode (Prashanth et al., 2001). Mimusops elengi stem bark was equally 

effective to that of piperazine citrate on A. galli (Mali et al., 2007; Mali and Mehta, 

2008). 

Some plants from the southern part of France such as Fraxinus excelsior, 

Castanea sativa, Rubus fructicosus, Corylus avellana, Pinus sylvestris, Erica 

erigena, Sarothamnus scoparius and Quercus robur inhibited larval migration and 

motility of adult nematodes such as Trichostrongylus colubriformis, H. contortus 

and Teladorsagia circumcincta (Hoste et al., 2009). The leaf extract of Lasia spinosa 

was found to be effective for the different stages of T. spiralis (Yadav and 

Temjenmongla, 2012). Ethanol and water extracts of Secamone africana and 
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Vernonia amygdalina also showed significant anthelminthic efficacy against A. suum 

(Nalule et al., 2013). Crude ethanol extract of Cassia occidentalis, C. alata and C. 

angustifolia were effective against Heterakis gallinarum, R. tetragona and 

Catatropis sp. (Kundu et al., 2014).  

Of the Mizo traditional anthelminthic plants, the extract of M. pachycarpa 

root bark indicated strong cestocidal activity against R. echinobothrida and R. 

tetragona and less effective for nematode (Lalchhandama et al., 2008; 2011); A. 

oxyphylla stem bark was shown to be effective against both R. echinobothrida, R. 

tetragona (Roy et al., 2007; Lalchhandama et al., 2009) and A. galli (Lalchhandama, 

2008). A. pennata was significantly cestocidal (Lalchhandama, 2013). Besides, 

whole plant of C. asiatica, stem bark and leaf of Schima wallichi, shoot extract of 

Alpinia brateata, stem bark of Juglans regia, leaf of C. sativa and Chenopodium 

ambrosioides, leaf of Clerodendrum colebrookianum, fruit extracts of Garcinia 

lancacafolia and E. ribes were used for the treatment of intestinal worm infections 

(Lalramnghinglova and Jha, 1999; Lalramnghinglova, 2001).  
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COLLECTION OF PLANT SAMPLE:  

A fully mature flowering A. oleracea was collected from a vegetable farm of 

Ngopa, Champhai District, Mizoram (Location: 23.8861° latitude north; 93.2119° 

longitude east) during November 2015. The aerial portions were cleaned and washed 

with distilled water and then desiccated in a shade.  

IDENTIFICATION OF PLANT SAMPLE:  

Herbarium was prepared from the full-grown intact aerial portion of the plant 

and was kept under pressure in an herbarium press to remove the moisture and to 

maintain a perfect posture for identification. After complete removal of the water 

contents, it was transferred and attached onto an herbarium sheet. The herbarium was 

then sent to Botanical Survey of India (BSI), Shillong for authentication and 

identification. A voucher specimen was also prepared and is maintained at the 

herbarium section (No. PUC-A-17-1) of the Department of Botany, Pachhunga 

University College, Aizawl, Mizoram for future references.  

REAGENTS AND CHEMICALS:  

Hexane, chloroform, methanol, acetone, ethyl acetate, acetonitrile and ethanol 

were purchased from Oxford Lab Fine Chem LLP, Maharashtra, India. Hydrochloric 

acid, glycerol, glacial acetic acid, hydrochloric acid, sodium nitroprusside, 

ethylenediaminetetraacetic acid, trichloroacetic acid, sodium hydroxide, ninhydrin, lead 

acetate, silica gel (60-120, 100-200 and 230-400 mesh), dimethyl sulfoxide, tris Cl, tris 
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base, phosphomolybdate, bismuth nitrate, tartaric acid, sodium dodecyl sulphate, copper 

acetate, mercaptoethanol, DPX, mercuric chloride, potassium iodide, hydrogen peroxide 

and ammonium molybdate were procured from Merck Life Science Private Limited, 

Mumbai, India. Glycine, SM powder, bromophenol blue, coomassie brilliant blue, 

ascorbic acid, tween 20, butylated hydroxytoluene, eosin, haematoxylin, ammonium 

persulfate, tetramethylethylenediamine, sulfosalicyclic acid, fehling’s solution A, 

fehling’s solution B, citrate buffer, p-nitrophenyl phosphate, citric acid, xylene, picric 

acid, polyacrylamide, magnesium ribbon, zinc dust, copper sulphate, potassium 

hydroxide, benedict’s reagent, iodine,sodium phosphate, bovine serum albumin and 

phosphate buffered saline were obtained from Himedia Laboratories Pvt. Ltd. Mumbai, 

India. Potassium dichromate was purchased from Sisco Research Laboratories Pvt. Ltd. 

Mumbai India. Thiobarbituric acid, deoxyribose, tetramethyl silane, diphenyl-1-

picrylhydrazyl and paraffin wax were purchased from SIGMA – ALDRICH, USA. 

Enhanced chemiluminescent was obtained from Bio-Rad Laboratories, United states. 

Ferric chloride and α-naphthol were acquired from Avantor Performance Materials India 

Limited, Maharashtra, India. Liquid paraffin was bought from Central drug house (P) 

Limited, New Delhi. 

EXTRACTION:  

Known quantity of the dried plant sample was pulverized using an electric 

grinder which was then packed into an extractor of Soxhlet apparatus (Azwanida, 2015). 

Sterilized cotton pad was placed to prevent entry of the sample particles into the siphon 
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tube. Extraction was done successively by hot continuous extraction method where the 

plant sample was extracted with hexane for 72 hours. The marc obtained was air dried 

and further used for extraction with solvents such as chloroform and methanol. The time 

of extraction was maintained for approximately 72 hours with frequent monitoring of 

the colour change in the solvent along the siphon tube. The solvents were recovered by 

distillation under reduced pressure using Rotary vacuum evaporator (Buchi Rotavapor® 

R-215) and the remaining semi-solid crude extracts for each solvent were stored at 4°C 

for further analysis. The yield of each extracts was calculated from the yield of 

extraction.  

For aqueous extract, dried plant sample was weighed and soaked in distilled 

water in an aspirator bottle. Extraction was done for seven days with three changes of 

the solvent and was frequently stirred. The solvent was filtered using Whatman filter 

paper and air dried at room temperature. The yield of extraction was calculated from the 

semi-solid crude extract.  

PRELIMINARY PHYTOCHEMICAL SCREENING:  

Different extracts were subjected to preliminary phytochemical analyses 

according to standard protocol (Gokhale et al., 2017) to identify the presence of 

phytoconstituents as follows:  
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Test for Alkaloids: 

a) Mayer’s test: 2 ml of each extract solution was taken in a test tube. 0.2 ml of 

dilute hydrochloric acid and 0.1ml of Mayer’s reagent were added. Formation of 

yellowish buff colored precipitate gave positive test for alkaloid. 

b) Dragendorff’s test: 0.1 ml of dilute hydrochloric acid and 0.1 ml of 

Dragendorff’s reagent were added in 2 ml of each extract solution in a test tube. 

Development of orange brown colored precipitate suggested the presence of alkaloid. 

c) Wagner’s test: 2 ml of extract solution was treated with dilute hydrochloric 

acid and 0.1 ml of Wagner’s reagent. Formation of reddish-brown precipitate indicated a 

positive response for alkaloid. 

d) Hager’s test: To 2 ml of each extract solution, 0.2 ml of dilute hydrochloric 

acid and 0.1 ml of Hager’s reagent were added. A yellowish precipitate suggested the 

presence of alkaloid. 

 Detection of carbohydrates:  

100 mg of each extract was dissolved in 5 ml of distilled water and filtered. The 

filtrate was subjected to the following tests: 

a) Molisch’s test: 2 drops of alcoholic solution of α-naphthol was added to 2 ml 

of the filtrate. The mixture was shaken and 1ml of Conc. H2SO4 was added along the 
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side of the test tube and then cooled in ice water and allowed to stand, a violet ring at the 

junction indicated the presence of carbohydrates. 

b) Fehling’s test: 1ml of the filtrate was boiled in water bath with 1 ml each of 

Fehling’s solution A and B, formation of red precipitate confirms the presence of sugar. 

c) Barfoed’s test: To 1 ml of the filtrate, 1 ml of Barfoed’s reagent was added 

and heated in a boiling water bath for 2 minutes. Formation of red precipitate indicated 

the presence of sugar. 

d) Benedict’s test: To 1 ml of the filtrate, 0.5 ml of Benedict’s reagent was 

added, and the mixture was heated in a water bath for 2 minutes. Formation of colored 

precipitate indicated the presence of sugars. 

 Detection of phytosterols:  

a) Liebermann-Burchards’s test: Each extract was dissolved in acetic 

anhydride, heated to boil, cooled and then 1 ml of Conc. H2SO4 was added along the 

side of test tube. Formation of red, pink or violet colour at the junction indicated the 

presence of steroids or triterpenoids. 

b) Salkowski reaction: To 2 ml of each extract, 2 ml of chloroform was added. 

2 ml of the Conc. H2SO4 was then added slowly at the side of the test tube and shaken 

and then allowed to stand for some time. Formation of red colour in the lower layer 
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indicated the presence of steroids and formation of yellow colored lower layer indicated 

the presence of triterpenoids. 

Detection of Glycosides:  

For the detection of glycosides, about 50 mg of extract was hydrolyzed with 

Conc. HCl for 2 h in a water bath, filtered and was subjected to the following test: 

a) Keller Killiani’s test: 1 ml of glacial acetic acid containing traces of ferric 

chloride and 1 ml Conc. H2SO4 was added to the extract solution. Formation of reddish 

brown colour at the junction of two layers and bluish green in the upper layers indicated 

the presence of glycosides. 

b) Legal’s test: About 50 mg of the extract was dissolved in the solvent. Sodium 

nitroprusside solution was added and made alkaline using 10% sodium hydroxide 

solution. Presence of glycoside was indicated by a characteristic pink colour. 

  Test for Tannins: 

a) To 5 ml of extract solution, 1 ml of 5% ferric chloride solution was added. 

Formation of greenish black colour indicated the presence of tannins.  

b) 5 ml of the extract solution was treated with 1 ml of 10 % aqueous potassium 

dichromate solution. Formation of yellowish-brown precipitate suggested the presence 

of tannins. 
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  c) 5 ml of the extract solution was mixed with 1 ml of 10 % lead acetate solution. 

Yellow color precipitation confirmed the presence of tannins.  

Detection of Saponins:  

Foam test: Small quantity of each extract was dissolved in 20 ml distilled water. 

The suspension was shaken in a graduated cylinder for 15 minutes. Formation of 2 cm 

layer of foam or froth which is stable for 10 minutes indicated the presence of saponins. 

Test for reducing sugars: 

a) To 5 ml of each extract solution, 5 ml of Fehling’s solution was added and 

boiled for 5 minutes. Formation of brick red colored precipitate indicated a positive 

presence of reducing sugars. 

a) To 5 ml of the extract solution, 5 ml of Benedict’s solution was added in a test 

tube and boiled for few minutes. Development of brick red precipitate confirmed the 

presence of reducing sugars. 

Detection of flavonoids:  

a) Shinoda test (Magnesium Hydrochloride reduction test): To the extract 

solution, few fragments of magnesium ribbon and conc. HCl was added drop wise. 

Formation of pink, scarlet, crimson red or occasionally green to blue color indicated the 

presence of flavonoids.  
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b) Zinc-Hydrochloride reduction test: To each extract solution, mixture of 

Zinc dust and conc. HCl was added. Formation of red color after few minutes indicated 

the presence of flavonoids. 

Detection of proteins and amino acids:  

About 100 mg of each extract was dissolved in 10 ml of distilled water and 

filtered with Whatman filter paper no. 1 and the filtrate was further subjected to test for 

proteins and amino acids: 

a) Biuret test: An aliquot of 2 ml of each filtrate was treated with one drop of 

2% copper sulphate solution. To this, 1 ml of 95% ethanol was added followed by 

excess of potassium hydroxide pellets. Formation of pink colour in the ethanolic layer 

indicated the presence of proteins. 

b) Ninhydrin test: 2 drops of ninhydrin solution were added to 2 ml of aqueous 

filtrate. Formation of purple color indicated the presence of amino acids. 

IN-VITRO ANTIOXIDANT ACTIVITIES:  

 The in vitro antioxidant activities of the extracts were evaluated as follows:  

Determination of diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity:  

DPPH stable free radical scavenging activity was determined by the standard 

method (Blois, 1958). Briefly, 1 ml of 0.1 mM solution of DPPH in methanol and 3 ml 
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of plant extracts were incubated at 37°C for 30 minutes. BHT (Butylated 

hydroxytoluene) was used as a standard reference. Absorbance was measured at 517 nm 

against control using double beam UV-Vis Spectrophotometer (LABTRONICS LT 

2700). The percentage of inhibition was calculated by comparing the absorbance values 

of the test samples with those of the controls. The inhibition percentage (I) was 

calculated as follows: 

Inhibition % = {(Absorbance of control – Absorbance of sample) / Absorbance of 

control} X 100 

Hydroxyl radical scavenging assay:  

Hydroxyl radical scavenging assay was done according to the standard protocol 

(Halliwell and Gutteridge,1989). Briefly, in separate test tubes containing 1ml of 

different concentrations (10, 20, 40, 60, 80 and 100 µg/ml) of standard (ascorbic acid) 

and extract, 0.1 ml of 1 mM ethylenediaminetetraacetic acid (EDTA), 0.01 ml of 10 mM 

FeCl3, 0.1 ml of 10 mM H2O2 and 0.36 ml of 10 mM deoxyribose were added. To this, 

0.33 ml of phosphate buffer (pH 7.4) and 0.1 ml of 0.1 mM ascorbic acid were added 

and then incubated for an hour at 37°C. 1 ml of the incubated solutions were mixed with 

1ml of trichloroacetic acid (TCA) and 1 ml of 0.5% thiobarbituric acid (TBA). The 

solutions were then heated at 80°C to develop pink chromagen for 10-20 minutes. After 

cooling at room temperature, the absorbances were taken at 532 nm using double beam 

UV-Vis spectrophotometer (LABTRONICS LT 2700). The results were calculated as 

percent inhibition of the deoxyribose degradation using the following formula: 
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Inhibition % = {(Absorbance of control – Absorbance of sample) / Absorbance 

of control} X 100 

Total antioxidant activity:  

The total antioxidant activity was determined by phosphomolybdate estimation 

using ascorbic acid as a standard following the standard protocol (Prieto et al., 1999). 

0.1 ml of sample solution was mixed with 1 ml of reagent solution (0.6 M H2SO4, 28 

mM sodium phosphate and 4 mM ammonium molybdate). After incubation at 95°C for 

90 minutes, absorbance was measured at 695 nm using double beam UV-Vis 

Spectrophotometer (LABTRONICS LT 2700). 

GAS CHROMATOGRAPHY – MASS SPECTROMETRY (GC-MS):  

 A known quantity of A. oleracea was extracted by maceration with different 

solvents of increasing polarities such as hexane, chloroform, methanol and water. The 

solvents were then evaporated in a rotary evaporator and the crude semi solid mass of 

each extract were dissolved in acetonitrile in a concentration of 50 mg in 3 ml and 

analyzed in Gas Chromatography-Mass spectrometry (GC-MS) (Thermo Scientific 

TRACE™ 1300 ISQ™ LT) (Hussain, 2014). For the sampling, 1 µl sample volume was 

loaded with 5 plunger strokes where the sampling depth was set at the center of the vial. 

A non-polar column TR-5MS (260F142P) was used as a stationary phase having a 

dimension of 30 m x 0.25 mm x 0.25 µm with film thickness of 0.25 μm. The MS 

transfer line and Ion source temperature was set at a temperature of 250°C and 220°C 

respectively. Helium was used as a carrier gas, and was released into the oven chamber 
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at a constant flow rate of 1 mL/min. The mass spectrometer was run with a range of 10-

1100 amu. The total running duration was 54 minutes. The final chromatogram was 

generated with Thermo Scientific™ Xcalibur™ software. Compounds were identified 

based on their retention time, chemical formula and molecular weight from libraries of 

Wiley Registry™ and National Institute of Standards and Technology database. 

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC): 

The extracts of A. oleracea were evaluated for the presence of Alkylamide 

compound using High Performance Liquid Chromatography (HPLC) WATERS 2489 

equipped with dual pump and UV/Visible detector (Singh and Chaturvedi, 2011). 

Extracts were dissolved in HPLC grade solvents and filtered using Sep-Pak C18 

Cartridge. Spilanthol, purchased from Santa Cruz Biotechnology, Inc.10410 Finnell 

Street, Dallas, TX 75220, U.S.A was used as standard. Samples were injected manually 

into the injector valve with 20µl loop. Separation was achieved by an isocratic mode of 

elution at a flow rate of 0.5 ml/min. A reverse phase C18 Column (5µl, 4.6x250mm) 

was used and acetonitrile:water (93:7) was used as a mobile phase. Each sample was run 

for 15 minutes and the eluted samples were analyzed at 229 nm (λmax). The 

chromatograms were then analyzed using Empower2 software.    

ISOLATION OF COMPOUND:   

Based on the different phytochemical and anthelminthic test, the crude hexane 

extract was selected for isolation of compound. Isolation of compound was performed 

according to the protocol of Saraf and Dixit (2002) which is as follows: 
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Preparation of extract:  

A known quantity of the dried plant sample was packed into an extractor of 

Soxhlet apparatus. Hot continuous extraction was done using hexane as a solvent. The 

sample was extracted for 72 hours and was monitored by the change in the color of the 

siphon arm. The solvent was evaporated, and the semi-solid extract was stored for 

further processing. The crude semi solid hexane extract was dissolved in methanol and 

stirred with glass stirrer to enhance the solubility. The methanol soluble portion was 

partitioned using separating funnel and the remaining insoluble semi solid portions were 

discarded. The process was repeated for several times. The solvent was evaporated 

under pressure in a vacuum rotary evaporator and the semi solid extract was processed 

for isolation. The extract was mixed with activated 60-120 mesh silica gels. It was 

mildly heated on a hot plate for removal of any solvent remains and grinded into powder 

using mortar and pestle.  

A column of 600 mm long and 40 mm bore was fixed in a pre-assembled retort 

stand. Activated 230-400 mesh silica gel was packed up to two-third by wet packing 

method using hexane. It was then left untouched for about an hour. The extract mixed 

with silica gel was then packed above the silica gel and a cotton pad was placed for 

maintenance of uniform layer. The column was eluted continuously with hexane and 

hexane:ethyl acetate with increasing concentration of ethyl acetate. Fractions were 

collected at 50 drops per minute. 60 fractions of 250 ml each were collected in a conical 

flask and each fraction were concentrated in a simple distillation unit. TLC of each 
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fractions were done on an aluminum coated TLC plate where 2-3 drops were applied 

using 90 mm Hematocrits capillary tube. Hexane: ethyl acetate in different ratios were 

used for the mobile phase for TLC. The plates were dried in an oven and observed under 

254 and 366 nm UV Cabinet, and then transferred to Iodine chamber for visualization of 

the compounds. The fractions containing the same compounds having the same retention 

time were combined and stored for further separation and purification. 

Purification of compound:  

The fractions collected from 0.5 % ethyl acetate in hexane were selected for 

purification. They were dried, mixed with 60-120 mesh silica gel and ground into 

powder. They were then packed into a pre-fixed column packed with 200-430 mesh 

silica gel. Elution was done with hexane and then 0.1, 0.2, 0.3, 0.4 and 0.5 % ethyl 

acetate in hexane. The fractions of 0.1% were found to contain same and pure 

compound based on the mobile phase, retention time and visualization under UV and 

iodine chamber. The compound was stored for further analysis. 

Identification of the isolated compound:  

The isolated compound was analyzed for identification using Nuclear Magnetic 

Resonance Spectroscopy (NMR) and Mass Spectrometer as follows: 
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Nuclear Magnetic Resonance Spectroscopy (NMR):  

For NMR, sample was sent to Sophisticated Analytical Instrument Facility 

(SAIF), North Eastern Hill University (NEHU), Shillong, Meghalaya.  Samples were 

analyzed by FT-NMR Spectrometer BRUKER AVANCE II 400 for 1D 1H and 13C 

NMR. Chromatograms were created in TOPSPIN NMR Software. 

Mass Spectrometry:  

For molecular mass of the isolated compound, ESI/APCI-MS analysis was done 

in CSIR-Central Drug Research Institute, Lucknow.  

IN VITRO TEST FOR ANTHELMINTHIC ACTIVITY:  

 Parasites were collected from the intestines of local fowls of a nearby 

slaughterhouse. The parasites were recovered and immediately transferred to a tepid 

PBS (pH 7.1 – 7.4). Different extracts of AO such as hexane, chloroform, methanol and 

aqueous extracts were prepared in 0.9% PBS supplemented with 1% DMSO. For each 

extract, 5, 10 and 20 mg/ml concentrations were prepared and was done in 3 replicates. 

Similar concentrations were prepared for known standard drug albendazole which 

served as positive control. Parasites were also maintained in 0.9% PBS supplemented 

with 1% DMSO which served as a negative control. The treated parasites were then 

maintained at 37ºC in an incubator. 
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 The efficacies of the standard drugs and extracts were assessed by the motility, 

survival and histomorphological alterations. Motility was evaluated by voluntary 

movement and physical provocation of the worms. Paralysis and death were assessed by 

keeping the worms in a lukewarm PBS. The time of paralysis and death were recorded 

for each of the worm (Lalchhandama et al., 2007).  

MORPHOLOGICAL PREPARATION FOR SCANNING ELECTRON 

MICROSCOPY (SEM):  

 Cestodes from the highest concentration from each group of treatments were 

taken and washed in 0.8% normal saline (Roy et al., 2007). They were then fixed in 

10% neutral buffered formalin at least for 24 hours. They were washed with PBS for 30 

minutes with 2 changes for removal of unwanted attachments in the surface of the 

worms. They were then subjected to dehydration with different grades of acetone from 

30%, 50%, 70%, 80%, 90%, 95% and 100% acetone. Dehydration with 30%, 50% and 

70% acetone were done for 15 minutes with 2 changes while with 80%, 90%, 95% and 

100% was done for 30 minutes with 2 changes each. The worms were then kept in 

Tetramethyl silane (TMS) in an open Eppendorf tube and left open at room temperature 

till complete evaporation of the TMS.  

 The worms were then placed on a metal stub and coated with gold in a fine -coat 

ion sputter, JFC-1100 (JEOL) for 15-20 minutes. The specimens were then viewed with 

Scanning Electron Microscope (JSM-6360, JEOL). The worms were observed at 300X, 
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500X and 1000X magnifications for morphological alterations caused by the standard 

drug and AO extracts. 

HISTOLOGICAL PROCESSING FOR LIGHT MICROSCOPY:  

 The worms recovered directly from the treatments were washed and fixed in 

Bouin’s fixative for 24 hours (Roy et al., 2007). After fixing, they were washed with 

distilled water with constant stirring and frequent change of the water. They were then 

dehydrated with different grades of increasing concentration of alcohol such as 30%, 

50%, 70%, 90% and 100% for 20-30 minutes in each grade. They were then kept in 

clove oil for few seconds and then transferred to xylene. The samples were then kept in 

xylene:liquid paraffin (1:1), xylene:liquid paraffin (1:2), xylene:liquid paraffin (1:3) for 

10-20 minutes each and then to pure filtered wax for 30 minutes with 2 changes. After 

complete infiltration with the molten wax, they were then embedded in paraffin wax in a 

paper boat and then left for solidification. The blocks were then trimmed, and 

rectangular sections of 5 µ thick were cut using microtome (MEDIMEAS MRM - ST) 

and ribbons were spread onto glass slides pre coated with albumin and kept overnight at 

37ºC in an incubator.   

The ribbons were deparaffinized with xylene for 10 minutes with 2 changes and 

dehydrated with increasing grades of alcohol such as 30%, 50% and 70%. They were 

then stained with eosin and haematoxylin and the excess stain was removed with water. 

Dehydration was continued from 90% to 100%, cleared in xylene and mounted with 
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DPX. The slides were kept untouched and observed under electrical compound 

microscope (OLYMPUS CX41). 

PROTEIN EXTRACTION:  

Protein extraction was done according to standard protocol (Segatto et al., 2014). 

Briefly, parasite tissues were weighed and minced in 20% homogenate in lysis buffer 

(Tris Cl, pH 7.6, NaCl, EDTA pH 8 and distilled water). They were then kept at 4ºC in a 

refrigerator for around 1 hour. Phenylmethanesulphonyl fluoride (PMSF) (100µg/ml) 

and Aprotinin (1 µg/ml) were added and sonicated with an ultrasonicator. Gel loading 

buffer (Tris Cl pH 6.8, SDS 10 %, 2-mercaptoethanol, glycerol and distilled water) was 

added and heated on a boiling water bath for 10-15 minutes. They were then cooled to 

room temperature and centrifuged at 4ºC for 10 minutes at 10000 g. The middle layer 

solutions were collected and stored at 4ºC in a refrigerator until further use. The 

extracted proteins were quantified by Bradford method using Bovine Serum Albumin 

(BSA) as standard.  

WESTERN BLOT:  

 The expression of tubulin gene was studied following the standard protocol of 

Bordeaux et al., (2010). Proteins extracted from 20% homogenate of each treatments 

and pre-stained protein marker were loaded and separated in a polyacrylamide gel 

consisting of stacking and resolving gel. For stacking of the protein samples, gel was run 

at 50 V and 30 mA and for resolving it was run at 100V and 30 mA. The proteins were 
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then transferred to a membrane by wet transfer apparatus at 4ºC for 3 hours. After 

complete transfer of the proteins, the membranes were air-dried and incubated with 

skimmed milk at room temperature for 1 hour. The membranes were then kept in a 

primary antibody (β-tubulin) of 1:1000 i.e. 1 µl of primary antibody in 1000 ml of 

skimmed milk. They were kept at 4ºC for 10-12 hours for specific binding of the 

antibody. The membranes were washed in PBST (Phosphate Buffered Saline 

supplemented with 0.1% of Tween 20) for 30 minutes with 2 changes. They were then 

incubated with secondary antibody in skimmed milk in the ratio of 1:2000 at 25ºC for 3 

hours. They were washed again with PBST (Phosphate Buffered Saline supplemented 

with 0.1% of Tween 20) for 30 minutes with 2 changes and then with PBS (Phosphate 

Buffered Saline) for 5 minutes. The membranes were then kept in enhanced 

chemiluminescent (ECL), 1:1 ratio of peroxide solution and luminol/enhancer solution 

in a dark room/chamber for 5 minutes. They were then transferred to X-ray cassette and 

was kept with X-ray film in a dark room and then developed for 1-2 minutes in a 

developer, washed with water and then fixed for 1-2 minutes. The X-ray film was then 

scanned with a scanner and the bands were analyzed using Imagej software. 

ESTIMATION OF ACID PHOSPHATASE (ACPASE) ACTIVITY:  

Estimation of Acid Phosphatase (AcPase) activity was done following the 

protocol of Andersch and Szcypinski (1947). Known quantity, i.e. 100 mg of parasite 

tissues were homogenized in 1 ml ice cold 50 mM citrate buffer (5.3 pH). They were 

centrifuged at 10000 g for 10 minutes and the supernatant solutions were collected 
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(enzyme extract). 2.5 ml substrate solution [Ethylenediaminetetraacetic acid (EDTA)+ 

p-Nitrophenyl phosphate (pNPP) + citric acid] was incubated at 37ºC for 5 minutes. 0.5 

ml enzyme extract was added to the substrate solution. From this, 0.5 ml was taken 

immediately and mixed with 4.5 ml of 0.085 N NaOH (Blank). Th remaining solution 

was incubated for 1 hour at 37°C. 0.5 ml was taken and mixed with 4.5 ml of NaOH. 

Absorbance was taken at 405 nm using double beam UV-Vis Spectrophotometer 

(LABTRONICS LT 2700). Specific activity was expressed as micromole p-nitro-phenol 

released per hour per mg protein (Unit/µM/mg/h). 

ESTIMATION OF ALKALINE PHOSPHATASE (ALKPASE) ACTIVITY:  

Estimation of Alkaline Phosphatase (AlkPase) activity was done according to the 

protocol of Laurent and Norberg (1960). 100 mg of parasite tissues were homogenized 

in 1 ml ice cold 50 mM glycine buffer (10.2 pH). They were centrifuged at 10000 g for 

10 minutes and the supernatant solutions were collected (enzyme extract). 2.5 ml 

substrate solution (MgCl2+pNPP+glycine) was incubated at 37ºC for 5 minutes. 0.5 ml 

enzyme extract was added to the substrate solution. 0.5 ml was taken immediately and 

mixed with 4.5 ml of .085 N NaOH (Blank). The remaining solutions were incubated for 

10 minutes at 37°C. 0.5 ml was taken and mixed with 4.5 ml of NaOH. Absorbance was 

taken 405 nm using double beam UV-Vis Spectrophotometer (LABTRONICS LT 

2700). Specific activity was expressed as micromole p-nitro-phenol released per hour 

per mg protein (Unit/µM/mg/h). 
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STATISTICAL ANALYSES:  

OriginPro version 8.0, SPSS version 20.0.0 and Microsoft excel (Microsoft 

office 2016) were used for all statistical analyses. All statistical values were expressed 

as mean plus or minus standard error of mean (SEM). To determine the difference in 

DPPH scavenging assay, hydroxyl radical scavenging assay, total antioxidant activity 

between the different plant extracts, one-way ANOVA using Tukey’s test was used. To 

see the effect of dose on the time of death for the different concentrations of each 

extract, Pearson correlation and two-way ANOVA was employed. For acid phosphatase 

activity, alkaline phosphatase activity and western blot – one-way ANOVA using 

Tukey’s test was used. The level of significant probability considered at P<0.05. 
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CHAPTER 4 

RESULTS 
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YIELD OF EXTRACTION:  

From 2800 g of the dried A. oleracea sample, the extractive weight and 

extractive values were calculated from the yield of extraction as shown in Table 4.1. 

The extractive weights of hexane, chloroform and methanol extracts were 113.90 g, 

78.64 g and 502.19 g respectively. The extractive value is highest in methanol 

extract with 17.94% yield and lowest in chloroform extract with 2.81% whereas 

hexane extract has an intermediate extractive value of 4.07%. From 200 g of the 

dried sample, the extractive weight of aqueous extract is 33.84 g which has an 

extractive value of 16.92 g.  

PHYTOCHEMICAL SCREENING:  

Detections of chemicals by standard tests showed the presence of important 

phytochemicals such as phytosterols, tannins, reducing sugars, alkaloids and 

carbohydrates (Table 4.2). The methanol extract indicated maximum variety of 

compound including phytosterols, tannins, reducing sugars and carbohydrates in all 

the tests, except in Molisch’s test for carbohydrate. The hexane extract showed the 

presence of phytosterols in both Liebermann-Burchard and Salkowski tests. 

Carbohydrates and reducing sugars were detected in chloroform extract. In aqueous 

extract, the occurrence of alkaloids was confirmed by Mayer’s test, Dragendorff’s 

test, Wagner’s test and Hager’s test. Tannin was found to be present in one of the 

tests, i.e. lead acetate test, but not in FeCl3 and K2Cr3O7 tests. Saponins were 

detected in foam test. However, important phytochemicals such as flavonoids, 

glycosides and proteins and amino acids could not be detected in any of the standard 

tests being used.  
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IN VITRO ANTIOXIDANT ACTIVITY:  

Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging activity:  

The antioxidant activity of the different extracts as estimated by the method 

of DPPH free radical scavenging assay is shown in Figure 4.1. At variable 

concentrations, such as 10, 20, 40, 60, 80, and 100 µg/ml, both the standard 

butylated hydroxytoluene (BHT) and all the plant extracts showed concentration 

dependent increase scavenging activity of DPPH. BHT was found to be more potent 

than the different plant extracts at all concentrations. Standard BHT showed IC50 of 

8.534 µg/ml while the IC50 of different extracts such as methanol, chloroform, 

hexane and aqueous extracts were 12.95, 31.34, 68.82 and 29.73 µg/ml respectively 

(Figure 4.2). 

Comparison of the DPPH radical scavenging activities of the different 

extracts showed that there was statistically significant difference between standard 

BHT and AOC, AOH, AOA. Interestingly, no statistical significance was observed 

between BHT and AOM suggesting the free radical scavenging potential of AOM. 

Hydroxyl radical scavenging activity: 

The scavenging activity of different extracts on hydroxyl radicals in 

comparison with standard ascorbic acid is presented in Figure 4.3. Different 

concentrations of standard and plant extracts showed concentration dependent 

increase scavenging activity. Extracts at all concentrations showed lower scavenging 

activity than the standard. Scavenging activity of the methanol extract was 

comparable to the standard while the activities of the other extracts were found to be 
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much lower than that of the standard. The IC50 of ascorbic acid is 56.17 µg/ml while 

the IC50 of methanol, chloroform, hexane and aqueous extracts are 85.37, 443.41, 

487.76 and 519.79 µg/ml respectively (Figure 4.4). Analysis of variance between the 

different extracts and standard ascorbic acid revealed statistically significant 

differences for all the extracts except AOM. 

Total antioxidant activity:  

The total antioxidant activity estimated as equivalent to ascorbic acid activity 

as shown in Figure 4.5 showed that the aqueous extract has the highest activity, i.e. 

64.30 mg/ml while the activity was found to be lowest in the chloroform extract i.e. 

8.35 mg/ml. Methanol and hexane extracts showed activity of 12.13 and 9.89 mg/ml 

respectively. Comparison of the total antioxidant activities between AOM and AOH 

presented no statistical significance. However, AOM is significantly different from 

AOC and AOA. AOC and AOH showed no statistically significant difference AOC 

and AOA showed significant differences. Similarly, AOH and AOA are significantly 

different in their total antioxidant activities. 

GAS CHROMATOGRAPHY – MASS SPECTROMETRY (GC -MS):  

The gas chromatogram of the different extracts of AO is shown in Figure 4.6, 

4.7, 4.8 and 4.9 and the corresponding list of compounds identified from it are 

presented in Table 4.3, 4.4, 4.5 and 4.6. Major peaks representing 13 different 

compounds were detected in the methanol extract. The most abundant compound 

observed is palmitic acid detected at 35.65 retention time with abundance of 99.5%. 

An allkylamide, N-isobutyl-(2E,4Z,8Z,10E)-dodecatetraenamide was detected at 

40.55 minutes retention time with abundance of 25.4%. Another important 
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compound was lupeol acetate detected at 47.79 minutes retention time and 10.9% 

abundance. 

Twenty-two different compounds were identified from the chloroform 

extract, out of which the most abundant is an alkylamide, N-isobutyl-(2E, 4Z, 8Z, 

10E)-dodecatetraenamide, which was detected at two peaks with relative abundance 

of 69.22% and 92.66%. Another alkylamide, N-(2-phenylethyl) non-2(E)-en-6, 8-

diynamide, is also present in fair amount (48.04%). Other major compounds detected 

are oplopanone or 1-((1S,3aR,4R,7S,7aS)-4-hydroxy-7-isopropyl-4-

methyloctahydro-1H-inden-1-yl) ethanone; 2-hexadecen-1-ol, 3,7,11,15-tetramethyl- 

(phytol); pentanoic acid; and n-hexadecanoic acid.  

From the hexane extract, 19 major compounds were detected. 3,7,11,15-

tetramethylhexadec-2-en-1-ol is the most abundant compound detected at 39.22 

minutes retention time with relative abundance of 99.8%. Other important 

compounds include N-isobutyl-(2E,4Z,8Z,10E)-dodecatetraenamide and (3β)-lup-

20(29)-en-3-yl acetate detected at 40.55 minutes and 53.05 minutes retention time 

with relative abundance of 67 and 28.3% respectively. One major peak was detected 

from the aqueous extract at 24.97 minutes retention time which corresponds to 

quinoline having relative abundance of 45.53%. 

HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC):  

Spilanthol (Figure 4.10) was detected in hexane and methanol extract at 7.23 

minutes and 7.24 minutes retention time respectively (Figure 4.11 and 4.12). An 

overlay report from Empower software showed that the peaks of standard spilanthol 

and those of methanol and hexane extracts overlapped indicating that spilanthol is 
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present in the extracts (Figure 4.13). However, spilanthol cannot be detected in the 

chloroform and aqueous extracts. 

ISOLATION OF COMPOUND:  

Nuclear Magnetic Resonance Spectroscopy:  

From the 1H NMR spectrum (figure 4.15), the presence of seven tertiary 

methyl protons at δ 0.77, 0.79, 0.85, 0.94, 0.97, 1.05 and 1.65 (integrated for 3H-

each) were revealed. A sextet of one proton at δ 2.37 ascribable to 19β –H is a 

characteristic of lupeol.  

1H NMR (CDCl3, 400MHz): δ 4.70, 4.55(2H, s, H-29a, 29b), 3.2(1H, m, H-3), 0.77, 

0.79, 0.85, 0.94, 0.97, 1.05, 1.65 (each 3H, s) 

13C NMR (CDCl3, 100MHz): δ 151.0(C-20), 109.0(C-29), 79.0(C-3), 55.5(C-5), 

50.5(C-9), 48.3(C-18), 48.0(C-19), 43.0(C-17), 42.9(C-14), 40.9(C-8), 40.0(C-22), 

38.9(C-4), 38.7(C-1), 38.1(C-13), 37.2(C-10), 35.5(C-16), 34.2(C-7), 29.9(C-21), 

28.0(C-23), 27.4(C-2), 27.1(C-15), 25.2(C-12), 21.0(C-11), 19.5(C-30), 18.5(C-6), 

18.0(C-28), 16.1(C-25), 16.0(C-26), 15.5(C-24), 14.8(C-27). 

13C NMR spectra (figure 4.16) showed the presence of seven methyl groups at [δc: 

28.0 (C-23), 18.0 (C-28), 16.1 (C-25), 16.0 (C-26), 15.5 (C-24), 14.8 (C-27) and 

19.5 (C-30)]; the signals due to an exomethylene group at [δc: 109.3 (C-29) and 

151.0 (C-20)]; ten methylene, five methine and five quaternary carbons were 

allotted. The deshielded singnal at δc 79.0 was due to the presence of C-3 with a 

hydroxyl group attached to it. 
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Mass Spectrometry:  

From the mass spectra (Figure 4.14), the molecular mass of the isolated 

compound is 426 which corresponds to 

(1R,3aR,5aR,5bR,7aR,9S,11aR,11bR,13aR,13bR)-3a,5a,5b,8,8,11a-hexamethyl-1-

prop-1-en-2-yl-1,2,3,4,5,6,7,7a,9,10,11,11b,12,13,13a,13b-

hexadecahydrocyclopenta[a]chrysen-9-ol or lupeol with a chemical formula 

C30H50O.  

IN VITRO ANTHELMINTHIC ACTIVITY:  

The anthelminthic efficacy of albendazole, different plant extracts and the 

isolated compound of AO against R. echinobothrida, is given in Table 4.7. The result 

indicated that the cestodes in the control group survived for 75.33±0.67 h in a 

phosphate buffered saline supplemented with 1% DMSO at 37±1oC. Significant 

concentration-dependent paralysis and effects were seen for all the test mediums 

(Figure 4.17). Albendazole showed death of the worms in 16.30±0.27, 12.15±0.25 

and 4.39±0.36 h at different concentrations such as 5, 10 and 20 mg/ml respectively. 

Methanol extract caused death of the worms in 39.01±0.54, 30.83±0.51 and 

18.42±0.39 h at 5, 10 and 20 mg/ml respectively. Chloroform extract was the least 

active showing death of the cestodes in 59.39±0.68, 43.99±0.62 and 36.33±0.70 h at 

5, 10 and 20 mg/ml respectively. Confirmed death of cestodes upon treatment with 

hexane extract of different concentrations at different concentrations (5, 10 and 20 

mg/ml) occurred at 45.19±0.79, 39.99±0.91 and 31.65±0.84 h respectively. The 

aqueous extract at 5, 10 and 20 mg/ml showed death of the worms at 49.07±0.55, 

42.59±0.69 and 35.39±0.79 h respectively while the isolated compound at 1mg/ml 
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showed death of the worms at 4±0.29 h. Thus, the anthelminthic activity of all the 

test mediums is in the order of albendazole>methanol>hexane>aqueous>chloroform 

extract. 

Pearson’s correlation between the concentrations of the different treatment 

media with the time of death of the parasites is shown in Table 4.8. All the treatment 

media showed strong negative correlation between the treatment concentrations and 

time of death. However, statistical significance was observed for ALB, AOM and 

AOH while AOC and AOA are not statistically significant. 

SCANNING ELECTRON MICROSCOPY (SEM):  

The body of R. echinobothrida is elongated, dorso-ventrally flattened and 

tapper towards the anterior end and terminates into a pin-head size structure called 

scolex. Around the proximal end of the scolex are four suckers surrounding an apical 

opening called rostellum which are an organ of attachment to the host’s intestinal 

wall. The rims of suckers and rostellum are lined with circular rows of hooks aligned 

in a series of diagonal hooks. Scanning electron microscopy revealed that the entire 

body tegument is thickly sheltered with hair-like structures called microtriches 

directed in the direction of the posterior end thus giving the body surface a smooth 

appearance. The thickness of the microtriches varies in different regions of the 

tegument. They appear as thick furrow and ridges towards the posterior end and as 

thin and slender towards the anterior end reflecting that the neck portion is in the 

region of constant production of a new segment called proglottid (Figure 4.18A & B; 

4.19 A & B).  
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Treatment of R. echinobothrida with 20 mg/ml of albendazole cause severe 

shrinkage of the teguments and irregular folding of teguments in the neck region. 

The hooks in the suckers and rostellum become crooked and most of them become 

detached (Figure 4.20A & B: 4.21 A & B). Upon treatment with methanol extract of 

A. oleracea, severe shrinkage and uneven folding of teguments are seen. The surface 

of the mature proglottid is eroded in which some regions are peeled off. Some of the 

microtriches vanished and the remaining hooks are extensively distorted (Figure 

4.22A & B; 4.23 A & B). Shrinkage of the whole body is more severe on cestode 

treated with hexane extract. The scolex was completely damaged with loss of hooks 

and natural integrity (Figure 4.24A & B; 4.25 A & B). Comparable deformities were 

observed on cestode treated with chloroform extract in which there is complete loss 

of hooks and wrinkle formation throughout the body surface (Figure 4.26 A & B; 

4.27 A & B). In the case of cestode treated with aqueous extract, the spines in the 

suckers are distorted and the inside of the suckers show irregular folding. On the 

surface of teguments are distinct vacuolization of epidermis and blebbing of the 

tegumental folds (Figure 4.28 A & B; 4.29 A & B). Massive shrinkage and wrinkle 

formations were observed throughout the body surface of worms treated with the 

isolated compound. The suckers were crumpled with spines dislocated at some 

points. Numerous blebs were also observed on the structure of mature proglottid 

(Figure 4.30 A & B; 4.31 A & B). 

HISTOLOGICAL STUDY OF TREATED PARASITES:  

In the untreated control cestode (Figure 4.32 A & B), the outermost layer of 

the parasite is called the tegument which is covered with hair-like projections called 
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microtriches. The inner portion of the tegument is the subtegument and is many 

degrees thicker than the tegument. The innermost portion is the basal membrane 

which is in close association with circular and longitudinal muscles. The internal 

region is made up of spongy tissue called parenchyma within which egg capsules 

called oncospheres are embedded. Towards the opposite ends, distinct large vacuoles 

are present which are an organ of excretion in cestodes. 

In the cestodes treated with albendazole (Figure 4.33 A & B), distinct 

alterations such as shrinkage of subtegument and disintegration of parenchyma 

occurred. In case of cestodes treated with the methanol extract, tegumental integrity 

was destroyed in which irregular folds and cracks occurred in the lining. Parenchyma 

and muscle layers disintegrated leading to dispersal of egg capsules. The majority of 

the oncospheres and excretory canal disappeared (Figure 4.34 A & B). Upon 

treatment with the chloroform extract, parenchyma tissue disintegrates, and the eggs 

clumped together (Figure 4.35A & B). In the case of cestode treated with hexane 

extract, the oncospheres disappeared and the egg capsules became condensed and 

dispersed (Figure 4.36 A & B). Aqueous extract caused few structural deformities 

but induced vacuole formation and disappearance of some of the oncospheres 

(Figure 4.37A & B).  

ACID PHOSPHATASE (ACPASE) ACTIVITY:  

The acid phosphatase activities obtained from R. echinobothrida in the 

control and treatments with 20 mg/ml of albendazole and different extracts is shown 

in Table 4.9 and figure 4.38. Acid phosphatase activity was highest in cestodes of the 

control group, i.e. 29.75±0.67 unit/μM/mg/h. Methanol extract indicated lowest 
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activity of 2.99±0.19 unit/μM/mg/h with 89.94% decrease from the control. For 

albendazole, activity was 3.15±0.13 unit/μM/mg/h with 89.41% decrease. The 

AcPase activities of cestodes treated with chloroform and aqueous extracts with 

percentage decreases are 5.25±0.07 unit/μM/mg/h (82.35%) and 10.42±0.39 

unit/μM/mg/h (64.97%) respectively. The AcPase activity was decreased by 22.69 % 

with activity of 23.68±0.46 unit/μM/mg/h in cestodes treated with hexane extract. 

The efficacy of the standard and extracts is in the order of 

methanol>albendazole>chloroform >aqueous>hexane extracts. 

Comparison of acid phosphatase activities between the control and different 

treatment groups by one-way ANOVA showed statistically significant differences. 

There also exist statistically significant difference between all the different treatment 

groups except AOM and albendazole treatment group. 

ALKALINE PHOSPHATASE (ALKPASE) ACTIVITY:  

The alkaline phosphatase activities of R. echinobothrida in the control and 

treatments with 20 mg/ml of albendazole and different extracts is shown in the Table 

4.10 and figure 4.39. The cestodes in the control show activity of 179.86±2.50 

unit/μM/mg/h. The activity was significantly reduced in cestodes treated with 

methanol extract i.e. 17.99±3.84 unit/μM/mg/h with percent decrease of 89.99 which 

is calculated from the control. The aqueous extract was the least active causing 

percentage decrease of 31.75 with activity of 122.75±2.06 unit/μM/mg/h. 

Albendazole cause percentage decrease of 82.00, chloroform 89.50% and that of 

hexane extract cause 88.00% decrease. The efficacies of the test mediums in 
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reduction of AlkPase activity is in the order of methanol 

>chloroform>hexane>albendazole>aqueous extracts. 

Comparison of alkaline phosphatase activities between the control and 

different treatment groups by one-way ANOVA showed statistically significant 

differences. There also exist statistically significant difference between the different 

treatment groups and albendazole treatment group. 

DETECTION OF β-TUBULIN EXPRESSION BY WESTERN BLOT: 

Analysis of the results obtained from western blot (Figure 4.40) by Image J 

showed that the level of β-tubulin expression was lowest in the control group while 

the expression was found to be highest in AOA. One-way analysis of variance for all 

the treatments (ALB, AOM, AOC, AOH, AOA) showed no statistically significant 

difference when compared with the control. 
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Table 4.1: Yield of extraction from dried samples of A. oleracea. 

Acmella oleracea 

(g) 
Solvent 

Extractive weight 

(g) 

Extractive value 

(%) 

2800 Hexane 113.90 4.07 

2800 Chloroform 78.64 2.81 

2800 Methanol 502.19 17.94 

200 Aqueous 33.84 16.92 
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Table 4.2: Phytochemical detection of different extracts of A. oleracea using 

different biochemical tests. 

Phytochemical Name of test AOH AOC AOM AOA 

Alkaloids Mayer’s test - - - + 

Dragendroff’s test - - - + 

Wagner’s test - - - + 

Hager’s test - - - + 

Carbohydrates Molisch’s test - + - - 

Fehling’s test - + + - 

Barfoed’s test - - + - 

Benedict’s test - + + - 

Phytosterols Liebermann burchard test + - + - 

Salkowski reaction + - + - 

Glycosides Legal’s test - - - - 

Keller Killiani’s test - - - - 

Tannin FeCl3 test - - + - 

K2Cr3O7 test - - + - 

Lead acetate test - - + + 

Saponins Foam test - - - + 

Reducing 

sugars 

Fehling’s test - + + - 

Benedict’s test - - + - 

Flavonoid Shinoda test - - - - 

Zn hydrochloride reduction test - - - - 

Proteins & 

amino acids 

Biuret test - - - - 

Ninhydrin test - - - - 

AOH= A. oleracea hexane extract 

AOC= A. oleracea chloroform extract 

AOM= A. oleracea methanol extract 

AOA= A. oleracea aqueous extract 

+ sign indicates the presence 

- sign indicates the absence 

 

  



59 
 

Table 4.3: Compounds identified from A. oleracea methanol extract by GCMS. 

Sl. 

No. 

RT RA Compound Formula MW 

1.  19.19 7.2 1H-Pyrrole-2,5-dione, 3-ethyl-4-

methyl 

C7H9NO2 139 

2.  31.94 22.5 1-((1S,3aR,4R,7S,7aS)-4-Hydroxy-7-

isopropyl-4-methyloctahydro-1H-

inden-1-yl) ethanone 

C15H26O2 238 

3.  33.60 15.9 1-Heptatriacotanol C37H76O 536 

4.  34.02 25.7 6,10,14-Trimethylpentadecan-2-one C18H36O 268 

5.  35.65 99.5 Methyl n-hexadecanoate (palmitic acid) C17H34O2 270 

6.  36.34 20.7 Hexadecanoic acid, 1-

(hydroxymethyl)-1,2-ethanediyl ester 

C35H68O5 568 

7.  38.85 30.5 Methyl (8E,11E)-8,11-

octadecadienoate 

C19H34O2 294 

8.  39.57 25.7 (Z)-18-Octadec-9-enolide C18H32O2 280 

9.  40.55 25.4 N-isobutyl-(2E,4Z,8Z,10E)-

dodecatetraenamide 

C16H25NO 247 

10.  42.51 25.3 N-(2-Phenylethyl) non-2(E)-en-6, 8-

diynamide 

C17H17NO 251 

11.  46.45 11.1 3,8,8-Trimethoxy-3-piperidyl-2,2-

binaphthalene-1,1,4,4, tetrone 

C28H25NO

7 

487 

12.  47.79 10.9 Lup-20(29)-en-3-ol, acetate, (3a) 

(lupeol acetate) 

C32H52O2 468 

13.  50.64 7.6 2,4,6,8,10-Tetradecapentanoic acid, 

9a-(acetyloxy)-

1a,1b,4,4a,5,7a,7b,8,9a-decahydro-

4a,7b-dihydroxy-3-(hydroxymethyl)-

1, 1,6,8-tetramethyl-5-oxo-1H-

cyclopropa[3,4] benz[1,2-e] azulen-

9yl ester, [1aR-

(1aa,1ba,4aa,7aa,7ba,8a,9a,9aa)]- 

C36H46O8 606 

RT= Retention time in minute 

RA= Relative abundance in percentage 

MW= Molecular weight 
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Table 4.4: Compounds identified from A. oleracea chloroform extract by GCMS. 

Sl. 

No 

RT RA Compound Formula MW 

1.  23.56 12.35 9-Hexadecen-1-ol C16H32O 240 

2.  25.64 4.90 (Z)6-Pentadecen-1-ol C15H30O 226 

3.  26.11 6.85 9-Hexadecen-1-ol C16H32O 240 

4.  26.63 65 Phenol,2,4-bis (1,1-dimethylethyl) C14H22O 206 

5.  28.49 35.90 Caryophyllene oxide C15H24O 220 

6.  30.94 13.01 Perhydrocyclopropa[e]azulene-4,5,6-

triol, 1,1,4,6-tetramethyl 

C15H26O3 254 

7.  31.94 64.88 1-((1S,3aR,4R,7S,7aS)-4-Hydroxy-7-

isopropyl-4-methyloctahydro-1H-inden-

1-yl) ethanone 

C15H26O2 238 

8.  34.03 52.61 6,10,14-Trimethyl-2-pentadecanone C18H36O 268 

9.  34.49 9.02 1-Heptatriacotanol C37H76O 536 

10.  36.49 67.22 n-Hexadecanoic acid C16H32O2 256 

11.  36.96 38.34 Hexadecanoic acid, ethyl ester C18H36O2 284 

12.  37.95 50.92 N-[4-[[(2-Amino-1,4-dihydro-4-oxo-6-

pteridinyl) methyl] amino] benzoyl]- 

C19H19N7

O6 

441 

13.  39.23 69.29 2-Hexadecen-1-ol, 3,7,11,15-tetramethyl- 

(Phytol) 

C20H40O 296 

14.  40.58 92.66 N-Isobutyl-(2E, 4Z, 8Z, 10E)-

dodecatetraenamide 

C16H25NO 247 

15.  40.72 52.96 N-Isobutyl-(2E, 4Z, 8Z, 10E)-

dodecatetraenamide 

C16H25NO 247 

16.  42.51 48.04 N-(2-Phenylethyl) non-2(E)-en-6, 8-

diynamide 

C17H17NO 251 

17.  43.55 16.03 Pregn-4-ene-3, 30-dione, 17,21-

dihydroxy-, bis(o-methyloxime) 

C23H36N2

O4 

404 

18.  44.08 76.10 2,4,6,8,10-Tetradecapentanoic acid, 9a-

(acetyloxy)-1a,1b,4,4a,5,7a,7b,8,9a-

decahydro-4a,7b-dihydroxy-3-

(hydroxymethyl)-1, 1,6,8-tetramethyl-5-

oxo-1H-cyclopropa[3,4] benz[1,2-e] 

azulen-9yl ester, [1aR-

(1aa,1ba,4aa,7aa,7ba,8a,9a,9aa)]- 

C36H46O8 606 

19.  46.46 19.42 Diisooctyl phthalate C24H38O4 390 

20.  51.42 33.31 Cholesta-22, 24, -dien-5-ol, 4,4-dimethyl C28H48O 412 

21.  53.33 54.83 9-Desoxo-9-x-acetoxy-3,8,12-tri-o-

acetylingol 

C28H40O10 536 

22.  53.70 43.57 4,4,6a,6b,8a,11,11,14b-Octamethyl-

1,4,4a,5,6,6a,6b,7,8,8a,9,10,11,12,12a,14,

14a,14b-octadecahydro-2H-picen-3-one 

C30H48O 424 

RT= Retention time in minute; RA= Relative abundance in percentage 

MW= Molecular weight 
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Table 4.5: Compounds identified from A. oleracea hexane extract by GCMS. 

Sl. 

No. 

RT RA Compound Formula MW 

1.  5.06 14.2 5,9-Dimethyl-1-decanol  C12H26O 186 

2.  7.03 15.4 9-Octadecenamide C18H35NO 281 

3.  9.31 35.5 2,5-Dimethyl-1,5-heptadiene-3,4-diol C9H16O2 156 

4.  10.80 22.9 (E)-4,4-Dimethyl-2-pentene C7H14 98 

5.  12.75 63.2 2,5-Dimethyl-5-hexen-3-ol C8H16O 128 

6.  22.58 35.8 Pentanoic acid, isobutyl 3-hydroxy-

2,2,4-trimethylpentanoate 

C12H24O3 216 

7.  23.14 55.5 Propanoic acid, 2-methyl,3-hydroxy-

2,2,4-trimethylpentyl ester 

C12H24O3 216 

8.  26.10 80.4 (9Z)-9-Hexadecen-1-ol C16H32O 240 

9.  28.49 47.9 Caryophyllene oxide C15H24O 220 

10.  33.71 31.2 7-Hydroxy-6, 9a-dimethyl-3-

methylene-decahydro-azuleno[4,5-b] 

furan-2,9-dione 

C15H20O4 264 

11.  34.02 61.7 6,10,14-Trimethylpentadecan-2-one C18H36O 268 

12.  34.57 33.0 Spiro[tricyclo[4.4.0.0(5,9)]decane-10,2-

oxirane] 1-methyl-4-isopropyl-7,8-

dihydroxy-, 8(S)- 

C15H24O3 252 

13.  35.98 40.3 8-Acetyl-5,5-dimethyl-nona-2,3,8-

trienoic acid, methyl ester 

C14H20O3 236 

14.  37.15 31.13 Butyl 4,7,10,13,16,19-

docosahexaenoate 

C26H40O2 384 

15.  39.22 99.8 3,7,11,15-Tetramethylhexadec-2-en-1-

ol 

C20H40O 296 

16.  40.55 67.0 N-Isobutyl-(2E,4Z,8Z,10E)-

dodecatetraenamide 

C16H25NO 247 

17.  43.55 20.0 Bufa-20,22-dienolide, 14,15, -epoxy-

3,11-dihydroxy-, (3a,5a,11a,15a) 

C24H32O5 400 

18.  48.37 19.4 9-Desoxo-9-x-acetoxy-3,8,12-tri-O-

acetylingol 

C28H40O10 536 

19.  53.05 28.3 (3β)-Lup-20(29)-en-3-yl acetate C32H52O2 468 

 RT= Retention time in minute 

RA= Relative abundance in percentage 

MW= Molecular weight 
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Table 4.6: Compound identified from A. oleracea aqueous extract by GCMS. 

Sl. 

No. 

RT RA Compound Formula MW 

1. 24.97 45.53 Quinoline, 1,2-dihydro-2,2,4-

trimethyl 

C12H15N 173 

RT= Retention time in minute 

RA= Relative abundance in percentage 

MW= Molecular weight 
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Table 4.7: In vitro survival test of R. echinobothrida upon treatments with albendazole, different extracts of A. oleracea and isolated 

compound. 

Dose 

(mg/ml) 

CON ALB AOM AOC AOH AOA IC 

Time of death (h) 

- 75.33±0.67 - - - - - - 

5 - 16.30±0.27* 39.01±0.54* 59.39±0.68* 45.19±0.79* 49.07±0.55* - 

10 - 12.15±0.25* 30.83±0.51* 43.99±0.62* 39.99±0.91* 42.59±0.69* - 

20 - 4.39±0.36* 18.42±0.39* 36.33±0.70* 31.65±0.84* 35.39±0.79* 4.00±0.29* 

CON= Control 

ALB= Albendazole 

AOM= A. oleracea methanol extract 

AOC= A. oleracea chloroform extract 

AOH= A. oleracea hexane extract 

AOA= A. oleracea aqueous extract 

IC= Isolated compound  

*Significant at 0.05 level of significance 

No symbol= Not significant 
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Table 4.8: Pearson’s correlation between the different concentrations of different 

treatment media with the time of death of the parasites. 

 

Incubation medium Pearson correlation 

ALB -0.99985* 

AOM -0.99738* 

AOC -0.9281 

AOH -0.99833* 

AOA -0.9873 

 

ALB= Albendazole 

AOM= A. oleracea methanol extract 

AOC= A. oleracea chloroform extract 

AOH= A. oleracea hexane extract 

AOA= A. oleracea aqueous extract 

*Significant at 0.05 level of significance 

No symbol= Not significant 
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Table 4.9: Effect of 20 mg/ml of albendazole and different extracts of A. oleracea on 

acid phosphatases of R. echinobothrida.  

 

Incubation medium Enzyme activity  

(unit/μM/mg/h) 

Percentage decrease 

(%) 

CON 29.75±0.67  

ALB 3.15±0.13* 89.41 

AOM 2.99±0.19* 89.94 

AOC 5.25±0.07* 82.35 

AOH 23.68± 0.46* 22.69 

AOA 10.42±0.39* 64.97 

 

CON= Control 

ALB= Albendazole 

AOM= A. oleracea methanol extract 

AOC= A. oleracea chloroform extract 

AOH= A. oleracea hexane extract 

AOA= A. oleracea aqueous extract 

*Significant at 0.05 level of significance 

No symbol= Not significant 
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Table 4.10: Effect of 20 mg/ml of albendazole and different extracts of A. oleracea 

on alkaline phosphatases of R. echinobothrida. 

 

Incubation medium Enzyme activity 

(unit/μM/mg/h) 

Percentage decrease  

(%) 

CON 179.86±2.50  

ALB 32.37±0.78* 82.00 

AOM 17.99±3.84* 89.99 

AOC 18.88±1.56* 89.50 

AOH 21.58±0.78* 88.00 

AOA 122.75±2.06* 31.75 

 

CON= Control 

ALB= Albendazole 

AOM= A. oleracea methanol extract 

AOC= A. oleracea chloroform extract 

AOH= A. oleracea hexane extract 

AOA= A. oleracea aqueous extract 

*Significant at 0.05 level of significance 

No symbol= Not significant 

 

 

 



68 
 

 

Figure 4.1: Free radical scavenging activities of butylated hydroxytoluene and 

different extracts of A. oleracea on 2,2-diphenyl-1-picrylhydrazyl (DPPH).  

(BHT = Butylated hydroxytoluene, AOM = A. oleracea methanol extract, AOC = A. 

oleracea chloroform extract, AOH = A. oleracea hexane extract, AOA = A. oleracea 

aqueous extract). 
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Figure 4.2: IC50 of butylated hydroxytoluene and different extracts of A. oleracea in 

scavenging 2,2-diphenyl-1-picrylhydrazyl (DPPH).  

(BHT = Butylated hydroxytoluene, AOM = A. oleracea methanol extract, AOC = A. 

oleracea chloroform extract, AOH = A. oleracea hexane extract, AOA = A. oleracea 

aqueous extract). 
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Figure 4.3: Free radical scavenging activity of ascorbic acid and different extracts of 

A. oleracea on hydroxyl radical (OH-).  

(AA = Ascorbic acid, AOM = A. oleracea methanol extract, AOC = A. oleracea 

chloroform extract, AOH = A. oleracea hexane extract, AOA = A. oleracea aqueous 

extract). 
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Figure 4.4: IC50 of ascorbic acid and different extracts of A. oleracea on hydroxyl 

radical (OH-).  

(AA = ascorbic acid, AOM = A. oleracea methanol extract, AOC = A. oleracea 

chloroform extract, AOH = A. oleracea hexane extract, AOA = A. oleracea aqueous 

extract). 
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Figure 4.5: Total antioxidant activity of different extracts of A. oleracea estimated 

against ascorbic acid.  

(AOM = A. oleracea methanol extract, AOC = A. oleracea chloroform extract, AOH 

= A. oleracea hexane extract, AOA = A. oleracea aqueous extract). 
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Figure 4.6: Chromatogram of methanol extract of A. oleracea detected by Gas 

Chromatography Mass Spectrometry (GCMS). 

 

 

 

 
 

Figure 4.7: Chromatogram of chloroform extract of A. oleracea detected by Gas 

Chromatography Mass Spectrometry (GCMS). 
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Figure 4.8: Chromatogram of hexane extract of A. oleracea detected by Gas 

Chromatography Mass Spectrometry (GCMS). 

 

 

 

 
 

Figure 4.9: Chromatogram of aqueous extract of A. oleracea detected by Gas 

Chromatography Mass Spectrometry (GCMS). 
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Figure 4.10: Chromatogram of Spilanthol detected by High Performance Liquid 

Chromatography (HPLC). 

 



76 
 

 
 

Figure 4.11: Chromatogram of methanol extract of A. oleracea detecting Spilanthol 

by High Performance Liquid Chromatography (HPLC). 
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Figure 4.12: Chromatogram of hexane extract of A. oleracea detecting Spilanthol by 

High Performance Liquid Chromatography (HPLC). 
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Figure 4.13: Overlay chromatogram of Spilanthol (__), methanol (__) and hexane (__) 

extracts of A. oleracea by High Performance Liquid Chromatography (HPLC). 

 

 

Figure 4.14: Mass spectrum of isolated compound (lupeol). 
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Figure 4.15: 1H NMR spectra of isolated compound (lupeol). 
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Figure 4.16: 13C NMR spectra of isolated compound (lupeol). 
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Figure 4.17: Effect of different concentrations of incubation medium on the survival 

of cestode R. echinobothrida. 

CON= Control 

ALB= Albendazole 

AOM= A. oleracea methanol extract 

AOC= A. oleracea chloroform extract 

AOH= A. oleracea hexane extract 

AOA= A. oleracea aqueous extract 

IC= Isolated compound 

*Significant at 0.05 level of significance 

No symbol= Not significant 
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Figure 4.18: Scanning electron micrographs of untreated control cestode R. 

echinobothrida. 

A. The body segments (proglottids) towards the scolex/neck. 

B. Magnified portion of the sucker showing the detailed arrangement of spines.  

 

A 
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Figure 4.19: Scanning electron micrographs of untreated control cestode R. 

echinobothrida. 

A. The tegument of mature proglottids. 

B. Magnified portion of mature proglottid.  

  

A 

B 



84 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.20: Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of albendazole. 

A. Deformation of scolex with two suckers devoid of spines. 

B. Magnified portion of the rostellum with cracks and crevices.  

 

B 
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Figure 4.21: Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of albendazole. 

A. Teguments with uneven vertical folds all over the topography.  

B. Magnified surface of proglottids with irregular folds all over the surface. 

A 

B 
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Figure 4.22: Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of methanol extract of A. oleracea. 

A. The scolex showing deep depression between the suckers with bulging of 

rostellum and in between the suckers. 

B. Magnified portion of the sucker showing cracks, crevices and severely crooked 

and dislocation of some spines. 

  

A 

B 
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Figure 4.23: Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of methanol extract of A. oleracea. 

A. Severely shrunken anterior segments with general contraction into aberrant folds. 

B. Proglottids with formation of longitudinal crease, erosion and blister at 

numerous places. 

A 

B 
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Figure 4.24: Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of chloroform extract of A. oleracea. 

A. The scolex with complete destruction of spines and microtriches with formation 

of numerous crevices. 

B. Magnified portion of the sucker showing complete destruction of spines. 

  

B 
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Figure 4.25: Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of chloroform extract of A. oleracea. 

A. Immature body segments with formation of crease and extensive mutilation. 

B. Magnified portion of the proglottid with shrinkage and complete loss of 

microtriches. 

A 

B 
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Figure 4.26: Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of hexane extract of A. oleracea. 

A. Severely shrunken and flattened scolex with few remains of deformed spines. 

B. Magnified portion of the sucker with the remaining distorted spines. 

  

A 

B 
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Figure 4.27: Scanning electron micrographs of cestode R. echinobothrida treated with 

20 mg/ml of hexane extract of A. oleracea. 

A. Anterior proglottids with extensive tegumental mutilation characterized by 

cracking and peeling. 

B. Proglottid with intermittent tegumental folds and shrinkage.  
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B 



92 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4.28: Scanning electron micrographs cestode R. echinobothrida  

treated with 20 mg/ml of aqueous extract of A. oleracea. 

A. The scolex with deformed spines and complete removal of microtriches. 

B. Magnified portion of the deformed sucker, spines at some locations dislocated. 

  

A 

B 
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Figure 4.29: Scanning electron micrographs of cestode R. echinobothrida treated with 

with 20 mg/ml of aqueous extract of A. oleracea. 

A. Anterior teguments with formation of conspicuous vesicles and piths. 

B. Massive shrinkage of proglottids with loss of microtriches. 
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Figure 4.30: Scanning electron micrographs cestode R. echinobothrida treated with 

lupeol. 

A. Severely crumpled scolex exposing most of the spines dislocated. 

B. Deeply deformed sucker, spines at some locations dislocated with chunks of 

debris. 

 

A 

B 
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Figure 4.31: Scanning electron micrographs of cestode R. echinobothrida treated with 

lupeol. 

A. The body segments showing severe shrinkage with condensing of the rims of 

each tegument. 

B. Severely wrinkled proglottids with formation of blebs. 

 

A 
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Figure 4.32: Light micrographs of histological section of untreated control of R. 

echinobothrida. 

A: Mature proglottid showing the tegument (T), number off eggs or oncospheres (O) 

inside egg capsule (EC) and a lateral excretory canal (LC). 

B: Enlarged portion displaying subtegument (S), longitudinal muscle (LM), circular 

muscles (CM) and layers of parenchyma (P). 
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Figure 4.33: Light micrographs of histological section of R. echinobothrida treated 

with 20 mg/ml of albendazole. 

A: The tegument and subteguments exhibited shrinkage with disappearance of layers 

of parenchyma leading to irregular displacement of oncospheres. 

B. An enlarged portion revealing loss of circular and longitudinal muscles. 
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Figure 4.34: Light micrographs of histological section of R. echinobothrida treated 

with 20 mg/ml of methanol extract of A. oleracea. 

A: The tegument of mature proglottid exhibited defacement and irregular folds, the 

lateral excretory vacuole completely removed. 

B. An enlarged portion showing complete disappearance of circular muscles and 

layers of parenchyma. 

A 

B 
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Figure 4.35: Light micrographs of histological section of R. echinobothrida treated 

with 20 mg/ml of chloroform extract of A. oleracea. 

A: Some portions of the tegument of mature proglottid is peeled off and the egg 

capsules undergo clumping at the center. 

B: A portion magnified to show the disintegration of circular muscles, longitudinal 

muscles and parenchyma layer. 

A 
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Figure 4.36: Light micrographs of histological section of R. echinobothrida treated 

with 20 mg/ml of hexane extract of A. oleracea. 

A: Extensive shrinkage of the tegument of mature proglottid throughout the body 

contour. 

B. An enlarged portion showing complete loosening and disintegration of 

parenchyma and abridging of egg capsules. 

A 

B 
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Figure 4.37: Light micrographs of histological section of R. echinobothrida treated 

with 20 mg/ml of aqueous extract of A. oleracea. 

A: Negligible alteration of the tegument and other internal organs. 

B: A magnified portion showing formation of number of small vacuoles. 

A 

B 
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Figure 4.38:  Acid phosphatase activities of control, albendazole and different 

extracts of A. oleracea. 

CON= Control 

ALB= Albendazole 

AOM= A. oleracea methanol extract 

AOC= A. oleracea chloroform extract 

AOH= A. oleracea hexane extract 

AOA= A. oleracea aqueous extract 

*Significant at 0.05 level of significance 

No symbol= Not significant 
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Fig. 4.39:  Alkaline phosphatase activities of control, albendazole and different 

extracts of A. oleracea. 

CON= Control 

ALB= Albendazole 

AOM= A. oleracea methanol extract 

AOC= A. oleracea chloroform extract 

AOH= A. oleracea hexane extract 

AOA= A. oleracea aqueous extract 

*Significant at 0.05 level of significance 

No symbol= Not significant 
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Figure 4.40: β-tubulin expression of control, albendazole and different extracts of A. 

olercaea.  

CON= Control 

ALB= Albendazole 

AOM= A. oleracea methanol extract 

AOC= A. oleracea chloroform extract 

AOH= A. oleracea hexane extract 

AOA = A. oleracea aqueous extract 

*Significant at 0.05 level of significance 

No symbol= Not significant 
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The anthelminthic activities of many medicinal plants have been attributed to the 

phytochemicals present in plants (Ogunmefun, 2018; Sarojini, 2011). Although the type 

and concentration of the phytochemical may vary in plants from different geographical 

areas, important phytochemical groups if not all are mostly detected in all the qualitative 

studies (Ghasemzadeh et al., 2018). Extraction of phytochemical is mainly done with 

organic solvents such as hexane, petroleum ether, chloroform, ethyl acetate, methanol, 

ethanol, etc., since they are reported to be more efficient than other type of solvents like 

water. The yield of extraction depends upon the type of plant material, solvent and 

duration of extraction (Tiwari et al., 2011). The yield of extraction of AO was found to 

be highest for methanol extract and lowest for chloroform extract. Similarly, the yield of 

ethanol extract was earlier reported to be higher than that of hexane extract (Moreno et 

al., 2012).  

Methanol and aqueous extract of S. acmella was reported to contain alkaloids, 

flavonoids, glycosides, phenolic compounds, tannins and carbohydrates while petroleum 

ether extract was reported to contain triterpenoids, tannins, flavonoids, phenolic 

compounds, sterols, fats, protein and amino acids (Arora et al., 2011). Similarly, the 

current study also showed the presence of carbohydrates and reducing sugars in the 

methanol extract. Conversely, important phytochemicals like alkaloids, flavonoids, 

glycosides and phenolic compounds were not detected in the present study. Unlike the 

petroleum extract of S. acmella, the presence of only one phytochemical group i.e. 

phytosterols was detected in hexane extract. The aqueous extract showed the presence of 
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three phytochemical groups such as alkaloids, tannins and saponins. Likewise, the 

presence of saponins and alkaloids in aqueous extract was reported earlier (Tania et al., 

2015). Alkaloids, tannins, saponins, steroid glycosides and flavonoids were also detected 

in the extracts of the aerial parts of AO (Abeysiri et al., 2013). The leaves of Acmella 

were also reported to contain important compounds such as steroids, sesquiterpenes, 

alkamides, amides, carbohydrates, carotenoids, tannins, essential oils and amino acids, 

essential oils (e.g. β-caryophyllene and limonene), phytosterols (e.g. α- and β-amyrins, 

β- sitosterol & stigmasterol,), α- and β-bisabolenes, sesquiterpenes, cadinenes, flavonoid 

glucoside and long chain hydrocarbons (Nagashima and Nakatani, 1992; 

Prachayasittikul et al., 2009; Tiwari et al., 201; Sahu et al., 2011). 

Antioxidant activities of plants are mainly attributed to compounds present in 

plants which serve as a good source of exogenous antioxidants for living system 

(Parveen et al., 2016). Reactive oxygen species (ROS), reactive nitrogen species (RNS) 

and oxidants are incessantly produced as normal by-product of normal metabolic 

reactions, which in high quantity can lead to inherent damage in large biomolecules such 

as nucleic acids, proteins, lipids and other vital biomolecules (Lopez and Denicola, 

2013). ROS include free radicals such as hydroxyl radical (OH•), lipid peroxyl (LOO•), 

peroxyl (ROO•), superoxide (O2•-) and oxygen radical (O2••) while RNS include nitric 

oxide (NO•) and nitrogen dioxide (NO2•). Other than free radicals, number of oxidants 

such as lipid peroxide (LOOH), organic peroxides (ROOH), aldehydes (HCOR), 

hydrogen peroxide (H2O2), singlet oxygen (1O2), peroxynitrite (ONOO–), ozone (O3), 

hypochlorous acid (HOCl),  nitrous acid (HNO2), peroxynitrite (ONOOH), nitrosyl 
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cation (NO+), nitronium (nitryl) cation (NO2
+), nitroxyl anion (NO−), dinitrogen 

tetraoxide (N2O4) and dinitrogen trioxide (N2O3) are known to induce damaging cellular 

and molecular reactions (Genestra, 2007). They are responsible for the effect called 

oxidative stress which in turn can lead to the development of clinical health problems 

including neurodegenerative, cardiovascular, cancer and aging (Lopez and Denicola, 

2013). To prevent many of the so caused diseases, exogenous antioxidants from plants 

are required to slow down or inhibit the oxidation process by scavenging the oxidants 

and free radicals or by removing them (Young and Woodside, 2001). Hence, 

antioxidants from foodstuffs such as plants, fruits and vegetables are the main source of 

defense for cellular oxidation (Halliwell, 1996; Carocho and Ferreira, 2013). The 

prevention of oxidative stress by plants has been demonstrated in detail by Zhang et al. 

(2015). 

Antioxidant property by DPPH free radical scavenging activity showed that all 

the extracts of AO under investigation exhibited concentration-dependent increase 

scavenging activity.  The scavenging activities were, however, found to be lower than 

the standard BHT in all concentrations. The IC50 of BHT was found to be lowest 

followed by methanol, aqueous, chloroform extract and highest in hexane extract. 

Similar concentration-dependent DPPH scavenging activity of extracts of S. acmella was 

earlier reported (Wongsawatkul et al., 2008; Tanwer et al., 2010). The ethyl acetate 

extract of S. acmella flower was also found to be highest in DPPH scavenging activity 

among the hexane, chloroform and butanol extracts (Wu et al., 2008). The methanol 
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extract of S. acmella roots were also demonstrated to have concentration dependent 

increase scavenging activity and the IC50 was reported to be 16.3 µg/ml (Sana et al., 

2014).  

Hydroxyl radical scavenging activity of standard ascorbic acid and all the 

extracts of AO were also found to increase with increase in concentration. Among the 

extracts, methanol extract was found to be the most potent in scavenging hydroxyl 

radicals while hexane extract was found to have the least scavenging activity in all the 

concentrations. The IC50 of ascorbic acid and methanol extract was found to be 

comparable while the IC50 of the other extracts were found to be much higher than the 

standard. A similar pattern of scavenging and inhibition of hydroxyl radical was reported 

for the different extracts of S. acmella where the methanol extract with IC50 of 154 

µg/ml was found to be the most active extract (Rao et al., 2012). Total antioxidant 

activity of the methanol extract of S. acmella was reported to be lower than the methanol 

extracts of Clerodendrum viscosum, Cynodon dactylon and Terminalia chebula 

(Swargiary et al., 2019). The activity estimated from extracts of different growing 

systems such as hydroponic, field and callus revealed that the activity equivalent to 

ascorbic acid was highest in extracts of A. oleracea from hydroculture (Abeysinghe et 

al., 2014). Total antioxidant activity of different extracts of A. oleracea showed that the 

activity was highest in aqueous extract, followed by methanol extract, hexane and lowest 

in chloroform extract. 
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The unique characters of AO such as odour, taste and many of its medicinal 

values are reported to be due to an alkylamide spilanthol, sometimes called affinin. 

These unique characters are as well described for the other species of Acmella (Chung et 

al., 2008). Spilanthol and other alkylamide such as (E)-N-isobutylundeca-2-en-8,10-

diynamide and (R, E)-N-(2-methylbutyl) undeca-2-en-8,10-diynamide were also 

detected and isolated form hexane extract of A. oleracea (Moreno et al., 2011). An 

olefinic alkamide, (2E,4E,8Z,10E)-N-isobutyl-2,4,8,10-dodecatetraenamide was isolated 

and reported for the first time and known to exhibit fiery activity like other alkylamides 

(Phrutivorapongkul et al., 2008). Eleven N-alkylamide compounds were detected from 

ethanol extract of S. acmella viz, (2Z)-N-isobdiynamideutyl-2-nonene(1)-6,8-diynamide, 

N-phenethyl-2,3-epoxy-6,8-nonadiynamide, (2E,4Z)-N-isobutyl-2,4-undecadiene-8,10-

diynamide, (2E)-N-isobutyl-2-undecene-8,10-diynamide, (2E,6Z,8E)-N-isobutyl-2,6,8-

decatrienamide, (2E)-N-(2-methylbutyl)-2-undecene-8,10-diynamide, (2E,7Z)-N-

isobutyl-2,7-tridecadiene-10,12-diynamide, N-alkylamide C14H25NO,  (2E,6Z,8E)-N-(2-

methylbutyl)-2,6,8-decatrienamide, N-alkylamide C14H21NO and (2E,4E,8Z,10Z)-N-

isobutyl-dodeca-2,4,8,10-tetraenamide (Boonen et al., 2012). Several biological 

activities of spilanthol have been reported including insecticidal, larvicidal, cytotoxicity, 

mosquitocide, analgesic, antifungal, anti-inflammatory, and were also reported to be 

active against malarial parasites and bacteria (Ramsewak et al., 1999; Hind and Biggs, 

2003; Torres et al., 2004; Hernandez et al., 2009; Moreno et al., 2011; Sharma et al., 

2012; Abeysiri et al., 2013; Dubey et al., 2013; Simas et al., 2013).  
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Quantification and detection of spilanthol from extracts of AO is generally done 

using high performance liquid chromatography (HPLC) and gas chromatography-mass 

spectrometry (GC-MS) (Bae et al., 2010). Spilanthol was detected at 7.34-minute 

retention time using 93:7 of CH3CN:H2O (v/v) mobile phase flowing at 0.5 ml/min 

(Singh and Chaturvedi, 2012). Correspondingly, spilanthol was detected from the 

methanol extract and hexane extract of AO using 93:7 of CH3CN:H2O (v/v) mobile 

phase at retention time 7.226-minute and 7.237-minute respectively. The flow rate was 

adjusted to 0.5 ml/minute with total run time of 15 minutes. Conversely, Bae et al. 

(2010) reported that spilanthol was detected at 4.97-minute retention time, flow rate of 

0.2ml/minute using mobile phase of CH3CN:H2O (1:1, v/v). The presence of spilanthol 

was further confirmed with GC-MS where the peak was observed at 17.7 minute that 

showed high degree of similarity with that of spilanthol from National Institute of 

Standards and Technology (NIST) library (Costa et al., 2013). 

Anthelminthic properties of different plants have been evaluated by various in 

vitro and in vivo experiments as they serve as a good source of compounds with several 

therapeutic potentials including anthelminthic activity (Sunita et al., 2017). Numerous 

plants have been acclaimed for their potency of eliminating helminths, among which 

some of them are even found to be competent with the available anthelminthic drugs. 

Standard protocols of in vitro anthelminthic activity test by direct exposure of helminth 

parasites to different extracts of medicinal plants showed promising results including 

early paralysis, early onset of death of parasites and various structural damage and 
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reduction of certain enzyme activities (Arema et al., 2012). In vivo experiments on 

experimental models such as mouse, rat, rabbit, etc., sturdily supported in vitro results, 

thus, further proving the efficacies of bioactive compounds from different kinds of 

plants. Among the virtuous plants, distinct positive results were found on helminth 

parasites such as cestode, trematodes, and nematodes for the extracts of Flemingia 

vestita, Artemisia annua, A. brevifolia, Ficus sp., Ananas comosus, Carica papaya, A. 

indica, Caesalpinia crista and Vernonia anthelmintica, Curcuma longa, Colchicum 

autumnale, Allium sativum, A. santonica, Albizzia lebbek, Cardiospermum halicacabum, 

Neurolaena lobata, Ocimum  sanctum, Chenopodium sp., Arocus calamus, Tribulus 

terrestris, Piper sylvaticum, Macleaya microcarpa, Cinnamomum cassia, Lysimachia 

clethroides, Lasia spinosa, Millettia pachycarpa, Acacia oxyphyla and Psidium guajava 

(Pal and Tandon, 1998; Tandon et al., 1997; Kar et al., 2004; Graham et al., 2019, 

Lalchhandama, 2015; Stepek et al., 2004; Stepek et al., 2007, Mansur et al., 2016; Salas 

et al., 2008).  

Results obtained from the present study show that Acmella oleracea (Asteraceae) 

is a plant with potent anthelminthic activity against poultry gastrointestinal cestode 

Raillietina echinobothrida. Different extracts of A. oleracea were found to exhibit 

concentration-dependent increase anthelminthic activity by inducing flaccid paralysis 

and death of the worms. Among the extracts, methanol extract of different 

concentrations (5, 10 and 20 mg/ml) was most active causing paralysis and death of the 

worms soon after treatment. Other extracts such as chloroform, hexane and aqueous 
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extracts also showed the same pattern of efficacy for different concentrations indicating 

that there is a positive correlation between concentration and time taken for paralysis 

and death of the worms. However, the activities were found to be less effective than 

methanol extract and standard anthelminthic drug albendazole. A similar anthelminthic 

activity was reported against cattle trematode Gastrothylex cruminefer upon treatment 

with aqueous and methanol extracts of the callus of Spilanthes acmella Murr (Singh et 

al., 2013).  

Plants belonging to Asteraceae family are potent anticestodal, antinematocidal, 

antitrematodal, antileishmania and antimalarial (Mukherjee, 2006). Comparable in vitro 

concentration-dependent efficacies were observed for the alcohol extracts of Ageratum 

conyzoides, Artemisia absinthium, A. herba-alba, Baccharis salicifolia, Bidens pilosa, 

Vernonia squamulose and Xanthium catharticum against Leishmania sp., a protozoan 

parasite and the causative agent of leishmaniasis. The alcohol and aqueous extracts of 

Artemisia abyssinica, A. afra, A. annua, Conyza albida, Elephantopus scaber, 

Helichrysum nudifolium, K. odora, Oedera genistifolia, Pentzia globosa, Solanecio 

mannii, Tithonia diversifolia, Vernonia auriculifera and V. oligocephala are ascertained 

as antitrypanosomal. In vitro antimalarial efficacies against Plasmdium sp. were 

observed for the extracts of X. strumarium, Tagetes erecta, K. odora, E. alba, B. pilosa, 

A. afra and A. conyzoides. Nematocidal activities were also reported for the extracts of 

B. pilosa, Blumea lacera, A. conyzoides, Cichorium intybus, Eclipta prostrata, 

Sphaeranthus indicus and Vernonia anthelmintica. Extracts of A. absinthium and A. 
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conyzoides are likewise effective against trematode Schistosoma mansoni and 

Heligmosomoides bakeri respectively (Panda and Luyten, 2018). 

Scanning electron micrographs reveal detailed structure topography of the worms 

which are important for the study of efficacies of anthelminthic agents on cestodes. 

Untreated worms which served as control from the study showed smooth and velvety 

appearances of the immature and mature teguments called proglottid. The anterior end 

tappers in a small knob-like structure called scolex. The scolex bears four suckers, the 

rims of which are spirally arranged with two rows of spines called hooks surrounding a 

centrally located apical rostellum. A similar structures of control worms was previously 

reported by Roy and Giri (2015). Treatment with albendazole caused shrinkage and 

uneven folding of the tegument throughout the body surface. The suckers showed an 

inward invagination and majority of the hooks in the sucker rims were lost. Comparable 

structural deformities were reported on R. echinobothrida treated with albendazole 

(Lalchhandama, 2010). Kundu and Lyndem (2012) showed that the alcohol extracts of 

Cassia plants (Cassia angustifolia, C. alata and C. occidentalis) caused severe shrinkage 

and contractions of the scolex and teguments, disorientation of the hooks and blebbing 

of the proglottids. Likewise, our study also shows that hexane and chloroform extract 

caused distortions and furrowing of the scolex, teguments and proglottids. Our study 

also shows that albendazole and different extracts of AO caused extensive deformations 

throughout the body surface of R. echinobothrida. Crude extract of Securinega virosa 

was reported to induce shriveling and bending of the hooks surrounding the sunken 
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suckers. The teguments showed shrinkage, erosion, uneven striations and melting of the 

proglottids (Dasgupta et al., 2013). Results induced by the extracts of AO demonstrated 

resemblances to these deformities.  

Kundu et al. (2015) reported that extracts of Senna occidentalis caused 

perforations and sloughing of the teguments and clumping of the microtriches upon 

exposure to H. diminuta worms (Kundu et al., 2015). A similar structural alteration such 

as shriveled lumps of microtriches, damages and loss of teguments were observed on the 

structure of R. echinobothrida treated with extracts of AO. The observations mainly 

conform with that of Roy et al. (2012) and Chetia et al. (2014). Tegumental demolition, 

particularly around the suckers, rostellum and proglottids associated with severe erosion, 

sloughing and vacuolization in various helminths have been demonstrated upon 

treatment with extracts of Azadirachta indica and M. taiwaniana (Ash et al., 2017; 

Lalchhandama, 2019). Identical structural deformities were observed in R. 

echinobothrida treated with extracts of AO. Extensive contraction, severe erosion, 

clumping of microtriches and formation of piths on the surface of worms are an 

indication of effective anthelminthic agents (Rivera et al., 2014; Xiao et al., 2000). 

Formation of similar structural deformities are exhibited by worms treated with alcohol 

extracts of M. taiwaniania, M. Pachycarpa and A. oxyphylla (Lalchhandama, 2007; 

Lalchhandama, 2008; Lalchhandama, 2019).  

Histological study is an important standard technique necessary for revealing the 

efficacies of anthelminthic agents on the internal organs and structures of helminth 
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parasites. From our study, the transverse section of untreated control of R. 

echinobothrida showed that the body was uniquely arranged in a distinct fashion. The 

outermost layer is a thin membrane called tegument, below which lies a thick continuous 

layer called subtegument. The subtegument lies closely associated with longitudinal and 

circular muscles. Numerous egg capsules, each with a number oncospheres are located 

and arranged in a pool of spongy tissue called parenchyma. Two large distinct excretory 

vacuoles are present towards the extreme ends. Comparable structures of cestode was 

described earlier (Lalchhandama, 2009). Roy and Tandon (2012) showed that the root 

extract of Carex baccans caused extensive destruction of the muscle layers and 

distortion of the surface fine topography of the tegument. Similar results were obtained 

upon treatment with albendazole and extracts of AO causing indecorous shrinkage of 

tegumental layers and degeneration of parenchyma cells leading to disorganization of 

oncospheres or egg capsules. The crude extract of A. oxyphylla was reported to induce 

the formation of numerous vacuoles in the tegument and muscle layers. The fine 

network of parenchyma cells was also obliterated upon treatment with the extract (Roy 

et al., 2007). Similar vacuole formation was observed in the worms treated with aqueous 

extract while the destruction of the parenchyma cells was seen in worms treated with 

albendazole, methanol and hexane extract.  

Acid phosphatase (AcPase) and alkaline phosphatase (AlkPase) are vital 

tegumental enzymes found closely associated with teguments and subteguments of 

cestode and trematode and cuticle of nematodes (Tandon and Das, 2018). They are 
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necessary for the uptake of nutrients from the external medium into their living system 

as they play an important role in absorptive and digestive functions (Giri and Roy, 

2014). Biochemical analyses by estimation of vital enzymes such as acid phosphatase 

(AcPase) and alkaline phosphatase (AlkPase) indicated a significant reduction in activity 

upon exposure to different extracts of F. vestita (Pal and Tandon, 1998). Results accrued 

from the treatment of R. echinobothrida with different extracts of AO showed significant 

decline in the activities of AcPase and AlkPase. Treatment with methanol extract 

showed the highest percentage (89.94%) of decrease from untreated control (29.75±0.67 

unit/μM/mg/h) in the activity of AcPase followed by albendazole (89.41%), chloroform 

(82.35%), aqueous extract (64.97%) and hexane extract (22.69%). A 96% decline in 

AcPase activity was reported in R. echinobothrida treated with root peel extract of F. 

vestita or genistein (Kar et al., 2004). Crude extract of Lysimachia ramosa was also 

reported to reduce AcPase activity by 44.09% (Dey and Roy, 2018).  Distinct reduction 

and inhibition of AcPase activity was also reported for the alcohol extracts of Millettia 

pachycarpa (44.7%), Acacia oxyphylla (35%) and S. virosa (34.5%) (Lalchhandama et 

al., 2007; Lalchhandama et al., 2008 and Dasgupta et al., 2013). 

Our result showed that alkaline phosphatase activity of R. echinobothrida was 

significantly reduced upon treatments with different extracts of AO and all the extracts 

of AO (methanol, chloroform and hexane), except aqueous extract, showed higher 

significant reduction in the activity of alkaline phosphatase than that of albendazole. A 

similar reduction in AlkPase activity was also observed upon treatment with extracts of 
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F. vestita (86%), L. ramosa by 38.89%, M. pachycarpa (48.7%), Acacia oxyphylla 

(41.2%) and S. virosa (96%) (Kar and Tandon, 2004; Lalchhandama et al., 2007; 

Lalchhandama et al., 2008; Dasgupta et al., 2012; Dey and Roy, 2018). 

Paralysis and death of the worms upon treatment with anthelminthic agents 

mainly occur due to inhibition of microtubule-dependent glucose uptake (Lacey, 1990). 

These anthelminthic agents bind specifically with high affinity to free β-tubulin of 

helminth microtubule proteins causing disturbance in the microtubule dynamic 

equilibrium (Kohler, 2001). Albendazole and different extracts of AO were found to 

exhibit different levels of expression for tubulin. The level of free β-tubulin was found to 

be highest in aqueous extract and lowest for the untreated control. However, there was 

no significant differences in the level of free β-tubulin in all the treated extracts. Similar 

level of the protein was observed for albendazole (Zhang et al., 2015). The level of free 

β-tubulin was reported to be similar in Giardia lamblia treated with different 

concentrations of 5´-desmethoxy-peltatin-A-methylether (5-DES), 

acetylpodophyllotoxin (APOD) and podophyllotoxin (POD) from Bursera fagaroides 

var. fagaroides (Gutiérrez et al., 2017). 

Insight of what has been mentioned, A. oleracea is a plant with diverse medicinal 

acclaims. Important phytochemicals and bioactive compounds are attributed to its many 

therapeutic purposes. Among many of its acclaimed medicinal properties, the 

establishment of its use as an anthelminthic may be scientifically supported by the 

present study. 
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CHAPTER 1 

 Chapter 1 illustrates the status of helminth parasite infections around the world 

with the need of an hour for the discovery of new anthelminthic drugs, the potentials of 

plants and the motive for selection of Acmella oleracea (AO). Parasitic infections due to 

helminths (helminthiasis) are highly prevalent in underdeveloped countries wherever 

sanitation is neglected (Mitra et al., 2017). Helminthiasis is one of the neglected tropical 

diseases estimated to infect about 24% of the world’s population mainly in tropical and 

sub-tropical countries including China, East Asia, Sub-Saharan Africa, and America 

(WHO, 2019; De Silva et al., 2003). Numerous drugs are available for the treatment of 

helminthiasis but are often associated with the emergence of resistance upon frequent 

administration. Resistance has been reported for most of the available anthelminthic 

drugs for both human population and livestock (Idris et al., 2018; Morgan et al., 2019). 

Due to this, there is an urgent need for the development and discovery of new 

anthelminthic drugs. 

 A. oleracea (Asteraceae) is traditionally used by the Mizo people for treatment 

of various helminth infections. It is commonly known as toothache plant or para cress 

and in Mizo as ankasa (Sahu et al., 2011; Lalfakzuala et al., 2007). It is a cultivated, 

perennial or annual herb with a unique fiery taste when chewed. It produces numbness 

in the mouth when consumed and thus is sometimes used as local anaesthestic 

particularly for treatment of toothache (Gilbert and Favoreto, 2010). It is known for 

many of its therapeutic uses as an antioxidant, analgesic, antipyretic, antimicrobial, 
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antimalarial, anthelminthic, and antiprotozoal activity (Crouch et al., 2005; 

Prachayasittikul et al., 2013; Haw et al., 2003; Ekanem et al., 2007; Phrutivorapongkul 

et al., 2008). Its use for the treatment of skin infection is fairly common. It is used as an 

appetizer in China and surprisingly as an aphrodisiac in India (Sahu et al., 2011).  

Plants are a virtuous source of phytochemicals presumed to be responsible for 

many therapeutic tenacities including anthelminthic activity (Idris et al., 2019). Owing 

to this, this research was undertaken to unveil the therapeutic potentials of A. oleracea 

and scientific validation of its use as anthelminthic among the Mizo people. 

CHAPTER 2 

 In this chapter, innumerable works that have been done on the anthelminthic 

properties of plants are described. Various extracts of plants have been studied, tested on 

parasites and reported to have potent anthelminthic activity (Sofowora et al., 2013). 

Further bioactive guided fractionation and isolation of anthelminthic compounds led to 

the discovery of new anthelminthic compounds from plants (Sasidharan et al., 2011). 

Among the fascinating plants were Artemisia annua, Flemingia vestita, Ficus sp., 

Curcuma longa, Tribulus terrestris, Ananas comosus, Carica papaya and Actinidia 

deliciosa from where anthelminthic compounds such as genistein, daidzein, 

formononetin, pseudobaptigenin, artemisinin, ficin, bromelain, papain, chymopapain, 

and actinidain were isolated (Pal and Tandon, 1998; Tandon et al., 1997; Graham et al., 

2019; Stepek et al., 2004; Stepek et al., 2007; Luoga et al., 2015). Additionally, the 

anthelminthic potentials of plants belonging to family Asteraceae have also been 
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illustrated. Some of the traditional anthelminthic plants of Mizo with experimental 

evidences have also been highlighted. 

CHAPTER 3 

 This chapter deals with the methods employed for the entire study. The selection 

of the plant was based on the traditional practice of Mizo. Full-grown samples were 

collected from the garden and dried in a shade. Authentication was done by the 

Botanical survey of India, Shillong. Known quantities of dried plant samples were 

ground into a powder and used for hot continuous extraction using Soxhlet apparatus. 

Solvents of increasing polarity such as hexane, chloroform. methanol and water were 

used for extraction (Azwanida, 2015). The crude semi-solid extracts were used for 

further analysis such as phytochemical screening, in vitro antioxidant activities, 

chemical characterization and in vitro anthelminthic activity against helminth parasite of 

fowl, i.e. Raillietina echinobothrida (Gokhale et al., 2017; Blois, 1958; Halliwell and 

Gutteridge,1989; Prieto et al., 1999; Lalchhandama et al., 2007). The efficacies of the 

extracts on the worms were further investigated by performing a histomorphological 

study, scanning electron microscopy and estimation of vital tegumental enzymes such as 

acid phosphatase (AcPase) and alkaline phosphatase (Alkpase) and β-tubulin which are 

a known target of anthelminthic compounds (Lalchhandama et al., 2007; Roy et al., 

2007; Andersch and Szcypinski, 1947; Laurent and Norberg, 1960; Segatto et al., 2014; 

Bordeaux et al., 2010). Chemical characterization was done using high performance 

liquid chromatography (HPLC), gas chromatography-mass spectrometry (GC-MS), 
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Fourier-transform infrared spectroscopy (FTIR) and bioactivity guided isolation (Singh 

and Chaturvedi, 2011; Hussain, 2014; Saraf and Dixit, 2002). 

CHAPTER 4 

 Chapter 4 comprises the results obtained from all the tests performed. The yield 

of extraction was found to be highest in methanol extract and lowest in chloroform 

extract. Phytochemicals such as alkaloids, phytosterols, tannins, saponins, carbohydrates 

and reducing sugars were detected. However, important phytochemical such as 

flavonoid, glycosides and proteins could not be detected. All the extracts showed 

concentration-dependent increase scavenging activities. However, the activities were 

found to be lower than the standards at all concentrations. The extracts were also found 

to possess high total antioxidant activity where the activity was highest in aqueous 

extract.  

Gas chromatography-mass spectrometry (GC-MS) revealed the presence of 19, 

22 and 13 compounds in hexane, chloroform and methanol extracts respectively and 

only one compound was detected in aqueous extract. N-Isobutyl-(2E, 4Z, 8Z, 10E)-

dodecatetraenamide was found to be the major compound. High performance liquid 

chromatography (HPLC) further confirmed the presence of an alkylamide compound, 

(2E,6Z,8E)-N-Isobutyl-2,6,8-decatrienamide only in hexane and methanol extracts. 

Bioactivity-guided isolation of compound by column chromatography led to isolation of 

lupeol from hexane extract. Identification of the isolated compound was done from the 
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chromatogram obtained from 1H and 13C nuclear magnetic resonance spectroscopy, 

mass spectrometry and Fourier-transform infrared spectroscopy.  

In vitro anthelminthic test showed that all the extracts (5, 10 and 20 mg/ml) and 

isolated compound (1 mg/ml) showed concentration-dependent increase activity. 

Scanning electron microscopy and histomorphological studies revealed that extensive 

deformity occurred on the surface and internal body organization. All the extracts were 

also found to cause significant reduction in vital tegumental enzymes, i.e. acid 

phosphatase and alkaline phosphatase. The expression of β-tubulin in worms treated 

with extracts were found to be higher than untreated control worms indicating an 

inhibition of β-tubulin polymerization.   

CHAPTER 5 

 In this chapter, the rationale of the present study with the related field of works is 

discussed. Numerous plants have been acclaimed for their potency of eliminating 

helminths, among which some of them are even found to be competent with the 

available anthelminthic drugs (Aremu et al., 2012). Experimental evaluation of 

anthelminthic properties of plants served as an alternative for anthelminthic drugs with a 

reported history of resistance. Different extracts of A. oleracea were found to exhibit 

concentration-dependent increase anthelminthic activity by inducing flaccid paralysis 

and death of the worms. Among the extracts, methanol extract of different 

concentrations (5, 10 and 20 mg/ml) was most active causing paralysis and death of the 

worms soon after treatment. A similar anthelminthic activity was reported against cattle 
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trematode Gastrothylex cruminefer upon treatment with aqueous and methanol extracts 

of the callus of Spilanthes acmella Murr (Singh et al., 2013).  

Results accrued from the treatment of R. echinobothrida with different extracts 

of AO showed a significant decline in the activities of AcPase and AlkPase. Likewise, 

reduction in enzyme activities were reported upon treatment with extracts of F. vestita 

(Pal and Tandon, 1998), Lysimachia ramosa (Dey and Roy, 2018), Millettia pachycarpa 

and Acacia oxyphylla (Lalchhandama et al., 2007; Lalchhandama et al., 2008; Dasgupta 

et al., 2013). Different extracts of AO were found to exhibit higher levels of expression 

for β-tubulin than the untreated control. Similar results were previously reported by 

Gutiérrez et al. (2017). Similar deformities observed on the surface and internal body 

organization of the worms were also reported by Roy et al. (2012) and Chetia et al. 

(2014).  

The presence of important phytochemicals as observed in the current study were 

also reported in extracts of Spilanthes acmella (Arora et al., 2011; Tania et al., 2015; 

Abeysiri et al., 2013). Similar total antioxidant activity and concentration-dependent 

scavenging activity of free radicals by extracts of S. acmella were earlier reported 

(Abeysinghe et al., 2014, Wongsawatkul et al., 2008; Rao et al., 2012).  

The unique characters of AO such as odour, taste and many of its medicinal 

values are reported to be due to an alkylamide spilanthol, sometimes called affinin. 

Spilanthol was detected and isolated from hexane extract of AO (Moreno et al., 2011). 

Likewise, spilanthol was detected in hexane and methanol extracts of AO. Numerous 
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compounds were detected by GC-MS among which alkylamide compounds were 

reported to be the major compounds. 

Insight of what has been mentioned, A. oleracea is a plant with diverse 

medicinal acclaims. Among many of its acclaimed medicinal properties, the 

establishment of its use as an anthelminthic may be scientifically supported by the 

present study.  
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ABSTRACT  
 

Species of the genus Acmella are perennial plants and are well known as traditional medicines and 
as vegetables in tropical regions. Of these, A. oleracea (L.) R.K. Jansen is the most widely used, and 
is cultivated as an ornamental plant and as a crop. In traditional medicine, it is used for the treat-
ment of haemorrhage, helminthiasis, gingivitis, laceration, malaria, oral and gastric ulcer and infec-
tions, dysentery, urinary calculi, and inflammations. Biochemical tests of the methanol indicated 
presence of important bioactive compounds, such as phytosterols, and tannins. Assessment of the 
free radical scavenging activity showed that it has concentration-dependent antioxidant activity 
similar to that of the standard butylated hydroxytoluene (BHT). The half maximal inhibitory con-
centration (IC50) of the plant extract was 13.773 mg/ml, while it was 28.098 mg/ml for BHT. The 
total antioxidant activity was 85 mg/ml calculated against the standard ascorbic acid. The total 
phenol content was estimated using Folin-Ciocalteu-gallic acid reaction, and was determined to be 
1.38 GAE mg/g. Using the aluminum chloride-quercetin assay, the total flavonoid content was cal-
culated to be 28.7 QE mg/g.                     
 
Key words: A. oleracea, antioxidant activity, total phenol, total flavonoid.    
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INTRODUCTION 
 
A widely acclaimed ornamental, culinary 

and medicinal plant, Acmella oleracea (L.) R.K. 

Jansen is a small and perennial flowering herb, 
and is the most well-known among the family 

Asteraceae. As far as its botanical origin is con-
cerned, it is presumed to be native to Peru, and 
from then is exported for cultivation to other 
parts of the world. It is now widely distributed 
throughout tropical and subtropical regions in-
cluding Africa, America, Borneo, India, Sri 
Lanka, and Southeast.1,2 It is rather easily culti-
vated because it grows throughout the year, and 
easily grow in the wild. It is mostly known for 
its unique taste for which it is used in a variety 
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of foodstuff. Its leaves and flowers contain a dis-
tinct odour and mild burning taste in the mouth 
when eaten. This flavour renders it as a special 
ingredient in culinary preparations or even as a 
vegetable. For its strong pungent flavour it is 
used in the America as a spice. It is a common 
vegetable in many parts of India, Brazil, and 
Southeast Asia.3   

Its broad range of applications in traditional 
medicines includes uses as anaesthetic, anticon-
vulsant, antiseptic, antifungal, antiprotozoal, 
antidiarrhoeal, analgesic, antiulcer, antipyretic, 
antidiuretic, antiinflammatory, diuretic, aphro-
disiac, and insecticidal agent.4,5 When it is vigor-
ously rubbed on the skin it also produces a tin-
gling sensation and numbness, giving rise sooth-
ing effect. For its antimicrobial and pain-
relieving properties, the plant extract has been 
an important commercial product in oral health 
care for the treatment of various mouth ailments 
such as gingivitis, oral ulcer, sore throat, and 
general toothache.6 It is for this reason that it has 
been attributed a common name the toothache 
plant.  

In more serious medical conditions A. ol-

eracea is also an important source of treatment. It 

has been used as the medicine for many infec-
tious diseases and life-threatening conditions 
such as different blood diseases, anaemia, 
haemorhhage, cancer, dysentery, gastrointesti-
nal ulcer, rheumatism, and snake bite.4,7 In the 
most malaria-endemic areas such as in India and 
Africa, it has been regarded as one of the most 
useful antimalarial medication.8 It is also used in 
the treatment debilitating clinical conditions in-
cluding gout, helmithiasis (intestinal infection), 
hepatosis, prostate cancer, scurvy, stammering, 
and xerostomia (dry mouth).9 Its use in the treat-
ment of blood related disorders has been attrib-
uted to its known cytotoxic, antioxidant, and 
vasorelaxant activities.7 Further, its antipyretic 
activity against Brewer’s yeast-induced pyrexia 
likely supports its use in the treatment of high 
fevers.6 

It is known to be a strong natural insect kil-
ler. For example, its insecticidal activity has 
been shown against the pest Tuta absoluta,10 and 

vectors of infectious diseases including Aedes 

aegyptii.11 In Indian traditional medicine, it is 

widely employed as one of the most effective 
aphrodisiacs (libido enhancers), and is com-
monly prescribed for cases of impotency.2 All 
these medical benefits have been warranted 
through its various important pharmacological 
properties such as anaesthetic, antiinflamma-
tory, analgesic, antipyretic, antiobesity and diu-
retic activities.6,12,13 Its antiinflammatory activity 
has been validated in experimental rats.14 It is 
also shown to increase the production of special-
ised white blood cells called macrophages, 
which are one of the basic cells in preventing 
infection by pathogens. This will explain its anti-
inflammatory actions and its use in the treat-
ment of rheumatism.15 However, many details of 
its chemical properties are yet to be defined to 
make it as an empirically-proven therapeutic 
agent. 

 

MATERIALS AND METHODS 
 

Collection of plant material  

 
A. oleracea was harvested during October-

November 2015 from Ngopa, a village in Cham-
phai District, Mizoram, India (located between 
23.8861° latitude north and 93.2119° longitude 
east). Only the fully mature and flowering plants 
were selected (Fig. 1). A voucher specimen was 

Fig. 1: A. oleracea in plantation. 
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prepared and is maintained at the herbarium 
section of the Department of Botany, Pach-
hunga University College, Aizawl, Mizoram. 
The roots and the main stems were discarded, 
and the aerial parts of the plant were dried under 
a regulated temperature at 45°C in a thermostat 
incubator. 

 

Preparation of plant extract 

 
The dried plants were weighed in a balance 

and recorded, and then they were ground to fine 
powder using mortar and pestle. A pre-weighed 
powder was loaded into thimble of Soxhlet ex-
tractor having a 5l-capacity collection flask. The 
plant powder was subjected to continuous hot 
extraction using methanol. Total refluxing took 
72 h. The plant extract was concentrated in a 
vacuum rotary evaporator (Buchi Rotavapor® R
-215). The final extract was in the form of semi-
solid mass, which was refrigerated at 4°C until 
further use. 

 

Phytochemical detection 

 
The various chemical components were 

screened using standard protocols. Alkaloids 
were tested by Meyer’s test, and Dragendroff’s 
test; carbohydrates by Wagner’s test, Hager’s 
test, Molisch’s test, Fehling’s test, Barfoed’s test, 
and Benedict’s test; phytosterols by Liebermann-
Burchard’s test, and Salkwoski reaction; gly-
cosides by Legal’s test, and Keller Killiani’s test; 
tannins by FeCl3 test, K2Cr3O7 test, and lead ace-
tate test; saponin by foam test. 

 

Antioxidant activity 

 
The antioxidant activity was estimated by the 

method of Blois (1958).16 In brief, a stable free 
radical DPPH (2,2-diphenyl-1-picrylhydrazyl) 
was used as a substrate. Antioxidant activity was 
shown by the scavenging of DPPH. 1 ml of 0.1 
mM solution of DPPH in methanol and 3 ml of 
plant extracts were incubated at 37±1°C for 30 
minutes. For the standard reference, butylated 
hydroxytoluene (BHT) was prepared in similar 

mixture as that of the extracts. Absorbance was 
measured at 517 nm against control using a 
spectrophotometer (EvolutionTM, Thermo Scien-
tific). The percentage of inhibition was calcu-
lated by comparing the absorbance values of the 
test samples with those of the controls. 

The inhibition percentage (I) was calculated 
using the formula: 

 
 I = (Abs control – Abs sample) / Abs control X 100  

 

Total antioxidant activity 

 
The total antioxidant activity was determined 

by phosphomolybdate estimation using ascorbic 
acid as a standard. 0.1 ml of sample solution 
was mixed with 1 ml of reagent solution (0.6 M 
sulphuric acid, 28mM sodium phosphate and 4 
mM ammonium molybdate). After incubation at 
95°C, absorbance was measured at 695 nm us-
ing UV-vis spectrophotometer (EvolutionTM, 
Thermo Scientific). 

 

Total phenol content 

 
The total phenol content of the plant was 

estimated by using the modified method of Folin
-Ciocalteu assay.17,18 1 ml of methanolic solution 
of gallic acid (with each concentration of 10, 20, 

40, 60, 80, and 100 μg/ml) was mixed with 5 ml 
Folin–Ciocalteu reagent (initially diluted ten-
fold). 4 ml of sodium carbonate solution (0.7 M) 
was added after 3 minutes, and the mixture was 
left to stand for 1 hr at room temperature. Ab-
sorbance was measured at 765 nm using UV-Vis 

spectrophotometer. 1 ml extract (50 μg/ml) was 
also mixed with the reagents above and after 1 
hr the absorbance was measured. A standard 
calibration curve was prepared from the absorb-
ance readings at the different concentrations of 
gallic acid. The amount of total phenolic com-
pounds was calculated from the calibration 
curve. The result was expressed as milligrams of 
gallic acid equivalent (GAE) per gram of the 
dried extract. 
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Total flavonoid content 

 

The total flavonoid content of the plant was 
determined by the aluminum chloride (AlCl3) 

method. 1 ml of the plant extract (50 μg/ml) was 
mixed with 2 ml of distilled water. 3 ml of 5% 
sodium nitrite (NaNO2) and 0.3 ml of 10% AlCl3 
were added after 5 minutes. 2 ml of NaOH (1 
M) was added after 6 minutes, and the volume 
was made up to 10 ml with distilled water. Ab-
sorbance reading was taken at 510 nm after 1 hr. 
A standard curve was prepared with quercetin at 
different concentrations (5, 10, 20, 40, 60, 80, 

and 100 μg/ml). The total flavonoid content was 
determined from the calibration curve of 
quercetin. The final value was expressed as mil-
ligrams of quercetin equivalent (QE) per gram of 
the dried extract. 

 

RESULT 
 
Biochemical detections using various meth-

ods show the presence of important phytochemi-
cals such as phytosterols and tannins (Table 1). 
However, other important phytochemicals such 
as alkaloids, flavonoids, and saponins could not 
be detected in any of the tests used.  

The antioxidant activity was estimated by the 
method of DPPH free radical scavenging assay 
using the methanol extract (Fig. 2). Increasing 
concentrations of the plant extract were pre-

pared from 10, 20, 40, 60, 80, to 100 µg/ml. Ex-
actly similar concentrations were used for the 
reference compound BHT. Both the extract and 
BHT showed concentration-dependent activity 
against DPPH, i.e. increased scavenging activity 
with increased concentration. BHT appeared to 
be more potent than the plant extract at all con-
centrations tested. IC50 of standard BHT and the 
plant extract was calculated from the standard 
graph. The plant extract showed IC50 of 13.773 
mg/ml while for BHT it was 28.098 mg/ml. The 
total antioxidant activity was estimated as ascor-
bic acid equivalent i.e. 85 mg/ml. 

Using Folin-Ciocalteu-gallic acid reaction, 
the total phenol content of methanol extract of 
A. oleracea was determined to be 1.38 GAE mg/

g. From the aluminum chloride-quercetin assay, 
the total flavonoid content was calculated to be 
28.7 QE mg/g. 

 

DISCUSSION 
 
Species of Acmella, especially A. oleracea, have 

been studied and documented for their beneficial 
roles in health various as acclaimed in tradi-
tional medicines. Their antiseptic, antifungal, 
antidiarrhoeal, analgesic, anaesthetic, antimalar-
ial, antiulcer, antipyretic, antiinflammatory, diu-
retic, and vasorelaxant properties have been use 
for the treatments of debilitating diseases includ-
ing anaemia, cancer, dysentery, malaria, rheu-

Lalchhandama et al. 

Sl. No. Phytochemicals Name of test Methanol 

1. Alkaloids Meyer’s test - 

  Dragendroff’s test - 

  Wagner’s test - 

  Hager’s test - 

3.  Phytosterols Liebermann burchard’s test + 

  Salkwoski reaction + 

4. Glycosides Legal’s test - 

  Keller Killiani’s test - 

5.  Tannin FeCl3 test + 

  K2Cr3O7 test + 

  Lead acetate test + 

6.  Saponins Foam test - 

 

Table 1: Some chemical constituents of A. oleracea. 
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matism, snake bite, toothache, and ulcer.4,6-8 The 
unique odour and taste are due to an olefinic 
alkylamide spilanthol, or sometimes affinin, in 
the species of Acmella.19 The leaves of Acmella are 

contain important compounds including al-
kamides, amides, carbohydrates, tannins, ster-
oids, carotenoids, essential oils, sesquiterpenes 

and amino acids,7,20 phytosterols (e.g. β-

sitosterol, stigmasterol, α- and β-amyrins), essen-

tial oils (e.g. limonene and β-caryophyllene), 

sesquiterpenes, α- and β-bisabolenes and cadine-
nes, flavonoid glucoside and a mixture of long 
chain hydrocarbons.1,21 

In the present study, the presence of phytos-
terols and tannins was confirmed. Important 

phytosterols such as β-sitosterol, stigmasterol 
and campesterol are known for their therapeutic 
actions in cardiovascular diseases, colon and 
breast cancer.22 Tannins from different plants are 
shown to have antitumour, antimutagenic, anti-
cancer, antibacterial, and antiviral activities.23 
Tannin-rich plants are popuarly used for their 
healing activity in wounds and inflammations.24 
Maria-Ferreira et al. recently reported that rham-

nogalacturonan, a complex pectic carbohydrate 

present in A. oleracea, could heal acute ulcers in 

rats.25 

In the present study, the methanol extract 
exhibited concentration-dependent antioxidant 
activity similar to that of butylated hydroxytolu-
ene (BHT). But its overall activity was lower 
than that of BHT. Free radicals such as reactive 
oxygen and nitrogen species, which are the 
products of normal physiological metabolism, 
are responsible for progressive damage to DNA, 
lipids, proteins, and other vital biomolecules. 
The effect called oxidative stress is in turn the 
pathogenesis of clinical health problems includ-
ing many cardiovascular, neurodegenerative, 
cancer and even aging.26 Exogenous antioxi-
dants from foodstuffs are required to decrease or 
inhibit the oxidation process by making the free 
radicals to harmless byproducts or by destroying 
them.27 Hence dietary antioxidants constitute 
the principle source of defense for cellular oxida-
tion.28,29  
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INTRODUCTION 

 
Acmella oleracea (L.) R.K. Jansen is popular medicinal as 

well as culinary plant in different parts of the world. It is a 

small perennial flowering herb classified under the family 

Asteraceae. It is generally believed to have originated 

from Peru, but now it has been introduced throughout 

tropical and subtropical regions including Africa, Amer-

ica, Borneo, India, Sri Lanka, and Southeast Asia [1,2]. It 

is noted for its distinct pungent smell and burning sensa-

tion that it produces upon eating. For its unique flavour, 

native Americans had been using it as a spice for various 

culinary preparation. Cooked as a whole plant, it is served 

as a common vegetable in India, Brazil, and Southeast 

Asia [3]. In different medicinal systems, it is used in a 
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ABSTRACT  

 
Supplementary antioxidants are essential because of the innate production of reactive oxygen and nitrogen spe-

cies through normal cellular metabolism. Phenolic compounds and flavonoids are known to be the principal anti-

oxidant constituents of dietary and medicinal plants. As a widely used culinary and medicinal herb, Acmella ol-

eracea was assessed for its antioxidant properties. Total flavonoid content was estimated based on the reaction 

between the plant extract and aluminium chloride. Total phenolic content was quantified using Folin-Ciocalteu 

reagent; and total antioxidant activity was determined by phosphomolybdate reaction. The total flavonoid evalua-

tion showed that 1 g of the plant extract contains 28.7 mg of quercetin equivalent dry weight of the sample. In 

terms of phenolic content, 1 g of plant extract was estimated to contain 1.38 mg of gallic acid equivalent dry 

weight of the plant extract. The total antioxidant activity indicated that 1 g of plant extract contains 12.5 mg of 

ascorbic acid equivalent dry weight of the plant extract. These chemical estimations show that A. oleracea is a 

good source of antioxidants, and justify its medicinal and dietary uses. 
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variety of health issues for its anaesthetic, anticonvulsant, 

antidiarrhoeal, antifungal, antiprotozoal, antiseptic, anal-

gesic, antiulcer, antipyretic, antidiuretic, antiinflamma-

tory, diuretic, aphrodisiac, and insecticidal activities [4,5]. 

One of its well-known applications is in dental and oral 

health care. Its antiseptic and analgesic properties have 

been used for the treatment of sore throat, oral ulcer, gin-

givitis, and general toothache. It is for this reason that it 

has earned an English vernacular name the toothache 

plant [6]. 

 

A. oleracea is also used in the treatment of several debili-

tating diseases such as anaemia, haemorrhage, cancer, 

http://www.scholarsresearchlibrary.com
mailto:chhandama@gmail.com
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 dysentery, gastrointestinal ulcer, rheumatism, scurvy, 

stammering, and xerostomia and snake bite [7-9]. It is 

also known for its effectiveness for infectious diseases 

such as malaria and helminthiasis [10]. It is also widely 

used in the treatment of disorders related to blood, basi-

cally for its cytotoxic, antioxidant, and vasorelaxant ac-

tivities [8]. It has a potent antipyretic activity against 

Brewer’s yeast-induced pyrexia, and this property is cred-

ited to its use in the treatment of high fever [6]. It is also 

known for its insecticidal activity suggesting its possible 

use in the control of agricultural pests and disease vectors. 

It reportedly kills important insects such as the common 

pest Tuta absoluta [11] and important vectors of infec-

tious diseases including Aedes aegyptii [12].  

 

In Indian traditional medicine, A. oleracea is known as an 

effective aphrodisiac, and is being used in the treatment of 

impotency [2]. These medicinal values have been appreci-

ated from its variety of pharmacological properties such 

as anaesthetic, antiinflammatory, analgesic, antipyretic, 

antiobesity and diuretic activities [13-15]. It indicates 

significant antiinflammatory activity in experimental rats 

[14]. It has been also experimentally demonstrated to 

cause considerable increase the number of macrophages, 

specialised white blood cells vital for the most important 

immunological responses. This fact alone is a good ra-

tionale for its use in the treatment of rheumatism, a seri-

ous immune disorder [16]. Therefore, it is important to 

study the pharmacognostic values such as total flavonoid, 

total phenol, and total antioxidant contents of the plant. 

 

MATERIALS AND METHODS 
 

Collection of plant material  

 

A. oleracea was harvested from the plantation field in the 

village of Ngopa, Champhai District, Mizoram, India 

(located between 23.8861° latitude north and 93.2119° 

longitude east) in 2015. A voucher specimen was pre-

pared and identified, and is maintained at the herbarium 

section of the Department of Botany, Pachhunga Univer-

sity College, Aizawl, Mizoram. The aerial parts, i.e. 

leaves and flowers, of the plant were dried in a thermostat 

oven at 45°C. 

 

Preparation of plant extracts 

 

The dried plants were macerated to fine powder using 

motorised blender. The plant powder was subjected to 

continuous hot extraction in a Soxhlet apparatus using 

methanol as a solvent. Extraction was run for 72 h. The 

extracts were concentrated in a vacuum rotary evaporator 

(Buchi Rotavapor® R-215). The plant extracts were pro-

duced in the form of semi-solid mass, and were refriger-

ated at 4°C until further use. 

Total flavonoid content 

 

The total flavonoid content of the plant was determined 

by the aluminum chloride method. 1 ml of the extract (50 

μg/ml) was mixed with 2 ml of distilled water. After 5 

minutes, 3 ml of 5% sodium nitrite (NaNO2) and 0.3 ml 

of 10% aluminum chloride (AlCl3) were added. After 6 

minutes, 2 ml of NaOH (1 M) was added, and the volume 

was made up to 10 ml with distilled water. After 1 hour, 

absorbance was taken at 510 nm in a UV-Vis spectropho-

tometer (EvolutionTM 220). A standard curve was pre-

pared with quercetin at different concentrations (10, 20, 

40, 60, 80, and 100 μg/ml). From the calibration curve of 

the reference standard, the total flavonoid content was 

determined and expressed as milligrams of quercetin 

equivalent (QE/g) of dried extract. 

 

Total phenolic content 

 

The total phenolic content of the plant was determined by 

using the method of Mc Donald et al. [17] with modifica-

tions. Calibration curve was prepared by mixing 1 ml of 

methanolic solution of gallic acid (10, 20, 40, 60, 80, and 

100 μg/ml) with 5 ml Folin-Ciocalteu reagent (which was 

diluted tenfold from the original stock). After 3 minutes, 4 

ml of sodium carbonate solution (0.7 M) was added, and 

the mixture was allowed to stand for 1 hour at room tem-

perature. Absorbance was measured at 765 nm using UV-

Vis spectrophotometer. 1 ml extract (50 μg/ml) was also 

mixed with the reagents above and after 1 hour the ab-

sorbance was measured to determine total plant phenolic 

content. From the calibration curve, the amount of pheno-

lic compounds was determined and expressed as milli-

grams of Gallic acid equivalent (GAE)/g of the dried ex-

tract. 

 

Total antioxidant activity 

 

The total antioxidant activity was determined by phospho-

molybdate estimation using ascorbic acid as a standard. 

0.1 ml of sample solution was mixed with 1 ml of reagent 

solution (0.6 M sulphuric acid, 28 mM sodium phosphate 

and 4 mM ammonium molybdate). After incubation at 

95°C, absorbance was measured at 695 nm. 

 

RESULT 
 

Total flavonoid content 

 

The total flavonoid of A. oleracea extract was given by 

reactions with sodium nitrite (NaNO2), aluminum chlo-

ride (AlCl3), and sodium hydroxide (NaOH). The total 

flavonoid concentration was expressed as weight in mg of 

quercetin equivalent per gram of dry weight. It was found 
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that 1 g of the plant extract contains 28.7 mg of quercetin 

equivalent dry weight of the sample (Figure 1). 

 

Total phenolic content 

 

Total phenolic concentration equivalent of gallic acid was 

estimated based on its reaction with Folin-Ciocalteu re-

agent. It was found that 1 g of plant extract contains 1.38 

mg of gallic acid equivalent dry weight of the plant ex-

tract (Figure 2). 

 

Total antioxidant activity  

 

The total antioxidant activity was estimated by reaction 

with sulphuric acid, sodium phosphate and ammonium 

molybdate. The reaction product shows that 1 g of plant 

extract contains 12.5 mg of ascorbic acid equivalent dry 

weight of the plant extract (Figure 3).  
 

DISCUSSION 
 

Plants are the major source of exogenous antioxidants 

 
 Figure 1: Total flavonoid content of Acmella oleracea estimated as quercetin equivalent. 

 

 
 

Figure 2: Total phenolic content of Acmella oleracea estimated as gallic acid equivalent. 
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[18]. Reactive species, either oxygen derived or nitrogen 

derived, are produced in the body as a result of normal 

cellular metabolism reactions in the form of free radicals 

or non-radicals. The long-term effects of these species 

attributed to the pathogenesis of a number of diseases. 

This is due to their ability to cause inherent damage to 

DNA, lipids, proteins, and other vital biomolecules. The 

effect called oxidative stress is deeply rooted with several 

health problems including a number of cardiovascular, 

neurodegenerative, cancer and even aging [19].  The anti-

oxidant potential revealed by the total phenolic content, 

flavonoid content, and antioxidant reaction indicates that 

A. oleracea is a valuable medicinal and dietary plant. 

 

The body does not have sufficient antioxidant to prevent 

the harmful effects. Antioxidant defenses inside the body, 

such as superoxide dismutases, hydrogen peroxide-

removing enzymes, metal binding proteins, are inadequate 

to prevent the harmful oxidation completely. Thus anti-

oxidants from external sources are required to downplay 

the oxidation process by converting the harmful free radi-

cals to harmless molecules or by destroying them [20]. 

The antioxidant action is not limited to scavenging free 

radicals but extends to upregulation of antioxidant and 

detoxifying enzymes, modulation of redox cell signaling 

and gene expression. Hence dietary antioxidants are the 

principle sources of defense for cellular oxidation. Me-

dicinal plants in particular are among the best sources of 

antioxidant compounds [21,22]. 

 

Phenolic derivatives and flavonoids in plants are essential 

for general growth, reproduction, and defence against 

parasites and pests. Flavonoids themselves are a group of 

hydroxylated phenolic compounds having a benzo-γ-

pyrone structure and are ubiquitously occurring in plants 

[23]. Specifically, these compounds act as natural antioxi-

dants, antibiotics and natural pesticides in many plants. In 

fact, the best known biological properties of these pheno-

lic compounds are their high antioxidant activities. As a 

dietary component, they are shown to have health-

promoting properties due to their high antioxidant capac-

ity both in vivo and in vitro models. Their antioxidant 

activity is known to be exerted by three mechanisms, (1) 

by suppressing of reactive species formation either by 

inhibition of enzymes or by chelating trace elements in-

volved in the formation of free radical; (2) by directly 

scavenging the reactive species; and (3) by upregulating 

cellular defence molecules such as cytokines [24]. Fur-

ther, their health benefits extend beyond just antioxida-

tion, but are known to play pivotal role in the modulation 

of the immune system at various molecular levels [25]. 

Hence, it is important to make further investigations on 

the pharmacological properties of A. oleracea. 
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INTRODUCTION 
 
Acmella oleracea (L.) R.K. Jansen is a perennial 
flowering herb belonging to the family 
Asteraceae. Native to Peru, it has been 
introduced throughout tropical and subtropical 
regions including Africa, America, Borneo, 
India, Sri Lanka, and Southeast Asia.1,2 It has 
distinct pungent smell and burning taste upon 
chewing. Native Americans use it as a spice for 
its unique aroma. In India, Brazil, and Southeast 
Asia, it is served as a common vegetable.3  

ABSTRACT: Acmella oleracea (L.) R.K. Jansen (family Asteraceae) is an 

interesting plant because of its wide range of medicinal and culinary uses. It has 

been traditionally used in the treatments of anaemia, body ache, cancer, gastric 

ulcer and infections, gingivitis, gout, inflammations, laceration, malaria, 

stammering, and worm infection (helminthiasis). Different extracts of the plants 

were prepared, and the methanol extract showed highest number of bioactive 

compounds, including carbohydrates, phytosterols, and tannins. The antioxidant 

activity was estimated from the rate of scavenging of the free radical, 2,2-

diphenyl-1-picrylhydrazyl (DPPH). The plant extract showed similar 

concentration-dependent scavenging activity as that of butylated 

hydroxytoluene (BHT). The total antioxidant activity was estimated against 

ascorbic acid, and it showed higher value than BHT. The methanol extract was 

treated with two Gram-negative bacteria Pseudomonas euroginosa and 

Escherichia coli, and two Gram-positive bacteria Staphylococcus aureus and 

Bacillus subtilis. However, no antibacterial activity was observed. Nonetheless, 

the study provides important information on the basic pharmacological 

properties of the plant.  
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In different traditional medicine, it is known to 
have anaesthetic, anticonvulsant, antiseptic, 
antifungal, antiprotozoal, antidiarrhoeal, 
analgesic, antiulcer, antipyretic, antidiuretic, 
antiinflammatory, antitumour, aphrodisiac, and 
insecticidal activities.4,5 For its antiseptic and 
analgesic properties, its extract is used in oral 
health care for the treatment of sore throat, 
oral ulcer, gingivitis, and general toothache. It 
is because of this application that it is given an 
English vernacular name the toothache plant.6 

 
A. oleracea is also used for clinical diseases 
such as anaemia, haemorrhage, cancer, 
dysentery, gastrointestinal ulcer, rheumatism, 
scurvy, stammering, and xerostomia and snake 
bite.7-9 It is also used in infectious diseases such 
as malaria and helminthiasis.10 Its cytotoxic, 
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antioxidant, and vasorelaxant activities have 
been attributed to its use in the treatment of 
blood disorders.8 Its antipyretic activity against 
Brewer’s yeast-induced pyrexia is credited to 
its use in high fever.6 It also has insecticidal 
activity against the pest Tuta absoluta,11 and 
vectors of infectious diseases including Aedes 
aegyptii.12  
 
In Indian medicine, it is used as an effective 
aphrodisiac, and is being prescribed for cases 
of impotency.2 All these medicinal applications 
have been supported from its pharmacological 
properties such as anaesthetic, 
antiinflammatory, analgesic, antipyretic, 
antiobesity and diuretic activities.13-15 The 
antiinflammatory activity has been 
demonstrated in experimental rats.14 It is also 
experimentally shown to increase the number 
of macrophages, specialised white blood cells 
vital for various immunological responses. This 
supports the use of the plant in the treatment 
of rheumatism.16 This study therefore aims at 
chemical analysis and tests for some biological 
activities of the plant. 
 
MATERIALS AND METHODS 
 
Collection of plant material: A. oleracea was 
collected from the plantation field in the village 
of Ngopa, Champhai District, Mizoram, India 
(located between 23.8861° latitude north and 
93.2119° longitude east) in 2015. A voucher 
specimen was identified and is maintained at 
the herbarium section of the Department of 
Botany, Pachhunga University College, Aizawl, 
Mizoram. The aerial parts, i.e. leaves and 
flowers, of the plant were dried in a thermostat 
oven at 45°C. 
 
Preparation of plant extracts: The dried 
plants were pulverised to powder using mortar 
and pestle. The plant powder was subjected to 
continuous hot extraction in a Soxhlet 
apparatus using different solvents of increasing 
polarity, namely hexane, chloroform, and 
methanol. Hexane extraction was run for 48 h, 
while chloroform and methanol extraction 
required 72 h. The extracts were concentrated 
in a vacuum rotary evaporator (Buchi 

Rotavapor® R-215). The plant extracts were 
produced in the form of semi-solid mass, and 
were refrigerated at 4°C until further use. 
 
Phytochemical detection: The various 
chemical components were screened using 
standard protocols. Alkaloids were tested by 
Meyer’s test, and Dragendroff’s test; 
carbohydrates by Wagner’s test, Hager’s test, 
Molisch’s test, Fehling’s test, Barfoed’s test, and 
Benedict’s test; phytosterols by Liebermann-
Burchard’s test, and Salkwoski reaction; 
glycosides by Legal’s test, and Keller Killiani’s 
test; tannins by FeCl3 test, K2Cr3O7 test, and 
lead acetate test; saponin by foam test; 
reducing sugars by Fehling’s test, and 
Benedict’s test; flavonoids by Shinoda test, and 
zinc hydrochloride reduction test; and amino 
acids by Biuret test, and ninhydrin test. 
 
Antimicrobial activity: The antimicrobial 
activity was determined using a disk diffusion 
method. Two Gram-negative bacteria 
Pseudomonas euroginosa and Escherichia coli, 
and two Gram-positive bacteria Staphylococcus 
aureus and Bacillus subtilis, were used. The 
bacteria were grown in culture dishes 
containing Mueller-Hinton agar. The plant 
extracts were impregnated on absorbent disks 
(Whatman Antibiotic Assay Discs). Control 
experiment was maintained containing the 
bacteria culture only. For standard reference, 
tetracycline was used. The experiment was 
prepared in triplicate. The culture dishes were 
maintained at a 37±1°C. After 20 h, the size of 
bacterial growth and the corresponding 
inhibition zones were noted. 
 
Antioxidant activity: Estimation of the 
antioxidant activity followed the method of 
Blois.17 Briefly, a stable free radical DPPH (2,2-
diphenyl-1-picrylhydrazyl) was used as a 
substrate. Antioxidant activity was shown by 
the scavenging of DPPH. 1 ml of 0.1 mM 
solution of DPPH in methanol and 3 ml of the 
methanol extract were incubated at 37±1°C for 
30 minutes. For the standard reference, 
butylated hydroxytoluene (BHT) was used. 
Absorbance was measured at 517 nm against 
control in a UV-Visible spectrophotometer 
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(EvolutionTM, Thermo Scientific). The 
percentage of inhibition was calculated by 
comparing the absorbance values of the test 
samples with those of the controls. 
 
The inhibition percentage (I) was calculated 
using the formula: 
I = (Abs control – Abs sample) / Abs control X 
100  
 
Total antioxidant activity: The total 
antioxidant activity was determined by 
phosphomolybdate estimation using ascorbic 
acid as a standard. 0.1 ml of sample solution 
was mixed with 1 ml of reagent solution (0.6 M 
sulphuric acid, 28 mM sodium phosphate and 4 
mM ammonium molybdate). After incubation at 
95°C, absorbance was measured at 695 nm. 
 
RESULT 
 
Biochemical detections using various methods 
show the presence of important 
phytochemicals in A. oleracea such as 
phytosterols, tannins, reducing sugars and 
carbohydrates (Table 1). The methanol extract 
indicated maximum variety of compound 

including phytosterols, tannins, reducing 
sugars and carbohydrates in all the tests, 
except in Molisch’s test for carbohydrate. The 
hexane showed the presence of phytosterols in 
both Liebermann-Burchard’s and Salkwoski 
tests. However, other important 
phytochemicals such as alkaloids, flavonoids, 
and saponins could not be detected in any of 
the tests used.  
 
The antioxidant activity was estimated by the 
method of DPPH free radical scavenging assay 
using the methanol extract (Fig. 1). Increasing 
concentrations of the plant extract were 
prepared from 10, 20, 40, 60, 80, to 100 µg/ml. 
Exactly similar concentrations were used for 
the reference compound BHT. Both the extract 
and BHT showed concentration-dependent 
activity against DPPH, i.e. increased scavenging 
activity with increased concentration. BHT 
appeared to be more potent than the plant 
extract at all concentrations tested. IC50 of 
standard BHT and the plant extract was 
calculated from the standard graph. The plant 
extract showed IC50 of 13.773 mg/ml while for 
BHT it was 28.098 mg/ml. The total antioxidant 
activity was estimated as ascorbic acid 

Sl. No. Phytochemicals Name of test Hexane Chloroform Methanol 

1. Alkaloids Meyer’s test - - - 
  Dragendroff’s test - - - 
  Wagner’s test - - - 
  Hager’s test - - - 

2. Carbohydrates Molisch’s test - + - 
  Fehling’s test - + + 
  Barfoed’s test - - + 
  Benedict’s test - + + 

3.  Phytosterols Liebermann 
Burchard’s test 

+ - + 

  Salkwoski reaction + - + 
4. Glycosides Legal’s test - - - 
  Keller Killiani’s test - - - 

5.  Tannin FeCl3 test - - + 
  K2Cr3O7 test - - + 
  Lead acetate test - - + 

6.  Saponins Foam test - - - 
7.  Reducing sugars Fehling’s test - + + 
  Benedict’s test - - + 

8. Flavonoid Shinoda test - - - 
  Zinc hydrochloride 

reduction test 
- - - 

9.  Proteins and amino acids Biuret test - - - 
  Ninhydrin test - - - 

 

Table 1: Chemical composition of A. oleracea using different biochemical tests.  
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equivalent i.e. 85 mg/ml. 
 
Antimicrobial activity was assessed upon two 
commonly available bacteria, viz. Pseudomonas 
euroginosa and Escherichia coli (both Gram-
negative), and Staphylococcus aureus and 
Bacillus subtilis (both Gram-positive). The 
antibiotic tetracycline was used as a positive 
treatment. Using the equivalent concentrations 
(10 and 20 mg/ml) as that of the drug, the 
methanol extract of the plant did not produce 
any significant zones of inhibition, all the 
bacteria grew normally; while the standard 
drug showed a distinct zone of inhibition.  
 
DISCUSSION 
 
In the present study, the presence of important 
bioactive compounds in A. oleraceae was 
confirmed. Phytosterols, tannins, reducing 
sugars, and carbohydrates were detected. The 
leaves of A. oleracea have been reported to 
contain alkamides, amides, carbohydrates, 
tannins, steroids, carotenoids, essential oils, 
sesquiterpenes and amino acids,8,18 
phytosterols (e.g. β-sitosterol, stigmasterol, α- 
and β-amyrins), essential oils (e.g. limonene 
and β-caryophyllene), sesquiterpenes, α- and β-
bisabolenes and cadinenes, flavonoid glucoside 
and a mixture of long chain hydrocarbons.1,19 

The most well-known phytosterols such as β-
sitosterol, stigmasterol and campesterol, are 
well established to be pharmacologically 
beneficial for their therapeutic actions in 
cardiovascular diseases, colon and breast 

cancer.20 

 

The methanol extract exhibited concentration-
dependent antioxidant activity like that of 
butylated hydroxytoluene (BHT). Although its 
overall activity was lower than that of BHT, it 
showed higher total activity with an IC50 of 
13.773 mg/ml, compared to BHT having an IC50 
of 28.098 mg/ml. Free radicals are responsible 
for physiological oxidative stress, which is the 
cause of health problems including several 
cardiovascular, neurodegenerative, cancer and 
even aging.21 Antioxidants are required to 
downplay the oxidation process by converting 
the harmful free radicals to harmless molecules 
or by destroying them.22 Hence dietary 
antioxidants are the principle sources of 
defense for cellular oxidation.23,24 

 

Antimicrobial activity was not observed against 
four bacteria, P. euroginosa and E. coli, S. aureus 
and B. subtilis. However, is has been reported 
that closely related species showed 
antibacterial activity against Klebsiella 
pneumoniae,25 Streptococcus pyogenes,8 
Salmonella typhi.26 But, similar to the present 
study, Prachayasittikul et al.8 found no 
antibacterial activity for Spilanthes acmella. 
These data coupled with the present study 
suggest that the antibacterial property of A. 
oleracea may be highly species specific. 
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ABSTRACT:  

One of the most widely used medicinal plants among the Mizo people of India is Acmella oleracea (L.) R.K. 

Jansen (family Asteraceae). In addition to its medicinal properties, it is regularly used as vegetable. Its tradi-

tional applications include the treatments of anaemia, body ache, cancer, gastric ulcer and infections, gingivitis, 

gout, inflammations, laceration, malaria, stammering, and intestinal helminthiasis. In this study, different ex-

tracts of the whole plants were prepared using hexane, chloroform and methanol. The methanol extract indi-

cated the presence of highest number of bioactive compounds, such as carbohydrates, phytosterols, flavonoids, 

and tannins. 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay was used to determine the antioxidant activity. The 

plant extract exhibited similar concentration-dependent scavenging activity of the free radical as that of buty-

lated hydroxytoluene (BHT). The total antioxidant activity was estimated against ascorbic acid, and it showed 

higher value than BHT. Antibacterial activity was studied using the methanol extract and tetracycline as a stan-

dard reference. Corresponding to that of the antibiotic, 10 and 20 mg/ml of the plant extract were treated with 

two Gram-negative bacteria Pseudomonas euroginosa and Escherichia coli, and two Gram-positive bacteria 

Staphylococcus aureus and Bacillus subtilis. However, the plant extract showed no antibacterial activity on 

these species. Nonetheless, the study provides important information on the basic pharmacological properties 

of the plant. 

 

Keywords: Acmella oleracea, antioxidant activity, medicinal plant, antimicrobial activity, phytochemical.  

INTRODUCTION: 

Acmella oleracea (L.) R.K. Jansen is a well-known me-

dicinal plant in different traditional systems around the 

world. It is a perennial flowering herb belonging to the 

family Asteraceae. Considered to be native to Peru, it has 

been introduced throughout tropical and subtropical re-

gions including Africa, America, Borneo, India, Sri 

Lanka, and Southeast Asia.1,2  

It has distinct pungent smell and burning taste upon 

chewing. Native Americans use it as a spice for its 

unique aroma. In India, Brazil, and Southeast Asia, it is 

served as a common vegetable.3 In different traditional 

medicine, it is known to have anaesthetic, anticonvulsant, 

antiseptic, antifungal, antiprotozoal, antidiarrhoeal, anal-

gesic, antiulcer, antipyretic, antidiuretic, antiinflamma-

tory, diuretic, aphrodisiac, and insecticidal activities.4,5 

For its antiseptic and analgesic properties, its extract is 

used in oral health care for the treatment of sore throat, 

oral ulcer, gingivitis, and general toothache. It is because 

of this application that it is given an English vernacular 

name the toothache plant.6 
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A. oleracea is also used for clinical diseases such as 

anaemia, haemorrhage, cancer, dysentery, gastrointesti-

nal ulcer, rheumatism, scurvy, stammering, and 

xerostomia and snake bite.7-9 It is also used in infectious 

diseases such as malaria and helminthiasis.10 Its cyto-

toxic, antioxidant, and vasorelaxant activities have been 

attributed to its use in the treatment of blood disorders.8 

Its antipyretic activity against Brewer’s yeast-induced 

pyrexia is credited to its use in high fever.6 It also has 

insecticidal activity against the pest Tuta absoluta,11 and 

vectors of infectious diseases including Aedes aegyptii.12  

 

In Indian medicine, it is used as an effective aphrodisiac, 

and is being prescribed for cases of impotency.2 All these 

medicinal applications have been supported from its 

pharmacological properties such as anaesthetic, antiin-

flammatory, analgesic, antipyretic, antiobesity and diu-

retic activities.13-15 The antiinflammatory activity has 

been demonstrated in experimental rats.14 It is also ex-

perimentally shown to increase the number of macro-

phages, specialised white blood cells vital for various 

immunological responses. This supports the use of the 

plant in the treatment of rheumatism.16 This study there-

fore aims at chemical analysis and tests for some biologi-

cal activities of the plant. 

 

MATERIALS AND METHODS: 

Collection of plant material  
A. oleracea was collected from the plantation field in the 

village of Ngopa, Champhai District, Mizoram, India 

(located between 23.8861° latitude north and 93.2119° 

longitude east) in 2015. A voucher specimen was identi-

fied and is maintained at the herbarium section of the 

Department of Botany, Pachhunga University College, 

Aizawl, Mizoram. The aerial parts, i.e. leaves and flow-

ers, of the plant were dried in a thermostat oven at 45°C. 

 

Preparation of plant extracts 
The dried plants were pulverised to powder using mortar 

and pestle. The plant powder was subjected to continuous 

hot extraction in a Soxhlet apparatus using different sol-

vents of increasing polarity, namely hexane, chloroform, 

and methanol. Hexane extraction was run for 48 h, while 

chloroform and methanol extraction required 72 h. The 

extracts were concentrated in a vacuum rotary evaporator 

(Buchi Rotavapor® R-215). The plant extracts were pro-

duced in the form of semi-solid mass, and were refriger-

ated at 4°C until further use. 

 

Phytochemical detection 
The various chemical components were screened using 

standard protocols. Alkaloids were tested by Meyer’s 

test, and Dragendroff’s test; carbohydrates by Wagner’s 

test, Hager’s test, Molisch’s test, Fehling’s test, Bar-

foed’s test, and Benedict’s test; phytosterols by Lieber-

mann-Burchard’s test, and Salkwoski reaction; gly-

cosides by Legal’s test, and Keller Killiani’s test; tannins 

by FeCl3 test, K2Cr3O7 test, and lead acetate test; saponin 

by foam test; reducing sugars by Fehling’s test, and 

Benedict’s test; flavonoids by Shinoda test, and zinc hy-

drochloride reduction test; and amino acids by Biuret 

test, and ninhydrin test. 

 

Antimicrobial activity 
The antimicrobial activity was determined using a disk 

diffusion method. Two Gram-negative bacteria Pseudo-

monas euroginosa and Escherichia coli, and two Gram-

positive bacteria Staphylococcus aureus and Bacillus 

subtilis, were used. The bacteria were grown in culture 

dishes containing Mueller-Hinton agar. The plant ex-

tracts were impregnated on absorbent disks (Whatman 

Antibiotic Assay Discs). Control experiment was main-

tained containing the bacteria culture only. For standard 

reference, tetracycline was used. The experiment was 

prepared in triplicate. The culture dishes were maintained 

at a 37±1°C. After 20 h, the size of bacterial growth and 

the corresponding inhibition zones were noted. 

 

Antioxidant activity 
Estimation of the antioxidant activity followed the 

method of Blois.17 Briefly, a stable free radical DPPH 

(2,2-diphenyl-1-picrylhydrazyl) was used as a substrate. 

Antioxidant activity was shown by the scavenging of 

DPPH. 1 ml of 0.1 mM solution of DPPH in methanol 

and 3 ml of the methanol extract were incubated at 37±1°

C for 30 minutes. For the standard reference, butylated 

hydroxytoluene (BHT) was used. Absorbance was meas-

ured at 517 nm against control in a UV-Visible spectro-

photometer (EvolutionTM, Thermo Scientific). The per-

centage of inhibition was calculated by comparing the 

absorbance values of the test samples with those of the 

controls. 

The inhibition percentage (I) was calculated using the 

formula: 

I = (Abs control–Abs sample) / Abs control X 100  

 

Total antioxidant activity 

The total antioxidant activity was determined by phos-

phomolybdate estimation using ascorbic acid as a stan-

dard. 0.1 ml of sample solution was mixed with 1 ml of 

reagent solution (0.6 M sulphuric acid, 28 mM sodium 

phosphate and 4 mM ammonium molybdate). After incu-

bation at 95°C, absorbance was measured at 695 nm. 

 

RESULT: 
Biochemical detections using various methods show the 

presence of important phytochemicals in A. oleracea 

such as phytosterols, tannins, reducing sugars and carbo-

hydrates (Table 1). The methanol extract indicated maxi-

mum variety of compound including phytosterols, tan-

nins, reducing sugars and carbohydrates in all the tests, 

except in Molisch’s test for carbohydrate. The hexane 
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showed the presence of phytosterols in both Liebermann-

Burchard’s and Salkwoski tests. However, other impor-

tant phytochemicals such as alkaloids, flavonoids, and 

saponins could not be detected in any of the tests used.  

The antioxidant activity was estimated by the method of 

DPPH free radical scavenging assay using the methanol 

extract (Fig. 1). Increasing concentrations of the plant 

extract were prepared from 10, 20, 40, 60, 80, to 100 µg/

ml. Exactly similar concentrations were used for the ref-

erence compound BHT. Both the extract and BHT 

showed concentration-dependent activity against DPPH, 

i.e. increased scavenging activity with increased concen-

tration. BHT appeared to be more potent than the plant 

extract at all concentrations tested. IC50 of standard BHT 

and the plant extract was calculated from the standard 

graph. The plant extract showed IC50 of 13.773 mg/ml 

while for BHT it was 28.098 mg/ml. The total antioxi-

dant activity was estimated as ascorbic acid equivalent 

i.e. 85 mg/ml. 

 

Antimicrobial activity was assessed upon two commonly 

available bacteria, viz. Pseudomonas euroginosa and 

Escherichia coli (both Gram-negative), and Staphylococ-

cus aureus and Bacillus subtilis (both Gram-positive). 

The antibiotic tetracycline was used as a positive treat-

ment. Using the equivalent concentrations (10 and 20 

mg/ml) as that of the drug, the methanol extract of the 

plant did not produce any significant zones of inhibition, 

all the bacteria grew normally; while the standard drug 

showed a distinct zone of inhibition.  

 

DISCUSSION: 
In the present study, the presence of important bioactive 

compounds in A. oleraceae was confirmed. Phytosterols, 

tannins, reducing sugars, and carbohydrates were de-

tected. The leaves of A. oleracea have been reported to 

contain alkamides, amides, carbohydrates, tannins, ster-

oids, carotenoids, essential oils, sesquiterpenes and 

amino acids,8,18 phytosterols (e.g. β-sitosterol, stigmas-

terol, α- and β-amyrins), essential oils (e.g. limonene and 

β-caryophyllene), sesquiterpenes, α- and β-bisabolenes 

and cadinenes, flavonoid glucoside and a mixture of long 

chain hydrocarbons.1,19 The most well-known phytos-

terols such as β-sitosterol, stigmasterol and campesterol, 

are well established to be pharmacologically beneficial 

for their therapeutic actions in cardiovascular diseases, 

colon and breast cancer.20 

 

The methanol extract exhibited concentration-dependent 

antioxidant activity like that of butylated hydroxytoluene 

(BHT). Although its overall activity was lower than that 

of BHT, it showed higher total activity with an IC50 of 

13.773 mg/ml, compared to BHT having an IC50 of 

28.098 mg/ml. Free radicals are responsible for physio-

logical oxidative stress, which is the cause of health Figure 1: Antioxidant activity of A. oleracea using scaveng-
ing activity of 2,2-diphenyl-1-picrylhydrazyl (DPPH). 

Sl. No. Phytochemicals Name of test Hexane Chloroform Methanol 

1. Alkaloids Meyer’s test - - - 

  Dragendroff’s test - - - 

  Wagner’s test - - - 

  Hager’s test - - - 

2. Carbohydrates Molisch’s test - + - 

  Fehling’s test - + + 

  Barfoed’s test - - + 

  Benedict’s test - + + 

3.  Phytosterols Liebermann Burchard’s test + - + 

  Salkwoski reaction + - + 

4. Glycosides Legal’s test - - - 

  Keller Killiani’s test - - - 

5.  Tannin FeCl3 test - - + 

  K2Cr3O7 test - - + 

  Lead acetate test - - + 

6.  Saponins Foam test - - - 

7.  Reducing sugars Fehling’s test - + + 

  Benedict’s test - - + 

8. Flavonoid Shinoda test - - + 

  Zinc hydrochloride reduction test - - - 

9.  Proteins and amino acids Biuret test - - - 

  Ninhydrin test - - - 

 

 

Table 1: Chemical composition of A. oleracea using different biochemical tests.  
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problems including several cardiovascular, neurodegen-

erative, cancer and even aging.21 Antioxidants are re-

quired to downplay the oxidation process by converting 

the harmful free radicals to harmless molecules or by 

destroying them.[22] Hence dietary antioxidants are the 

principle sources of defense for cellular oxidation.23,24 

 

Antimicrobial activity was not observed against four bac-

teria, P. euroginosa and E. coli, S. aureus and B. subtilis. 

However, is has been reported that closely related species 

showed antibacterial activity against Klebsiella pneumo-

niae,25 Streptococcus pyogenes,8 Salmonella typhi.26 But, 

similar to the present study, Prachayasittikul et al.8 found 

no antibacterial activity for Spilanthes acmella. These 

data coupled with the present study suggest that the anti-

bacterial property of A. oleracea may be highly species 

specific. 
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Abstract 

Acmella oleracea (L) R.K. Jansen is a perennial and polliniferous herb belonging to family Asteraceae, and is 

mostly found in tropical and sub-tropical regions. It is widely used as an herbal medicine as a common vegetable. It is 

known to be highly abundant during summer but the importance value index (IVI) is highest during winter. In the light of 

these beneficial properties, its nutritive content and antioxidant property were evaluated. Fat, carbohydrate and protein 

contents were estimated, and the total calorific value was found to be 32.588 kcal/100 g. Nitric oxide scavenging assay 

showed concentration-dependent increase in its antioxidant activity. The IC50 of extract was calculated as 4.492 was higher 

than that of the standard butylated hydroxytoluene, i.e. 4.121. The reducing power of the extract also showed concentration 

dependent activities, but the reducing power of the extract was found to be significantly lower than the standard ascorbic 

acid. The study supports that A. oleracea has valuable biological properties. 

Keywords: Acmella oleracea; antioxidant; calorific value; carbohydrate; fat; protein; reducing power. 

1. Introduction  

Acmella oleracea (L) R.K. Jansen is a perennial 

herb belonging to the family Asteraceae. It was first 

discovered in Peru and is now commonly found in tropical 

and sub-tropical regions throughout the world [1]. The plant 

is usually 20-60 cm tall and is found to multiply promptly 

in low open places. The leaves are simple in origin, oval 

shaped with uneven edges. The stem is cylindrical and 

moderately malleable. The colour of the flower is yellow, 

domed-shaped with tightly arranged sepals surrounded by 

minute petals [2]. It is a polliniferous herb with a flowering 

period from June to October [3]. It is most abundant during 

summer with the density of 12.3 but the importance value 

index (IVI) was found to be highest during winter, i.e. 31.9 

[4]. It is known to contain several bioactive compounds 

including spilanthol, α and β-amyrinester, stigmasterol, 

miricilic alcohol glycosides, sitosterol, saponins and 

triterpenes [5]. Among the chemical constituents, spilanthol 

is known to be the major compound and is assumed to be 

responsible for most of the biological activities [6].  

A. oleracea is an important culinary item and is 

consumed as either cooked or raw vegetable. It is 

considered as an important part of a diet and is of tenused 

as an ingredient in salad to enhance the flavour. In addition 

to its use as a vegetable, it is also used in traditional 

medicine for a variety of diseases. It is widely used as local 

anesthesia due to its property to develop burning sensation 

and numbness upon its application. It is also used as an 

anesthetic, anticonvulsant, antiseptic, antifungal, 

antiprotozoal, antidiarrhoeal, analgesic, antiulcer, 

antipyretic, antidiuretic, antiinflammatory, anthelminthic 

and as an insecticide [7,8]. In Indian culture, it is often used 

as an aphrodisiac [9]. In Mizoram, the flower heads and the 

https://doi.org/10.7439/ijpp
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leaves are consumed either raw or cooked for the removal 

of different parasitic infections [10]. 

The ethanol extract of A. oleracea was reported to 

have ovicidal, larvicidal and pupicidal activity against 

Anopheles, Culex and Aedes mosquitoes. The boiled aerial 

part of the plant has been reported to have carminative 

property and was used for the treatment of flatulence [11]. 

It is one of the top five herbal plants with high utility values 

(UVs) with a value of 0.83 and is used to treat constipation, 

peptic ulcer and liver abscess [12]. The ethanol extract also 

produced antinociceptive activity and was found to cause 

no adverse effect on the animal model [13]. As nutrient 

analysis and estimation of antioxidant activities play crucial 

roles in assessing the therapeutic uses and validity of many 

traditional medicines, this experiment aimed to assess the 

nutritive value and antioxidant activities of A. oleracea. 

 

2. Materials and Methods 
2.1. Sample collection 

A. oleracea was collected from the Ngopa 

(location 23.8861° latitude north and 93.2119° longitude 

east), a village in Champhai district, Mizoram, India, in 

2015. A voucher specimen was identified at the Botanical 

Survey of India, Meghalaya, India, and is maintained at the 

herbarium section (No. PUC-A-17-1) of the Department of 

Botany, Pachhunga University College, Aizawl, Mizoram. 

The aerial parts of the plant were dried in the shade. 

2.2. Preparation of plant extract 

Known quantities of the dried plant samples were 

subjected to cold maceration in an aspirator bottle using 

distilled water as a solvent. Extraction was done for seven 

days with continuous stirring every two hours. The solvent 

was filtered and concentrated using rotary vacuum 

evaporator (Buchi Rotavapor® R-215). The extract was 

obtained as a semi solid mass and stored in a refrigerator 

maintained at 4°C until further use. 

2.3. Total fat content 

Total fat content was determined according to the 

AOAC (1984) method [14]. 20 g of the ground plant 

sample were used for hot continuous Soxhlet extraction 

using petroleum ether for 8-10 hours. The solvent was 

evaporated using rotary vacuum evaporator under reduced 

pressure. The extract was obtained as a semi-solid mass and 

total fat content was calculated using the following formula: 

Fat content = Weight of extracted oil/Weight of the sample 

2.4. Carbohydrates estimation 

The carbohydrate content was determined 

according to the method of Artinigam and Ayyagari [15]. 

100 mg of the samples were hydrolyzed by keeping them in 

a water bath for 3 hours with 5 ml of 2.5 N hydrochloric 

acid and cooled to room temperature. The sample was 

neutralized with solid sodium carbonate until the 

effervescence ceased and then the volume was made up to 

100 ml and centrifuged at 3000 rpm. The supernatant was 

collected and 0.5 ml of the aliquots was taken for analysis. 

A standard graph was prepared by taking different 

concentrations of glucose (1 mg/ml). The volume of all the 

tubes were then made to 1 ml by adding distilled water. To 

this, 4 ml of anthrone reagent was added and heated for 8 

minutes in boiling water bath. The tubes were cooled 

rapidly and the absorbance was taken at 630 nm using UV-

Vis spectrophotometer (Thermo Scientific™ Evolution™ 

201/220).  

2.5. Protein estimation 

Protein estimation was done according to the 

protocol of Artinigam and Ayyagari [15]. 1g of the 

powdered sample was defatted twice with hexane and then 

used for protein estimation. The sample was reacted with 25 

ml of a solution containing 0.03 mol/L TrisHCl pH 8.0 and 

0.01 mol/L mercaptoethanol for 1 hour, andvortexing every 

10 minutes. It was centrifuged at 2000 rpm at room 

temperature for 20 minutes and the supernatant was 

collected. 5 ml of Bradford reagent was added and the 

volume was adjusted to 200 ml with distilled water. A 

series of various concentrations were set up using bovine 

serum albumin (100 mg/ml) and used for preparation of 

standard graph. Blank was prepared by adding 5 ml of 

Bradford reagent to 1 ml of distilled water. Likewise, 5 ml 

of Bradford reagent was added to all the test tubes including 

the sample tube and mixed well. The absorbance was 

measured at 595 nm using UV-Vis spectrophotometer. The 

amount of protein present in the sample was estimated by 

referring to the standard curve obtained and multiplying the 

value by the dilution factor. 

2.6. Nitric oxide scavenging assay 

Nitric oxide scavenging assay was performed 

according to the method of Moon et al [16]. 1ml of 

different concentrations (10, 20, 40, 60, 80 and 100 µg/ml) 

of extract and standard were mixed separately with 2ml of 

10 mM sodium nitroprusside and incubated at 30°C for 2 

hours in an incubator. The mixture was then reacted with 

0.5 ml of Greiss reagent and the absorbance was measured 

at 550 nm using UV-Vis Spectrophotometer. The percent 

inhibition was calculated as follows: 

% Inhibition = (Absorbance of control – Absorbance of 

extract/standard)/Absorbance of control × 100 

2.7. Reducing power 

The reducing power was determined according to 

the method of Oyaizu (1986) using ascorbic acid as 

standard [17]. 1 ml of the extract and 1 ml of the standard 

with various concentrations (10, 20, 40, 60, 80, and 100 

μg/ml) were mixed with 2.5 ml of phosphate buffer (6.6 

pH) and 2.5 ml of 1% potassium ferricyanide. The mixture 

was then incubated at 50°C for 30 minutes. The reaction 
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was stopped by adding 2.5 ml of 10% trichloroacetic acid 

and the mixture was centrifuged at 3000 rpm for 10 

minutes. 2.5 ml of the supernatant was mixed with 2.5 ml of 

distilled water, and 0.5 ml of 0.1% ferric chloride solution 

and the absorbance was taken at 700 nm using UV-Vis 

spectrophotometer. 
 

3. Results 

Estimation of total fats content showed that 1g of 

the A. oleracea sample contains 0.000366g of fats which is 

equal to 0.003294 kcal. 1g of the sample also contains 

0.0001485g of carbohydrates which is equal to 0.000594 

kcal. It was also found that 1g of A. oleracea contain 

0.0805g of proteins which is equivalent to 0.322 kcal. 

Therefore, the total calorific value was obtained by the 

combination of each of the calorific values and was found 

to be 32.5888 kcal/100g. 

The antioxidant activity which was estimated by 

nitric oxide scavenging assay showed a concentration 

dependent activity (Figure 1). However, the extracts at all 

concentrations showed a lower scavenging activity than the 

standard. The Inhibition concentration at half concentration 

(IC50) was calculated for the standard graph was found to be 

4.121 while that of the extract was 4.492. Thus, it was 

found that the standard is more potent than the extract in 

scavenging nitric oxide. 

 

 
Figure 1: Nitric oxide scavenging activity of Acmella oleracea. 

 

The reducing power of ascorbic acid was found to 

be very high and showed a concentration dependent 

activity. However, the reducing powers of the extract 

although showing a concentration dependent activity was 

found to be much lower than the standard in all 

concentrations (Figure 2). 

 

 
Figure 2: Reducing power of Acmella oleracea. 
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4. Discussion 

A healthy diet is regarded as the balance between 

an intake and expenditure of energy. Plants are well-known 

source of nutrients essential for the growth of the body and 

maintenance of life. The present study showed that A. 

oleracea has a calorific value of 38.5888 kcal/100g. The 

calorific value was found to be lower than other common 

vegetables such as Alocasia fornicate having calorific value 

of 81.71 kcal/100g and Trevesia palmate with calorific 

value of 86.12 kcal/100g [18]. The calorific value although 

lower than the other common vegetable, could be an 

excellent source of nutrients when consumed regularly.  

For a healthy body weight, consumption of 2000 

calories per day is essential and an intake of less than 30% 

energy from fats is highly recommended [19]. 

Carbohydrates contribute 40-80% of energy and it is 

necessary to consume at least 55% of energy from 

carbohydrate sources for an optimum diet [20]. Proteins are 

the major source of macronutrients which are required to 

satisfy the metabolic demands and maintenance of nitrogen 

equilibrium. The safe level of intake is 0.83g/kg per day for 

an adult healthy person. However, an intake of more than 

the safe value may be essential for people with excessive 

physical activities [21]. 

Exogenous antioxidants are required by the body 

for reduction of oxidative stress which may lead to damage 

and mutation of important biomolecules such as DNA, 

RNA, proteins, lipids etc. [22]. The phytochemicals present 

in plants such as phenols, flavonoids etc. are the main 

contributors of antioxidant activities. The scavenging 

activities of plant extracts are mainly due to the phenolic 

compounds having hydroxyl group in their structure [23]. 

The scavenging activity of the extract showed concentration 

dependent activities, i.e. activity increases with increase in 

concentration. The inhibition concentration at half 

concentration (IC50) of extract i.e. 4.492 was found to be 

higher than the standard BHT, i.e. 4.121. Higher value of 

IC50 shows that the extract has lower antiradical activity 

than the extract.  

The reducing power of extract is mainly attributed 

to the donation of hydrogen atom which can further break 

the free radical chain reaction. Reducing compounds are 

regarded as primary and secondary antioxidants which can 

reduce oxidized intermediates of lipid peroxidation 

processes [17]. The reducing power of extract and standard 

i.e. ascorbic acid showed concentration dependent activities 

but the reducing power of the extract was found to be 

significantly lower than the extract. 

One study showed that the ethyl acetate extract of 

A. oleracea showed immediate vasorelaxation and 

antioxidant activity while chloroform extract showed the 

highest vasorelaxation and antioxidant activity.[6] The 

plant was also found to be a potent antioxidant required for 

normal activities, defensive weapon against viruses and 

microbes and prevention of various damages in the body 

such as chain reaction leading to cell death. It was also 

found to have the highest potency for scavenging free 

radicals as estimated from DPPH and ABTS assay [24]. 

Therefore, A. oleracea containing many of the important 

bioactive compounds is a possible candidate for treatment 

of various common diseases and a good source of nutrients.  
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Abstract 
The toothache plant, Spilanthes acmella (L.) Murray, is an important culinary and medicinal plant. Here, we study its 
probable properties as a protective agent for DNA damage and cell proliferation, the two molecular events in oncogenesis. 
Plant extract was prepared by hot extraction using methanol as solvent. Various chemical tests were performed to 
collectively understand its free radical-scavenging activity, including 2,2-diphenyl-1-picrylhydrazyl, nitric oxide, potassium 
ferricyanide, hydroxyl radical, and hydrogen peroxide assays. Free radicals used or produced in these assays represent 
those that cause DNA damages in cells. The plant extract showed free radical-scavenging activity in all the tests and was as 
effective as standard drugs. Cancer cell lines such as Dalton’s lymphoma ascites (DLA) and Chinese hamster lung carcinoma 
(V79) cells were used for anticancer assays. The plant extract showed anticancer activity only on lymphoma cells; but there 
was no discernible inhibition on carcinoma. The study shows that S. acmella is a promising source of therapeutic agent in 
the prevention of cancer development and DNA damage.

Keywords: Chinese Hamster Lung Carcinoma, Dalton’s Lymphoma Ascites, Free Radical Scavenging, Medicinal Plant, 
MTT Assay

DOI: 10.18311/jnr/2019/23319

1. Introduction
Spilanthes acmella (L.) Murray (Asteraceae) is used 
in various traditional practices covering a wide range 
of medicinal uses. It is a small pungent plant, used for 
aesthetic values such as planting as ornamental herb, 
to cuisine. In various Asian dishes, its aerial parts are 
consumed either cooked or as a spice for seasoning 
foodstuffs. The fiery taste in the mouth and numbness 
it produces are the basis for its use as anticariogenic and 
local unaesthetic, particularly in dental care. It is for this 
usage that a common name “toothache plant” was given. 
It is also used as an anticonvulsant, antibiotic, antifungal, 
antiprotozoal, analgesic, antiulcer, antipyretic, 
antidiuretic, antiinflammatory, anthelminthic, antiviral 
and as an insecticide1. In Indian traditional system, it 
is used for the treatment of impotency and as a general 
aphrodisiac. It is also used in complicated clinical 

conditions such as in snakebite, articular rheumatism, 
and tuberculosis2. Its vasorelaxant and Botox-like 
effects are exploited in cosmetics for the development of 
antiaging cream3.

A number of biologically important compounds have 
been reported from this plant. It is known to contain 
alkylamides4, α- and β-amyrinester, isobutylamides, 
stigmasterol, miricilic alcohol glycosides, sitosterol, 
saponins and triterpenes. In addition, essential oils 
such as limonene, β-caryophylene, (Z)-β-ocimene, 
germacrene D, and myrcene have been identified5. These 
compounds are largely attributed to the antioxidant, 
antimicrobial, cytotoxic activities and other therapeutic 
uses of the plant1. But little is known about their specific 
biochemical interactions and cellular effects.

Free radicals are known for their “two-faced” nature. 
Being inherently produced in cellular metabolism, they 
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can exert unprecedented and undesirable effects. Within 
the cells they act as secondary messengers and trigger an 
array of intracellular signalling cascades, including those 
which activate oncogenes and apoptotic pathways6. 
Hydroxyl radical particularly is deleterious and is the 
most powerful free radical known to science; its ability 
to attack and destroy virtually all kinds of cellular 
molecules is incredible. It is the product of molecular 
oxygen from successive monovalent reduction during 
normal cell metabolism. It can insinuate a chain of 
chemical reactions that intervene different signalling 
pathways. It can also attack fatty acids, the structural 
backbone of cell membranes, bringing about lipid 
peroxidation and eventual cell death7. It can directly 
impair DNA bases to initiate mutation, even leading to 
DNA strand breaks. It is by this molecular mechanism 
that cancer cells developed, and different cancers share 
the basic etiological characteristics8. Hence, this study 
was carried out to investigate the DNA-protecting and 
anticancer potentials of Spilanthes acmella.

2. Materials and Methods

2.1 Plant Extract
Flowering S. acmella with its aerial parts were collected 
from agricultural fields at Ngopa village, northeast 
of Mizoram, India. The specimens (accession no. 
PUC-A-17-1) were identified at the Botanical Survey 
of India (BSI), Shillong, Meghalaya. It was remarked 
that the specimens have notable variations from the 
type specimens in having curly-edged leaves, and 
unicolour, dome-shaped flowers, in comparison to 
the type specimens. The aerial parts were dried under 
shade for a month, and pulverised using electric grinder. 
The plant extract was prepared in a Soxhlet apparatus 
using methanol. The solvent was completely removed 
and recovered from the extract using a rotary vacuum 
evaporator (Buchi Rotavapor® R-215). The final semi-
solid extract was refrigerated at 4°C for further use. 

2.2 Chemicals
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium 
bromide, sodium dodecyl sulphate, RPMI-1640 media 
and trypan blue were procured from Sigma Aldrich 
Chemical Co., Kolkata, India. Other chemicals were 

procured from HiMedia Laboratories Pvt. Ltd., Mumbai, 
India.

2.3 Cancer Cell Lines
Chinese hamster carcinoma cell, V79 (ATCC® CCL-
93™), was procured from National Centre for Cell 
Science, Pune, India. Dalton’s lymphoma ascites (DLA) 
was obtained from serial transplantation in Swiss albino 
mice. 

2.4 DPPH Scavenging Assay
1 ml of 0.1 mM solution of 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) was mixed with 3 ml of the plant extract 
(prepared in 10, 20, 40, 60, 80, and 100 µg/ml). After 
incubating at 37±1°C for 30 minutes, absorbance was 
taken at 517 nm in a UV-visible spectrophotometer 
(EvolutionTM, Thermo Scientific). A control consisted 
of DPPH solution, and standard reference was butylated 
hydroxytoluene (BHT). The percentage of inhibition was 
calculated using the formula

%Inhibition Absorbance of control absorbance of sample
Absorban

= −
cce of control

×100

2.5 NO Scavenging Assay 
1 ml each of 10, 20, 40, 60, 80, and 100 µg/ml of the 
plant extract was mixed with 2 ml of 10 mM sodium 
nitroprusside. Equal amount and concentrations 
of Griess reagent (a mixture of sulfanilamide, N-1-
napthylethylenediamine dihydrochloride and 
phosphoric acid) were used as standard. After incubating 
at 30°C for 2 hours, the mixtures were treated with 0.5 ml 
of Griess reagent. Absorbance was taken at 550 nm. The 
percentage of inhibition was calculated as follows:

%Inhibition Absorbance of control absorbance of sample
Absorban

= −
cceof control

×100

2.6 Potassium Ferricyanide Scavenging 
Assay

1 ml of different concentrations (viz. 10, 20, 40, 60, 80, and 
100 μg/ml) of the plant extract were mixed with 2.5 ml of 
phosphate buffer and 2.5 ml of 1% potassium ferricyanide 
(PFC). Equal concentrations of ascorbic acid were used 
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as standard. The mixture was incubated at 50°C for 30 
minutes and the reaction was stopped by adding 2.5 ml 
of 10% trichloroacetic acid. After centrifugation at 3000 
rpm for 10 minutes, 2.5 ml of the supernatant was mixed 
with 2.5 ml of distilled water, and 0.5 ml of 0.1% ferric 
chloride solution. Absorbance was taken at 700 nm. The 
percentage of inhibition was deduced as follows:

%Inhibition Absorbanceof control absorbanceof sample
Absorban

= −
cceof control

×100

2.7 Hydroxyl Radical Scavenging Assay
1 ml of different concentrations (viz. 10, 20, 40, 60, 80, 
and 100 µg/ml) of the plant extract were mixed with 0.1 
ml of 1 mM EDTA, 0.01 ml of 10 mM FeCl3, 0.1 ml of 10 
mM H2O2 and 0.36 ml of 10 mM deoxyribose. Similar 
mixture was prepared for ascorbic acid as standard. 
About 0.33 ml of phosphate buffer and 0.1 ml of 0.1 
mM ascorbic acid were added and then incubated at 
37°C for 1 hour. 1 ml of the mixture was treated with 
1 ml of trichloroacetic acid (TCA) and 1 ml of 0.5% 
thiobarbituric acid (TBA). They were heated at 80°C for 
10-20 minutes until pink chromagen developed. After 
letting them cool down, absorbance was taken at 532 
nm. The results were calculated as percent inhibition of 
the deoxyribose attack using the following formula:

%Inhibition Absorbanceof control absorbanceof sample
Absorban

= −
cce of control

×100

2.8 Hydrogen Peroxide Radical Scavenging 
Assay

40 mM of hydrogen peroxide (H2O2) was prepared in 
phosphate buffer and different concentrations of extract 
(viz. 10, 20, 40, 60, 80, and 100 µg/ml) and standard (ascorbic 
acid) were added. After 10 minutes, the absorbance was 
taken at 230 nm. The percentage of hydrogen peroxide was 
calculated using the following formula: 

%Inhibition Absorbanceof control absorbanceof sample
Absorban

= −
cceof control

×100

2.9 MTT Assay
Approximately 5000 cells from each of DLA (Dalton’s 
lymphoma ascites) and V79 (Chinese hamster lung 
fibroblast) cell lines were seeded into 96-well microplates. 
They were mixed with 10, 20, 40, 60, 80, and 100 µg/ml of the 
plant extract. A control without the extract was maintained. 
They were incubated at 37°C for 48 hours under 5% CO2 
and 95% humidity. 20 µl/ml of methylthiazolyldiphenyl-
tetrazolium (MTT) bromide in phosphate-buffered saline 
was added to each well and were incubated for another 2 
hours. Formazan crystals were formed, to which 100 µl of 
MTT lysis buffer was added to dissolve them. The cultures 
were further incubated overnight. Absorbance was taken 
at 570 nm in a microplate reader (SpectraMax® M2). The 
inhibition percentage of the cells was calculated by the 
following equation:

%Inhibition Absorbanceof sample
Absorbanceof control

= − ×100 100

2.10 Statistical Analyses
Data were analysed with OriginPro-8 (OriginLab 
Corporation, Northampton, USA) and Microsoft 
Excel 2016. Linear regression analysis was used to 
extrapolate IC50 values from concentration-effect 
curves. For cell inhibition assay, Student’s t-test was 
employed, and significance was taken at p ≤ 0.05. 

Figure 1.   Free radical-scavenging activity of S. acmella 
on 2,2-diphenyl-1-picrylhydrazyl (DPPH). BHT 
= butylated hydroxytoluene; SA = S. acmella 
extract.
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3. Results
The free radical scavenging activity of S. acmella extract 
using DPPH as a substrate is shown in Figure 1. At 
varying concentrations, such as 10, 20, 40, 60, 80, and 
100 µg/ml, both the standard butylated hydroxytoluene 
(BHT) and the plant extract exhibited concentration-
dependent scavenging activity of DPPH. BHT indicated 
higher activity than that of the plant extract at all 
concentrations tested. For BHT, the inhibition ranges 
from 89.55 to 96.26 % for the lowest and highest 
concentrations respectively. While it ranged from 81.34 
to 94.03 % for that of the plant extract. The overall 
activity is thus quite comparable.

S. acmella extract showed concentration-dependent 
activity against nitric oxide radicals using sodium 
nitroprusside reaction (Figure 2). Griess reagent was 
used as the standard reference, which indicated higher 
activity at corresponding concentrations, but the 
trend of activity was similar. Highest activity at 100 
µg/ml was 66.26% for the standard compound, and 
62.65% for the plant extract. The overall inhibitory 
concentration (IC50) determined from the standard 
graph was 4.121 µg/ml for the standard, and 4.492 
µg/ml for the plant extract. The plant extract showed 
almost an equal potency as the standard antioxidant 
in scavenging NO.

S. acmella extract showed concentration-dependent 
scavenging activity of potassium ferricyanide  
(Figure 3). However, the effect was relatively low 
compared to that of the standard drug ascorbic acid. 

Inhibition at the highest concentration (100 µg/ml) 

Figure 2.   Nitric oxide (NO) scavenging activity of  
S. acmella. GR = Griess reagent; SA = S. acmella 
extract.

Figure 3.   Potassium ferricyanide (PFA) scavenging 
activity of S. acmella. AA = ascorbic acid;  
SA = S. acmella extract.

Figure 4. �Hydroxyl� radical� (OH•)� scavenging� activity� of�
S. acmella. AA = ascorbic acid; SA = S. acmella 
extract.

Figure 5.   Hydrogen peroxide (H2O2) scavenging 
activity of S. acmella. AA = ascorbic acid;  
SA = S. acmella extract.
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was 0.39% for ascorbic acid, but only 0.076% for the 
plant extract.

The scavenging activity of S. acmella extract on 
hydroxyl radicals in comparison with ascorbic acid 
is presented in Figure 4. Their activities were quite 
comparable. The plant extract showed lowest activity 
of 13.34% and higher cavity of 58.70%; while ascorbic 

acid showed 20.32% and 70.58% respectively. The 
IC50 of the extract on hydroxyl radicals was calculated 
as 5.193 µg/ml.

S. acmella extract showed H2O2 scavenging 
activity, but its potency is much lower than that of 
the standard ascorbic acid (Figure 5). At the highest 
concentration of 100 µg/ml, the plant extract showed 
23.71% of scavenging activity; while that for ascorbic 
acid was double of that, i.e. 47.63%. The IC50 of the 
zzplant extract was 5.278 µg/ml.

MTT assay using murine carcinoma (V79) and Dalton’s 
lymphoma ascites (DLA) cells showed that the plant 
extract had cell-selective activity as presented in Table 
1. It was mostly effective in inhibiting the proliferation 
of DLA cells, with a concentration-dependent activity. 

Significant inhibition (p < 0.05) was found at the 
concentration 40 µg/ml and above. However, the IC50 
was 147.547 µg/ml. In contrast, the plant extract did not 
have significant cytotoxicity (p > 0.05) on V79 cells, and 
instead seems to promote their proliferation at higher 
concentration. This may suggest that the plant extract is 
preferentially active on specific cancer cells.

4. Discussion 
During aerobic metabolism in eukaryotic cells, especially 
in mitochondrial respiratory chain reaction by which 
the energy-source molecule ATP is synthesised, the so-
called oxidants or reactive oxygen species (ROS) are 
synthesised as normal by-products. Such ROS include 
free radicals such as oxygen radical (O2••), superoxide 
(O2•-), hydroxyl radical (OH•), peroxyl (ROO•) and 
lipid peroxyl (LOO•). In low oxygen condition, the 
mitochondrial electron transfer system also produce 
nitric oxide (NO), which can generate nitrogen-based 
free radicals called reactive nitrogen species (RNS) 
such as NO• and nitrogen dioxide (NO2•). Although 
other metabolic products such as hydrogen peroxide 
(H2O2), ozone (O3), singlet oxygen (1O2), hypochlorous 

Table 1. MTT assay of S. acmella extract on two cancer cell lines.

Cell line
Concentration

(µg/ml)
Absorbance at 570 nm

(mean ± SEM)
% inhibition

IC50 
(µg/ml)

Control 0 0.682 ± 0.022 0.000

Murine carcinoma 
(V79)

10 0.700 ± 0.014 28.574*

54.341

20 0.749 ± 0.009 23.610*

40 0.847 ± 0.013 13.581*

60 0.930 ± 0.018 5.150*

80 0.952 ± 0.035 2.941

100 1.040 ± 0.025 -6.068

Dalton’s lymphoma 
ascites

10 3.397 ± 0.041 -7.528

147.547

20 3.256 ± 0.044 -3.054

40 3.051 ± 0.233 3.424*

60 2.907 ± 0.075 7.971*

80 2.489 ± 0.030 21.232*

100 2.120 ± 0.297 32.911*

*Significantly different at p ≤ 0.05 in comparison to control.
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acid (HOCl), hypobromous acid (HOBr), nitrous 
acid (HNO2), peroxynitrite (ONOO–), nitrosyl cation 
(NO+), nitroxyl anion (NO−), dinitrogen trioxide 
(N2O3), dinitrogen tetraoxide (N2O4), nitronium (nitryl) 
cation (NO2

+), organic peroxides (ROOH), aldehydes 
(HCOR), peroxynitrite (ONOOH), and lipid peroxide 
(LOOH) are not free radicals, but they are still oxidants 
due to their ability to induce free radical reactions9. 

The unusual behaviour of these chemicals is 
that their free electrons have a tendency to react 
(by donating or accepting other’s electrons) with 
fundamental biomolecules such as lipids, proteins, and 
nucleic acids10. They therefore play a major role in the 
pathogenesis of a variety of chronic diseases including 
as arthritis, autoimmune disorders (multiple sclerosis), 
cancer, cardiovascular diseases (atherosclerosis and 
hypertension), diabetes mellitus, neurological diseases 
(Parkinson’s disease, Alzheimer’s disease), respiratory 
diseases (asthma), cataract development, rheumatoid 
arthritis and in various cancers (colorectal, prostate, 
breast, lung, bladder cancers)8.

When the free radical-induced signalling pathways 
had gone awry, the endogenous antioxidants present in 
the cells are insufficient to prevent the detrimental effects. 
As such, the body has to be supplemented with exogenous 
antioxidants11. Natural antioxidants particularly from 
fruits and vegetables are the main and best sources. 
Plant-derived compounds such as polyphenols (phenolic 
acids, flavonoids, anthocyanins, lignans and stilbenes), 
carotenoids (xanthophylls and carotenes) and vitamins 
(vitamin E and C)12. The potentiality of these plants in the 
prevention and prophylaxis of debilitating diseases due to 
oxidative has been experimentally warranted13.

Various investigations on the potentiality of S. 
acmella in free radical scavenging and anticancer 
activities in this study indicate that the plant is of 
significant pharmacological value. Its ability to prevent 
and intercept DNA damage is evidenced by its activity 
against important free radicals. This is notable because 
natural products are the primary and principle sources 
of exogenous antioxidants. For instance, quercetin 
(3,3’,4’,5,7-pentahydroxyflavone), a flavonoid glycoside 
belonging to phenolic compounds, present in fruits, 
vegetables, and wine is one of the most widely used 
natural antioxidants for the treatment of a range of 
infection, metabolic and inflammatory disorders. In 

addition, it has been a tradition to use quercetin as a 
standard compound in the estimation of antioxidant 
activity itself14.

MTT assay reflects the enzymatic activity of 
mitochondrial dehydrogenases in intact cells. These 
oxidative enzymes breakdown MTT to purple-coloured 
formazan crystals. The resultant colour intensity reflects 
the degree of enzyme activity, and thus, cell viability15. 
Mitochondria are the active sites of cellular redox 
reactions where ROS are produced; hence, they are 
referred to as a “necessary evil” in the life of eukaryotic 
cells16. The ability of S. acmella to induce cytotoxicity in 
a cell-specific manner is an important information. The 
plant extract is most potent on the lymphoma (Dalston’s 
lymphoma ascites) cells with an IC50 of 147.547 µg/ml, 
while it has no effect on lung carcinoma (V79). This 
implies that the bioactive compound(s) of the plant 
act on the cell signalling molecules that are involved in 
regulating the interphase stage of the cell cycle.

5. Conclusion
S. acmella extract was tested for its efficacy on oxidants 
using various chemical assays. Inherent DNA damages 
are due to oxidative stress that is induced by different 
free radicals. This study shows that S. acmella is able 
to protect DNA damages by scavenging the important 
oxidants. The plant extract also showed anticancer 
activity on Dalton’s lymphoma ascites. These findings 
posit a possibility that the plant contains unique bioactive 
molecule(s) that can prevent DNA damage and cell cycle 
disruption, and provide more challenges for further 
investigations.
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ABSTRACT:  
Acmella oleracea (family Asteraceae) is known for its diverse applications such as  food supplement, vegetable, 

antioxidant, antineoplastic, antimicrobial, ornamental plant and pig fodder. We prepared an aqueous extract from 

which the presence of alkaloids, tannins and saponins were detected. These chemical groups have been known 

for their wide-ranging therapeutic properties. The antibacterial activity was tested on Gram-negative bacteria 

such as Klebsiella pneumoniae, Pseudomonas aeruginosa and Escherichia coli, and a Gram-positive species 

Bacillus subtilis. The plant extract showed no activity compared to that of the standard antibiotic tetracycline. 

Cytotoxic activity was also studied on cancer cell lines. We found an inverse relationship between treatment 

concentration and percent inhibition for HeLa (ATCC® CCL-2™) and V79 (ATCC® CCL-93™), however, the 

plant extract showed negligible effect on Dalton’s lymphoma ascites even at the highest concentration tested. 

The lower degree of inhibitions observed at higher concentrations for HeLa and V79 suggests that the plant 

extract might confer proliferative effect rather than antimitogenic effects on the cancer cells. The results indicate 

that A. oleracea has unique medicinal properties, which in turn provide the rationale for further investigations. 

 

KEYWORDS: Acmella oleracea, medicinal plant, antibacterial, cytotoxicity, cancer cells. 
 

 

INTRODUCTION:  
Arguably, plants and their products are the most 

important sources of useful substances in human health 

care system. The biological and chemical investigations 

of medicinal plants have fundamentally shaped the 

structure of modern pharmaceutical and medical 

sciences.1 These plants offer a variety of benefits ranging 

from disease managements, nutritional diet, to 

cosmetics. This is because plants are unique organisms 

by producinga large number of primary and secondary 

metabolites which are innately useful for their own 

defense mechanisms and normal development. 

 

 

 
 

 

Received on 12.02.2019   Modified on 16.03.2019 

Accepted on 02.04.2019  © RJPT All right reserved 
Research J. Pharm. and Tech. 2019; 12(6): 3033-3037. 
DOI: 10.5958/0974-360X.2019.00513.4  

  

 

 

 
 

    

  

 

 

 

These  chemical by-products   arise  from  normal  cellular 
activities  and  are  successfully  exploited  as  antioxidant, 
antimicrobial,  and  antineoplastic  agents.  Their 
contributions  to  human  health  and  longevity  are 
enormous.2 Therefore,  systematic  study  of  established 
medicinal plants is of paramount importance to develop 
new or improved remedies for the complex illnesses and 
infections  that  affect  both  humans  and  veterinary 
subjects.

Acmella oleracea R. K.  Jansen is  a  medicinal plant 
known  for  its diverse  beneficial  applications. It 
constitutes  a  part  of  common  vegetable  and  food 
supplement.3 The  health  benefits  are  obvious  from  its 
important bio-compounds  that  include  many  essential 
fatty  acids  such  as  octanoic  acid,  octadecanoic  acid, 
hexadecanoic acid, as  well as other phytochemicals like 
phenols,  carotenoids,  spermidine,  and  vitamins.4,5 In 
addition, it is also known to be a rich source of linoleic 
acid (cis-9, 12-octadecadienoic acid), an essential omega
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6-fatty acid, which is an essential nutritional supplement 

and is crucial for the synthesis of prostaglandins and cell 

membranes. Used as fodder, it  is known to bea good 

nutrition for pigs.6 It is also reportedly used in the 

treatment of scurvy and nephrolithiasis. Under 

experimental condition, its protective activity against 

acute lesions induced by ethanolin the gastrointestinal 

tract was demonstrated.3,7 

 

To the Mizo people, A. oleracea is among the most 

common vegetables in traditional cuisine. The aerial 

portion is eaten raw or cooked. It is also acclaimed as a 

good medicine for fever, bacterial diseases and intestinal 

worm infection. In the light of its normal use as a 

vegetable, it can be easily assumed that it is a relatively 

safe medicinal plant and is thus a good candidate for lead 

compounds of pharmaceutical importance. We have 

studied some of its pharmacognostic properties using the 

methanol extracts.8-10 In this study, the phytochemical 

screening and basic biological tests were performed for 

the aqueous extract to understand the pharmacological 

potentials on cancer and bacterial cells in vitro. 
 

MATERIALS AND METHODS: 
Chemicals:  

MTT[3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide], sodium dodecyl sulphate, 

RPMI-1640 media and trypan blue were purchased from 

Sigma Aldrich Chemical Co., Kolkata, India. 

Hydrochloric acid and isobutanol were obtained from 

SD Fine Chemicals, Mumbai, India. Those otherwise 

mentioned were procured from HiMedia Laboratories 

Pvt. Ltd. Mumbai, India. 
 

Cancer cell lines:  

Human cervical carcinoma cells HeLa (ATCC® CCL-

2™) and Chinese hamster carcinoma cell V79 (ATCC® 

CCL-93™) were procured from National Centre for Cell 

Science, Pune, India. Dalton’s lymphoma ascites (DLA) 

was obtained from serial transplantation in Swiss albino 

mice.  
 

Collection of plant material:  

A. oleracea was collected from the farming area of 

Ngopa, Champhai district, Mizoram, India. Collection 

and preparation of the specimen were reported earlier.9,10 

It was authenticated at the Botanical Survey of India, 

Shillong, India, and a voucher specimen (No. PUC-A-

17-1) is maintained at Pachhunga University College.  
 

Preparation of extract:  

The aerial parts with flowers were dried in shade for four 

weeks. 200g of the dried plants were macerated with 

double-distilled water (DDW) in an aspirator bottle. 

Extraction was done continuously for seven days with 

constant stirring at room temperature (20-23°C). The 

extract was filtered in Whatman Paper No 1 and then 

concentrated in rotary vacuum evaporator (Buchi 

Rotavapor® R-215) to obtain semi-solid mass. The 

crude extract was then stored in refrigerator at 4°C for 

further analysis. 
 

Phytochemical detection:  

Phytochemical screening was done according to standard 

protocols.8,9,11 Phytochemical group test was performed 

for alkaloids (using Mayer’s test, Dragendorff’s test, 

Wagner’s test, and Hager’s test), carbohydrates (using 

Molisch’s test, Fehling’s test, Barfoed’s test, and 

Benedict’s test), phytosterols (using Liebermann-

Burchard’s test, and Salkowski reaction), glycosides 

(using Legal’s test, Keller-Killiani’s test, and 

Borntrager’s test), tannins (using FeCl3 test, K2Cr3O7 

test, and lead acetate test), saponins (using foam test), 

reducing sugars (using Fehling’s test and Benedict’s 

test), flavonoid (using Shinoda test and zinc 

hydrochloride reduction test), and proteins and amino 

acids (using biuret test and ninhydrin test). 
 

Antimicrobial activity:  

Antimicrobial activity was assessed by disc diffusion 

technique in which the agar plates were prepared by pour 

plate method.12 Three species of Gram-negative bacteria 

such as Klebsiella pneumoniae (ATCC®10031™), 

Pseudomonas aeruginosa (ATCC® 10145™) and 

Escherichia coli (ATCC® 10536™), and one Gram-

positive species Bacillus subtilis (ATCC® 11774™) were 

used. Different concentrations of the plant extract, 

namely 10, 20, 40, 60, 80, and 100 μg/ml were prepared 

in DDW and dimethyl sulfoxide (DMSO). Each sample 

was impregnated on 5 mm Whatman No 3 paper discs. 

10 µg of tetracycline impregnated in Whatman paper 

disc was used as a standard reference, whereas dimethyl 

sulfoxide (DMSO) was used as control. The culture 

plates were then incubated at 37±1°C for 20 hours. The 

inhibition zones were observed and recorded, and then 

compared with that of the standard antibiotic. 
 

MTT assay:  

The inhibitory properties of the different extracts were 

tested by MTT assay using three cell cancer lines, viz. 

HeLa, V79 and Dalton’s lymphoma ascites. 

Approximately 5000 cells from each cell line were 

inoculated into 96-well microtiter plates. Each cell line 

was treated separately with different concentrations of 

the plant extracts such as 10, 20, 40, 60, 80 and 

100µg/ml. A separate group without plant extract was 

maintained as a negative control. Cytotoxicity assay was 

performed according to the method of Mosmann 

(1983).13 The cell lines were incubated at 37°C for 48 h 

in a CO2 incubator with an atmosphere of 5% CO2 and 

95% humidity. After the incubation, 20 µl of MTT was 

added to each well and were further incubated for 2-4 h. 

After the formation of formazan crystal, 100 µl of MTT 

lysis buffer was added to each well to dissolve the 
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formazan crystals. The cultures were then incubated 

overnight and the optical density was read at 570 nm in a 

microplate spectrophotometer (Spectra Max M2). Three 

replicates were processed for each sample. From the 

standard reading, the inhibition percentage for each 

treatment was calculated using the following formula: 

Inhibition %: 100–(Treatment/Control) x100. 
 

Statistical analyses: 

All the statistical data acquisition and analyses were 

done using Origin Pro-8 (Origin Lab Corporation, 

Northampton, USA) and Microsoft excel 2016. The 

values of inhibitory concentration (IC50) were calculated 

by linear regression analysis using standard graph 

obtained from the absorbance readings. Student’s t-test 

was used to determine the differences in inhibition 

percentages between the cell lines. Statistical 

significance was taken at P<0.5. Pearson correlation was 

used to determine the effect of different concentrations 

on the inhibition percentage. 
 

RESULTS:  
From 200 g of A. oleracea, an extractive weight of 

33.837 g obtained, which was 16.916% of the original 

sample. Various standard tests performed on the aqueous 

extract showed the presence of important bioactive 

compounds. The occurrence of alkaloids was confirmed 

by Mayer’s test, Dragendorff’s test, Wagner’s test and 

Hager’s test. Tannin was found to be present in one of 

the tests, i.e. lead acetate test, but not in FeCl3 and 

K2Cr3O7 tests. Saponins were detected in foam test. 

Carbohydrates, phytosterols, glycosides, reducing 

sugars, flavonoids, proteins and amino acids were not 

detected in any of the tests (Table 1). 
 

Table 1: Phytochemical analysis of A. oleracea aqueous extract by 

various standard tests. 

Sl. No. Phytochemicals Test % 

1. Alkaloids Mayer’s test + 

Dragendorff’s test + 

Wagner’s test + 

Hager’s test + 

2. Carbohydrates Molisch’s test - 

Fehling’s test - 

Barfoed’s test - 

Benedict’s test - 

3. Phytosterols Liebermann-Burchard’s test - 

Salkowski reaction - 

4. Glycosides Legal’s test - 

Keller-Killiani’s test - 

Borntrager’s test - 

5. Tannin FeCl3 test - 

K2Cr3O7 test - 

Lead acetate test + 

6. Saponins Foam test + 

7. Reducing sugars Fehling’s test - 

Benedict’s test - 

8. Flavonoid Shinoda test - 

ZnCl2 reduction test - 

9. Proteins and 
amino acids 

Biuret test - 

Ninhydrin test - 

The plant extract at different concentrations, i.e. 10, 20, 

50, 100 and 200 µg/ml showed lack of antibacterial 

activity against all the bacteria tested. In contrast, the 

standard antibiotic tetracycline showed distinct 

inhibition zones. For the drug, the inhibition zones were 

measured as 1.5 cm for K. pneumoniae, 1.6 cm for P. 

aeruginosa, 1.5 cm for E. coli and 1.4 cm for B. subtilis. 

 

The plant extract exhibited cell-specific cytotoxic 

activity as shown in Figure 1 & 2 and Table 2. The 

activity was lowest on DLA with an IC50value of -82.768 

and highest for V79 with an IC50value of -5.205.For 

HeLa, the IC50value was -7.016. Comparison of the IC50 

between the three cells showed significant difference 

between HeLa with V79 and V79 with DLA. However, 

no statistical difference significant was observed 

between HeLa and DLA (Table 3). For all the cell lines 

studied, strong and significant negative correlation was 

found between the treatment concentrations and IC50 

(Table 4). 
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Table 2: MTT assay showing inhibition percentage and IC50 of 

HeLa, V79 and DLA cells treated with A. oleracea aqueous extract. 

Conc. 

(µl/ml) 

Inhibition percentage (mean± SEM) 

HeLa V79 DLA 

10 6.839±1.272 30.886±3.021 0.976±1.117 

20 -4.055±2.119 27.044±1.412 0.607±1.104 

40 -9.624±1.414 22.183±2.028 -0.469±1.012 

60 -12.164±1.916 20.007±1.109 -0.649±0.927 

80 -15.779±1.171 18.375±1.184 -1.145±0.929 

100 -21.739±1.818 16.709±2.029 -1.989±1.111 

IC50 -7.016 -5.205 -82.768 

 
Table 3: Student’s t-test between inhibition percentage of different 

cell lines. 

Cell lines pvalue 

HeLa & V79 0.000* 

HeLa & DLA 0.059 

V79 & DLA 0.000* 

*Significantly different at <0.05 level of significance. 

 
Table 4: Pearson correlation showing the effect of the different 

aqueous extract concentrations on inhibition percentage. 

Cells lines rvalue 

HeLa  -0.944* 

V79 -0.957* 

DLA -0.913* 

*Significantly different at <0.05 level of significance (2-tailed). 

 

DISCUSSION: 
Plants have been principal sources of chemical 

compounds used in health care systems including 

pharmaceutical drugs, nutritional products and 

cosmetics. Since the general methods of preparations are 

high temperature based aqueous extraction, the 

chemicals derived from such are assumed to be polar 

compounds.14 Thus, analyses of the aqueous extract of 

potential medicinal plants and other consumable plants 

are important to know the therapeutic activities of the 

consumed nutrients and compounds or phytochemicals. 

These phytochemicals play the primary role in all the 

biochemical activities of the plants. In the present study, 

alkaloids are found to be present which suggests that the 

consumption of A. oleracea may have several health 

benefits. Alkaloids are the major sources of 

antimicrobial drugs including antibiotics and 

antimalarials. 

 

Our study also showed that tannins and saponins are 

important constituents of the plant extract. Studies have 

shown that saponins possess fat-reducing 

(hypolipidemic) and anticancer activities. Saponins are 

also used in the synthesis of commercial sex hormones. 

Tannins are known to have antiseptic activity, thus, 

acting as a wound healing agent.2 Therefore, the aqueous 

extract of A. oleracea may contribute significantly in the 

treatment of excessive and unwanted cholesterol and 

eventually obesity and hypertension. It may also be an 

effective source for the treatment of cancers and 

hormonal imbalance- related complications as well as for 

the treatment of wounds. 

Other studies have shown that alcoholic extracts of the 

callus and stem of A. oleracea inhibited the growth of 

both Gram negative and Gram-positive bacteria such as 

E. coli, Enterococcus faecalis, K. pneumoniae, 

Salmonella typhi, Staphylococcus aureus, S. epidermidis, 

and Streptococcus pyogenes.15 Another study also 

reported chloroform extract and methanol extract of A. 

oleracea to have inhibitory action against oral bacteria 

such as Streptococcus mutans and Lactobacillus sp.16 

However, our study showed that different concentrations 

of the aqueous extract of AO did not show any inhibitory 

activity toward the bacteria of our interest like K. 

pneumoniae, P. aeruginosa, E. coli and B. subtilis. This 

may be due geographical variation of the plant as it is 

known that A. oleracea cultivated in Mizoram has 

unique characteristics. 

 

Related plants belonging to the family Asteraceae have 

been reported to have cytotoxic properties on different 

cell lines.17,18 From our data (Figure 1), treatment of 

DLA with different concentrations of the plant extract 

showed no evident inhibition of the cell growth. 

However, for HeLa and V79 cells, there is an inverse 

relationship between treatment concentration and percent 

inhibition, suggesting possible proliferative potential of 

the extract on these two cell lines. The differences in the 

degrees of inhibition on different cell lines can be 

attributed to cell-specific activities. This further implies 

that the plant may have interesting compounds that is 

effective on a specific cancer type. A more meticulous 

analysis on different cells is required to further 

understand the pharmacological and medicinal potentials 

of this plant. 
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CHAPTER 1: INTRODUCTION 

 Chapter 1 illustrates the status of helminth parasite infections around the world 

with the need of an hour for the discovery of new anthelminthic drugs, the potentials 

of plants and the motive for selection of Acmella oleracea (AO). Parasitic infections 

due to helminths (helminthiasis) are highly prevalent in underdeveloped countries 

wherever sanitation is neglected (Mitra et al., 2017). Helminthiasis is one of the 

neglected tropical diseases estimated to infect about 24% of the world’s population 

mainly in tropical and sub-tropical countries including China, East Asia, Sub-Saharan 

Africa, and America (WHO, 2019; De Silva et al., 2003). Numerous drugs are 

available for the treatment of helminthiasis but are often associated with the 

emergence of resistance upon frequent administration. Resistance has been reported 

for most of the available anthelminthic drugs for both human population and livestock 

(Idris et al., 2018; Morgan et al., 2019). Due to this, there is an urgent need for the 

development and discovery of new anthelminthic drugs. 

 A. oleracea (Asteraceae) is traditionally used by the Mizo people for treatment 

of various helminth infections. It is commonly known as toothache plant or para cress 

and in Mizo as ankasa (Sahu et al., 2011; Lalfakzuala et al., 2007). It is a cultivated, 

perennial or annual herb with a unique fiery taste when chewed. It produces numbness 

in the mouth when consumed and thus is sometimes used as local anaesthestic 

particularly for treatment of toothache (Gilbert and Favoreto, 2010). It is known for 

many of its therapeutic uses as an antioxidant, analgesic, antipyretic, antimicrobial, 

antimalarial, anthelminthic, and antiprotozoal activity (Crouch et al., 2005; 

Prachayasittikul et al., 2013; Haw et al., 2003; Ekanem et al., 2007; 
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Phrutivorapongkul et al., 2008). Its use for the treatment of skin infection is fairly 

common. It is used as an appetizer in China and surprisingly as an aphrodisiac in India 

(Sahu et al., 2011).  

Plants are a virtuous source of phytochemicals presumed to be responsible for 

many therapeutic tenacities including anthelminthic activity (Idris et al., 2019). Owing 

to this, this research was undertaken to unveil the therapeutic potentials of A. oleracea 

and scientific validation of its use as anthelminthic among the Mizo people. 

CHAPTER 2: REVIEW OF LITERATURE 

 In this chapter, innumerable works that have been done on the anthelminthic 

properties of plants are described. Various extracts of plants have been studied, tested 

on parasites and reported to have potent anthelminthic activity (Sofowora et al., 2013). 

Further bioactive guided fractionation and isolation of anthelminthic compounds led 

to the discovery of new anthelminthic compounds from plants (Sasidharan et al., 

2011). Among the fascinating plants were Artemisia annua, Flemingia vestita, Ficus 

sp., Curcuma longa, Tribulus terrestris, Ananas comosus, Carica papaya and 

Actinidia deliciosa from where anthelminthic compounds such as genistein, daidzein, 

formononetin, pseudobaptigenin, artemisinin, ficin, bromelain, papain, chymopapain, 

and actinidain were isolated (Pal and Tandon, 1998; Tandon et al., 1997; Graham et 

al., 2019; Stepek et al., 2004; Stepek et al., 2007; Luoga et al., 2015). Additionally, 

the anthelminthic potentials of plants belonging to family Asteraceae have also been 

illustrated. Some of the traditional anthelminthic plants of Mizo with experimental 

evidences have also been highlighted. 
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CHAPTER 3: METHODOLOGY 

 This chapter deals with the methods employed for the entire study. The 

selection of the plant was based on the traditional practice of Mizo. Full-grown 

samples were collected from the garden and dried in a shade. Authentication was done 

by the Botanical survey of India, Shillong. Known quantities of dried plant samples 

were ground into a powder and used for hot continuous extraction using Soxhlet 

apparatus. Solvents of increasing polarity such as hexane, chloroform. methanol and 

water were used for extraction (Azwanida, 2015). The crude semi-solid extracts were 

used for further analysis such as phytochemical screening, in vitro antioxidant 

activities, chemical characterization and in vitro anthelminthic activity against 

helminth parasite of fowl, i.e. Raillietina echinobothrida (Gokhale et al., 2017; Blois, 

1958; Halliwell and Gutteridge,1989; Prieto et al., 1999; Lalchhandama et al., 2007). 

The efficacies of the extracts on the worms were further investigated by performing a 

histomorphological study, scanning electron microscopy and estimation of vital 

tegumental enzymes such as acid phosphatase (AcPase) and alkaline phosphatase 

(Alkpase) and β-tubulin which are a known target of anthelminthic compounds 

(Lalchhandama et al., 2007; Roy et al., 2007; Andersch and Szcypinski, 1947; Laurent 

and Norberg, 1960; Segatto et al., 2014; Bordeaux et al., 2010). Chemical 

characterization was done using high performance liquid chromatography (HPLC), 

gas chromatography-mass spectrometry (GC-MS), Fourier-transform infrared 

spectroscopy (FTIR) and bioactivity guided isolation (Singh and Chaturvedi, 2011; 

Hussain, 2014; Saraf and Dixit, 2002). 
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CHAPTER 4: RESULTS 

 Chapter 4 comprises the results obtained from all the tests performed. The yield 

of extraction was found to be highest in methanol extract and lowest in chloroform 

extract. Phytochemicals such as alkaloids, phytosterols, tannins, saponins, 

carbohydrates and reducing sugars were detected. However, important phytochemical 

such as flavonoid, glycosides and proteins could not be detected. All the extracts 

showed concentration-dependent increase scavenging activities. However, the 

activities were found to be lower than the standards at all concentrations. The extracts 

were also found to possess high total antioxidant activity where the activity was 

highest in aqueous extract.  

Gas chromatography-mass spectrometry (GC-MS) revealed the presence of 

19, 22 and 13 compounds in hexane, chloroform and methanol extracts respectively 

and only one compound was detected in aqueous extract. N-Isobutyl-(2E, 4Z, 8Z, 

10E)-dodecatetraenamide was found to be the major compound. High performance 

liquid chromatography (HPLC) further confirmed the presence of an alkylamide 

compound, (2E,6Z,8E)-N-Isobutyl-2,6,8-decatrienamide only in hexane and methanol 

extracts. Bioactivity-guided isolation of compound by column chromatography led to 

isolation of lupeol from hexane extract. Identification of the isolated compound was 

done from the chromatogram obtained from 1H and 13C nuclear magnetic resonance 

spectroscopy, mass spectrometry and Fourier-transform infrared spectroscopy.  

In vitro anthelminthic test showed that all the extracts (5, 10 and 20 mg/ml) 

and isolated compound (1 mg/ml) showed concentration-dependent increase activity. 
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Scanning electron microscopy and histomorphological studies revealed that extensive 

deformity occurred on the surface and internal body organization. All the extracts were 

also found to cause significant reduction in vital tegumental enzymes, i.e. acid 

phosphatase and alkaline phosphatase. The expression of β-tubulin in worms treated 

with extracts were found to be higher than untreated control worms indicating an 

inhibition of β-tubulin polymerization.   

CHAPTER 5: DISCUSSION 

 In this chapter, the rationale of the present study with the related field of works 

is discussed. Numerous plants have been acclaimed for their potency of eliminating 

helminths, among which some of them are even found to be competent with the 

available anthelminthic drugs (Aremu et al., 2012). Experimental evaluation of 

anthelminthic properties of plants served as an alternative for anthelminthic drugs with 

a reported history of resistance. Different extracts of A. oleracea were found to exhibit 

concentration-dependent increase anthelminthic activity by inducing flaccid paralysis 

and death of the worms. Among the extracts, methanol extract of different 

concentrations (5, 10 and 20 mg/ml) was most active causing paralysis and death of 

the worms soon after treatment. A similar anthelminthic activity was reported against 

cattle trematode Gastrothylex cruminefer upon treatment with aqueous and methanol 

extracts of the callus of Spilanthes acmella Murr (Singh et al., 2013).  

Results accrued from the treatment of R. echinobothrida with different extracts 

of AO showed a significant decline in the activities of AcPase and AlkPase. Likewise, 

reduction in enzyme activities were reported upon treatment with extracts of F. vestita 
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(Pal and Tandon, 1998), Lysimachia ramosa (Dey and Roy, 2018), Millettia 

pachycarpa and Acacia oxyphylla (Lalchhandama et al., 2007; Lalchhandama et al., 

2008; Dasgupta et al., 2013). Different extracts of AO were found to exhibit higher 

levels of expression for β-tubulin than the untreated control. Similar results were 

previously reported by Gutiérrez et al. (2017). Similar deformities observed on the 

surface and internal body organization of the worms were also reported by Roy et al. 

(2012) and Chetia et al. (2014).  

The presence of important phytochemicals as observed in the current study 

were also reported in extracts of Spilanthes acmella (Arora et al., 2011; Tania et al., 

2015; Abeysiri et al., 2013). Similar total antioxidant activity and concentration-

dependent scavenging activity of free radicals by extracts of S. acmella were earlier 

reported (Abeysinghe et al., 2014, Wongsawatkul et al., 2008; Rao et al., 2012).  

The unique characters of AO such as odour, taste and many of its medicinal 

values are reported to be due to an alkylamide spilanthol, sometimes called affinin. 

Spilanthol was detected and isolated from hexane extract of AO (Moreno et al., 2011). 

Likewise, spilanthol was detected in hexane and methanol extracts of AO. Numerous 

compounds were detected by GC-MS among which alkylamide compounds were 

reported to be the major compounds. 

Insight of what has been mentioned, A. oleracea is a plant with diverse 

medicinal acclaims. Among many of its acclaimed medicinal properties, the 

establishment of its use as an anthelminthic may be scientifically supported by the 

present study.  
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