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ABSTRACT 

Natural ethnic foods with traditionally known health benefits offer a substantive foundation for 

the discovery of functional foods with therapeutic potentials. Centella asiatica (Gotu Kola) is 

a green leafy vegetable and a medicinal herb in a few countries of the world. Complementing 

its reputation in traditional medicine as a memory booster, research backed multifunctional 

properties make it a promising potential agent to target multiple pathways in neurogenerative 

diseases such as Alzheimer’s. Being rich with diverse phytochemicals, the occurrence of 

chemotype variations of this plant are reported in the production of these metabolites due to 

origin and growth conditions. Current study intended to optimise extraction, chemical 

profiling, targeted quantification, unfolding possible patho-mechanisms and insight into 

bioactivities of potential neuroprotective phytochemicals in C. asiatica extracts.  

Among the tested extraction techniques, ultrasound assisted extraction and steam distillation 

were chosen to extract liquid and volatile fractions. A solid to liquid ration of 1:25, a binary 

solvent system with 9:1 methanol to water (v/v) and a 20 minutes extraction time offered the 

optimum conditions in extracting total triterpenes of the plant in terms of major triterpenes; 

madecassoside, asiaticoside, madicassic acid and asiatic acid.  Study of different solvent 

systems based on water and methanol also revealed information on the extraction behaviour of 

Total Triterpene Content (TTC), Total Polyphenolic Content (TPC), Total Flavonoid Content  

(TFC) and the antioxidant capacity variations. Initial HPLC-DAD quantification was followed 

by a multiple reaction monitored (MRM), UHPLC-ESI-triple quadrupole tandem mass 

spectrometry to further confirm and to enable more specific and sensitive determination of 

major saponins and sapogenins together with chlorogenic acid simultaneously. C. asiatica leaf 

extracts of a winter harvested (in August) sample contained high amounts of triterpenic 

glycoside asiaticoside (52.30 ± 3.92 mg/g DW), followed by madecassoside (14.27 ± 1.19 

mg/g) and chlorogenic acid (3.98 ± 0.25 mg/g). However, insignificant quantities of aglycone 
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levels, compared to those reported elsewhere, indicated the occurrence of distinct chemotype 

of C. asiatica in New Zealand.  

This study characterised the phytochemical profile of C. asiatica leaf extract; liquid and  

volatile fractions identifying 69 compounds in the liquid fraction and 38 compounds in volatile 

fraction including triterpenes, flavonoids, caffeoylquinic acids, sesquiterpenes and 

phytosterols. Q-extractive orbitrap high- resolution mass spectrometry and gas 

chromatography-mass spectrometry enabled profiling of phytochemicals in liquid and volatile 

fractions respectively. The liquid fraction comprised of pentacyclic triterpenoid compounds; 

mainly the ursane and oleanane subtypes, and flavonoids as major compounds. 

Sesquiterpenoids and monoterpenoids included as the significant compounds in essential oil 

fraction. Among 69 compounds positively identified in liquid fraction 33 had not been 

previously reported elsewhere; however, further investigation is needed to confirm them 

unambiguously.  

In silico, in vitro and in vivo bioactivity testing; acetylcholine esterase inhibition, anti-amyloid 

aggregation and anti-oxidant potential, evaluated the possible target pathways of bio-activities. 

Different extracts were explored for bioactivity since these compositional changes seem to give 

differences in biological activity. While the methanolic extract comprised mainly of 

triterpenes, and showed the highest potency in AChE enzyme inhibition, single triterpenes did 

not show strong inhibitory activity. Among the triperpenes, asiaticoside showed the highest 

activity which was also supported by molecular docking studies. At the same time the 

flavonoids showed strong inhibitory potential as single compounds. On the other hand, 

flavonoids, triterpenes as well as caffeoylquinic acids seemed to possess good anti-amyloid 

aggregation activity based on initial screening and qualitative results; however this activity 

should be further explored quantitatively.  
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According to the present study, synergistic effect of the bioactive compounds were more 

prominent since when taken alone, the individual compounds did not show strong activities. 

Thus, it can be recommended to consider the possible use of the whole plant as a medicinal or 

food ingredient in the diet. However, even though these compounds are present in this plant in 

abundance, the amount of intake with whole food consumption and the bioavailability in the 

body should be taken in to consideration. Bioactivities indicated the potential of Centella 

asiatica as a functional brain food in promoting general neuroprotection as well as arresting 

multiple disease pathways in neurodegenerative disorders. 
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1. GENERAL INTRODUCTION 

 
1.1 BACKGROUND AND GAP STATEMENT 

 
The demographics of the world’s population has been transformed from young societies to 

hyper-ageing societies over the past years. It is reported that 703 million of the worldwide 

population were aged 65 and over, in the year 2019 (World population ageing report, 2019). 

This change may affect economies and social aspirations, as well as health and well-being. 

Increased prevalence of age-related chronic and degenerative diseases and associated costs 

have become major concerns in healthcare and research sectors in the world. In this context, 

the health-conscious consumer demand is ever-increasing for functional food and superfoods, 

particularly whole food with exceptional health benefits. 

Natural ethnic foods with traditionally known health benefits offer a substantive foundation for 

the discovery of functional foods with therapeutic potentials. Herbal plants are being used as 

conventional foods for their functional properties which have been evident over the years 

through experience. Centella asiatica (Gotu Kola) is a green leafy vegetable and used a 

medicinal herb in few countries of the world. It is highly valued for its use as a medicinal herb 

since prehistoric times (Brinkhaus, Lindner, Schuppan, & Hahn, 2000). C. asiatica has been 

reportedly used in Ayurvedic, Unani and folk medicine in India, Sri Lanka and South-East 

Asian countries; traditional African medicine and traditional Chinese medicine (Rownak et al., 

2012); and in native Yaegl Aboriginal medicine in Australia (Packer et al., 2012).  

 

As per Indian Ayurveda, C. asiatica is considered as having multifunctional roles  and a 

potential “cure-all herb” which has been used in Ayurveda tradition for thousands of years to 

treat mild and chronic diseases (Gohil, Patel, & Gajjar, 2010). C. asiatica is believed to possess 

diverse pharmacological activities, such as neuroprotective, nerve regenerative, 

immunomodulatory, anti-depressive, memory enhancing, gastroprotective, cardioprotective, 
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radioprotective, anti-cancer, antimicrobial, wound healing, anti-inflammatory, antidiabetic, 

and antioxidative properties (Bandara, Lee, & Thomas, 2011; Brinkhaus et al., 2000; A. J. Das, 

2011; Jahan et al., 2012; Roy, Barman, & Shaik, 2013; Zheng & Qin, 2007a).  

C. asiatica is especially recognised for its traditional use as a memory enhancer (Orhan et al., 

2013)  and for its ability to revitalise nerves and brain cells (Seevaratnam, Banumathi, 

Premalatha, Sundaram, & Arumugam, 2012). Complementing its reputation in traditional 

medicine as a memory booster, research backed multifunctional properties make it a promising 

potential agent to target multiple pathways in neurogenerative diseases such as Alzheimer’s. 

Numerous studies have explored neuroprotective, anti-depressive effects as well as enhancing 

cognitive performance of C. asiatica crude extracts and single or mixture of triterpenic 

preparations, (Jana, Sur, Maity, Debnath, & Bhattacharyya, 2010; Kumar, Prakash, & Dogra, 

2011; Tabassum et al., 2013; M. F. Xu et al., 2012). Most of these studies appear to provide 

evidence to support alternative medicinal claims, thus indicating the necessity for more 

scientific investigations to examine the traditionally known benefits of C. asiatica.  

Been rich with diverse phytochemicals, especially major constituents been triterpenes, 

flavonoids and essential oils, the occurrence of chemotype variations of this plant are reported 

in the production of these metabolites due to origin and growth conditions (Azerad, 2016). 

Solet, Simón-Ramiasa, Cosson, and Guignard (1998) mention three varieties of C. asiatica, in 

relation to geographic origin, which correlates slight variations in morphology and chemical 

composition. X.-G. Zhang et al. (2009) evaluated the content of the phytochemicals of C. 

asiatica from different locations in China and reported the variation of major triterpenes, thus 

developing a chemical fingerprinting method for quality evaluation. Variances in essential oil 

composition are also reported in studies conducted in different geographical locations; Nepal 

and South Africa (Devkota, Acqua, Comai, Innocenti, & Jha, 2013; O. A. Oyedeji & A. J. 

Afolayan, 2005). It is evident that the reported composition of phytochemicals may vary 
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depending on the geographical location, climatic conditions and the varietal differences as well 

as the extraction techniques and the analytical methods used. 

Pentacyclic triterpenoid saponins which are collectively known as centalloids are considered 

as one group of secondary metabolites, mainly responsible for biological activities thus 

ascribed to pharmacological activities of C. asiatica (Brinkhaus et al., 2000; James & Dubery, 

2009). Jäger, Trojan, Kopp, Laszczyk, and Scheffler (2009) mentioned that besides other 

nutraceuticals, pentacyclic triterpenes from the lupane, oleanane and ursane groups have been 

identified as active substances of plant sources of the healthy Mediterranean diet. Triterpene 

group of compounds includes both sterols and triterpenes and are accumulated as glycosides 

(saponins) in extensive amounts in some plants. Saponins are classified according to their 

aglycone skeleton. A pentacyclic triterpene structure consists of a C30 skeleton. C. asiatica 

triterpenes can be subdivided into two groups according to methyl substitution patterns on the 

C19 and C20 as oleanane and ursane. Madecassoside, asiaticoside and their sapogenin 

triterpene acids (madecassic and asiatic acid) are the most prominent triterpenes in C. asiatica. 

Thus, these four are considered as signatory biomarkers of the metabolome of this plant.  

The concept of neuroprotection has been a major area of interest for neuroscientists over past 

decades. Initially, the aetiology of these disorders was associated with the role of free radicals; 

however, various pathomechanisms were elucidated later related to different diseases (Jain, 

2011). Among these disorders, dementia is classified as a major neurocognitive disorder 

interfering both the cognitive function (refers to memory, speech, language, judgment, 

reasoning, planning and other thinking abilities) and performance of everyday activities (such 

as making a meal, paying bills and travelling to a store) which is more common among elderly 

people (Alzheimer's facts and figures, 2016). Alzheimer’s disease (AD) is a progressive 

neurodegenerative disease that is recognised as the most common cause of dementia affecting 

around 47 million people worldwide, as well as a major cause of death which occurs 
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approximately nine years after diagnosis (Alzheimer's facts and figures, 2016; Prince, Comas-

Herrera, Knapp, Guerchet, & Karagiannidou, 2016; Williams, Sorribas, & Howes, 2011) 

Among the risk factors of this disease; age is considered the greatest and most people with 

Alzheimer’s disease are age 65 or older (Alzheimer's facts and figures, 2016). The pathogenesis 

of the disease is complex, explained by several hypotheses, including cholinergic hypothesis, 

amyloid cascade hypothesis and tau hypothesis with different biochemical pathways (Williams 

et al., 2011). Oxidative injury and free radicals, as well as inflammatory reactions and 

immunological disturbances, are considered as important causative agents underlying the 

initiation of these pathways (Jain, 2011).  

Currently, only symptomatic treatments are available to treat AD which does not slow down 

or reverse the progression of the disease. Most of these drugs are inhibitors of Acetylcholine 

esterase (AChE), which is an enzyme present in the central nervous system (CNS), that 

catalyses the neurotransmitter Acetylcholine (ACh) to choline. According to cholinergic 

hypothesis deficit in neurotransmitter levels are observed in AD patients, so that AChE 

inhibitors are designed to maintain the levels of acetylcholine, which may help compensate for 

the loss of functioning brain cells. In addition to functional improvement of central cholinergic 

synapses, the elevation of ACh levels believed to be leading to other beneficial effects such as 

protection of neuronal degradation and modification of the amyloid precursor protein (Ren, 

Houghton, Hider, & Howes, 2004). N-methyl-D-aspartate (NMDA) receptor antagonists are 

also used in current drug therapies (e.g. Memantine) which address the impairment of 

glutamatergic neurotransmission. Based on the amyloid cascade hypothesis which explains the 

critical role of amyloid plaques in neurodegeneration, new therapeutic strategies have evolved 

to treat AD. One is secretase modulation; inhibiting the proteolytic enzymes involved in 

forming the Aβ42 building blocks (Williams et al., 2011). The fact that none of the current 

drugs is able to prevent or slow down disease progression has been the primary driving force 
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for the ongoing research in search of new and potent compounds. On the other hand, the 

associated side effects of current drugs such as vomiting, loss of appetite, diarrhoea, stomach 

cramps, headaches, insomnia, dizziness or fainting on standing and sometimes slowing of the 

heart rate have created issues with patients reluctant to take medications.  

Natural products are emerging as potential candidates with therapeutic potential with their 

ability to target different components of multifactorial pathomechanism of AD.  

Having comprehensive multifunctional properties make C. asiatica capable of promoting 

general neuroprotection as well as simultaneously targeting multiple disease pathways to arrest 

neurodegenerative disorders. However, to be used as a therapeutic agent or a functional food 

product, a proper evaluation should be done of the profile of bioactive ingredients, quantities 

present to potentially reach the efficacy levels, efficient extraction methods and elucidation of 

functionality of bioactive compounds to grasp targeted pathological pathways. This study was 

conducted to make an insight into traditional use of a natural herb, by scientific investigation, 

awaiting to reveal potential benefits.  

 

1.2 RESEARCH OBJECTIVES  
 

The main aim of this study was to characterise the bioactive profile of an identified variety of 

Centella asiatica in New Zealand anticipating the discovery of bioactive compounds with 

therapeutic potential for neurodegenerative diseases.  

Specifically; 

1. To optimise the extraction techniques to achieve the highest yield of known biomarker 

compounds. 

2. To assess the total triterpenes, total phenols, total flavonoids and antioxidant capacity 

of various C. asiatica extracts to select the optimum solvent system.  

3. Targeted quantification of selected compounds in liquid fractions of C. asiatica extract. 
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4. To characterise ultrasound-assisted extracted liquid fraction of C. asiatica leaves. 

5. Characterisation of steam distilled volatile fraction of C. asiatica extract. 

6. To evaluate the in-vitro AChE inhibitory activity of C. asiatica crude extracts and 

single centalloids.  

7. Evaluation of in-vivo anti-amyloid aggregation potential of C. asiatica extract and 

single compounds.  

 

1.3 RESEARCH APPROACH 

This thesis precedes through each chapter discussing the research approach employed to 

achieve each of the above research objectives. The first chapter briefly introduces the study 

approach and its objectives and the second chapter offers an insight into scientific literature 

and evidence published in the related study area. The third chapter briefly elaborates on the 

plant material authentication. Chapter 4 is dedicated to examine different extraction methods 

and solvent systems to establish optimum conditions to extract different bioactive 

phytochemicals in the C. asiatica aerial parts. Chapter 5 describes the development and 

validation of a precise quantitative method to determine fingerprint biomarkers of this plant. A 

comprehensive characterisation of ultrasound assisted extracted methanolic fraction and steam 

distilled volatile fraction is discussed in chapter 6. In chapter 7, potential neuroprotective 

bioactivities of C. asiatica total extract and the single compounds are investigated. Chapter 8 

gives an overview conclusion of the whole study emphasising on possibilities and challenges 

in implementing the research findings and further, future work that will complement the current 

study. 
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2.1 INTRODUCTION 
 
This chapter provides the details on Centella asiatica as a culinary and medicinal herb, its 

phytochemistry and pharmacological properties and its health benefits especially emphasising 

its role as a neuroprotectant. A brief summary of the Alzheimer’s disease and its pathogenesis 

is also discussed in this chapter. Further, it introduces the background knowledge and 

theoretical framework of natural product bioactive extraction techniques and bioactivity assays 

used in this study.  

 

2.2 CENTELLA ASIATICA (GOTU KOLA) MORPHOLOGY AND AGROBOTANY 
 

C. asiatica belongs to the genus Centella in the family of Apiaceae which comprises about 50 

species including the most abundant species C. asiatica (L.) Urban syn. Hydrocotile asiatica 

Linn. This plant inhabits warm-climate countries in tropical and subtropical regions such as 

India, Sri Lanka, Bangladesh, Indonesia, Malaysia, China, Iran, Papua New Guinea, Northern 

Australia and some parts of Africa and America. It has different common names in many 

languages: pennywort, marsh pepperwort, Indian waternavelwort (English); asiatisches 

Wassernabelkraut (German); be´vilaque, coquelariat, violette marron (French); gotu kola (Sri 

Lanka); brahmi, brahmaduki, karivana, mandookaparni, babassa, thankuni, vallari, vallarai 

(India); talapetraka, anamanitra, korokorona, silabola (Malagasy); bodila-ba-dinku, tabao en 

Amhara (African); luo de da and ji xue cao in Chinese (Solet et al., 1998). 

Solet et al. (1998) mention three varieties of C. asiatica (Table 2.1), in relation to geographic 

origin, which correlates slight variations in morphology and chemical composition.  
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Table 2. 1 Varieties of Centella asiatica 

Variety Morphology Geographical location 

Centella asiatica L. var. typica Weakly hairy, typically 

kidney-shaped leaves 

with well crenulated 

margins 

Southern Asia 

Madagascar 

Centella asiatica L. var. abyssinica Suborbicular, softer 

crenated margins, quite 

hairy leaves 

Tropical and equatorial 

Africa 

Centella asiatica L. var. floridana Leaves longer than wide 

in shape 

America (from Southern 

US to Argentina) and 

tropical Oceania 

 

C. asiatica is a prostrate, stoloniferous, perennial, creeper herb growing up to an average length 

of 15 cm (Figure 2.1). Its stem is glabrous, striated, rooting at the nodes and the plant is 

propagating vegetatively by runners (stolons). Leaves are basically kidney shaped 1–5 cm long; 

2–6 cm wide with crenate margins and long petioles. Flowers are in fascicled umbels consisting 

of 3–4 white to purple flowers. The fruit is dry, flattened schizocarp with two single seeded 

mericarps (Seevaratnam et al., 2012; Solet et al., 1998). 

C. asiatica plant is a shade loving plant, which grows in moist habitats at altitudes between 0- 

2500 m above sea level. C. asiatica has the ability of reproducing sexually by seeds and 

vegetatively by stolons. Generally, the plant is vegetatively propagated from the pieces of 

stolons together with stems and roots in cultivation.  
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Figure 2. 1 Morphology of Centella asiatica 

 
2.3 USE IN TRADITIONAL MEDICINAL SYSTEMS 
 
C. asiatica is a plant well valued for its use in cuisine as well as in medicine and has been in 

use since prehistoric time. Its culinary use is closely woven with its well-known health benefits 

in traditional societies. C. asiatica is considered as an ethnomedicinal plant widely used in 

diverse ancient cultures as medicine in traditional medicinal systems such as Ayurveda and 

Unani as well as in folk remedies. It is reflected in the literature that few German authors have 

contributed extensively by their pioneering work of systematic documentation and compilation 

of information on C. asiatica (Brinkhaus et al., 2000; Kartnig, 1988).  Brinkhaus et al. (2000), 

provided well-documented evidence for the therapeutic use of C. asiatica especially in South 

East Asia and India for centuries. They revealed in their paper that C. asiatica was listed in the 

textbooks of codified Sanskrit medicine (Ayurveda) in around 500 AD. They also reported that 

the medicinal plant named “manduk-parni” in the Sanskrit language is C. asiatica which is 
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mentioned in “Sushruta Samhita”, an ancient Indian medicinal text in 1200 BC. It was officially 

included into the Indian Pharmacopoeia in the 19th century wherein it was recommended for 

treatment of wound healing, various skin conditions such as leprosy, lupus, varicose ulcers, 

eczema, psoriasis, diarrhoea, fever, amenorrhea and diseases of the female genitourinary tract 

(Brinkhaus et al., 2000; Kartnig, 1988). They have also reported the evidence on the use of C. 

asiatica in folk medicine; traditional healers in Java and other Indonesian Islands and 

Madagascar have used C. asiatica for therapeutic purposes, and it has also been used to treat 

leprosy in the island of Mauritius. As per Indian Ayurveda, C. asiatica is considered as having 

multifunctional roles  which have been used in Ayurveda traditional medicine for thousands of 

years to treat mild and chronic diseases (Gohil et al., 2010). In Sri Lankan and Indian Ayurvedic 

traditional medicine, the aerial parts of C. asiatica had been used for skin diseases, syphilis, 

rheumatism, mental illness, epilepsy, hysteria, dehydration, and in the treatment of leprosy 

(Matsuda, Morikawa, Ueda, & Yoshikawa, 2001c). 

C. asiatica was referred in the ancient Chinese Shennong Herbal remedies about 2000 years 

ago (European Medicine Agency, 2010). In Chinese medicine, it had been used to treat fever, 

dysentery, urinary tract infections, hepatitis and jaundice. Some reported uses of the plant 

include to prompt bladder activity, for physical and mental exhaustion, diarrhea, eye diseases, 

inflammation, asthma, and high blood pressure in traditional Southeast Asian medicine 

(Matsuda et al., 2001c). Bandara et al. (2011) have reported the use of this plant to treat fever, 

stomach upset, scrophula (a form of tuberculosis) and syphilis. They have also mentioned about 

the claims on the usage of this plant as an antidote for organophosphorus pesticide-induced 

toxicity and its use as a health supplement in North America. In Madagascar, the plant has been 

used to treat leprosy (Sahu, Roy, & Mahato, 1989) while in Java and Malay peninsula it has 

been used to heal wounds as well as a constituent in brain tonics to treat cognitive retardation 

(Kartnig, 1988).  



 26 

In folk medicine, different uses of this plant have been reported which have not been supported 

by experimental or clinical data. V. Murray, Shaw, Debbie (2000), has reported these uses such 

as; therapy for albinism, anaemia, asthma, bronchitis, cellulite, cholera, measles, constipation, 

dermatitis, diarrhoea, dizziness, dysentery, dysmenorrhoea, dysuria, epistaxis, epilepsy, 

haematemesis, haemorrhoids, hepatitis, hypertension, jaundice, leucorrhoea, nephritis, nervous 

disorders, neuralgia, rheumatism, smallpox, syphilis, toothache, urethritis and varices in WHO 

monographs. These uses have been based on antipyretic, analgesic, anti-inflammatory 

properties of C. asiatica and as a ‘brain tonic’ agent. External use of poultice has also been 

reported to treat contusions, closed fractures, sprains and furunculosis (V. Murray, Shaw, 

Debbie, 2000). 

A report by the Committee on Herbal Medicinal Products of European Medicines Agency 

(2010) has reported various herbal preparations of alcoholic or aqueous extracts, as well as 

refined and purified extracts of C. asiatica used as commercial products in several European 

countries. This report mentions TECA (Titrated Extract of Centella asiatica), TTFCA (Total 

Triterpenic Fraction of Centella asiatica) along with similar commercial products such as 

Madecassol®, Centellase® and Blastoestimulina®. All these preparations contain asiaticoside, 

asiatic acid and madecassic acid in different percentages. Both externally (powder, cream and 

ointment) and internally (tablet, tonic) used cosmetic, and medicinal preparations are 

authorised in Europe since 1969 while food supplements are also available in few countries 

(European Medicines Agency, 2010).  

 

2.4. PHYTOCHEMISTRY 
 

Scientific studies have revealed that C. asiatica contains more than 70 phytochemicals. It is 

rich in triterpenes, flavonoids, essential oils, alkaloids and amino acids. Table 2 shows the 

major phytochemicals in C. asiatica as per available literature.  C. asiatica has diverse and 
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complex chemical constituents where the major groups include; terpenes (monoterpenes, 

sesquiterpenes, diterpenes, triterpenes, tetraterpenes), phenolic compounds (flavonoids, 

tannins), alkaloids, carbohydrates, vitamins, minerals and amino acids.   

It is evident that the composition of phytochemicals may vary depending on the geographical 

location, climatic conditions and the varietal differences as well as the extraction techniques 

and analytical methods used. A systematic review conducted by Chong, Aziz, Jhala, and 

Thaker (2011), compiling the studies on the chemical constituents of C. asiatica reflects that it 

comprises of diverse and complex chemical constituents, which may vary with the location of 

origin and source of plant material. Several studies have been published in literature on the 

analysis of bioactive compounds in C. asiatica in different regions of the world; mostly in Asia 

(China, India, Indonesia, Malaysia, and Sri Lanka) which have reported many different 

constituents (Z. Y. Jiang, Zhang, Zhou, & Chen, 2005; Matsuda et al., 2001c; Rumalla, Ali, 

Weerasooriya, Smillie, & Khan, 2010; Shukla, Srivastava, Tripathi, & Prajapati, 2000; B. 

Singh & Rastogi, 1969; Yu, Duan, Gao, & Takaishi, 2007).  A recent review has indicated the 

chemotype variations in the production of these metabolites due to origin and growth 

conditions(Azerad, 2016). X.-G. Zhang et al. (2009) evaluated the content of the 

phytochemicals of C. asiatica from different locations in China and reported the variation of 

major triterpenes, thus developing a chemical fingerprinting method for quality evaluation. A 

study by Devkota et al. (2013) on the essential oil content of C. asiatica grown in different 

habitats in Nepal revealed that the composition varied from the ones found in South Africa by 

another study by , confirming the compositional differences due to geographical location. 

Triterpenoids, one major group of compounds in C. asiatica, are a large group of diverse 

compounds and studies on their biosynthesis have shown that the end products of the pathway 

can result in thousands of distinct triterpene metabolites (Gershenzon & Kreis, 1999; O. T. 
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Kim, Ahn, Hwang, & Hwang, 2005). All these facts suggest that there could be a number of 

novel compounds which remain to be isolated and identified in C. asiatica. 

2.4.1 TRITERPENES 
 
Pentacyclic triterpenoid saponins which are collectively known as centalloids, are considered 

as one group of secondary metabolites, mainly responsible for biological activities thus 

ascribed to pharmacological activities of C. asiatica ( Al-Nahain et al., 2015; Brinkhaus et al., 

2000; James and Dubery, 2009; Roy et al., 2013; Zheng and Qin, 2007). 

Triterpene saponins are secondary metabolites, which play a regulatory role in the interaction 

between the plant and its environment. According to (Hanson, 2003), these secondary 

metabolites can be defensive substances including phytoalexins, phytoanticipins, anti-feedants, 

attractants and pheromones of pests, and these are the compounds that give the bioactivities 

beneficial for human health. Terpenes and derivatised terpenoids from natural products are 

well known as beneficial to human health. The terpenes have a cyclic structure and are 

biosynthetically produced by polymerising isoprene (2-methyl butadiene) units. Thus, the basic 

molecular formula of a terpene is C5H8. Terpenes are classified by the number of C5 isoprene 

units that they contain. These categories include hemiterpenes (single C5 isoprene unit), 

monoterpenes (C10), sesquiterpenes (C15), diterpenes (C20), sesterterpenes (C25), triterpenes 

(C30), carotenoids (C40) and polyterpenes consisting of long chains of many isoprene units 

(James and Dubery, 2009) .  

Both the sterols and triterpenes are included in the triterpene group of compounds. These are 

accumulated as glycosides (saponins) in extensive amounts in some plants. Saponins are 

classified according to their aglycone skeleton. Triterpenoid saponins consist of a triterpene 

aglycone with a pentacyclic structure consisting of a C30 skeleton (Sparg, Light, & van Staden, 

2004). 
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C. asiatica triterpenes can be subdivided into two groups according to methyl substitution 

patterns on the C19 and C20 as oleanane and ursane  as shown in Figure  2.2. 

 

 

Figure 2. 2 Basic structures of Centella pentacyclic triterpene metabolites: ursane 

(R6, R7=methyl) or oleanane (R7, R8=methyl) types with double bonds occurring 

at C12-C13, C13-C18 or C20-C21 (adapted from James and Dubery 2009 with permission) 



 30 

Madecassiside, asiaticoside and their sapogenin triterpene acids (madecassic and asiatic acid) 

are the most prominent triterpenes in C. asiatica (Figure 2.3). These four are considered as 

signatory biomarkers of the metabolome of this plant.  

 

Figure 2. 3 Structures of prominent triterpenes in Centella asiatica 

 

Terpene biosynthesis process (Gershenzon & Kreis, 1999) is initiated by forming the isoprene 

unit, isopentenyl diphosphate (IPP) and its allylic isomer, dimethylallyl diphosphate (DMAPP) 

via two known routes: both/either mevalonic acid and/or methylerythritol phosphate pathway.   

Then, the fusion of these units generates C10, C15 and C20 diphosphates. Thirdly, a wide range 

of cyclizations and rearrangements produce the parent carbon skeletons of terpene classes: 

mono-, sesqui-, di-, tri- and tetraterpenes. The final stage involves an assortment of reactions 

and modifications to create thousands of divergent terpene metabolites in the plant kingdom. 

Triterpenes consist of six isoprene units and have the molecular formula C30H48.  
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Knowledge of the biosynthesis process is important in identifying the possible novel 

compounds as well as understanding structure related functionality of these compounds. O. T. 

Kim et al. (2005) report one such interesting investigation on the possibility of regulation of 

isoprenoid pathways using molecular tools. As described above, the initiation of mevalonate 

pathway occurs with the conversion of three units of acetyl-CoA to 3-hydroxy-3-

methylglutaryl-CoA (HMG-CoA). The HMG-CoA is then reduced to mevalonate by 3-

hydroxy-3-methylglutaryl-coenzyme A reductase (HMGR). This step is considered as most 

critical in regulating terpene biosynthesis, and it is reported that several major classes of 

enzymes are involved in this step (Gershenzon & Kreis, 1999). Specifically, in the triterpenoid 

biosynthesis of C. asiatica, farnesyl diphosphate synthase (FPS) enzyme catalyses the 

sequential 1′-4 condensation of isopentenyl diphosphate (IPP) with di-methylallyl diphosphate 

(DMAPP) and then with the resulting geranyl diphosphate (GPP), to produce farnesyl 

diphosphate (FPP). Two molecules of FPP are converted by squalene synthase into squalene, 

the common precursor of sterols and triterpenoids.  O. T. Kim et al. (2005) argue that genetic 

manipulation of this enzyme could possibly affect the accumulation of saponins as the changes 

in FPS activity could alter the flux of isoprenoid compounds down various pathways. They 

have isolated cDNA encoding FPS from C. asiatica, suggesting it as a first step in investigating 

the saponin pathway, while reporting that this genome contains only one FPS gene. This study 

has given an insight into possible implications related to the triterpene biosynthesis pathway.  

Some researchers have attempted to overproduce centalloids in C. asiatica in vitro by using 

elicitors such as yeast extract and methyl jasmonate.  

These studies have revealed the possibility of significantly increasing the biosynthesis of 

targeted centalloid triterpenes by methyl jasmonate by affecting terpenoid biosynthesis 

pathway (James, Tugizimana, Steenkamp, & Dubery, 2013; Tugizimana, Ncube, Steenkamp, 

& Dubery, 2015). Further, it is important to notice that this pathway will also be affected by 
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many other factors such as variables in growing environment. Müller, Lankes, Zimmermann, 

Noga, and Hunsche (2013) have shown that the accumulation of saponins and sapogenins is 

strongly affected by resource partitioning between primary and secondary metabolism.  

In addition to major triterpenes listed above, a few other novel compounds in C. asiatica 

extracts have been reported in the literature. A research conducted in Mississippi, USA, has 

reported a new ursane-derived saponin (23-O-acetylmadecassoside) and a new oleanane-

derived saponin (23-Oacetylasiaticoside B) along with other known compounds (Rumalla et 

al., 2010). Structure elucidation of new compounds has been done by spectroscopic techniques 

(High Resolution electrospray ionisation mass spectrometry, 1D and 2D Nuclear magnetic 

resonance spectroscopy), chemical methods, and comparative literature studies. (Siddiqui, 

Aslam, Ali, Khan, & Begum, 2007) reported isolation and structure elucidation of three new 

compounds named as centellin, asiaticin and centellicin extracted by methanol from plant 

samples in Pakistan. Another new triterpene and a saponin, have been isolated from the aerial 

part of C. asiatica in China by Yu et al. (2007). They have also used spectral methods, including 

2D-NMR spectra to elucidate the structures. Two new ursane-type triterpene oligoglycosides, 

centellasaponins B and C, and an oleanane-type triterpene oligoglycoside, centellasaponin D, 

have been isolated together with madecassoside, asiaticoside, asiaticoside B, and sceffoleoside 

A, from the aerial parts of C. asiatica cultivated in Sri Lanka (Matsuda et al., 2001c). Other 

than the triterpenes two new flavonoids named castilliferol and castillicetin were isolated from 

the whole plant from India (Subban, Veerakumar, Manimaran, Hashim, & Balachandran, 

2008). 

 

2.5 PHARMACOLOGY 
 
The first insights on the pharmacologically important compounds of the plant and the clinical 

studies had been initiated well back in the 19th century (Brinkhaus et al., 2000). The clinical 
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use of C. asiatica as a therapeutic agent to treat leprous lesions has been documented in 1887 

(Brinkhaus et al., 2000). The first report of isolation of asiaticoside as a therapeutically 

effective constituent from C. asiatica was by Bomtemp in 1940, and the first systematic clinical 

studies were carried out in 1945 (Brinkhaus et al., 2000).  

Even though many multifunctional properties have been reported in literature (Figure 2.4), this 

study only focuses on health benefits of C. asiatica that would importantly contribute 

especially for neuroprotective activity. 

 

Figure 2. 4 Pharmacological properties of Centella asicatica 

 

2.5.1 NEUROPROTECTIVE ACTIVITY 
 
The concept of neuroprotection has been a major area of interest for neuroscientists over past 

decades as neurological disorders involving the brain, spinal cord and the nerves that connect 

them have been increasingly common. Initially, aetiology of these disorders was associated 

with the role of free radicals, however, various pathomechanisms were elucidated later related 
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to different diseases (Jain, 2011). Among these disorders, dementia is classified as a major 

neurocognitive disorder interfering both the cognitive function (refers to memory, speech, 

language, judgment, reasoning, planning and other thinking abilities) and performance of 

everyday activities (such as making a meal, paying bills and traveling to a store) which is more 

common among elderly people (Alzheimer's facts and figures, 2016). Studies have indicated 

that many people with dementia have brain abnormalities associated with more than one cause.  

Alzheimer’s disease (AD) is a progressive neurodegenerative disease that is recognised as the 

most common cause of dementia affecting around 47 million people worldwide, as well as a 

major cause of death which occurs  approximately 9 years after diagnosis (Alzheimer's facts 

and figures, 2016; Williams et al., 2011). Among the risk factors of this disease, age is 

considered the greatest and most people with Alzheimer’s disease are age 65 or older. The 

pathogenesis of the disease is complex, explained by a number of hypotheses, including 

cholinergic hypothesis, amyloid cascade hypothesis and tau hypothesis with different 

biochemical pathways (Williams et al., 2011). Oxidative injury and free radicals, as well as 

inflammatory reactions and immunological disturbances, are considered as important causative 

agents underlying initiation of these pathways (Jain, 2011). 

Currently, only symptomatic treatments are available to treat AD which do not slow down or 

reverse the progression of the disease (Nikl, Kastillo, Hoie, & O’Brien, 2019). Most of these 

drugs are inhibitors of Acetylcholine esterase (AChE), which is an enzyme present in the 

central nervous system (CNS), that catalyses the neurotransmitter Acetylcholine (ACh) to 

choline. According to cholinergic hypothesis deficit in neurotransmitter levels are observed in 

AD patients, so that AChE inhibitors are designed to maintain the levels of acetylcholine, 

which may help compensate for the loss of functioning brain cells. In addition to functional 

improvement of central cholinergic synapses, elevation of ACh levels believed to be leading 

to other beneficial effects such as protection of neuronal degradation and modification of the 
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amyloid precursor protein (Ren et al., 2004). N-methyl-D-aspartate (NMDA) receptor 

antagonists are also used in current drug therapies (e.g. Memantine) which address the 

impairment of glutamatergic neurotransmission. Based on amyloid cascade hypothesis which 

explains the critical role of amyloid plaques in neurodegeneration, new therapeutic strategies 

have evolved to treat AD. One is secretase modulation; inhibiting the proteolytic enzymes 

involved in forming the Aβ42 building blocks (Williams et al., 2011). 

The fact that none of the current drugs are able to prevent or slow down disease progression 

has been the major driving force for the ongoing research in search of new and potent 

compounds. On the other hand, the associated side effects of current drugs such as vomiting, 

loss of appetite, diarrhoea, stomach cramps, headaches, insomnia, dizziness or fainting on 

standing and sometimes slowing of the heart rate have created issues with patients reluctant to 

take medications. Natural products are emerging as potential candidates with therapeutic 

potential with their ability to target different components of multifactorial pathomechanism of 

AD.  

Neuroprotective effect of C. asiatica has been manifested in different dimensions of evidence. 

For example, long-established traditional use in alternative medicine for many years, in vitro 

studies, animal studies and few clinical studies. Various mechanisms appear to be involved in 

providing this activity as described by the following research papers. 

The definition of a neuroprotectant includes important key phrases as such; prevention of 

neuronal death by inhibiting one or more of the pathophysiological steps in the process 

following damage to the nervous system, protection against neurodegeneration and 

neurotoxins, interventions to slow down or halt the progression of neural degeneration (Jain, 

2011). Research evidence emphasises the multifaceted nature of C. asiatica herb as a potential 

neuroprotective agent in accordance with the above definition. Cooper and Ma (2017) have 

also indicated C. asiatica as a potential phytopharmaceutical as it exhibits comprehensive 



 36 

neuroprotection via various effects such as reducing oxidative stress, inhibiting enzymes, and 

preventing the formation of amyloid plaques in AD patients. 

One mechanism through which C. asiatica provides its putative anti-Alzheimer activity is by 

acting as an acetyl-choline esterase (AChE) inhibitor.  A few studies have investigated the 

AChE inhibitory activity of C. asiatica in vitro. Hydroalcoholic extracts of C. asiatica 

[extracted by standing the dried powder of plant material in ethanol (95%): water (70:30) 

mixture for 48 hrs in room temperature] showed AChE enzyme inhibitory activity with an IC50 

value of 106.55 ± 9.96 μg/mL (Pulok K Mukherjee, Kumar, Mal, & Houghton, 2007). In a 

study comparing C. asiatica ethanolic extracts of Turkish and Indian origins [powdered plant 

materials extracted with ethanol (75%) for three days] with standard C. asiatica extracts from 

China (with triterpenes asiaticoside and madicosside as major constituents) revealed that only 

standard C. asiatica extracts showed AChE inhibitory activity of 48.28 ± 1.64% at 200 μg/mL 

concentration (Orhan et al., 2013). However, in contrary, these two showed butyrylcholine 

esterase inhibitory activity whereas the standard C. asiatica extract did not. Kaur, Suthar, Kaur, 

Bansal, and Bansal (2016) have compared two commercially available dried extracts of C. 

asiatica preparations from India with fresh extract for AChE inhibition. The whole dried plant 

has been extracted with absolute ethanol by soxhlet extraction to prepare fresh extracts. They 

have reported that fresh extract showed the lowest inhibition (27.09 ± 0.39%) comparatively 

while the commercial extracts showed 39-40% inhibitory activity. However, the decrease in 

the activity was minimum in the fresh extracts over six months as measured by accelerated 

stability study.  

A recent study conducted to assess AChE inhibitory activity of 80 herbal plants used in 

traditional Chinese medicine (TCM) has reported no significant AChE inhibition activity of 

methanolic, dichloromethane and aqueous crude extracts of C. asiatica (Kaufmann, Kaur 
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Dogra, Tahrani, Herrmann, & Wink, 2016b). In this study, the plant extracts have been 

prepared by boiling the fresh plants in reflux with respective solvents for six hours. Limited 

scientific evidence is found in the literature on the assessment of AChE inhibition activity of 

different extracts of C. asiatica, and it seems an area requiring further research. 

One of the neuropathological mechanisms of AD is the accumulation of amyloid-β peptide as 

plaques in the brain parenchyma and cerebral blood vessel walls which is considered as a major 

trigger. This is caused by a chronic imbalance between the production and clearance of 

amyloid-β peptides. Inhibiting the proteolytic enzymes involving APP (Amyloid Precursor 

Protein); secretase modulation and reducing APP oligomers are being considered as two 

therapeutic strategies targeting neurodegeneration as described by amyloid cascade hypothesis 

(Williams et al., 2011).  APP can be cleaved by β-secretase and γ-secretase proteases (which 

is termed as amyloidogenic pathway) to generate amyloid-β protein, the main component of 

senile plaques in Alzheimer’s disease. In contrast, APP can be cleaved by α-secretase 

proteases, precluding the production of amyloid-β protein and generating a secreted, non-

amyloidogenic product (sAPPα). Patil, Maki, Khedkar, Rigby, and Chan (2010) have 

investigated the effect of treatment of primary rat cortical neurons with asiatic acid, a major 

triterpenoid in C. asiatica. They have reported that asiatic acid has enhanced the non-

amyloidogenic processing of APP by down-regulating β-secretase (BACE1) as well as up-

regulating ADAM10 in primary rat cortical neurones. BACE1 is a rate-limiting enzyme in the 

production of amyloid-β-peptide APP, while ADAM10 is involved in the non-amyloidogenic 

processing of APP. They have emphasised the dual effect of asiatic acid by lowering amyloid-

β peptide levels directly and increasing sAPPα levels resulting in neuroprotection indirectly. A 

study conducted on transgenic mice with increased production of amyloid β peptide has also 

revealed that prolonged treatment with C. asiatica extracts altered the amyloid pathology 

(Dhanasekaran et al., 2009). It also indicated the antioxidant properties of C. asiatica such as 
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free radical scavenging, decreased lipid peroxidation and protection from DNA fragmentation 

due to oxidative stress, providing multiple mechanisms to alter the pathology in Alzheimer’s 

brain. 

In another study, C. asiatica extracts strongly inhibited induced neurotoxicity of aged Sprague-

Dawley rats exhibiting its effectiveness against neurodegenerative diseases (Haleagrahara & 

Ponnusamy, 2010). M. F. Xu et al. (2012) showed that asiatic acid (AA), an important 

triterpene in C. asiatica, attenuated glutamate-induced cognitive deficiencies of mice and 

protected SH-SY5Y cells against glutamate-induced apoptosis in vitro, indicating the 

therapeutic possibilities of AA in treating neuronal damage. A study examining the effect of 

aqueous and ethanolic extracts of C. asiatica on nerve regeneration indicated that the ethanolic 

extract elicited a marked increase in neurite outgrowth in human SH-SY5Y cells in the 

presence of nerve growth factor (Soumyanath et al., 2005). This study also found that male 

Sprague-Dawley rats given oral doses of the same ethanolic extract of CA demonstrated more 

rapid functional recovery and increased axonal regeneration. Further, the authors implied that 

C. asiatica extracts might contain more bioactive compounds other than Asiatic Acid which is 

the known major bioactive triterpene in the extract.  

Wijeweera, Arnason, Koszycki, and Merali (2006) revealed that triterpene, asiaticoside and 

both ethanolic and methanolic extracts of C. asiatica impart anxiolytic activity in vivo. A later 

study on rats fed with a standardised extract of C. asiatica containing triterpenoids not less than 

80%, also demonstrated anxiolytic effect in both acutely and chronically stressed animals 

(Wanasuntronwong, Tantisira, Tantisira, & Watanabe, 2012). 

Gamma-aminobutyric acid (GABA) is an important inhibitory neurotransmitter in mammalian 

CNS, which plays a critical role in anxiety. Reduction of GABA levels leads to anxiety, 

depression and other associated disorders (Awad et al., 2007). C. asiatica has traditionally been 
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used as an anti-anxiety and anti-depressive herb, and Awad et al. (2007) reported that this effect 

might due to possible modulation of the GABAergic system. An in vitro study using rat brains 

showed that aqueous and ethanolic extracts of C. asiatica stimulated glutamic acid 

decarboxylase (GAD) enzyme, which regulates GABA synthesis by over 40% at a dose of 

1mg/ml. A clinical study evaluated the role of 70% aqueous-ethanolic extract of C. asiatica on 

general anxiety disorder (GAD), involving thirty-three participants, revealed that C. asiatica 

significantly attenuated anxiety-related disorders, reduced stress and it correlated depression, 

improved willingness to adjust and cognition (Jana et al., 2010). 

It is reported that orally administered C. asiatica extracts enhanced learning performance and 

memory retention of rats (Rao, Chetana, & Uma Devi, 2005). Another research group has 

shown the positive impact of C. asiatica extracts on dendritic morphology (length and 

branching) of amygdaloid neurons, one of the regions related to learning and memory 

(Mohandas Rao, Muddanna Rao, & Gurumadhva Rao, 2009).  

Madecassoside acid, another major triterpene in C. asiatica, showed neuroprotective effect in 

a rat model of cerebral ischemia-reperfusion (I/R) injury (Luo et al., 2014). This study indicated 

that madecassoside significantly attenuated inflammation and ameliorates oxidative stress 

responses suggesting that the inhibition of NF-kB activation as a possible mechanism. Another 

study showed that madecassoside is effective in the early stage of Parkinsonism in a rat model 

(C.-L. Xu, Qu, Zhang, Li, & Ma, 2013). 

Further, a study investigating anticonvulsant effect (a condition in epilepsy) suggested that C. 

asiatica extracts caused perceptible changes in the cholinergic system which is one of the 

mechanisms giving anticonvulsant activity (Visweswari, Prasad, Chetan, Lokanatha, & 

Rajendra, 2010). Barbosa, Pittella, and Gattaz (2008) reported asiaticoside rich C. asiatica 

water extracts inhibited phospholipase A2 (PLA2) group of enzymes which are considered as 
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responsible for causing epilepsy, stroke, multiple sclerosis and other neuropsychiatric 

disorders, thus implying that C. asiatica would be useful in treating these conditions. An earlier 

study by Gupta, Veerendra Kumar, and Srivastava (2003) has also indicated the effectiveness 

of aqueous C. asiatica extracts as adjuvants to antiepileptic drugs with an added advantage of 

preventing cognitive impairment. 

2.5.2 ANTIOXIDANT ACTIVITY 

Oxidative stress is caused by an imbalance of in vivo antioxidant defence system and free 

radical formation. Oxidative stress is considered as an important factor in Alzheimer’s disease 

pathogenesis. The oxidative stress hypothesis states that the damage on biological molecules 

by reactive Oxygen species (ROS) and free radicals are more pronounced in the CNS than in 

other organs due to the higher sensitivity attributed to its high amount of oxidisable fatty acids, 

high demand for oxygen and the relative paucity of classical antioxidant systems (Praticò, 

2008). 

Several studies have investigated the antioxidant activity of C. asiatica water extracts as well 

as alcoholic extracts and concluded that both the triterpenes and phenolic compounds might be 

responsible for this activity (Ariffin, Heong Chew, Bhupinder, Karim, & Huda, 2011; Pittella, 

Dutra, Junior, Lopes, & Barbosa, 2009; M. K. Zainol, Abd-Hamid, Yusof, & Muse, 2003). As 

the antioxidant property is adequately and extensively discussed in the literature, it is not 

reviewed in detail in the present paper.  

The ability to attenuate oxidative stress is considered as one means of improving cognitive 

performance and diverse means for this has been explored. One study showed that chronic 

treatment with C. asiatica extract for 25 days decreased colchicine-induced memory 

impairment and associated oxidative damage while reversing the increase in AChE activity 

(Kumar, Dogra, & Prakash, 2009).  Another study by the same researchers showed that C. 
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asiatica extracts decreased D-glucose induced cognitive impairment, mitochondrial enzyme 

complex activities and oxidative damage (Kumar et al., 2011). A study by Shinomol and 

Muralidhara (2008) examined the effect of C. asiatica leaf powder on oxidative markers in the 

brain and showed that it also supports this claim. They suggested that C. asiatica may be an 

effective neuroprotectant as it possesses the potential of modulating both endogenous and 

neurotoxicant induced oxidative impairments in the brain. Oral administration of C. asiatica 

extracts (300 mg/kg of body weight/day for 60 days) reduced brain regional lipid peroxidation 

(LPO) and protein carbonyl (PCO) levels significantly, owing to the increase of anti-oxidant 

status (Subathra, Shila, Devi, & Panneerselvam, 2005). Thus, this study has concluded that C. 

asiatica exerts a neuroprotective effect and is efficacious in protecting rat brain against age-

related oxidative damage. An animal study involving rats revealed that C. asiatica extract given 

with a normal diet, amended H2O2 induced-oxidative stress by decreasing lipid peroxidation 

via alteration of the antioxidant defence system (Hussin et al., 2007). 

2.5.3 ANTI-INFLAMMATORY ACTIVITY 
 
Inflammation is the reaction due to body’s immediate response to damage in tissues and cells 

by pathogens, harmful stimuli such as chemicals, or physical injury. Chronic inflammation is 

a dysregulated active inflammation and is associated with many chronic diseases including 

cancer, cardiovascular diseases, diabetes, arthritis and neurodegenerative diseases. The plant 

kingdom has developed diverse phytochemical classes to fight inflammation, over the 

evolutionary process.  

It is indicated that C. asiatica possesses this activity due to the presence of terpenoids and 

flavonoids. A study using Human Red Blood Cell (HRBC) membrane stabilisation method has 

confirmed its anti-inflammatory activity in vitro (Chippada & Vangalapati, 2011). 

Madecassoside, a triterpene in C. asiatica was reported to inhibit hyperpigmentation caused 

due to inflammation by UV irradiation on artificially tanned human skin cells (Jung et al., 
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2013). Yun et al. (2008) have researched on the effect of asiatic acid (AA), an aglycone type 

triterpene from C. asiatica, on the mechanism of inflammation in RAW 264.7 macrophage cell 

cultures. They found that asiatic acid potently inhibited lipopolysaccharide (LPS) induced 

nitric oxide (NO) and prostaglandin E2 (PGE2) production. It inhibited protein and mRNA 

expression levels of inducible nitric oxide synthase (inducible iNOS) and cyclooxygenase 2 

(COX-2) in a dose-dependent manner.  It also reduced the production of inflammatory 

mediators, interleukin 6 (IL-6), IL-1b and TNF-a (tumour necrosis factor) and inhibited the 

nuclear factor- kappa B (NF-kB) activation. This study suggested that asiatic acid from C. 

asiatica may have the potential to prevent inflammatory diseases and it is more effective than 

its glycoside asiaticoside. Won et al. (2010) in a similar type of study indicated that madecassic 

acid, another major triterpene from C. asiatica, has significant and similar type of anti-

inflammatory effects as described above and was more effective than its glycoside, 

madecassoside.  

Furthermore, several studies using animal models have investigated the anti-inflammatory 

potent of C. asiatica extracts. The therapeutic potential of asiaticoside and madecassoside in 

treating Rheumatoid Arthritis (RA), which is a chronic inflammatory autoimmune disease, was 

reported based on their substantial ability to attenuate type II collagen-induced arthritis in mice 

(Hongzhong Li et al., 2009; HZ Li et al., 2007; M. Liu et al., 2008). In another study involving 

rats, ethanolic extracts of C. asiatica showed similar anti-inflammatory activity as Ibuprofen 

(George & Joseph, 2009). di Paola et al. (2010) indicated that a flavonoid (3,5-dicaffeoyl-4-

malonylquinic acid) from C. asiatica exerted anti-inflammatory activity in the reduction of 

induced inflammatory bowel disease (colitis) in rats. 
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2. 6. CENTELLA ASIATICA AS A POTENTIAL NEUROPROTECTANT  
 
The pathomechanisms of most of the neurological disorders have been ascribed as associated 

with uncertain and complex aetiology. Thus the modulation of a single target is insufficient. 

As a result, the scientists have directed their research focus towards the development of multi-

target-directed molecules to fight neurodegenerative diseases. Even though synthetic 

multifunctional agents have been developed as drug candidates, their potential risks in safety, 

absorbability, some side effects and pharmacokinetics have restricted their successful 

applications. Natural herbs such as C. asiatica having multiple functions are promising 

potential agents to be used to target multiple pathways in disease pathology.  

C. asiatica with its reputation in traditional medicine as a memory booster as well as research 

evidence on several mechanisms underlying its neuroprotective ability indicates its potential 

as a multifunctional neuroprotectant. C. asiatica possesses wholesome anti-oxidative 

properties to attenuate oxidative stress, a high anti-inflammatory potent, neuron regenerative 

ability, potential for neuron damage prevention, neurotoxicity inhibition effect, anti-anxiety 

and anti-depressive properties via modulation of the GABAergic system, AChE inhibitory 

potential and ability to reduce accumulation of amyloid plaques by modulating secretase 

enzymes.  Having these comprehensive multifunctional properties make it capable of 

promoting general neuroprotection as well as simultaneously targeting multiple disease 

pathways to arrest neurodegenerative disorders. However, to be used as a therapeutic agent a 

proper evaluation should be done of the active ingredients, presence of any synergistic effects, 

efficient extraction methods and stabilisation of the active ingredients until they are delivered 

in the body as well as the potential of active ingredients to reach targeted pathological 

pathways, especially the ability to cross the blood-brain barrier (BBB).   
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2.7 SAFETY, TOXICOLOGY AND DRUG INTERACTIONS  
 
A long-established knowledge in the use of C. asiatica in traditional medicine and cuisines 

around the world is an assurance on its safety.  However, more safety data will be required 

before its use in drug therapy. A review report of Cosmetic Ingredient Review (CIR) expert 

panel (2015) has confirmed the safety of different extracts of C. asiatica in the present practices 

of use, based on the reported research including limited data on oral administration in human 

studies and in vitro human cell cultures. The assessment report on C. asiatica by European 

Medicines Agency (2010) concluded that the tolerability of oral C. asiatica preparations has 

generally been good and no known adverse events from pharmacovigilance data exist. 

However, it has indicated that gastric complaints and nausea have occasionally been reported 

following oral administration of C. asiatica preparations. Moreover, this report has mentioned 

the long-term usage of medicinal products containing C. asiatica refined extracts in Europe, 

which have been authorised and marketed for more than 30 years.  

In addition to safety data, the studies and information on potential drug interactions are 

essential to assure safe use of C. asiatica as a food, a herbal supplement or as a drug with other 

medicines. Limited research is available on drug interactions of C. asiatica. A study using in 

vitro recombinant human Cytochrome P450 assay, investigating the potential drug interactions 

of two major triterpenes in C. asiatica; asiaticoside and madecassoside has indicated that these 

two could cause drug-drug interactions via inhibitory effects on human cytochrome P450 

(Winitthana, Niwattisaiwong, Patarapanich, Tantisira, & Lawanprasert, 2011). Cytochrome 

P450 (CYP) enzymes, found primarily in the liver, are responsible for drug metabolism thus 

inhibition or induction of these are important in the interpretation of drug interactions. This 

study has revealed that asiaticoside and madecassoside inhibited two CYP isoforms (CYP2C19 

and CYP3A4) out of six isoforms tested. However, the inhibitory effects of two triterpenes 

were relatively small compared to IC50 values for known selective inhibitors tested. This has 
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suggested that both asiaticoside and madecassoside could cause drug-drug interactions with 

drugs metabolised by CYP2C19 and CYP3A4.  

Moreover, it is indicated in the literature that C. asiatica supplements may have potential to be 

harmful to the liver and it would be risky to take it along with other medications that also can 

harm the liver (Gotukola, University of Maryland Medical Center, 2015). However, no strong 

research evidence was found to support this claim. It is also mentioned that C. asiatica may 

also cause a synergistic effect when taken with other diuretics. Further, the possibility of C. 

asiatica to make the drugs taken for anxiety stronger, due to its potential of acting as a sedative 

is also stated (Gotukola, University of Maryland Medical Center, 2015). 

2.8 GAPS IN CURRENT KNOWLEDGE AND FUTURE RESEARCH DIRECTIONS 
 
Elucidation of C. asiatica chemical profile seems to have been adequately researched.  

However further research on extraction of C. asiatica compounds using more efficient 

techniques and solvent systems, identification of exacted bioactive ingredients based on their 

target mechanisms in neuroprotection, their efficacy levels and safety at these levels as well as 

assessing their synergistic effects is required. At the same time, exploring the means to deliver 

the benefits in stable matrices and bioavailability of these bioactive compounds in the human 

body in adequate concentrations for the target mechanisms, especially their ability to cross the 

blood brain barrier should be further evaluated.  

As Centella asiatica is a popular leafy vegetable in many countries, consumption of it as a 

functional food with normal diet is a convenient way to deliver its multifaceted health benefits 

as well as rich nutritional profile.  Grasping of therapeutic, nutraceutical and dietary benefits 

of this plant would offer a valuable contribution in holistic health.  

 

Centella asiatica is not a native plant in New Zealand, but it has migrated to the country from 

elsewhere. It has its native counterpart Centella nodulata which is considered as a weed. This 
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plant can be commonly found in natural habitats of the country, while C. asiatica is generally 

grown as a herb or a green leafy vegetable in home gardens of Asian communities living in 

New Zealand. Since the climatic conditions in New Zealand are different from those of the 

tropics where C.asiatica is commonly grown, information on the chemical profile of the New 

Zealand varieties will contribute to the understanding of the metabolome.  

The next part of the literature review offers information on extraction, targeted and untargeted 

chemical profiling methods as well as bioactivity assay principles used in this study. In addition 

to this knowledge, the scientific contributions of other researchers towards each of this concept 

related to current study will be elaborated in the brief introduction in each chapter to follow. 

 

2.9 EXTRACTION TECHNIQUES 
 
Natural bioactive compounds show a broad diversity of structures and functionalities due to 

the wide range of functions they perform in plants, especially in response to the interaction of 

the plant with its environment. Plant bioactive compounds are produced as secondary 

metabolites which have no function in plant growth but survival and subsistence. These elicit 

pharmacological or toxicological effects in human and animals (Bernhoft, 2010). According to 

Croteau, Kutchan, and Lewis (2000) these are divided into three main categories: (a) terpenes 

and terpenoids (approximately 25,000 types), (b) alkaloids (approximately 12,000 

types) and (c) phenolic compounds (approximately 8000 types). The concentration of these 

compounds present in the plant tissues may vary, most of the time in very low levels. These 

bioactive compounds are present in different parts in the plant matrix together with other 

compounds as conjugates or mixtures.  

Selection of an appropriate extraction method is essential to conduct the qualitative and 

quantitative studies of bioactive compounds precisely. Even though this part is underestimated 
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frequently, it is the most crucial step before proceeding to conduct further steps of separation, 

identification, and characterisation.  

Depending on the varying nature of the natural source, specific selection of the extraction 

technique, among the different techniques available, should be appropriately done. However, 

the objectives of these techniques are more or less common; (1) to extract targeted bioactive 

compounds from complex plant sample, (2) to increase selectivity of analytical methods (3) to 

increase sensitivity of bioassay by increasing the concentration of targeted compounds, (4) to 

convert the bioactive compounds into a more suitable form for detection and separation, and 

(5) to provide a strong and reproducible method that is independent of variations in the sample 

matrix (Smith, 2003). For hundreds of years classical techniques such as Soxhlet extraction, 

maceration and hydro-distillation have been used to extract bioactive compounds from plant 

tissues (Azmir et al., 2013). In contrast novel extraction techniques which are considered 

greener and effective are widely used at present which offer the benefits of less extraction time, 

less solvent use, use of low temperature and less energy while giving a higher extraction yield 

comparatively.  

In the current study the following four extraction techniques compared; one conventional and 

three novel techniques.  

 

2.9.1 SOXHLET EXTRACTION 
 
Soxhlet extractor first proposed by a German chemist Franz Soxhlet in 1879, is originally 

designed to extract lipids from food samples. It has frequently been used as a model for the 

comparison of new extraction alternatives (Azmir et al., 2013). This is a type of solvent 

extraction system of solid samples which utilises the principle of reflux and siphoning to 

continuously extract the sample with fresh solvent. Sample throughput can be increased by 

simultaneous extraction in parallel and having the possibility to extract higher sample mass 
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(De Castro & Garcıa-Ayuso, 1998) The major drawbacks of Soxhlet extraction is the 

considerable long time required for the extraction and the large amount of solvent wasted, 

which is expensive in terms of disposal and the environmental concerns. Samples are usually 

extracted at the boiling point of the solvent used for a long period of time which may lead to 

thermal decomposition of the target compounds.  

 

2.9.2 ULTRASOUND ASSISTED EXTRACTION (UAE) 
 
Ultrasound is vibrations of the same physical nature as sound, with frequencies beyond the 

threshold of human hearing. It usually ranges between 20 kHz to 100 MHz in extraction of 

bioactives. The output source of the ultrasound is usually a vibrating body, which makes the 

surrounding medium vibrate and then ultrasound wave transfers energy to other neighboring 

particles via succession of compression and rarefaction phases, which results in a longitudinal 

displacement of those constitutive molecules (Wen et al., 2018). Ultrasound waves propagate 

through a medium by a phenomenon called cavitation, by production, growth and collapse of 

bubbles. This is also called acoustic cavitation (Chemat et al., 2017). Only liquid and liquid 

containing solid materials have cavitation effect. When acoustic cavitation bubbles collapse 

near and onto the surface of a solid material, a number of physical effects are reported such as 

fragmentation, erosion, sonocapillary effect, sonoporation, local shear stress and destruction-

detexturation of plant structures (Chemat et al., 2017). The collapse of the bubble generates 

high-speed jets of liquids into the surface and creates shockwave damages as shown in the 

illustration in Figure 2.5. In a solid-liquid slurry, the acoustic cavitation and shockwaves induce 

intense macro-turbulence, micro-mixing and subsequently interparticle collisions resulting 

overall enhanced reactivity in the media and an increased mass transfer of solid particles due 

to reduction of particle size (Chemat et al., 2017). 
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a. bubble formation and growth b. unstable bubles c. buble implosion and collapse  

d. extractiopn of bioactives 

 

Figure 2. 5 Cavitation and extraction process of bioactives in UAE 

 

The literature reports the production of a large amount of energy from the conversion of kinetic 

energy of motion into heating the contents of the bubble (Azmir et al., 2013).  Ultrasound 

energy facilitates organic and inorganic compounds leaching from plant matrix by mass 

transfer and accelerated access of solvent to cell materials of plant matrix. The extraction 

mechanism involves two physical phenomena; (1) the diffusion across the cell wall and (2) 

rinsing the contents of cell after breaking the walls (Azmir et al., 2013).  

Moisture content of sample, milling degree, particle size and solvent are some factors affecting 

the efficiency and the effectiveness of extraction. Temperature, pressure, frequency and the 

time of sonication are the governing factors of ultrasound extraction (Azmir et al., 2013). As 

overall, ultrasound assisted extraction reduces the extraction time, energy use, the use of 

solvent, facilitates extraction at lower temperatures, less dependent on solvent used, less 

degrades bioactive compounds, offers higher reproducibility, reduces process cost, simplifies 

manipulation and work-up in addition to higher extraction yield. Accounting to all these 

advantages seemed to be an effective extraction technique for bioactive compound extraction 

from herbal plants. 
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2.9.3 MICROWAVE ASSISTED EXTRACTION (MAE) 

Microwave-assisted extraction (MAE) is a process of using microwave energy to heat solvents 

in contact with a sample to separate analytes from the sample matrix into the extractant (Sparr 

Eskilsson & Björklund, 2000). Microwaves are electromagnetic radiation with a wavelength 

from 0.001 m to 1 m and frequency ranging from 300 MHz to 300 GHz.  When microwaves 

pass through the medium, electromagnetic energy will be converted into thermal energy 

following ionic conduction and dipole rotation mechanisms. During ionic conduction 

mechanism heat is generated because of the resistance of medium to flow ion. On the other 

hand, ions keep their direction along field signs which change frequently. This frequent change 

of directions results in collision between molecules and consequently generates heat (Azmir et 

al., 2013). In MAE the microwave energy is absorbed to heat the polar molecules such as water 

inside the sample matrix cells resulting evaporation of these. This consequently builds up a 

high pressure on the cell wall, which may disrupt the cell wall and organelles improving the 

porosity of the biomatrix. This would allow better penetration of extracting solvent through the 

matrix and improved yield of the anticipated compounds (Joana Gil-Chávez et al., 2013).  

 

MAE is affected by a several of factors, such as microwave power, frequency, and time of 

microwave, moisture content and particle size of sample matrix, type and concentration of 

solvent, ratio of solid to liquid, extraction temperature, extraction pressure and number of 

extraction cycles (Chémat & Cravotto, 2013). However, the solvent is the most critical between 

these factors. Three main parameters should be considered in selection of an appropriate 

solvent namely 1) solubility, 2) dielectric constant, and 3) dissipation factors. More polar 

solvents, having a higher dielectric constant such as water or alcohols, polarised by the electric 

field and can absorb high microwave energy while non-polar solvents are not able to. When 

the dissipation factor is high, the heat transfer rate to the solvent is higher.  It is recommended 
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to use a solvent with a high dielectric constant and also a high dissipation factor to facilitate 

heat distribution through the matrix (Chémat & Cravotto, 2013). Selection of the optimum 

solvent considering all these parameters are important in MAE.  

Solvents such as ethanol or methanol are reported to achieve more efficient extraction of 

bioactive compounds compared with water which is associated with a higher dielectric constant 

but a lower dissipation factor (Sparr Eskilsson & Björklund, 2000).  It is also demonstrated that 

using mixtures of water with other solvents (ethanol or methanol) is more effective combining 

both the parameters at optimum levels (Simsek, Sumnu, & Sahin, 2012). Examples of these 

physical parameters relevant to commonly used solvents are given in the Table 2. 3. 

 

Table 2.2  Physical parameters for some solvents commonly used in MAE. Source: 

(Kingston & Haswell, 1997) 

Solvent 

Dielectric 

constant, ε′ 

(at 200) 

Dipole 

Moment 

(at 250) 

Dissipation 

factor, 

tan δ (×10−4) 

Boiling 

point (°C) 

(at 101.4kPa) 

Closed-vessel 

temperature (°C) 

(at 1207 kPa) 

Acetone 20.7   56 164 

Acetonitrile 37.5   82 194 

Ethanol 24.3 1.96 2500 78 164 

Hexane 1.89   69 – 

Methanol 32.6 2.87 6400 65 151 

2-Propanol 19.9 1.66 6700 82 145 

Water 78.3 2.3 1570 100  

 
2.9.4 SUBCRITICAL WATER EXTRACTION (SWE) 
 
Water is an inexpensive, environmentally friendly solution in place of organic solvents for 

extraction of bioactive compounds from plant materials.  
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The process of applying a temperature higher than the boiling point of water under high 

pressure to maintain water in liquid state to be used in the extraction of bioactive compounds 

is referred to as subcritical water extraction. The temperature applied during extraction 

process has an important impact on the extraction efficiency and selectivity. This results in 

changing of physical parameters achieving high diffusion, low viscosity, and low surface 

tension. In addition, vapor pressures increase facilitating rapid thermal desorption of target 

compounds from matrices so that enhancing the extraction efficiency. This elevated 

temperature condition, changes the dielectric constant and solubility parameter of water. 

Normally, the dielectric constant of water at room temperature (25 °C), is around 80 and it 

decreases to about 33 at 200 °C.  

Figure 2. 6 Phase diagram of water as a function of temperature and pressure indicating the 

preferred region for SWE (bp: boiling point of water; tp: triple point of water at which the 

pressure is equal to 4.58 mm of mercury or 0.006 atm) 

This value is similar to the dielectric constant of organic solvents such as methanol (Asl & 

Khajenoori, 2013). Thus, SWE can be applied for extracting the compounds with different 

polarities; polar, moderate polar and non-polar, water replacing organic solvents.  
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SWE is carried out using water at the temperature from 100 oC (boiling point at normal 

atmospheric condition) to 374 oC (critical temperature of water) as shown in the diagram in 

Figure 2.6.  The pressure is elevated usually from 10 to 60 bar to maintain water in the liquid 

state (Joana Gil-Chávez et al., 2013).  

 

2.10 ANALYTICAL TECHNIQUES IN NATURAL PRODUCT METABOLOMIC PROFILING 
 
 
Natural products are rich in a vast variety of phytochemicals especially the secondary 

metabolites produced in response to their interaction with the environment. The number of 

primary and secondary metabolites present in single plant species ranges from a few thousand 

to several dozen thousand (Ganzera & Sturm, 2018) and the total of currently known metabolite 

structures exceeds 200,000 (Hartmann, 2007) and it may be even close to million at present 

(Piasecka, Kachlicki, & Stobiecki, 2019). The separation, identification and quantification of 

constituents in complex plant extracts is a challenging task. A multiplicity of different 

analytical techniques is been used today to achieve this challenge. The most commonly liquid 

chromatography and mass spectrometry are been used in combination in metabolic profiling 

of plant materials. Since these techniques are also used in the current study, it is appropriate to 

give a brief description on these.  

High-Performance Liquid Chromatography (HPLC) is one of the earliest and most extensively 

used technique in phytochemical characterisation. HPLC chromatograms of crude extracts are 

compared with standard compounds in order to identify their constituents. HPLC is a powerful 

and versatile chromatographic technique for the separation of natural products in complex 

matrices for selective detection and quantification or general profiling without the need of 

complex sample preparation (Wolfender, 2009). HPLC systems are coupled with different 

types of detectors to achieve analysis of a broad range of natural bioactive constituents. Among 

these detectors, the simplest and the most widely used is UV (ultra violet) detector, although it 
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has some limitations, particularly for compounds that do not possess UV chromophores, it has 

the best combination of sensitivity, linearity, versatility, and reliability of all the LC detectors 

developed so far (Wolfender, 2009). Most bioactive compounds absorb UV light in the range 

of 200–550 nm. It is reported that even compounds having weak chromophores, such as 

triterpene glycosides, present in C. asiatica can be successfully detected by UV at short 

wavelengths (Gao, Dan, Zhao, Xie, & Jia, 2008). Photodiode array detector (DAD) is a type 

of UV detector which can provide a complete UV spectrum and frequently used in hyphenation 

with HPLC and mass spectrometric systems. All wavelengths are stored during analysis of 

DAD-UV detection providing monitoring of multiple wavelengths at the same time for 

detection of different classes of compounds (Wolfender, 2009).  

LC-MS (Liquid chromatography-Mass spectrometry) combines the separation power of HPLC 

and the detection power of the mass spectrometry to get structural information (Bertoli, 

Ruffoni, & Pistelli, 2010). The mass spectrometer is an instrument designed to separate gas 

phase ions according to their mass to charge ratio (m/z) value. Mass spectrometry involves the 

separation of charged species which are produced by a variety of ionisation methods including: 

Electrospray Ionisation (EI), Atmospheric Pressure Chemical Ionisation (APCI), Ionised 

species are then analysed through mass analysers (ex: Quadrupole Mass Analyzer, Time of 

Flight Mass Analyzer). The analyte and fragment ions are plotted based on their mass-to-charge 

ratio (m/z) against the abundance of each mass to yield a mass spectrum of the analyte as shown 

in Figure 2.7. 

 

 

 

 

Figure 2. 7 The basic components of ESI mass spectrometer 
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MS/MS is the combination of two or more MS to get structural information by fragmenting the 

ions isolated during the first one, to achieve better selectivity and sensitivity for quantitative 

analysis by the information gained by representative ion transitions of both the first and second 

analysers. MS/MS analysis can be achieved either by coupling multiple analysers (of the same 

or different kind) or, with an ion-trap and carrying out successive fragmentations of trapped 

ions (ChromAcademy). 

 

Figure 2. 8 Schematic diagram showing principle of tandem mass spectrometry 

 

In this chapter, only a basic introduction is given to the analytical techniques used in the current 

study. Further, the reported applications of this methods in relevant bioactive compound 

analysis will be elaborately discussed under the relevant chapters.  

 

Before introducing the principles of bioassays, it would be appropriate to understand the 

Alzheimer’s pathogenicity target the possible mechanisms.  

 

2.11 NEURODEGENERATIVE DISEASES – ALZHEIMER’S DISEASE 
 
Neurodegenerative diseases are a group of disorders characterised by the progressive 

degeneration of the structure and function of the central and peripheral nervous system. 

Alzheimer’s disease (AD) is the most common type of this group and is the most common 

cause of dementia ("Alzheimer's disease facts and figures" 2019). This disease leads to nerve 
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cell death and loss of tissues throughout the brain, causing shrinking of brain and affecting all 

its functions. Neuropathological changes occur in AD brain such as formation of senile plaques 

and neurofibrillary tangles, as well as a reduction in levels of acetylcholine (ACh), resulting 

severe, progressive memory loss (Craig, Hong, & McDonald, 2011).  

It is reported that Alzheimer’s disease begins 20 years or more before symptoms arise, with 

unnoticeable small changes in the brain. Only after years of brain changes noticeable symptoms 

appear such as memory loss and language problems. Symptoms tend to increase over time and 

start interfering the ability to perform daily activities. As the disease progresses, neurons in 

other parts of the brain are damaged or destroyed. Eventually, neurons in parts of the brain that 

enable a person to carry out basic bodily functions, such as walking and swallowing, are 

affected ("Alzheimer's disease facts and figures," 2019). Alzheimer’s disease is ultimately 

fatal, thus, it only takes around 8.5 year on average from the appearance of the symptoms to 

the death (P. T. Francis, Palmer, Snape, & Wilcock, 1999).  

 
2.11.1 CHANGES IN AD BRAIN 
 
A healthy adult brain contains about 100 trillion synapses to transmit the brain signals via 

neurotransmitters creating the cellular basis of memories, thoughts, sensations, emotions, 

movements and skills ("Alzheimer's disease facts and figures," 2019). There are two major 

brain changes occurring in AD conditions; the accumulation of the protein fragment beta-

amyloid (called beta-amyloid plaques) outside neurons and the accumulation of an abnormal 

form of the protein tau (called tau tangles) inside neurons. These changes interfere normal brain 

function. Microglia, the immune system cells in the brain, attempt to clear the toxic proteins as 

well as wide spread debris from dead and dying cells and once it is not achieved it is believed 

to cause chronic inflammation. AD brain shrinks over time affecting all its functions (Figure 

2.9).  
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Figure 2. 9 A brain without and with AD 

 
2.11.2 AETIOLOGY OF AD 
 
Pathomechanism of the Alzheimer’s disease is associated with uncertain and complex 

aetiology thus it is explained as multi-factorial. Several theories have been developed to explain 

the aetiology of AD, starting from cholinergic hypothesis proposed by two neuroscientists; 

Peter Davies and A.J. F Maloney in 1976 (Davies & Maloney, 1976). As shown in Figure 2.10 

there are a number of hypothesis explaining different pathological pathways, however, detailed 

pathogenesis of AD is still unclear due to the complexity of human brain and the lack of 

research tools (Du, Wang, & Geng, 2018). 

 

Figure 2. 10 Alzheimer’s disease hypotheses 
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2.11.2.1 CHOLINERGIC HYPOTHESIS 
 
 
As illustrated in Figure 2.11, this theory is based on the fact that a lack of cholinergic activity 

commonly observed in the brains of AD patients. The activity of choline acetyltransferase in 

the AD brains was greatly reduced in the amygdala, hippocampus, and cortex may be 

accounting to the degeneration of cholinergic neurons.  The concentration of acetylcholine 

(ACh) is decreased at synapses.  

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. 11 Illustration of c	holinergic hypothesis 
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Studies showed a selective reduction of the activity of the acetylcholine synthetic enzyme 

choline acetyltransferase (ChAT) in hippocampus, a region known to participate in memory 

functions, as well as in cortex and amygdala, with lesser reductions in other brain regions (X.-

Q. Chen & Mobley, 2019). Increasing the availability of ACh then would be a solution for this 

condition. The acetylcholine esterase inhibitors (AChEI) are been used currently as drugs to 

treat Alzheimer’s disease symptoms based on this hypothesis. Since these can increase the 

availability of the neurotransmitter at the synopses by reversible inhibition of acetylcholine 

esterase (AChE) enzyme which is responsible of hydrolyzing ACh. The section 2.11.4 will 

briefly discuss about the current drugs for Alzheimer’s. 

 

2.11.2.2 AMYLOID-b CASCADE HYPOTHESIS 
 
According to the amyloid hypothesis, accumulation of Ab in the brain is the primary influence 

driving AD pathogenesis. Further, formation of neurofibrillary tangles containing tau protein, 

is proposed to result from an imbalance between Ab production and Ab clearance (Hardy & 

Selkoe, 2002). Amyloid-b peptide is a sticky peptide which tends to form aggregations 

resulting plaques in the AD brain. The most direct strategy in anti-Aβ therapy is to reduce Aβ 

production by targeting β- and γ-secretase, two proteases that generate Aβ from APP (Amyloid 

Precursor Protein). However, using β- and γ-secretase inhibitors lead to severe undesirable side 

effects, so that it is challenging to use these as AD drugs (Du et al., 2018). Another approach 

would be attempting to prevent oligomerisation or aggregation of Aβ or enhance its clearance 

from the cerebral cortex (Hardy & Selkoe, 2002).  

In addition to above major hypotheses, tau hypothesis, anti-inflammatory and antioxidant 

hypothesis also believed to play important part in AD pathology.  
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2.11.3 MULTIPLE COMBINATION OF CO-FACTORS IN ALZHEIMER’S DISEASE 
 
Lack of understanding on what exactly causes AD is the major limitation to progress in 

searching for treatments for this disorder. Even though the above-mentioned single factor 

theories have been proposed to explain the etiology of AD, to date, no one theory can 

adequately explain all aspects of this disorder. It is essential to determine cause of the disorder 

to develop an effective treatment and to discover a cure for AD (Craig et al., 2011). The 

multiple combinations of co-factors theory of Alzheimer’s disease was proposed by McDonald 

(2002) as a plausible model to look for novel treatment strategies. Craig et al. (2011) have used 

this model, in combination with the original cholinergic hypothesis of AD to propose a “new” 

cholinergic hypothesis. This model predicts that different combinations of risk factors for AD 

interact to produce variants of this disorder. They have taken in to account a selected list of 

risk factors such as stress, stroke, cholinergic depletion, seizures, circadian disruption, head 

trauma, amyloid plaques, neurofibrillary tangles, natural aging, environmental toxins, glucose 

utilisation, prions, diet, estrogen depletions, radiation etc. This model can explain the 

individual differences observed between AD patients, and the differential response to treatment 

of similarly demented individuals.  

 

2.11.4 TREATMENT OF ALZHEIMER’S DISEASE 
 
None of the medications available today can slow or stop AD. Only temporary relief of the 

symptoms will be obtained from approved drugs targeting the cholinergic or glutamatergic 

neurotransmitter systems. FDA (Food and Drug Administration, US) has approved five drugs 

to treat Alzheimer’s; namely, rivastigmine, galantamine, donepezil, memantine, memantine 

combined with donepezil, and tacrine (tacrine has now been discontinued in many countries). 

Except memantine other five temporarily improve symptoms by increasing the amount of 

neurotransmitters in the brain. Effectiveness of these drugs varies with the individual 
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("Alzheimer's disease facts and figures," 2019). Researchers believe that the treatments to slow 

or stop the progression of Alzheimer’s disease and preserve brain function will be most 

effective when administered early in the disease process, either at the Mild Cognitive 

Impairment (MCI) due to Alzheimer’s or in preclinical stage. One of the challenges related to 

this is the diagnosis the disease at the onset. Biomarker tests will be essential to identify these 

early stages to begin the treatments ("Alzheimer's disease facts and figures," 2019).  

 

2.11.5 NATURAL PRODUCTS IN AD TREATMENT 
 
Tacrine is the first US-FDA approved treatment for AD under the brand name of Cognex, after 

more than 10 years of research and controversy (Summers, Tachiki, & Kling, 1989). It was 

followed by Donepezil in 1996, both drugs are AChE inhibitors and both from synthetic origin. 

Rivastigmine was approved in 2000 and was designed from the lead compound physostigmine, 

a natural AChE inhibitor alkaloid. Galanthamine, a natural alkaloid first obtained from 

Galanthus spp. was approved by US-FDA in 2001. Huperzine A, an alkaloid found in Huperzia 

spp., is an AChE inhibitor commercialised as a dietary supplement for memory support and it 

is used to treat AD symptoms in China (A. P. Murray, Faraoni, Castro, Alza, & Cavallaro, 

2013).  

Among the approved AD drugs today, three are related to natural products indicating the 

potential of exploring the nature to treat Alzheimer’s disease. Literature provides evidence on 

many research studies investigating naturally-occurring compounds from plants as potential 

sources of novel AChE inhibitors. A recent paper has reviewed 71 such studies from 207 

studies published in the same field in the decade 2007 to 2017 (Dos Santos, Gomes, Pinto, 

Camara, & Paes, 2018). These studies have lead to the discovery of an important number of 

secondary metabolites as well as plant extracts, able to inhibit AChE. As per the literature, the 

majority of these AChE inhibitors are in alkaloid group. In addition. non-alkaloidal potent 
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AChE inhibitors also have been obtained from natural sources, including terpenoids, 

flavonoids and other phenolic compounds (A. P. Murray et al., 2013). 

Many plants are reputed in traditional medicine to enhance cognitive function. The plant 

constituents mostly act synergistically with other constituents from the same plant, and also 

with the compounds from other plant species. In Ayurveda and traditional Chinese medicine 

(TCM) a mixture of plants is commonly prescribed based on this phenomenon. 

Ethnopharmacological approach frequently provides leads to identifying plants and potential 

new drugs for the treatment of cognitive disorders, including AD, and may aid the discovery 

of a more varied and efficacious AD treatments (Howes & Houghton, 2003). 

As mentioned earlier in this chapter, C. asiatica is reputed for its effect on cognitive function, 

so that it would be worth to elucidate its functionality related to cognitive performance 

enhancement. 

 

2.12 BIOACTIVITY ASSAYS FOR BIOACTIVE COMPOUNDS OF CENTELLA ASIATICA 
 
2.12.1 ACETYLCHOLINE ESTERASE (ACHE) INHIBITION ACTIVITY  
 
As mentioned in the section 2.11 AChE inhibition is used as a credible approach in drug 

development for symptomatic treatment of AD. According to the cholinergic hypothesis, 

elevated level of AChE in the brain leads to rapid degradation (about 25000 molecules per 

second) of Acetyl Choline (ACh), causing cholinergic deficit and memory impairment. AChE 

is a serine hydrolase mainly found at neuromuscular junctions and cholinergic brain synapses, 

of which the biological role is termination of impulse transmission at cholinergic synapses by 

hydrolyzing the neurotransmitter ACh to acetate and choline (M. Colovic, B., Krstic, D.Z., 

Lazarevic-Pasti, T.D., Bondzic, A.M. and Vasic, V.M., 2013). Moreover, besides its ‘classical’ 

function of terminating synaptic transmission, it also believed to have a ‘non-classical’ function 

accelerating assembly of  amyloid-b peptides into amyloid fibrils (Silman & Sussman, 2005). 
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In Alzheimer brain, the activity of the acetylcholinesterase dramatically increases and leads to 

the augmented breakdown of the neurotransmitter decreasing its level drastically. It has been 

shown that in addition, AChE partially involves in the formation of amyloid-b plaques and 

neurofibrillary tangles, promoting the aggregation of amyloid-b peptide fragments by forming 

a complex with the growing fibrils (M. Singh et al., 2013). Studies have revealed that several 

AChE inhibitors not only facilitate cholinergic transmission, but also interfere with the 

synthesis, deposition and aggregation of toxic amyloid-b plaques. Hence, AChE inhibition is 

considered as an effective strategy to manage AD.  

A knowledge of AChE structure is essential for elucidation of the mechanism of action 

underlying the pharmacological and toxicological action of compounds aimed at inhibition of 

AChE.  

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 2. 12 Schematic illustration of AChE binding sites and the cholinergic synapse  

 

The three-dimensional structure of AChE has been first determined on Torpedo californica 

(Electric Eel). M. Singh et al. (2013) describe the functionality related to the structure of this 
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enzyme as follows. AChE consists of a narrow gorge with two separate ligand binding sites: 

catalytic triad (CT) and peripheral anionic site (PAS) as shown in Figure 2.12. The AChE 

contains a catalytic triad (Ser200, His440 and Glu327) located at the bottom of a deep and 

narrow gorge (about 20 Å long and as narrow as 4.5 Å), lined with 14 aromatic residues.  The 

PAS also known as b-anionic site of AChE is not a well-defined and is located at the entrance 

of the catalytic gorge at approximately 14 Å distant from the active centre.  The PAS binds to 

substrate transiently as the first step in the catalytic pathway, enhancing catalytic efficiency by 

trapping substrate on its way to the active site. Amyloid b peptide interacts with the peripheral 

anionic site resulting in the formation of amyloid plaques damaging cholinergic neurons. PAS 

is a target for a number of toxins and also promising drugs (aflatoxins, donepezil, huperzine). 

The design of new (Acetylcholine Esterase Inhibitors) AChEIs able to interact simultaneously 

with both the active and the peripheral site of the enzyme AChE (dual binding site AChEIs), 

with a higher affinity to the enzyme and interference in aggregation of  amyloid-b through 

AChE peripheral site blockade. 

As the first step in screening of the therapeutic agents as AChEIs, a colorimetric assay 

developed by Ellman and co-workers in 1961 is used frequently with slight modifications 

(Ellman, Courtney, Andres Jr, & Featherstone, 1961). This method is based on measurement 

of enzyme activity co-related to the development of the colour intensity of the yellow colour 

compound produced upon the reaction of thiocholine with dithiobisnitrobenzoate (DTNB) ion. 

It is considered that Ellman’s assay is a simple, accurate and adaptable method for automated 

analyzers or plate readers for rapid processing of large numbers of samples (Miao, He, & Zhu, 

2010). To complement the experimental assays a model combining computational studies by 

looking at the possibilities of referred compounds to bind to CAT and PAS sites of the enzyme 

will be beneficial. These types of studies have been reported in the literature as in-silico studies 

to screen the potential inhibitors together with the experimental investigations.  
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2.12.2 AMYLOID-b PEPTIDE (Ab) AGGREGATION INHIBITORY ACTIVITY 
 
AD is a multifactorial and highly complex process; whose pathogenesis involves multiple 

mechanisms. Accumulated Aβ peptide is the main component of senile plaques. It derives from 

the proteolytic cleavage of a larger glycoprotein named amyloid precursor protein (APP).  

Currently Aβ aggregation is widely accepted to be one of the main causes of AD.   Thus, 

investigation of a potential inhibitors of amyloid aggregation has become one of the most 

pursued therapeutic strategies (Espargaró, Medina, Di Pietro, Muñoz-Torrero, & Sabate, 

2016).  

A number of methods have been recently proposed to track the amyloid aggregation. The 

potential evaluation of anti-amyloid drugs has been hindered by the lack of physiologically 

relevant methods that can be easily implemented in high-throughput screening. Due to the low 

protein concentration, slow aggregation process and low reproducibility of amyloid 

aggregation in cells and tissues using these models is been limited. These drawbacks have 

restricted the screening of anti-amyloid compounds to in vitro studies using expensive synthetic 

peptides (Villar-Piqué, Espargaró, Ventura, & Sabate, 2016).  

The in vivo method used in the current study uses bacteria as an in vivo reservoir to track in 

real-time amyloid aggregation kinetics (Espargaró et al., 2016). Over-expression of amyloid 

prone proteins in bacteria entails the formation of insoluble protein aggregates called inclusion 

bodies (IBs) (Wang, Maji, Sawaya, Eisenberg, & Riek, 2008). It is evident that recombinant 

amyloid-prone proteins are folded in amyloid-like conformations in IBs. It is shown that these 

are formed after the over-expression of the major Aβ peptides;  Aβ 40 and Aβ 42, in bacteria 

(Dasari et al., 2011). Espargaró, Sabate, and Ventura (2012) have showed in their work ability 

of using the amyloid specific dye Thioflavin-S (Th-S) to track the amyloid deposits. Th-S stains 

amyloid-like structures increasing the specific fluorescence.  This can be monitored when 

excited under blue light without interfering the bacteria growth.  Th-S also crosses membranes 
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and penetrates into the cell without affecting amyloid aggregation which makes it a good 

staining agent to be used in tracking amyloid aggregation in vivo (Espargaró et al., 2016). In 

this context, this method was used to assess the anti-amyloid inhibitory capacity of C. asiatica 

extracts.  
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3.1 INTRODUCTION 
 
The Earth is rich with a great biodiversity of plant species.  In addition to inter species diversity, 

significant variations at intraspecific level also can occur both spatially and temporally. These 

variations have been attributed to anatomy, morphology, phytochemical content and DNA 

sequences (Eisenman, Tucker, & Struwe, 2012).  Sometimes significant variations in 

phytochemical composition of individual plants in the same populations (intraindividual) can 

also appear as a result of differences in phenological stage, time of day or year, and in response 

to environmental factors, such as altitude, nutrient stress, climatic and growing conditions. 

These variations might be closely related to the bioactivity being sought so that may have a 

significant impact when plant species are being evaluated for a potentially beneficial biological 

activity (Eisenman et al., 2012). Reference specimens or voucher specimens are considered as 

‘gold standards’ to avoid any misleading findings owing to this variations or misidentifications 

of plant samples or ingredients of commercial botanical preparations (Flaster & Lassiter, 2004).  

 

The importance of depositing a properly referred voucher specimen in medicinal plant research 

is emphasised and highly recommended by the scientific community (Culley, 2013; Eisenman 

et al., 2012; Flaster & Lassiter, 2004). A voucher is broadly defined as ‘a representative sample 

of an expertly identified organism that is deposited and stored at a facility from which 

researchers may later obtain the specimen for examination and further study’ (Culley, 2013).  

A voucher specimen usually consists of a pressed, dried herbarium specimen with detailed 

collection data.  A voucher record documents the existence of the plant material, and, the plant 

that was used in a study in the case of research studies (Eisenman et al., 2012). Properly 

prepared voucher specimens, must have the needed plant parts; above ground structures 

(leaves, stems, flowers, and/or fruits) and below ground structures when possible, to enable 

reliable plant identification.  
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Voucher specimens provide a permanent, physical records on which natural product research 

based and credible, verifiable evidence about the taxon. The voucher specimen should be 

deposited in an official, recognised herbarium committed to the long-term maintenance of its 

collection but not stored in personal herbaria to provide accessibility to future researchers 

(Culley, 2013). There are well documented procedures on preparation of voucher samples and 

herbarium specimens to be followed in preparation of proper material (Forman, Bridson, & 

Royal Botanic Gardens, 1989; Frank & Perkins, 2017). This information is also available and 

followed by the expertise at such establishments.  

In addition to morphological identification, DNA molecular analysis is useful in further 

confirmation of the plant species.  

The reference voucher specimen of this study was collected, identified, prepared, and deposited 

complying with those standard procedures. The objective was to preserve a reference specimen 

to trail back to the specific plant sample used in the chemical and bioactivity analysis of the 

current study.  

 

3.2 MATERIALS AND METHODOLOGY 
 
3.2.1 DEPOSITION OF THE HERBARIUM VOUCHER  
 
Plant samples were harvested from a home garden in Auckland, North Island of New Zealand. 

The sample collection was done carefully preserving all the vegetative parts above ground and 

below ground, including flowers (Figure 3.1). The collected samples were submitted in fresh 

form to the herbarium of Auckland war memorial museum for identification by an expert and 

preparation of the voucher specimen. Identification was done by Dr. Yumiko Baba, Associate 

curator, Botany, based on published literature and against available herbarium specimens of 

Centella asiatica and its New Zealand counterpart Centella uniflora. The identified plant 

sample was immediately pressed before wilting preserving the diagnostic characteristics 



 70 

maximally.  This was followed by drying and mounting following the standard procedures. 

Finally, it was databased, geocoordinated, imaged and made available in online data base of 

the virtual herbarium. 

 

Figure 3. 1 Fresh samples of C. asiatica showing morphological characters 

 

 
Leave
s 

Petiole
s 

Roots 

Fruits Flowers 

Stolen
s 



 71 

3.2.2 DNA SEQUENCING 
 
DNA sequencing was carried out to further confirm the species to avoid any complications or 

misidentification based on morphological features.  

 

3.3 RESULTS AND DISCUSSION 
 
The experts of the herbarium of Auckland War Memorial museum identified the voucher 

specimen submitted, under the name of Rasangi Sabaragamuwa 1, as Centella asiatica based 

on the below mentioned characters (Table 3.1). The characters were measured against Flora 

New Zealand; Centella unifola and Flora China; Centella asiatica accounts. The specimen is 

also observed against the reference collections housed at Auckland War Memorial Museum 

herbarium (AK).  

 

Table 3. 1 Comparison of morphological characters in identification of C. asiatica voucher 

specimen with reference to literature and the available reference specimens of C. asiatica and 

C. uniflora 

 Character Voucher 

specimen 

Flora New 

Zealand 

C. uniflora 

Flora China 

C. asiatica 

1 Petiole length 3-13 cm 3-5 cm 0.5-10 cm 

2 Leaf laminar diameter 1.7- 3.7 cm 1-2 cm 1-4.5 cm/1.5-5 cm 

3 Leaf base Broadly cordate Truncate Broadly cordate 

4 Peduncle 0.7-2 cm 0.3-0.4 cm 0.2-1.5 cm 

5 Bract length 2-3 cm - * 3-4 mm/2.1-3 mm 

6 Flowers  2-3, subsessile 1-2, sessile 3-4, sessile or 

subsessile 

*No measurements available. It was observed that the ratio of the area that bracts covers 

mericarp is higher in C. uniflora compare to that in C. asiatica , but this is based on casual 

observation.  
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It was also observed that the leaf margins of C. uniflora were crenate to entire while C. asiatica 

being serrated. It is difficult to qualify the above characters properly but it could potentially be 

used as a secondary character.  

 

Expertise identification was based on the literature and the reference specimens confirmed 

that the species of the voucher sample is Centella asiatica (L) Urb.  

The following is the classification given accordingly: 

 

 

 

 

 

 

The voucher sample is available in the herbarium of the Auckland War Memorial museum 

named as AK 370706 (Figure 3.2) and it can be retrieved online through the following link: 

http://www.aucklandmuseum.com/collections research/collections/search?k=centella+asiatica  

It is evident that both C. asiatica and C. uniflora having records found in ecological habitats 

of New Zealand going back even before 1927 (Cockayne & Allan, 1927). According to this 

paper apparently these two had been identified as one species in earlier classifications. In 

another record found in 1987, again these two are mentioned as the same species (Webb, 1987). 

However, later in New Zealand Journal of Botany, C. asiatica is mentioned separately as a 

naturalised species to New Zealand (Heenan, de Lange, Cameron, & Parris, 2008). Herbarium 

collection of Auckland Museum had also clearly documented these two species as two separate 

species. However, DNA sequencing further confirmed the plant material used in this study is 

C. asicatica (L.) Urb.  

Linnaean (Linnaean System)  

› Plantae (Kingdom)  

› APIACEAE (Family)  

› Centella (Genus)  

› asiatica (Species) 
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Table 3. 2 Online collections image of the voucher specimen AK 370706 deposited in the 

herbarium of Auckland War Memorial museum.  
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CHAPTER 4 

EXTRACTION OF BIOACTIVE PHYTOCHEMICALS FROM CENTELLA ASIATICA  
-A COMPARISON OF DIFFERENT EXTRACTION TECHNIQUES 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 75 

4.1 INTRODUCTION 
 
This chapter presents a comparison of methods employed in the extraction of bioactive 

compounds in C. asiatica. Plant extracts are rich with an array of phytochemicals with diverse 

properties. Nevertheless, active ingredients are often present in very low levels in natural 

products. Extraction is the critical initial step of any chemical analysis or a bioactivity testing, 

yet, this step has sometimes become the bottle neck of the whole process (Q. W. Zhang, Lin, 

& Ye, 2018). Selection of the best extraction solvent, the extraction technique and control of 

other parameters, such as time, temperature, particle size of the raw materials and solid to liquid 

ratio are important in extracting specific bioactive compounds.  

C. asiatica plant is rich in various phytochemicals, the major constituents being triterpenes, 

flavonoids and essential oils.  Pentacyclic triterpenoid saponins which are collectively known 

as centalloids are considered as one group of secondary metabolites, mainly responsible for 

biological activities thus ascribed to pharmacological activities of C. asiatica (Al-Nahain, 

Jahan, Rahman, Nurunnabi, & Rahmatullah, 2015; Brinkhaus et al., 2000; James & Dubery, 

2009). Jäger et al. (2009) mentioned that besides other phytochemicals, pentacyclic triterpenes 

from the lupane, oleanane and ursane groups have been identified as active substances of plant 

sources of the healthy Mediterranean diet. Triterpene group of compounds includes both sterols 

and triterpenes and are accumulated as glycosides (saponins) in extensive amounts in some 

plants. Saponins are classified according to their aglycone skeleton. A pentacyclic triterpene 

structure consists of a C30 skeleton. C. asiatica triterpenes can be subdivided into two groups 

according to methyl substitution patterns on the C19 and C20 as oleanane and ursane (James 

& Dubery, 2009).  Madecassoside, asiaticoside and their sapogenin triterpene acids 

(madecassic and asiatic acid) are the most prominent triterpenes in C. asiatica. Thus, these four 

are considered as signatory biomarkers of the metabolome of this plant. This chapter describes 
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the investigation of different extraction methods for efficient extraction of potential 

neuroprotective bioactive compounds from C. asiatica.   

Basically, four extraction techniques were implemented, namely a conventional; Soxhlet 

Extraction (SE) and three relatively novel; Ultrasound Assisted Extraction (UAE), Microwave 

Assisted Extraction (MAE) and Subcritical Water Extraction. In addition, the solvent system, 

extraction time, and solid to solvent ratio were varied to optimise the extraction. Green 

extraction concept is an innovative current topic in natural product research (Chemat et al., 

2019; Chemat, Vian, & Cravotto, 2012). While conventional techniques generally require large 

amounts of organic solvents, high energy expenditure, and are time consuming, green 

technologies have emerged to address these issues preserving the natural environment and its 

resources (Soquetta, Terra, & Bastos, 2018). In this study, an attempt was made to achieve at 

least several green technology principles, as stated by Chemat et al. (2019), while optimising 

the extraction method. 

Reverses Phase High Performance Liquid Chromatography coupled with Diode Array 

Detection (RP-HPLC-DAD) was used to compare the presence and the total amount of the four 

major triterpenes considered as signatory biomarkers of C. asiatica extracts. HPLC analyses 

of C. asiatica extracts are reported in literature (Günther & Wagner, 1996; Hashim et al., 2011; 

Kai, Pan, Yuan, & Yuan, 2008; M. Rafamantanana et al., 2009; Shen et al., 2009; Xing et al., 

2009; N. A. Zainol, Voo, Sarmidi, & Aziz, 2008). Analyses in the current study were performed 

by adopting some of these reported methods with a few modifications.  

In addition to triterpene analysis, an investigation of total phenolic content, flavonoid content 

and free radical scavenging activity was done in order to compare the extraction behaviour of 

different solvent systems.  
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4.2 MATERIALS AND METHODS 
 

4.2.1 PLANT MATERIALS 
 
C. asiatica plant samples were obtained from a cultivated plot of a home garden in Auckland, 

New Zealand. A voucher specimen of the samples was deposited in Auckland War Memorial 

Museum (AK 370706) as described in chapter 3. 

 

4.2.2 CHEMICALS 
 
Methanol (HPLC grade), Acetonitrile (HPLC grade), Ethanol (HPLC grade) and Formic acid 

(99%) were purchased from Sigma Aldrich, New Zealand. Triterpene standards (asiaticoside, 

madecassoside, asiatic acid, madicassic acid) were obtained from AK Scientific, USA. Pure 

water was used from Millipore 18.2 water purification system (Millipore Corporation, 

Burlington, USA). All the chemicals for total phenolic, total flavonoid and DPPH radical 

scavenging assay; including Folin-Ciocalteu phenol reagent, 1,1-diphenyl-2-picrylhydrazyl 

(DPPH), aluminum chloride, catechin and gallic acid were purchased from Sigma Aldrich, 

Auckland, New Zealand. Sodium carbonate, sodium hydroxide and sodium nitrite, and were 

from Scharlau, Spain.  

 

4.2.3 SAMPLE PREPARATION 
 
Freshly harvested plant samples were cut at 1cm below the petiole and air dried in single layers 

using an electric dehydrator (Ezdri Ultra FD100, Hydraflow Industries Ltd., NZ) as shown in 

the Figure 4.1, with a continuous air flow at 40 0C for 18 hrs. The dehydrator consists of four 

drying racks, and the weight reduction due to moisture removal in each rack was recorded to 

ensure uniform drying conditions. Air drying at 40 0C is also recommended in European 

Pharmacopeia  for C. asiatica leaves as a pre-sample preparation method before extraction and 

analysis (European pharmacopoeia, 2008).  
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Dried samples were immediately ground to a fine powder using a coffee grinder (Breville Inc.). 

Powdered samples were packed in nitrogen flushed, screw-thread amber glass vials (4-dram 

capacity) and stored under -20 0C until used in further experiments.  

 

 

 

 

Figure 4. 1 Air drying of C. asiatica samples 

 
4.2.4 MOISTURE CONTENT DETERMINATION 
 
The moisture content of the fresh leaves was determined by vacuum oven drying method 

according to AOAC method 934.0 (AOAC,1983). The dry matter content of the samples was 

calculated based on the moisture content. This was used in the calculation of yield of 

constituents on dry matter basis.  

 

4.2.5 COLOUR OF THE SAMPLES 
 
Colour of the samples was also determined for the fresh samples and dry powder using CIE 

(Commission Internationale de L’Eclairage) L*a*b* colour space measured by colorimeter 

(Minolta, Konica).  

 

 

Fresh leaves Air drying Dried powder 
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4.2.6 SELECTION OF OPTIMUM EXTRACTION CONDITIONS 
 
The extraction was optimised based on the yield of four major triterpenes of C. asiatica, as the 

response variable, quantified by HPLC. The experiments were designed as single factor 

experiments, changing one independent variable at a time, having four variables; extraction 

technique, solvent system, solid to liquid ratio and extraction time.  

Four extraction techniques; microwave assisted extraction (MAE), ultrasound assisted 

extraction (UAE), Soxhlet extraction (SE) and subcritical water extraction (SWE), were 

performed.  

Methanol was selected as the solvent of choice for initial extraction experiments, considering 

the polarity of the major compounds (Z. Jiang, Kempinski, & Chappell, 2016), polarity index 

& the dielectric constant of the solvent as well as the previously published literature (Ammar 

Altemimi, Naoufal Lakhssassi, Azam Baharlouei, Dennis G. Watson, & David A. Lightfoot, 

2017b; Hemwimon, Pavasant, & Shotipruk, 2007; Shen et al., 2009). A sample of 2 g of dried 

C. asiatica was extracted in 50 mL of Methanol, unless the solid: liquid ratio is been 

investigated.  

After selecting the extraction technique/s yielding comparatively higher triterpene content in 

the extract, six solvent systems were investigated, based on methanol, ethanol, water and the 

different ratios of mixtures of the same. To reduce the number of levels of this factor the 

polarity, the dielectric constant and the previously published literature were taken in to 

consideration as mentioned earlier. In the last step the two levels of solid: liquid ratios and 

three levels of extraction time periods were examined. The factors investigated and their levels 

are given in Figure 4.2.  
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Figure 4. 2 Factors and levels of studied variables 

Key: SE- Soxhlet Extraction, SWE- Subcritical Water Extraction, MAE- Microwave Assisted 

Extraction, UAE- Ultrasound Assisted Extraction, M-Methanol, W-Water, E- Ethanol 

 

4.2.6.1 SOXHLET EXTRACTION (SE) 
 
Soxhlet extraction was carried out on the dried powder using Soxhlet apparatus (Soxtherm, 

Gerhardt UK ltd., Backley, UK). The extraction temperature was around 64.7 0C, since it was 

the boiling point of methanol.  Extraction duration of 8 hours was used as it is reported as the 

optimum condition for Soxhlet extraction (European pharmacopoeia, 2008; M. 

Rafamantanana et al., 2009). Collected extract at the end was evaporated to dryness, and the 

residue was dissolved in 10 ml of methanol. This extract was filtered by 0.22 μm PTFE filters 

(MicroAnalytix, Auckland, New Zealand) and proceeded to HPLC analysis. 
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4.2.6.2 MICROWAVE ASSISTED EXTRACTION (MAE) 
 
Microwave assisted extraction was carried out using a microwave digestion system ( 

Ethos, SK-15 rotor, Milestone, Italy), consisting of closed vessels (PTFE-TFM) with safety 

shields on a rotating carousal as shown in Figure 4.3. Eventhough the microwave power was 

set at 1800 W at the beginning, only 6-8 alternative vessels were utilised for the samples each 

time, thus the microwave power only reached up to 600 W under real operational conditions.  

 

Figure 4. 3 MAE system; ETHOS-SK 15 model 

 

The microwave power, the internal pressure and inside and outside temperature of the vessels 

were shown on the display. The temperature sensor monitored the real time temperature 

change.  

The extraction procedure was programmed using the touch screen terminal (Table 4.2). 

Methanol was used as the extraction solvent at 1:25 (g:ml) of solid to solvent ratio. The powder 

samples were suspended in the respective solvent and transferred into the extraction vessels. 

After the end of the given holding time at the set temperature, the vessels were allowed to cool 

down before opening. The extracted samples were centrifuged (Heraeus vacutherm, Themo 

Scientific, Auckland, New Zealand) at room temperature at 2465.19 x g for 10 minutes and the 
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supernatant was collected, evaporated under a gentle nitrogen flow. The residue is dissolved in 

10 mL of methanol and filtered with 0.22 µm filters before analysis by HPLC.  

 

Table 4. 1 Microwave Programme 

Step Time (min) Power (W) Temperature (oC) 

01 Heating 05 0 - 600 20 - 70 

02 Holding 20 0 - 180 70 

03 Cooling 10 - 70 - 0 

 

4.2.6.3 ULTRASOUND ASSISTED EXTRACTION (UAE) 
 
Sonic rupture 250 (Omni International, Kennesaw, GA, USA) instrument was used for 

Ultrasound Assisted Extraction as shown in Figure 4.4. This instrument is attached with a 

sonication probe (exponential taper horn), operating at the frequency of 20 kHz which is 

considered as low frequency sonication. The energy output was set at 50% amplitude. The 

energy input of the instrument was 250 W theoretically. However, the actual energy input was 

calculated based on the rate of heat transfer.  

Figure 4. 4 Ultrasonication of C. asiatica leaf powder 
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Dried C. asiatica powder (2 g) was suspended in methanol (50 ml), mixed well and the 

ultrasonic probe with 1.9 cm diameter was positioned 1cm below the solution. The sonication 

probe was a solid tip probe since low surface tension solvents were used in the extraction. A 

narrow vessel was used to make sure that the whole sample is mixed and treated uniformly 

(QSonica, 2019). The sample was kept in an ice bath and the sonication was operated with 90% 

pulse rate to prevent temperature increase during the extraction and to increase the intensity of 

ultrasonic exposure. Initially, the sample was sonicated for 30 mins (effective sonication time 

is around 20 mins, with pulsating) to compare with the other extraction methods. Sonicated 

samples were centrifuged at room temperature at 2465.19 x g for 10 minutes and the 

supernatant was collected and filtered with 0.22 µm filters before analysis by HPLC.  

 

4.6.2.4 SUBCRITICAL WATER EXTRACTION (SWE) 
 
Subcritical water extraction of triterpenes from air dried C. asiatica leaf powder was carried 

out in a 1 L Parr Reactor (Series 4540 high-pressure reactor; Parr Instrument Company, USA). 

Instead of using organic solvents, high temperature water below supercritical pressure was used 

as the extraction media in SWE. Dried leaf powder was added at 5% concentration to the 

reactor following the standard operational procedure given. Since the capacity of the reactor 

was 1 L, 30 g of powder and 600 mL of water was added to give 5:100 g/mL (solid/liquid) 

ratio. The pressure vessel was initially purged with nitrogen gas to remove the oxygen present. 

Additional nitrogen gas was applied to pressurise the vessel and the initial pressure applied was 

5 MPa (50 bars) and the operational pressure was held at 7.5 ± 0.3 MPa (75±3 bars). A 

schematic diagram of the experimental set-up is shown in Figure 4.5. Two extraction 

temperatures were investigated at 175 and 200 oC.  The extraction times were varied from 10 

to 90 min. During the continuous operation, 15 ml of extracts were taken each time at 10 min  



 84 

set intervals, vacuum filtered using filter paper (Whatman No.1), and filtrates were stored at 

refrigeration condition in UV safe tubes, flushed with nitrogen gas until further analyses.  

 

Figure 4. 5 Schematic diagram of the SWE experimental set up 

 

4.2.7 HIGH PERFORMANCE LIQUID CHROMATOGRAPHY (HPLC) ANALYSIS 
 
Four major triterpenes; asiatic acid, asiaticoside, madecassic acid and madecassoside, were 

identified and quantified against external standards with reversed phase (RP) HPLC. An 

Agilent 1200 HPLC system with a diode array detector G1315A (detection at 205 nm), vacuum 

degasser G1322A, quaternary pump G1311A, autosampler G1313A and column oven 

G1316A were used for the analysis.  Agilent ChemStation software was used for data 

acquisition and analysis. A Synergi 4 µm, 80 Å, Fusion-RP C18 analytical column with 

dimensions of 150 x 4.6 mm was used for the chromatographic separation with a gradient 

elution. Pure water (A) and acetonitrile (B) was used as mobile phases starting with 80% A 
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and 20% B, then changing it consequently to 65% A at 15 minutes, 35% A at 30 minutes, 65% 

A at 40 minutes and coming back to 80% A and equilibrating for 5 minutes, with a flow rate 

of 1ml /min.  The sample injection volume was 20 µl. The column temperature was maintained 

at 30 oC. Calibration curves were established with five concentrations of each standard at 0.1- 

4 mg/ml range.  

Standard stock solutions was prepared by dissolving 10 mg of each triterpene in 2 ml of 

methanol. Standard stock solution mixtures were also prepared and stored under -20 oC. These 

stock solutions were diluted appropriately to obtain calibration standards as needed.   

 

4.2.8 PARTICLE SIZE MEASUREMENT 
 
The particle size distribution of the initial raw material before extraction (dry powder) was 

analysed by laser diffraction technique using a Malvern Mastersizer 2000 instrument (Malvern 

Instruments Limited, Malvern, UK). The estimates of particle size distribution and the diameter 

were later compared with the same estimates of the residues after ultrasound and microwave 

extractions.  

 

4.2.9 TOTAL PHENOLIC CONTENT (TPC), TOTAL FLAVONOID CONTENT (TFC) AND DPPH 
RADICAL SCAVENGING ACTIVITY (RSA) 
 
The reducing capacity and total phenolic content of the extracts were estimated using Folin- 

Ciocalteu (F-C) method originally reported by Singleton & Rossi (1965) with some 

modifications (Ainsworth & Gillespie, 2007).  

A 100 µl of each sample supernatant, standard or methanol blank was added to duplicate 2-ml 

microtubes. Then 200 µl 10% (vol/vol) F–C reagent was added and vortexed thoroughly. The 

F–C reagent should be added before the alkali to avoid the air-oxidation of phenols. Next, 800 

µl of 700 mM Na2CO3 was added into each tube and incubated at room temperature for 2 hours. 

An aliquot of 200 µl each of the sample, standard or blank from the assay tubes were transferred 
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to a clear 96-well microplate and the absorbance was read of each well at 765 nm. Gallic acid 

(0-1000 μg/ml) was used for the calibration curve. The results were expressed as Gallic acid 

equivalent (mg GAE/100g DW), and calculated as mean value ± SD (n=6).  

 Total flavonoid content was estimated by Aluminum chloride method (Herald, Gadgil, & 

Tilley, 2012). In a 96 well plate; 100 µl of distilled water, 10 µl of 5% NaNO2 and 25 µl of 

sample/standard/blank were added. Then, 15 µl of 10% AlCl3 was added after 5 minutes.  After 

6 minutes, 50 µl of 1 M NaOH and 50 µl of water was added. The plate was shaken for 30s 

and measured the absorbance at 510 nm for total flavonoid content. A standard curve was 

created from the blank-corrected absorbance at 510 nm of catechin standards (0-1000 μg/ml). 

The total flavonoids were calculated as catechin equivalents (mg of CAE/100g of dry weight) 

of using the regression equation. 

DPPH radical scavenging activity was measured using the method of Brand-Williams, 

Cuvelier, and Berset (1995) with modifications. A methanolic solution of DPPH (0.05 mg/mL) 

was made fresh before each experiment. Aliquots of 10 μL of samples were pipetted into the 

96-well plate. Then 200 μL of DPPH solution was added to each well, and the absorbance was 

recorded at 517 nm against methanol and water as the blank (negative control) after incubation 

in the dark at 20℃ for 60 minutes. The percentage DPPH radicals scavenging activity was 

calculated in terms of Trolox equivalent based on a calibration curve with Trolox concentration 

ranging from 1mM to 25 μM. All the statistical analysis were performed by IBM SPSS 

software (version 26). 

 

4. 3. RESULTS AND DISCUSSION 
 
4.3.1 MOISTURE CONTENT DETERMINATION, COLOUR MEASUREMENTS AND PRE-SAMPLE 
PREPARATION   
 
Based on triplicated samples analysed by vacuum drying method, the average moisture content 

of the fresh C. asiatica leaves was calculated as 84.30 ± 1.70 % so that the percentage dry 
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matter of the leaves is calculated as 15.70%. This value was taken in further calculations of 

triterpene yields in the extracts. 

Colour measurements of the samples before and after drying are given in the Table 4.2. 

 

Table 4. 2 CIE L*a*b* colour space measurements taken before and after air dying of C. 

asiatica leaf samples 

 Before drying After drying 

Value L* a* b* L a* b* 

1 39.69 +0.62 -1.05 40.60 +0.09 -0.01 

2 38.30 +1.51 -2.29 39.11 +1.30 -1.72 

3 41.82 +0.79 +0.64 40.12 +1.03 -1.31 

Average 39.93 +0.973 -0.90 39.94 +0.81 -1.01 

 

The colour measurements show that the air-drying method used has not affected the colour of 

the leaves since there was only a slight change in the L*a*b* values (no significant difference 

according to the paired t-test). This can be taken as an indication of less changes to the original 

plant material after drying.  

Air drying of fresh leaves prior to the extraction is important in various aspects. Drying will 

prevent tissue deterioration and alterations to the phytochemical composition (except to the 

essential oils) due to the enzymatic action and microbial activity (WHO guidelines on good 

agricultural and collection practices [GACP] for medicinal plants, 2003). Drying also 

removes excess water making the constituents more concentrated. This will also lead to 

reproducibility and accuracy of the results, in the experiment and in the calculations, generating 

less errors since the mass was taken on dry basis. The effect of moisture content of the raw 

materials in extraction is emphasised in literature (Azmir et al., 2013; Sparr Eskilsson & 
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Björklund, 2000) so that controlling this variable by  preparing samples with the same standard 

procedure in pre-sample preparation will contribute to reduced  deviations due to  the 

differences in the moisture content. Furthermore, grinding of the samples to a fine powder 

enables more efficient extraction. Durling et al. (2007) have studied the effect of the particle 

size of the raw material on the extraction efficiency. They reported that the particle size controls 

the mass transfer kinetics and the access of the solvent to the soluble components in extraction 

of bioactives. Thus, higher extraction efficiencies are achieved with smaller particle sizes, due 

to the increase in mass transfer surface area (Meullemiestre, Petitcolas, Maache-Rezzoug, 

Chemat, & Rezzoug, 2016).  Comparison of particle size distribution of initial raw material 

(dry powder) and the residues after the extraction methods; UAE and MAE are shown in Figure 

4.6.  

 

 

 

Figure 4. 6 Comparison plot of particle size distribution for C. asiatica leaf dry powder, and 

residues after UAE and MAE extraction 
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Average diameter of the particles size (D [3,2] in µm) of the dried and grounded C. asiatica 

powder was 45.70±0.91µm as measured by laser light scattering. This was reduced to 42.66 ± 

0.04 µm after MAE extraction and further reduced to 35.21± 0.33µm after UAE extraction 

(Figure 4.7).  

 

 

 

 

 

 

 

Figure 4. 7 Mean average particle sizes (D [3,2] in µm) of dry powder, MAE and UAE 

residue  

 

Reduction of particle size indicates the effective rupturing of cells to release more bioactive 
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enabling better mass transfer. Figure 4.8 shows the statistical comparison of extraction yield of 

triterpenes. Though there is no significant difference between MAE and UAE yield, UAE has 

given slightly higher yield of triterpenes. The least particle diameter of UAE residue also 

explains the mechanism of bioactive extractions by UAE via cell rupture due to ultrasonic. 
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compare means, using GraphPad Prism version 8.3.1 for macOS (GraphPad Software, La Jolla 

California USA, www.graphpad.com). 

The chromatogram of Soxhlet extract visibly showed only two triterpenes peaks; asiaticoside 

and madicassoside. The energy use was higher, since the extraction time was longer, and 

moreover, the amount of solvent used was relatively higher in SE than UAE or MAE. SWE is 

a solvent free technique that has been reported its use in bioactive compound extraction 

successfully in previous studies (Ko, Cheigh, & Chung, 2014; Liang & Fan, 2013; Zakaria & 

Kamal, 2016). However, in this study it was observed that none of the major triterpenes were 

present in the subcritical water extract at any of the extraction conditions investigated. W.-J. 

Kim et al. (2009) have reported the use of subcritical water in extraction of two triterpenes; 

asiaticoside and asiatic acid from C. asiatica. In this study the researchers have used a slightly 

different custom made set up, however with the same operational principle. They have adopted 

an extraction time of 5 hrs at a temperature of 250 oC under 40 MPa pressure as optimum 

conditions. Their study has shown that SWE under the conditions used could extract higher 

amount of two triterpenes than by extracting with methanol at room temperature. However, in 

the same study, methanol at its boiling point temperature has given the highest yield. Dielectric 

constant (ε) of subcritical water approaches to around 30, at 250 oC temperature which is closer 

to that of methanol (ε = 33 at 25 oC; 27 at 65 oC). This will reduce the polarity of water so that 

facilitating the dissolution of less polar compounds and enhancing their extraction efficiencies. 

(Luong, Sephton, & Watson, 2015) W.-J. Kim et al. (2009) has reported an interesting finding 

which we also suspected in our study; that the triterpenes were not present in the filtrate but in 

the filter cake, the residue after filtering. We used Whatman no.1 filter of which the pore size 

is 11 µm, and analysed the filtrate to observe absence of any triterpenes. Since the water was 

depressurised and cooled after the extraction, the temperature came down to room temperature, 

changing the polarity of water back to its initial condition, which may reduce the solubility of 
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triterpenes in water.  W.-J. Kim et al. (2009) has also indicated a possible ‘precipitation’ of 

these triterpenes so they retained in the filter paper. Since filtering is essential after the SWE 

prior to the injection to HPLC system for analysis, they have suggested dissolving the filter 

cake in methanol again to extract the triterpenes present there. In our study, we did not do an 

in-depth investigation in to this, considering the lengthy procedure and other practical 

difficulties of the extraction process. Nevertheless, SWE could be recommended as a method 

of choice (with further investigation and modifications) in industrial level extraction of these 

compounds for possible pharmaceutical usage.  Only the comparison of rest of the three 

extraction techniques are discussed further in this study.  

Among the investigated extraction techniques, ultrasound and microwave assisted methods 

resulted in the highest yield of total triterpenes. UAE showed slightly higher values of 

triterpene yield yet no statistically significant difference was present between MAE and UAE 

values (Figure 4.8 and Table 4.3). 

 

Figure 4. 8 Comparison of total triterpene yield in three extraction techniques;  

SE, MAE and UAE (* showing significant difference) 
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Table 4. 3 Comparison of the amounts of extracted triterpenes using different extraction 

methods 

Extraction 

Technique 

Extraction yield (mg/g) 

Soxhlet  Microwave assisted Ultrasound assisted 

Madicassoside ND 25.05 ± 0.19a 23.95 ± 0.63a 

Asiaticoside 19.93 ± 0.46a 48.49 ± 0.64b 51.58 ± 0.44b 

Madicassic acid 11.68 ± 1.18a 5.91 ± 0.97b 6.82 ± 0.16b 

Asiatic acid ND 1.85 ± 0.47a 2.31 ± 0.47a 

Total triterpenes 30.94 ± 1.92a 81.30 ± 1.08b 84.66 ± 1.32b 

 

a-c Different letters denote significant differences at 95% confidence interval in each parameter.  
 
 

 

 

Figure 4. 9 HPLC chromatograms of ultrasound assisted and microwave assisted extracts 
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Both UAE and MAE gave similar HPLC chromatograms as shown in Figure 4.9, indicating 

that the they both extracted the same triterpenes at similar levels. The analysis of total triterpene 

yields with two different solid: liquid ratios revealed that 1:25 solid to liquid ratio resulted in 

the best extraction than 1:10 or 1:50 ratios. Methanol was superior to ethanol as an extraction 

solvent in terms of the extracted triterpene yield. The effect of varying methanol concentrations 

was also investigated and the results are discussed in the next section (4.3.3.). There was no 

significant increase in the extracted triterpene yield with increase in the extraction time from 

20 to 30 or 45 minutes. All these parameters were statistically compared for the significance at 

95% level of confidence. 

These results were comparable with two similar studies (Shen et al., 2009; Yingngam, 

Chiangsom, & Brantner, 2020). In the current study the focus was to optimise the extraction 

parameters in terms of higher triterpene yield, less energy consumption, and reduced solvent 

use. Consequently, ultrasound assisted extraction for 20 minutes with methanol as the 

extraction solvent, with 1:25 solid: liquid ratio was selected as the best extraction method. 

However, in further extractions conducted in this study, MAE was also used when multiple 

extractions were conducted since it was possible to use multiple samples in the microwave 

system. 

 

4.3.3 INVESTIGATION OF TOTAL TRITERPENE CONTENT (TTC), TOTAL PHENOLICS 

CONTENT (TPC), TOTAL FLAVONOIDS CONTENT (TFC) AND DPPH RADICAL SCAVENGING 

ACTIVITY (RSA) UNDER DIFFERENT SOLVENT SYSTEMS 

 

 The composition of bioactive compounds in plant extracts may vary depending on their 

chemical characteristics (such as degree of polarity) and the locality in the plant matrix. Binary 

solvent systems reported to result in more efficient extraction of phytochemicals than mono-

solvent systems (Ammar Altemimi, Naoufal Lakhssassi, Azam Baharlouei, Dennis G Watson, 
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& David A Lightfoot, 2017a; Altemimi et al., 2017b; Dent, Dragović-Uzelac, Penić, Bosiljkov, 

& Levaj, 2013).  On the other hand, different solvents have been used in bioactivity testing and 

phytochemical characterisation of C. asiatica plant in different studies reporting significant 

differences in amounts and composition of phytochemicals as well as bioactivities, than that 

would be present due to other variables such as geographical location or chemotype variations 

(Alqahtani et al., 2015; Arora, Kumar, Agarwal, Reeta, & Gupta, 2018; Azerad, 2016; Barbosa 

et al., 2008; Gray et al., 2018; Hashim et al., 2011; James & Dubery, 2009; Long, Stander, & 

Van Wyk, 2012; Shen et al., 2009). Methanol and ethanol had been the solvent of choice in 

most of these studies in mono- or binary mixtures. In the current experiment different ratios of 

methanol and water mixtures were used in the extraction starting from 60% (v/v) methanol. 

Only two glycosides madicassoside and asiaticoside were quantified as TTC for comparison 

purposes since these two glycosides were present in sufficient quantities than their aglycone 

counterparts. The results indicated that the individual glycosides as well as the total glycoside 

content gradually increased with the increase of methanol percentage in the extraction solvent 

(Figure 4.10). However, 90% methanol extract yielded slightly higher amount of total 

triterpenes (144.19±0.04 mg/g DW) than that of the 100% methanol extract (140.91±0.56 mg/g 

DW) which showed a statistically significant difference (p<0.05). This result also agrees with 

the study of Shen et al. (2009) investigating the solvent mixtures of 30%, 50%, 90% and 100% 

methanol.  

It is reported in literature that the dielectric constant of methanol water mixtures is significantly 

affected by the concentration of methanol in the mixture (Albright & Gosting, 1946; A. Singh 
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et al., 2014). The concentration at 90% methanol (v/v) may have given the optimum conditions 

for centalloids of C. asiatica especially in terms of polarity.  

 

Figure 4. 10 Change in triterpene glycoside contents with increasing methanol percentage in 

extraction solvent of microwave assisted extracts of C. asiatica dry leaf powder  
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did not significantly differ statistically at 0.05 a level while other three levels (60%, 70% and 

80% methanol) showed a variation. Total phenolic content which an index of antioxidant  

capacity is measured via the reduction of Folin-Ciocalteu reagent by phenolic compounds 

resulting a formation of a blue complex that can be spectroscopically measured approximately 

at 760 nm. This method actually measures the reducing capacity, and certain other compounds 
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in plant extracts, such as ascorbic acids, reducing sugars and proteins also can interfere the 

estimation (Sánchez-Rangel, Benavides, Heredia, Cisneros-Zevallos, & Jacobo-Velázquez, 

2013). Phenolics are compounds that possess one or more aromatic rings with one or more 

hydroxyl groups and generally are categorised as phenolic acids, flavonoids, stilbenes, 

coumarins, and tannins (R. H. Liu, 2004). Terpenoids are not classified under phenolics in 

general (Scalbert et al., 2011), however, they also possess structural and functional similarities 

with polyphenols. Since triterpenes are the major compounds present in C. asiatica extracts 

they also may have contributed to the TPC estimate obtained. There was a statistically 

significant (p < 0.05) strong correlation between the measured TTC and TPC in extracts of 

different solvent systems (Table 4.4). 

Flavonoids are a major subclass of total phenolics in plant extracts, and is reported one of the 

major classes of phytochemicals present in C. asiatica extracts.  

 

 

 

 

 

 

 

 

 

 

 

Figure 4. 11 Change in total phenolic content with increasing methanol percentage in 

extraction solvent of microwave assisted extracts of C. asiatica dry leaf powder  

13.47

12.98

12.08

9.92

9.95

0.00 2.00 4.00 6.00 8.00 10.00 12.00 14.00 16.00

M100

M:W 90:10

M:W 80:20

M:W 70:30

M:W 60:40

Total phenolic content mg GAE/g of dry weight

Solvent system 
 



 97 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. 12 Change in total flavonoid content with increasing methanol percentage in the 

extraction solvent of microwave assisted extracts of C. asiatica dry leaf powder  
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at 90% methanol extract. However, TPC values with 90% methanol and 100 % methanol were 

not statistically significant. These results denote that 90% methanol can be used to extract all 
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Figure 4. 13 Change in DPPH radical scavenging activity with increasing methanol 

percentage in extraction solvent of microwave assisted extracts of C. asiatica dry leaf powder 
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correlation between DPPH radical scavenging activity and all other three estimates TTC, TPC 

and TFC which implies all these bioactive compounds (triterpenes, phenolics and flavonoids) 

mainly contribute in reducing DPPH free radical indicating their contribution to antioxidant 

potential.  

Table 4. 4 Pearson correlation table  

 

    *Significance at a = 0.05 

  ** Significance at a = 0.01 
 

4. 3.4 ANALYTICAL METHOD CONFIRMATION  
 
HPLC method used in quantification of these known triterpenes was a modified method based 

on three reported methods in literature (Günther & Wagner, 1996; M. H. Rafamantanana et al., 

2009; Shen et al., 2009). Therefore, a method validation was performed at this stage. However, 

it will not be adequate only to use the external standard calibration method to confirm the 

retention times to verify the identity of the four standard compounds used.  Therefore, further 

confirmation was assured by examining LC-MS separation and Q-TOF-MS chromatograms.  

 

4.4 CONCLUSION 
 
This chapter investigated the potential application of novel extraction methods in efficient 

extraction of bioactive compounds from Centella asiatica plant. It was evident that UAE and 

MAE offer more efficient and effective extraction in terms of extraction yield, time and 

minimal solvent and energy use. Study of different solvent systems based on water and 

methanol revealed information on the extraction behaviour of major bioactive compounds of 

this plant and the antioxidant capacity variations.  

 TTC TPC TFC RSA 

TTC 1 0.862 0.826 0.978** 

TPC 0.862 1 0.978** 0.942* 

TFC 0.826 0.978** 1 0.895* 

RSA 0.978** 0.942* 0.895* 1 



 100 

In addition to the targeted objective of the study discussed in this chapter, an additional 

interesting information was obtained on the differences in the triterpene contents in relation to 

the change in climatic conditions. The samples harvested in September which is the spring-

time in New Zealand yielded less triterpene glycoside content (73.54 ± 0.69 mg/g DW) 

compared to that of samples (140.91 ± 0.71 mg/g DW) harvested in April, in the Autumn 

period. This result also comply with the research finding from Australia by Alqahtani et al. 

(2015) who had investigated the seasonal variation of these triterpenes in C. asiatica of a 

variety found in Australia.  
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CHAPTER 5 

ULTRASOUND ASSISTED EXTRACTION AND QUANTIFICATION OF TARGETED 

BIOACTIVE COMPOUNDS FROM Centella asiatica BY UHPLC-MS/MS MRM 

TANDEM MASS SPECTROSCOPY 
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5.1 INTRODUCTION 
 
Centella asiatica plant is rich in diverse phytochemicals, the major constituents being 

triterpenes, flavonoids and essential oils. Pentacyclic triterpenoid saponins which are 

collectively known as centalloids are considered mainly responsible for the biological activities 

of C. asiatica (Brinkhaus et al., 2000; James & Dubery, 2009).  Madecassiside, asiaticoside 

and their sapogenin triterpene acids (madecassic and asiatic acid) are the most prominent 

triterpenes in C. asiatica. Thus, these four are considered as signatory biomarkers of the 

metabolome of this plant. It is suggested that triterpenes and caffeoylquinic acids, especially 

chlorogenic acid, play an important role in the neuroprotective and cognition enhancing effect 

of C. asiatica (Gray et al., 2018).  This chapter elaborates on developing a reliable analytical 

technique for the quantification of potential neuroprotective compounds in Centella asiatica 

extracts.  

HPLC with diode array detector (HPLC-DAD) analysis was initially used to compare the 

presence and the total amount of four major triterpenes of C. asiatica extracts. However, due 

to the absence of strong chromophores, the UV detection was essentially carried out at lower 

wavelengths (200-210nm). Most of the solvents commonly used as mobile phases also have 

UV absorbance closer to this wavelength causing baseline drift, especially in gradient elution. 

In HPLC analyses of C. asiatica triterpenes the wavelengths 205nm, 206nm are often used 

(Günther & Wagner, 1996; B. T. Schaneberg, Mikell, Bedir, & Khan, 2003). However, baseline 

drifting, poor separation and low sensitivity has been sometimes reported, which may hinder 

proper identification and accurate quantification so that the attempts have been made to 

improve the HPLC methods (Kai et al., 2008; X. F. Zheng & X. Lu, 2011).  

In the current study, the HPLC method used was appropriate in facilitating  to recognise the 

triterpenes of interest with comparison to the retention times of external standards as described 

in the previous chapter. Nevertheless, the issues associated with the reproducibility of results 
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with repetitive analyses was observed, especially in quantification of the aglycones. Slightly 

shifted peaks corresponding to Asiatic acid and Madicassic acids were observed in the 

chromatogram causing uncertainties whether this was due to the matrix effect or different 

compounds eluted. When spiked with the external standards a split in the asiatic acid peak was 

observed. It was not clear whether this peak was due to a triterpene or any other phytochemical 

in the extract. However, two glycosides madicassoside and asiaticoside peaks were adequately 

identified, and also the content of these two also were comparatively higher than their aglycone 

counterparts, so that total triterpene glycoside content was taken as the response variable in 

comparisons.  

It is reported in literature, that C. asiatica extract contains a number of isomers of these 

triterpenic acids and glycosides as well as other polyphenols (Azerad, 2016). Different types 

of triterpenoids and their isomers are reported with slight changes to the basic structures of C. 

asiatica triterpenes shown in Figure 5.2. With methyl groups occurring at C-19 and C-20 

(ursane or oleanane subtypes), and double bonds occurring at C 12 -C 13 , C 13 -C 18 or C 20 

-C 21, hydroxylation and glycosylation with mono- or oligosaccharides at these different 

positions result in diverse compounds. 

 

 

Figure 5. 1 Basic structure of C. asiatica triterpenes showing the substitution patterns. 
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Coelution of minor components with stronger chromophores, especially the triterpenoid 

isomers such as asiticoside B with madicassoside and terminolic acid with madicassic acid 

(Figure 5.2), interfere specific identification and accurate quantification of major triterpenes of 

concern (Roman, 2011; Yan, Chen, Wang, & Kai, 2013). 

 

 

 

 

 

 

 

Asiatic acid R = H, R1 = OH    Terminolic acid R = OH, R1 = OH 
Madicassic acid R = OH, R1 = OH   Asiaticoside B R = OH, R1 = O-Glu(6-1)-Glu(4-1)-Rham 

Asiaticoside R = H, R1= O-Glu(6-1)-Glu(4-1)-Rham 

Madicassoside R= OH, R1 = O-Glu(6-1)-Glu(4-1)-Rham 

Figure 5. 2 Structures of co-eluting ursane type triterpenes and oleanane type triterpenes 

 
 
Since these triterpene isomers are present in the complex plant matrix, they will also affect 

possible slight variations in the peak retention times. It is reported that even LC-MS/MS having 

lack of selectivity due to ion suppression or enhancement caused by the sample matrix and 

interferences from metabolites (Matuszewski, Constanzer, & Chavez-Eng, 2003). However, 

UPLC-MS/MS, due to the better resolution and narrower peaks compared to HPLC, analytes 

will co-elute less with less interferences during ionisation, so the matrix effects could be lower, 

or even eliminated (Van De Steene & Lambert, 2008). Further, the less injection volume and 

multi-fold dilution of the original sample will also contribute to this.  

 

Introduction
Centella asiatica (commonly called gotu kola) is a small herbaceous 
annual plant native to India, Sri Lanka, Northern Australia, other 
parts of Asia, and the Western Pacific. It is used as a medicinal 
herb in Ayurvedic medicine and in traditional Chinese medicine to 
treat a wide variety of conditions, such as improving memory, blood 
flow, as a wound-healing agent, and as a topical application for skin 
conditions such as ulcers, wounds, and eczema.

The chemical compounds of interest in gotu kola are usually 
considered to be the ursane- and oleanane-type triterpenes and 
the triterpene glycosides including asiaticoside, madecassoside 
(asiaticoside A), asiaticoside B, madecassic acid, asiatic acid, and 
terminolic acid (Figures 1–2).

Most methods for the analysis of the total triterpenes use gradient 
elution reversed-phase high-performance liquid chromatography 
(RP-HPLC) with low-wavelength UV detection (203–205 nm) because 
the triterpenes do not strongly absorb above 205 nm. This often 
results in strongly sloping baselines, and minor components that 
have stronger UV chromophores than the triterpenes can cause 
interferences that affect quantitation. 

The Thermo Scientific Dionex Corona™ CAD™ Charged Aerosol 
Detector offers an alternative to low-wavelength UV detection 
to improve the baseline and reduce interferences. Here, 
chromatograms generated using UV and Corona CAD detection are 
compared, and the assay of triterpene content in a Centella asiatica 
extract sample using the Corona CAD detector is shown.
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Liquid Chromatography (LC) coupled to electrospray-ionisation (ESI) is a method of choice 

in developing bioanalytical techniques in the quantification of targeted metabolites in 

biological samples offering high sensitivity and selectivity (Xiao, Zhou, & Ressom, 2012). ESI 

is a soft ionisation technique commonly used for medium to high polar analytes with low 

molecular weight <1500 ("Mass Spectrometry Fundamentals -Theory," 2016; Xiao et al., 

2012). UPLC assist in good separation of analytes before MS, alleviating matrix interference 

consequently improving MS sensitivity and signal reproducibility. Fragmentation is achieved 

by Collision-Induced-Dissociation (CID) in triple quadrupole (QqQ) instrument. This is again 

considered as a reference tool for quantification of small molecules due to its sensitivity and 

specificity, also using multiple reaction monitoring (MRM), even for detecting low levels of 

metabolites (Xiao et al., 2012).  

This chapter discusses a specific, sensitive and validated analytical method developed by 

adopting the HPLC method into UPLC-MS/MS system for the targeted quantification of C. 

asiatica major triterpenes simultaneously along with chlorogenic acid. 

 

5.2 MATERIALS AND METHODS 
 
5.2.1 PLANT MATERIALS 
 
C. asiatica plant samples were obtained from a cultivated plot of a home garden in Auckland, 

New Zealand and harvested in August, the last month of the winter in New Zealand.  

 

5.2.2 CHEMICALS 
 
Methanol (HPLC grade), Acetonitrile (HPLC grade), Ethanol (HPLC grade), Formic acid 

(99%), and chlorogenic acid were purchased from Sigma Aldrich, New Zealand. Triterpene 

standards were obtained from AK Scientific, USA. Pure water was used from Millipore 18.2 

water system.  
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5.2.3 AUTHENTICATION OF PLANT MATERIALS AND SAMPLE PREPARATION 
 

Authentication and the sample preparation were done in the same procedure as described in 

chapter 4.2.3.  

 

5. 2.4 EXTRACTION OF BIOACTIVE COMPOUNDS 
 
Phytochemicals were extracted from the plant matrix by ultrasound assisted extraction as 

described in detail under the section 4.2.6.3 of Chapter 4. 

 

5.2.6 LIQUID CHROMATOGRAPHY TANDEM MASS SPECTROMETRY 
 
Followed by HPLC analysis as previously discussed, a multiple reaction monitoring (MRM) 

based UHPLC-ESI-MS/MS method was developed to confirm further and to enable more 

specific and sensitive determination of major saponins and sapogenins together with 

chlorogenic acid. A 1290 Infinity II UHPLC Agilent with 6400 Series triple quadrupole (QqQ) 

mass spectrometer system equipped with electrospray ionisation (ESI) source in positive ion 

mode was used (Agilent Technologies, Inc. 5301 Stevens Creek Blvd. Santa Clara, CA, USA). 

Chromatographic separations were performed employing a C18 100 x 2.1 mm, 1.7μm column 

(ThermoFisher Scientific, MA, USA). Solvent A and B were 0.1% formic acid in water and 

0.1% formic acid in acetonitrile, respectively. Later 1mM ammonium acetate was added to 

solvent A to facilitate ammonium adduct formation. A flow rate of 0.4 mL/ min, with 10µl 

injection volume, was applied with a gradient elution profile: 90% A for 2 minutes and 

subsequently ramped to 90% B at 22 minutes, followed by a 5-minute hold at 90% B before a 

rapid return to 90% A over 1 minute and re-equilibrated for 4 minutes. The optimised operating 

parameters of the ESI (+)-UHPLC-MS/MS were as follows: capillary voltage was set at 3500 

V, sheath gas and drying gas temperature at 250 °C, the gas flow rates at 11 L/min. Agilent 

MassHunter software was used for data acquisition and data analysis.  
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5.2.7 OPTIMISED CONDITIONS FOR ION SOURCE PARAMETERS AND FRAGMENTATION 
 
 Mass spectra were collected in the negative and positive ion modes initially in the scan range 

of m/z 100-1200. Standard compounds at 20 µg/mL concentration were injected as a mixture 

and as single compounds.  Base peak intensities of protonated, sodiated and ammoniated 

cations were checked for all the compounds to determine the principle precursor ions detected, 

using Masshunter Quantitative Analysis software (Agilent Technologies). Product ion scan 

was performed with different collision energies (5-30V), for selected precursor ions to optimise 

the fragmentation. An MRM method was developed with chosen fragmentation monitoring as 

qualifier and quantifier ions for targeted quantification of five compounds in C. asiatica 

ultrasound assisted leaf extract.  

 

5.2.8 CHROMATOGRAPHIC METHOD VALIDATION 
 
The analytical method was validated in accordance with the International conference on 

Harmonisation (ICH) guidelines (ICH 2005) and EU guidelines (EU, 2018; ICH, 2005). The 

validation parameters are described below. 

 

5.2.8.1 SELECTIVITY AND CONFIRMATION OF IDENTITY  
 
A combination of both LC separation and MS detection ensured the selectivity and the identity 

confirmation of the compounds. This was achieved by comparative assessment of LC peak 

separation, and retention times as well as spiking the standards and observing the change in the 

signal.  

Specific identification of compounds was assured by monitoring unique ion fragmentations, 

confirmed by the assigned qualifier and the quantifier ions. It was further confirmed by the 

positive results from samples, with comparison of the retention times and ion fragmentations 
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of standard reference compounds, coupled with negative results from the blank samples 

(methanol) not containing the analytes. 

 

5. 2.8.2 LINEARITY, LINEAR RANGE AND SENSITIVITY 
 
The linearity of the calibration curves was obtained by injecting ten concentrations of standard 

mixtures in triplicate in the range of; 0.5-5 µg/mL for Chlorogenic acid, 1-10 µg/mL for 

madicassoside and asiaticoside and 0.01-1µg/mL for madicassic acid and asiatic acid. The 

range was selected considering the linearity and covering the range between 70-130% 

concentration of compounds in the diluted test samples of C.asiatica extracts. Sensitivity is the 

relationship between the analyte signal and the concentration. Sensitivity was estimated by the 

change in the response divided by the corresponding change in the stimulus which is the 

gradient of the calibration function. Sensitivity is not an essential parameter to be evaluated in 

method validation.  However, it offers information about the instrument signal, so that is useful 

in method optimisation. 

 

5.2.8.3 PRECISION 
 
The repeatability and the intermediate precision were assessed by intra-day (in 3 hr intervals) 

and inter-day determinations of ten concentrations of standard mixtures and three 

concentrations of test compound in triplicate.  

 

5.2.8.3 ACCURACY  
 
Three concentration levels of the sample were spiked with known concentrations of the 

analytes, within the range of the calibration curve. The accuracy was assessed as the percent 

recovery of the analyte concentration measured.  
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5.2.8.5 LIMIT OF DETECTION (LOD) AND LIMIT OF QUANTITATION (LOQ) 
 
LOD and LOQ were determined based on the equations: LOD=3.3σ/S and LOQ=10σ/S, 

respectively, where σ is the residual standard deviation of a regression line and S is the slope 

of the calibration curve. 

 

5.2.9 STANDARDS AND WORKING SOLUTIONS  
              
Individual stock solutions of each target analyte were prepared at 1 mg/mL concentration and 

stored at −20 °C. The intermediate stock standards were prepared depending on the required 

dilution of each standard in methanol.  Working standard mixtures were freshly prepared by 

mixing appropriate quantities of individual intermediate stock solutions, and serial dilutions. 

 
5.3. RESULTS AND DISCUSSION 
 
5.3.2 METHOD DEVELOPMENT FOR LIQUID CHROMATOGRAPHY TANDEM MASS 
SPECTROMETRY 
 
Developed UHPLC-ESI tandem mass spectroscopic method with multiple ion monitoring, 

enabled more specific identification as well as accurate and sensitive quantification of these 

triterpenes, along with chlorogenic acid. Similar mobile phases to those for HPLC were used 

in UHPLC as well, however, two additives were added; formic acid to facilitate efficient 

ionisation in positive mode ESI adjusting pH, and ammonium acetate to produce required 

adduct ions for more intense and stable signals (Kostiainen & Kauppila, 2009). Based on initial 

full-scan mass spectrum, it was observed that the triterpenoids predominantly formed sodium 

([M+Na] +) and ammonium ([M+NH4] +) adduct ions in positive ion polarity. However, 

sodiated precursor ions were highly stable and resulted in poor fragmentation, so that the 

ammoniated precursor ions were chosen as parent ions for madicassoside (m/z 992.3), 

asiaticoside (m/z 976.4), madicassic acid (m/z 522) and asiatic acid (m/z 506). Use of 

ammonium adduct as a precursor ion has been reported for these pentacyclic triterpenes in 
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previous work as well (Gajbhiye, Makasana, Saha, Patel, & Jat, 2016; Rafamantanana et al., 

2009). As described by Habicht, Vinueza, Archibold, Duan, and Kenttämaa (2008) analytes 

with less basic functionalities, such as carboxylic acids and alcohols, predominantly form 

ammoniated adducts and this can be enhanced by adding buffered solutions. Adding 1mM 

ammonium acetate in mobile phase A increased the intensity of the peaks corresponding to 

[M+NH4] + adduct ions of triterpenes, and further, assured the reproducibility of the data. As 

chlorogenic acid readily formed protonated molecule, [M+H] + at m/z 355 was chosen as the 

precursor ion for chlorogenic acid.  

Electrospray ionised ammonium adduct and proton adduct precursor ions were fragmented in 

positive ion polarity with different collision energies by a triple-quadrupole mass analyser. The 

MRM transitions were monitored with selected product ions as quantifier and qualifier ions to 

increase the analytical fidelity (Table 5.1). The product ion with the highest intensity was 

selected for quantification, whereas the second most intense product ion was used for 

qualification.  

Quantification of asiatic acid was achieved using MRM transitions; 506 ® 407 and 506®187, 

where the first transition should be due to loss of -COOH-3H2O. Asiatic acid structure is 

characterised with attached carbonyl and hydroxyl groups to the ring structure; with two 

hydroxyl groups at 2nd and 3rd carbon of the ring structure, a hydroxymethyl group at the 4th 

carbon and carboxyl group at the 17th carbon as shown in the Figure 5.2. The proposed 

fragmentation mechanisms are illustrated in the Figure 5.3. The product ion at m/z 407 was 

formed by neutral losses of three water molecules and the carboxyl group (-COOH-3H2O). 

Similar to the flavonoids and their derivatives, terpenoids also show Retro-Diels-Alder (RDA) 

reactions, a type of charge retention fragmentation mechanism results in fragment ions with 

the charge located at the site identical to its precursor ion (Demarque, Crotti, Vessecchi, Lopes, 

& Lopes, 2016). Accordingly, the double bond at C-12 and C-13 underwent a pericyclic 
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transition resulting RDA fragmentation reactions in Q3 dissociation of the product ion at m/z 

407 yielding two fragments one at m/z 187 with higher abundance (Figure 5.3). Madecassic 

acid formed product ions at m/z 451 and 405 by neutral loss of four water molecules 

corresponding to four hydroxyl groups at C-2, C3, C-6 and C-26 and -COOH-4H2O 

respectively. The structures of respective glycosides of these two sapogenins, asiaticoside and 

madecassoside, possess trisaccharide group with the molecular formula of C18H32O15 

attached to C-28 carbon at the carboxyl group (COO-glc (1-6)glc (1-4)rha), consequently 

showing typical loss of terminal glucose units in fragmentation pathways. Asiaticoside formed 

product ions at m/z 634 and 454 characterising the loss of -glc-rha-H2O and -glc-rha-glc-H2O 

respectively.  

Chlorogenic acids comprise a group of compounds with many structural isomers of which the 

most common one present in the nature been 5-O-caffeoylquinic acid (5-CQA), commonly 

known as chlorogenic acid.  This was used as the standard in optimising MS/MS-MRM 

conditions due to its reported presence in C. asiatica extracts.  Structure of this mono-

caffeoylquinic acid is composed of quinic acid linked to caffeic acid via an ester bond. Presence 

of multiple OH groups in the structure leads to ready ionisation of this in positive ion mode. 

The dissociation of the chosen protonated molecule in initial scan as the precursor ion resulted 

MRM transitions at m/z 163 and 145. Resulted base peak at m/z 163 may be due to the loss of 

one water molecule from the dissociated caffeic acid portion (m/z 181) of the precursor 

molecule. Subsequent loss of a water molecule may have resulted the fragment at m/z 145. The 

proposed fragmentation pathway is given in the Figure 5.3. Willems et al. (2016) have also 

reported the same fragmentation mechanism for 5-O-caffeoylquinic acid in positive ion mode. 



 112 Figure 5. 3  Proposed fragmentation mechanisms of quantified compounds 
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Table 5. 1 Optimised fragment ions, collision energies and retention times under positive 

MRM mode 

 
Analyte Formula Exact 

molecular 

mass 

Precursor 

ion 

Product ions 

(Quantifier 

and qualifier) 

Collision 

energy 

Retention 

time (min) 

Cholorogenic 

acid 

C16H18O9 

 

354.3093 

 

355 163 5 2.674 

145 30 

Madicassoside C48H78O20 

 

975.1228 

 

992.3 451 30 3.819 

309 30 

Asiaticoside C48H78O19 

 

959.123 

 

976.4 635 15 4.11 

453 30 

Madicassic acid C30H48O6 

 

504.699 

 

522 451 10 7.528 

405 20 

Asiatic acid C30H48O5 

 

488.7 

 

506 407 20 9.409 

187 30 

 

 
5.3.3 CHROMATOGRAPHIC METHOD VALIDATION 
 
5.3.3.1 SELECTIVITY AND CONFIRMATION OF IDENTITY  
 

A high selectivity was achieved by combining both LC separation and MS detection, in this 

developed method. The identity confirmation of the assessed analytes in the sample was 

initially achieved by comparing the retention times and the shapes of the chromatographic 

peaks with those of the same of pure standards (Figure 5.4). In addition, spiking the sample 

matrix with the reference standards and observation of the increased intensities of the signals 

also supported the confirmation of analyte identity. UHPLC system enabled well separated 

peaks of four triterpenes and chlorogenic acids matching with the standards retention times 

within the tolerant limit of deviation less than 0.1 min and also showing good resolutions with 

Rs > 2  (EU, 2018) as calculated by following equation. 

 



 114 
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#"# − #"$

0.85(*#/$&'()# +*#/$&'()$)
 

 

MS detector selectivity enabled more specific identity confirmation through comparison of 

fragmentation patterns and monitoring qualifier and quantifier ion transitions. Since one 

precursor ion and two product ions were used for each compound, a total of four (4) 

identification points were earned by this LC-MS/MS method for each analyte complying with 

the standards set by 2002/6578/EC ("European Commission Decision 2002/657/EC 

implementing Council Directive 96/23/EC concerning the performance of analytical methods 

and the interpretation of results," 2002). The same instrument and the operating mode within 

the same analysis batch was used for the reference spectra as well as for the samples. 

Differences of sample and reference ion ratios of the monitored two transitions of each analyte 

were well within the tolerance limits with confirmation of SANTE/SANCO rules and 

2002/657/EC limits (Kruve et al., 2015a, 2015b).  

 

Figure 5. 4 TIC chromatogram for MRM method of four triterpene standards (10 µg/mL) in 

positive ion mode: CA-Chlorogenic acid; MS-Madecassoside; AS-Asiaticoside; MA-

Madicassic acid; AA- Asiatic acid

MS 

AS 

MA AA 

CA 
CA - Chlorogenic acid 
MS – Madicassoside 
AS- Asiaticoside 
MA- Madicassic acid 
AA – Asiatic acid 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 5. 5 TIE (Total Ion Extracted) chromatogram and qualifier and quantifier fragment chromatograms of madecassoside 



5.3.3.2 LINEARITY, LINEAR RANGE AND SENSITIVITY 
 
The linearity of the calibration curves was evaluated by using ten (10) concentrations of 

standards multiple times. The calibration curves were linear when examined by visual 

evaluation approach which was further confirmed by regression analysis and calculating the 

residuals. The plot of residuals indicated that they are randomly scattered so that 

homoscedasticity is fulfilled.   The calibration curves and the residual plots for one compound 

(asiaticoside) is shown in Figure 5.6. The other plots are given in the appendix 2. The linear 

ranges and the sensitivity for all the analytes estimated by this method are given in Table 5.2 

 

 

 

Figure 5. 6 a: Calibration curve for asiticoside b: Plot of residuals for asiaticoside  
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5.3.3.4 PRECISION 
 
Precision was evaluated by repeatability (within a day in three-hour intervals) and intermediate 

precision (through two months period) based on ten standard concentrations and three sample 

measurements. Repeatability was expressed in terms of absolute standard deviation and relative 

standard deviation (RSD) calculated by measurements taken within one day, using following 

equations: 

S = #∑ (&! − &"#$%)&%
!'(

) − 1  

 

+,- = ,
&"#$%

 

Where:  

S – standard deviation 

N – number of measurements made 

Xi – each measurement result 

Xmean – mean value of the measurement result 

 

The RSD of the repeated measurements; were less than 20% complying with the acceptance 

criteria of SANTE/SANCO and EU directive 2002/657/EC (Kruve et al., 2015a). The values 

are given in the Table 5.2.  

The intermediate precision was calculated based on repeated measurement in several days 

taken as a pooled standard deviation (Spooled) which is calculated by the following equations: 

 

,)**+#, = #()( − 1),(
& + ()& − 1),&& +⋯+ ()- − 1),-&
)( + )& +⋯)- − 0
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& + ,&& +⋯+ ,-&
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+,-)**+#, = #()( − 1)+,-(
& + ()& − 1)+,-&& +⋯+ ()- − 1)+,--&

)( + )& +⋯)- − 0
 

 

Where: 

k= number of samples 

S1, S2 etc. – sample standard deviations 

n1, n2 etc – number of measurements made for different samples 

RSD1, RSD2 etc. – within group standard deviation 

 

The intermediate precision of this method is at an acceptable limit since the values for RSD 

were less than 20%. 

 

5.3.3.5 LIMIT OF DETECTION (LOD) AND LIMIT OF QUANTITATION (LOQ) 
 
The LOD and the LOQ values calculated based on the calibration curves obtained from 

standards are presented in the table 5.2 below. 

 

5.4 QUANTIFICATION OF TARGETED BIOACTIVE COMPOUNDS BY THE DEVELOPED METHOD 
 
The estimated amounts of the target compounds quantified using the developed method are 

given in Table 5.3 below. Average percentages of quantified bioactive compounds in a C. 

asiatica sample found in New Zealand is given in the Table 5.4.  

The major triterpenes of C. asiatica have been reported in literature by a number of research 

studies from several other countries in the world.  



Table 5. 2 The regression analysis for examining the linearity, LOQ and LOD and percentage RSD values for repeatability and intermediate 

precision 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Parameter Chlorogenic acid Madicassic acid Asiaticoside Madicassic acid Asiatic acid 

Linearity range (µg/mL) 0.5 - 5 1-9 1-10 0.1-1 0.15 - 5 

Coefficient of correlation 0.998 0.994 0.992 0.984 0.984 

Confidence limit of the slope 0.992 – 1.025 0.974-1.032 0.939 -1.004 0.962 - 1.056 216.427 - 216.427 

P value for slope 3.047E-43 4.38E-33 2.66E-31 1.77E-29 3.61E-12 

SE of slope 0.008 0.014 0.016 0.023 8.618 

Confidence limit for intercept -0.021- 078 -0.152 - 0.159 -0.057 -0.045 - 0.011 -3.302 - 78.64 

P value for intercept 0.256 0.962 0.151 0.237 0.068 

LOD (µg/mL) 0.079 0.250 0.338 0.045 0.264 

LOQ (µg/mL) 0.240 0.757 1.026 0.136 0.799 

Precision RSD % (inter-day) 1.83 2.37 3.12 3.95 10.29 

Precision RSD % (inter-day) 12.01 

 

1.41 

 

1.76 7.48 11.18 
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Table 5. 3 Quantified amounts of bioactive compounds present in ultrasound assisted 

methanolic and ethanolic extracts of C. asiatica (extracted from winter harvested samples) 

estimated by developed ULPC-ESI-MRM tandem mass spectrometric method 

Bioactive 

compound  

 Quantity (mg/g) (n = 9)  

Methanolic extract RSD Ethanolic extract RSD 

Chlorogenic acid 3.98 ± 0.25 6.38% 0.47 ± 0.26 5.39% 

Madicassoside 14.27 ± 1.19 8.38% 1.18 ± 0.09 7.70% 

Asiaticoside 52.30 ± 3.92 7.50% 5.96 ± 0.33 5.47% 

Madicassic acid 1.51 ± 0.04 2.91% 0.20 ± 0.05 2.47% 

Asiatic acid 1.11 ± 0.39 3.49% 0.30 ± 0.04 14.41% 

 
 
Table 5. 4 Percentage quantities of estimated bioactive compounds in C. asiatica sample 

 
Chlorogenic acid 

 
Madicassoside 

 
Asiaticoside Madicassic acid Asiatic acid 

Percentage in dry weight basis 
 

0.4% ± 0.03 
 

 
1.43% ± 0.13 

 

 
5.2% ± 0.39 

 
0.15% ± 0.004 

 
0.11% ± 0.04 

 
 

The results revealed that triterpene glycoside asiaticoside is the most prominent compound in 

C. asiatica samples analysed (Table 5.4) in this study. The literature shows that C. asiatica 

plants collected from various geographical regions and locations in different countries such as 

India, Madagascar, Malaysia, Sri Lanka, Andaman Islands and South Africa have yielded 

concentrations of asiaticoside ranging from 0.006 to 6.42% of dry weight (Long et al., 2012). 

Further, asiaticoside content of samples from Central Nepal has varied from 0.24 – 8.13% 

(Devkota, Dall'Acqua, Comai, Innocenti, & Jha, 2010) and from 1.47-3.26% in the samples 

found in New South Wales, Australia (Alqahtani et al., 2015). Long et al. (2012) reported 
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variation of asiaticoside content from 0.75-2.06% in samples collected from different locations 

of South Africa. In all these South African samples, the main triterpenoid saponins had been 

asiaticoside and madecassoside, with much smaller amounts of their respective aglycones, 

asiatic acid and madecassic acid. C. asiatica samples in different ecotypes of in India had 

yielded 0.006–0.114% dry weight of asiaticoside (A. Das & Mallick, 1991); in Madagascar, 

2.67–6.42% dry weight (Randriamampionona et al., 2007) and 1.63–2.0% using a validated 

method (M. H. Rafamantanana et al., 2009); in Sri Lanka 0.15% (B. Schaneberg, Mikell, Bedir, 

Khan, & Nachname, 2003); Malaysia 0.79–1.15% (Aziz et al., 2007); South India and the 

Andaman Islands 0.02–1.70% (Thomas et al., 2010) and 4.52 -5.23% in South Africa (James, 

Meyer, & Dubery, 2008).  

Asiaticoside is frequently used as a marker compound in quality control of C. asiatica samples 

(S.-J. Liu et al., 2010). Asiaticoside usually co-occurs with madecassoside which is structurally 

related to aisaticoside. In this study madicassoside was estimated the next abundant compound 

while aglycones were present in comparatively lesser amounts. A study conducted in New 

south Wales, Australia, located in geographically closer proximity to Auckland, New Zealand 

and sharing fairly a similar climatic conditions especially in terms of seasonal variation 

patterns, reported comparable amounts of the targeted bioactive compounds in the current 

study (Alqahtani et al., 2015).The plant samples used in this targeted quantification study was 

harvested in mid-April.  The triterpene contents and chlorogenic acid from April harvested 

samples from this Australian study reported 1.47 ± 0.07 mg/g of madicassic acid, 15.3 ± 0.49 

mg/g madicassoside, 2.49 ± 0.12 mg/g asiatic acid, 23.1 ± 0.07 mg/g asiaticoside, and 0.38 ± 

0.03 mg/g chlorogenic acid. Comparatively, aglycones are present in lesser quantities and 

glycosides, and chlorogenic acids are present in higher quantities in the C. asiatica samples 

used in the current study.  
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Most of studies used HPLC as the analytical technique and only few had reported validated 

methods (Alqahtani et al., 2015; M. H. Rafamantanana et al., 2009). Shen et al. (2009) has 

developed a LC-MS method for identification and quantification of the same triterpenes except 

madicassic acid. They have used MS conditions only to confirm the identity of the compounds, 

while the quantity determination was based on liquid chromatography with external standard 

calibration.  The literature reports only one study similar to the analytical conditions of the 

current study, which is also based on multiple reaction monitoring quantification (Gajbhiye, 

Makasana, Saha, Patel, & Jat, 2016). However, this study does not report the estimated values 

for application of the method to quantify bioactive compounds in the plant samples.  

 

5.4. CONCLUSION 
 

The developed and validated UHPLC-ESI-MS-MS method based on multiple reaction 

monitoring mode enables a sensitive and precise estimation of major triterpenes in C. asiatica 

together with chlorogenic acid, in a shorter time. This method can be successfully used to 

quantify these bioactive compounds in C. asiatica crude materials, herbal preparations and 

drug preparations. Further, it also would able to be used to determine the same compounds in 

other biological sample matrices such as plasma, crediting to the potential minimisation of the 

matrix effect.  

This study reports the analysis and quantification of the bioactive compounds; chlorogenic 

acid, madicassoside, asiaticoside, madicassic acid and asiatic acid, in C. asiatica plant samples 

collected in Aucklnad, New Zealand, for the first time. Since this geographical location is with 

a unique environmental and climatic conditions compared to the locations of the similar 

previous studies, the findings of this study will contribute to the information on chemotype 

variation of Centella asiatica plant which is known as having a potential neuroprotective 

phytochemicals.  
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CHAPTER 6 
UNTARGETED IDENTIFICATION OF BIOACTIVE COMPOUNDS FROM CENTELLA 

ASIATICA BY QEXACTIVE ORBITRAP HIGH RESOLUTION TANDEM MASS 

SPECTROCETRY AND GAS CHROMATOGRAPHY -MASS SPRCTROMETRY 
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6.1 INTRODUCTION 
 
Plant secondary metabolites produced due to the diverse physiological changes in plants play 

an important role in regulating the interactions between the plant and its environment, and in 

providing the therapeutic effects in medicinal plants.  

Centella asiatica plant comprises of diverse of phytochemicals or secondary metabolites 

including; mainly terpenoids (monoterpenes, diterpenes, sesquiterpenes and triterpenes), 

polyphenols (flavonoids, caffeoylquinic acids, tannins), carotenoids and other minor 

constituents such as alkaloids, according to the studies published in different locations in the 

world mostly in Asian countries such as China, India, Indonesia, Malaysia, Japan and Sri Lanka 

(Z. Y. Jiang et al., 2005; Matsuda et al., 2001c; Rumalla et al., 2010; Shukla et al., 2000; B. 

Singh & Rastogi, 1969; Yu et al., 2007). 

 

It is evident that the reported composition of phytochemicals may vary depending on the 

geographical location, climatic conditions and the varietal differences as well as the extraction 

techniques and the analytical methods used. The chemotype variations due to origin and growth 

conditions have been reported in the production of these metabolites (Azerad, 2016). Variances 

in essential oil composition are also reported in studies conducted in different geographical 

locations such as Nepal and South Africa (Devkota et al., 2010; O. A. Oyedeji & A. J. 

Afolayan, 2005). Triterpenoids, one major group of compounds in C. asiatica, are a large group 

of diverse compounds, and studies on their biosynthesis have shown that the end products of 

the pathway can result in thousands of distinct triterpene metabolites (Gershenzon & Kreis, 

1999).  

The leaf transcriptome of C. asiatica has been published and it provides a detailed map of the 

genes involved in the synthesis of secondary metabolites (Sangwan, Tripathi, Singh, Narnoliya, 

& Sangwan, 2013). However, the gene expressions can be altered due to variances in 
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environmental factors, thus the pathways of production of secondary metabolites and their 

regulation may also highly susceptible to variability. Even in the same plant species, the 

adaptations in plant morphology, anatomy and physiological functions as a result of biotic and 

abiotic environmental changes may influence the production and accumulation of secondary 

metabolites (Y. Li, Kong, Fu, Sussman, & Wu, 2020).  

Many comprehensive reviews have compiled the reported phytochemicals of C. asiatica herb 

in diverse locations (Bandara et al., 2011; Brinkhaus et al., 2000; Gray et al., 2018). However, 

no single research found in the literature has comprehensively characterised the total 

phytochemical profile of this plant in one study including both the liquid and volatile fractions. 

Further, as mentioned above most of the studies published are from locations in Asia and Africa 

except one conducted in Australia (Alqahtani et al., 2015) which also has only focused on the 

investigation of few triterpenes and flavonoids.  

The current study investigated the total phytochemical profile of C. asiatica grown in New 

Zealand, with relatively different environmental conditions and geographical variants. 

Untargeted identification approach based on UHPLC-Q-Exactive Orbitrap HRMS (Ultra High-

Resolution Liquid Chromatography Q-Exactive Orbitrap High Resolution Mass Spectroscopy) 

was applied to profile the liquid fraction extracted using ultrasound assisted method described 

in the previous chapters (Chapter 4; section 4.2.6.3).   

Untargeted metabolomics attempt simultaneous identification of a large quantity of metabolites 

using the scanning mode of mass spectroscopy to identify all detected peaks above the noise 

threshold. The Q-Exactive hybrid quadrupole-orbitrap mass spectrometer used in the present 

study combines high-performance quadrupole precursor selection with high-resolution, 

accurate-mass (HR/AM) Orbitrap detection. It offers a high-resolution power with mass 

resolution up to 140,000 at m/z 200, as well as UHPLC capable up to 18,000 psi. Further, the 

steam distilled volatile fraction was characterised by GC-MS (Gas Chromatography- Mass 
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Spectrometry), backed by literature data and calculated Kováte indices for more accurate 

identification. 

A comprehensive chemical profile of C. asiatica liquid and volatile fractions is presented in 

this chapter. 

 

6.2 MATERIALS AND METHODS 
 
6.2.1 PLANT MATERIALS 
 
C. asiatica plant samples were obtained from a cultivated plot of a home garden in Auckland, 

New Zealand as described in Chapter 4.2.1.  

 

6.2.2 CHEMICALS 
 
All the chemicals were the same as in the previous experiments given under the methodology 

section 5.2.2 of Chapter 5.  

 

6.2.3 SAMPLE PREPARATION 
 
Sample preparation was done in the same procedure as described in chapter 4.2.3. 

 

6. 2.4 EXTRACTION OF BIOACTIVE COMPOUNDS 
 
Liquid fraction was extracted by ultrasound assisted extraction as described in detail under the 

section 4.2.6.3 of Chapter 4. 

 

Extraction of C. asiatica leaf volatile fraction or the essential oils was carried out using steam 

distillation.  Briefly, the apparatus was set on a hot plate as illustrated in Figure 6.1 with 160 g 

of fresh C. asiatica fresh leaves placed in the upper flask (filling flask) and 2 L of water in the 

bottom flask for steam generation. The water vapor produced by the boiling water passes 
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through the leaves to carry the essential oils to the condenser and, subsequently, to the collector. 

The process was carried out until no further increase in the essential oil collected, which 

occurred after around 90 minutes. The collected oil was dried with anhydrous sodium sulfate 

to remove any water present and dissolved in hexane before injection.  

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. 1 Steam distillation apparatus used in extraction of volatile fraction of C. asiatica 

leaves 

6.2.3 TANDEM MASS SPECTROMETRY FOR CHARACTERISATION OF THE LIQUID FRACTION 
 
 
The samples were analysed by UHPLC-MS; an Accela 1250 coupled with a Q-Exactive 

Orbitrap, mass spectrometry system (Thermo Fisher Scientific, Auckland, New Zealand) 

operating in heated electrospray ionisation (ESI) mode. The column and the samples were 

maintained at the temperatures of 30 and 4 oC. A 5 μL sample volume was injected. The 

chromatographic separations were performed employing a Syncronis C18, 100 x 2.1 mm, 

Electric  
hot plate 

Collector 

Condenser  

Boiling flask 

Filling flask 
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1.7μm column (Thermo Fisher Scientific, Auckland, New Zealand). This method was 

developed based on the HPLC-DAD conditions used in previous analysis as described in 

Chapter 4.  Solvent A and B were 0.1% formic acid in water and 0.1% formic acid in 

acetonitrile, respectively. A flow rate of 0.44 mL/min was applied with a gradient elution 

profile of 90% A for 2 minutes and subsequently ramped to 90% B for 22 minutes, followed 

by a 5-minute hold at 90% B before a rapid return to 90% A over 1 minute and re-equilibrated 

for 4 minutes. Samples were analysed consecutively in positive ion mode with the Top 5 MS2 

taken. The isolation window was 2.0 m/z and the normalised collision energy (NCE) was set 

at 30, 60 and 90, with the composite spectrum resulting. Dynamic exclusion of 10 seconds with 

an apex trigger of 3 to 8 seconds was applied. Centroid MS scans were acquired in the mass 

range of 200 – 1500 m/z using the orbitrap mass spectrometer with mass resolution of 35,000 

(FWHM as defined at m/z 200), under the following settings: AGC 1 e6, IT 100 ms, sheath gas 

50, aux gas 13, sweep gas 3, spray voltage 3.5 kV, capillary temperature 263 o C, S-lens RF 

50.0 and a heater temperature 425 o C. Mass calibration was performed before each analytical 

batch using an instrument manufacturer defined calibration mixture. 

The spectral analysis was carried out by Xcalibur software version XCal 4.1SP1 (Thermo 

Fisher Scientific, Auckland, New Zealand). Exact finder and SIEVE searches were primarily 

carried out in peak identification and also supported with searching other online libraries such 

as Beijing Honghui Meditech, BioBlocks Inc., EU-OpenScreen, Donohoe Group, Oxford, 

DISMA, NIST, NIST chemistry web book, Plant metabolic network etc. 

 

6.2.4 GAS CHROMATOGRAPHY MASS SPECTROMETRY FOR THE VOLATILE FRACTION 
 

The essential oil fraction was analysed using the Agilent 7890A GC coupled with 5977A mass 

spectrometer detector (MSD) with an electron impact ionisation source. The separation was 

achieved by Restek Rxi-5ms column with the dimensions of 30m x 0.25mm x 0.25µm (Restek, 
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Bellefonte, Pennsylvania, United States). The inlet temperature was set at 250 °C and the 

sample (1 µl)  was injected in pulsed split mode with a split ratio of 10:1. The initial column 

temperature  was  held at 45 °C for 5 minutes and then ramped at 3 °C/min to 220 °C and then 

ramped at 10  °C/min to 250 for 5 minutes.  MSD transfer line was held at 250 °C, ion source 

at 230 °C and the quad at 150 °C. The data was acquired in 71.33 minutes with 2.15 minutes 

solvent delay in the mass range 30-600 Da. n-Alkanes were run at the same condition for the 

determination of Kováts indices. 

Analysis of acquired data was performed by Agilent Masshunter Unknown Analysis software 

(Agilent Technologies, Inc, Santa Clara, CA, USA). Constituents of the oil were identified by 

comparison of their mass spectral patterns with the National Institute of Standards and 

Technology (NIST) Mass Spectral Library and Human Metabolic Data Base (HMDB) as well 

as confirming the correspondence of the calculated retention Kováts indices, with those values 

published in literature data (Adams, 2012). These compounds were further confirmed with 

available literature records (Babushok, Linstrom, & Zenkevich, 2011). 

 

6.3 RESULTS AND DISCUSSION 
 
6.3.1 CHARACTERISATION OF THE LIQUID FRACTION 
 
The mass spectral data obtained by UHPLC-Q-Exactive orbitrap tandem mass spectra provided 

accurate full MS and MS/MS fragments with high sensitivity and precision. The elemental 

composition of unknown compounds and their MSn fragments were calculated by accurate 

high-resolution mass measurements. One example of MS2 spectrum for Centellasaponin A is 

given in Figure 6.2 and the total ion chromatogram (TIC) of C.asiatica extract is shown in 

Figure 6.3. The compounds were deduced by comparing the mass spectral patterns with 

literature data and their collision induced dissociation pathways. The peaks were annotated 

with less than 2 ppm error level of accuracy.  
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The compound list tentatively assigned is given in the Table 6.1 with the molecular formula, 

delta ppm, retention time and MS2 fragments.  

 

Figure 6. 2 Extracted MS spectrum for Centellasaponin A  

 

Figure 6. 3 MS2 spectrum for Centellasaponin A
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Figure 6. 4 Total Extract Chromatogram of C. asiatica UAE methanolic extract ( ´ 200 dilution) 
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Table 6. 1 Phytochemical constituents detected and characterised in C. asiatica leaf liquid extract in positive ion mode 

Peak 
No. TR  

m/z 
(M+H)  

 
Molecular 
formula  

Error 
(ppm) 

Compound name 
(Tentatively assigned) Mass fragments (MS2)  

CC 

1 5.022 355.1024 C16H18O9 0.17 Chlorogenic acid (3-O-Caffeoylquinic acid)   135.0439 (100), 163.0387 (70), 117.0336 (50) CQA 

2 6.12 473.2022 C22H32O11 0.92 Eugenol rutinoside 213.2493(100),473.2 OTR 

3 6.715 303.0499 C15H10O7 -0.17 Quercetin 303.0497(100), 80.0501(34), 305.1568(33) FLV 

4 6.716 479.0823 C21H18O13 0.67 Miquelianin (Quercetin 3-O-glucuronide) 303.0497 (100), 479.0826 (8), 85.0295(5) FLV 

5 6.719 301.0343 C15H8O7 0.16 
Emodic acid (4,5,7-trihydroxy-9,10-dioxo-

2-anthracenecarboxylic acid) 
269.0803 (20)192.9615(100),210.9720(54) OTR 

6 6.964 269.1749 C16H12O4 0.48 
Formononetin (7-hydroxy-3-(4-

methoxyphenyl)-4H-chromen-4-one) 
192.9615 (100),210.9720(54),148.9717 (42) FLV 

7 7.225 449.1073 C21H20O11 -1.22 Astragalin 471.0903(100), 309.0381(9), 185.0425(4) FLV 

8 7.244 517.1356 C25H24O12 1.08 
Isochlorogenic acid A (3,5-

Dicaffeoylquinic acid) 
319.0817 (100), 337.0918 (15) CQA 

9 7.244 499.1232 C25H22O11 -0.53  Elenoside (β-D-glucoside) 229.0497(100), 275.0551(50), 257.0444(9) OTR 

10 7.286 463.0874 C21H18O12 0.83 Kaempferol-3-glucuronide 287.0547(100), 288.0582(16), 85.0289(6) FLV 

11 7.287 465.0929 C21H20O12 1.95 Isoquercetin 303.0498(100), 304.0531(19), 85.0278(11) FLV 

12 7.292 287.0544 C15H10O6 -2.12 Kaempferol (3,4′,5,7-tetrahydroxyflavone) 287.0548(100), 285.0756(46), 286.0789 (37) FLV 

13 7.655 251.1643 C15H22O3 0.33 Xanthoxin  OTR 

14 7.984 957.5053 C48H76O19 -0.05 Amaranthussaponin I 793.4369(100), 635.4154(92), 617.4048(91) TER 

Table 6.1 (continued) 
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Peak 
No. TR  

m/z 
(M+H)  

 
Molecular 
formula  

Error 
(ppm) 

Compound name 
(Tentatively assigned) Mass fragments (MS2)  

CC 

15 8.192 957.5069 C48H76O19 -0.99 Centellasaponin I 439.3509(100), 501.1554(90), 795.4464(81) TER 

16 8.193 795.4516 C42H66O14 -1.15 Spinasaponin A 457.3682(100), 439.3576(63), 615.3897(40) TER 

17 8.196 487.3416 C30H46O5 0.40 Quillaic acid 487.3369(100), 441.3321(65), 423.3249(19) TER 

18 8.196 651.4095 C36H58O10 -1.24 Bayogenin 3-O-β-D-glucopyranoside 89.0602 (100), 91.0578 (76), 59.0611(68) TER 

19 8.196 649.3943 C40H56O7 0.45 
3alpha-O-trans-Feruloyl-2alpha-

hydroxy-12-ursen-28-oic acid 
649.4104(100), 631.3999(68), 175.0395(9)  

TER 
20 8.196 975.5152 C48H78O20 -0.76 Madicassoside 811.4480(100), 487.3423(84), 505.3529(43) TER 

21 8.196 829.4571 C42H68O16 0.23 Centellasaponin B 811.4480(100), 487.3423(84), 505.3529(43) TER 

22 8.197 633.3991 C36H56O9 -0.92 
3-O-(beta-D-Glucopyranuronosyl) 

oleanolic acid (calenduloside E) 
615.3897(100), 457.3682(77), 439.3576(80) TER 

23 8.197 811.4465 C42H66O15 0.16 

(Spinasaponin B) 3-O-[b-D-

Glucopyranosyl-(1/03)-b-D-

glucuronopyranoside] 

479.4374(100), 473.3631(81), 455.3525 (69) TER 

24 8.197 615.3885 C36H54O8 -1.02 Asiatic acid triacetate  TER 

25 8.197 433.3093 C29H52O2 -1.78 Gamma-Sitosterol monohydrate 81.0705(100), 67.0549(95), 55.0550(85) OTR 

26 8.221 423.0916 C19H18O11 -1.28 Mangiferin 261.0393(100), 262.0428 (12), 187.0393 (7) OTR 

 
 
Table 6.1 (continued) 
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Peak 
No. TR  

m/z 
(M+H) 

 
Molecular 
formula  

Error 
(ppm) 

Compound name 
(Tentatively assigned) Mass fragmens (MS2)  

CC 

27 8.231 441.1025 C19H21O12 -0.55 
3-O-Malonyl-5-O-E-caffeoylquinic 

acid 
441.1039(100), CQA 

28 8.263 469.3313 C30H44O4 0.06 
16beta-16-Hydroxy-3-oxo-1,12-

oleanadien-28-oic acid 
451.3207(100), 469.3312(53), 433.3101(33) TER 

29 8.389 281.0811 C17H12O4 0.89 Acetoxyisoflavone 281.0814(100), 119.0497(23), 263.0708(11) FLV 

30 8.643 797.4680 C42H68O14 -0.19 Bacopaside N1 437.3424(100), 455.3527(52), 189.1649(42) TER 

31 8.643 959.5213 C48H78O19 0.34 Centellasaponin A 959.5199(100), 453.3359(48), 309.1146(39) TER 

32 8.714 493.0989 C22H20O13 1.80 8-Hydroxyluteolin 4'-methyl ether 8-
glucuronide 

317.0661(100), 287.0556(23), 301.0348(13) FLV 

33 9.002 635.4162 C36H58O9 0.07 Soyasapogenol B 3-O-b-D-
glucuronide 

437.34353 9100), 391.3378 9(69), 419.333(64)  

TER 
34 9.243 1105.5779 C54H88O23 0.04 Medinoside E 1087.5689(100), 459.3838(90), 617.4053(82) TER 

35 9.244 959.5220 C48H78O19 -0.46 Asiaticoside  TER 

36 9.244 471.3468 C30H46O4 -0.13 
Glycyrrhetic Acid (Uralenic 

acid/Enoxolone) 
189.1617 (100), 149.0971(99), 121.0994 (92) TER 

37 9.244 425.3411 C29H44O2 -0.69 (22E)-Stigmasta-4,22-diene-3,6-dione 425.3420(100), 407.3314(34), 383.2950 (10) OTR 

38 9.244 652.4115 C45H78O2 0.19 Palmitoylstigmasterol 635.5767(100), 237.2218(9), 393.3521(7) PTR 

39 9.245 443.3516 C29H46O3 -0.79 Camellenodiol 425.3420(100), 443.3525(84), 407.3314(7) TER 

Table 6.1 (Continued) 
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Peak 
No. TR m/z 

(M+H) 

 
Molecular 
formula  

Error 
(ppm) 

Compound name 
(Tentatively assigned) Mass fragments (MS2)  

CC 

40 9.248 205.1585 C14H20O -0.80 2,2-Dimethyl-6-chromenecarboxylic acid  205.0865(100), 163.0395(23), 161.0966(22) OTR 

41 10.35 457.1125 C23H20O10 -0.89 Epicatechin 3-O-(4-methylgallate) 139.0395(100), 457.1135(82), 273.0763(29) FLV 

42 11.479 943.5266 C48H78O18 0.50 Asiaticoside D  TER 

43 11.487 437.3414 C30H44O2 -0.09 Demethylphylloquinone 409.3465(100), 105.0335(57), 265.2890(48) OTR 

44 11.487 455.3520 C30H46O3 -0.03 Ursonic acid 409.3470(100), 437.3420(63), 455.3525(45) TER 

45 11.504 415.2324 C29H50O -0.50 beta Sitosterol 415.153(100), 81.106(75), 108.99(68) OTR 

46 11.84 235.1692 C15H22O2 -0.04 Rishitinol (Phytoalexin) 217.1592(100), 235.1698(55), 199.1487(43) OTR 

47 13.473 505.3551 C30H48O6 -0.46 Madicassic acid 469.3312(100), 487.3417(60), 441.3363(47) TER 

48 13.836 387.1799 C22H26O6 -0.76 Gingerenone B 137.0603(100), 387.18.08(75), 193.0865(60) TER 

49 14.421 489.3573 C30H48O5 -0.25 Asiatic acid/Centellasapogenol A 57.0706(100), 93.0703(34), 89.0602(33) TER 

50 14.423 453.3363 C30H44O3 -0.04 3-Oxo-12,18-ursadien-28-oic acid 451.3212(100), 405.3157(40), 433.3107(6) TER 

51 14.767 497.3109 C27H44O8 -0.04 
(3b,16b,20R)-Pregn-5-ene-3,16,20-triol 3-

glucoside 
317.2475(100), 479.3003(97), 461.2898(60) OTR 

52 14.767 353.2685 C21H36O4 -0.49 10-Gingediol 353.2692(100), 335.2586(93), 317.2481(80) OTR 

53 16.898 521.3429 C30H48O7 -0.74 Cucurbitacin P 445.3 (100), 503.2(27), 427.3(25) TER 

54 16.91 515.3217 C32H50O5 0.55 
3β-acetoxy-2α-hydroxyurs-12-ene-28-oic 

acid 
282.2810(100), 505.3296(27), 506.3304(18) TER 

Table 6.1 (Continued) 
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Peak 
No. TR  

m/z 
(M+H)  

 
Molecular 
formula  

Error 
(ppm) 

Compound name 
(Tentatively assigned) Mass fragments (MS2)  

CC 

55 17.935 595.2567 C27H30O15 -0.85 Kaempferol-3-rutinoside 303.0495(100), 287.0546(54), 85.0289(17) FLV 

56 17.994 279.1599 C16H22O4 -0.43 Emmotin A  TER 

57 18.317 359.2003 C25H26O2 -0.70 Diprenylisoflavone  FLV 

58 18.317 341.1901 C20H20O5 -1.28 6-Prenylnaringenin 119.0515(100), 219.0689(58), FLV 

59 18.318 429.2784 C24H28O7 -1.02 Heteroflavanone B 429.1908(100), 397.1647(22), 411.1802(20), FLV 

60 18.323 257.1535 C17H20O2 -0.57 Falcarindione 257.1542(100), 239.1436(78), 111.1174(68) OTR 

61 18.929 295.2267 C18H30O3 -0.33 Hydroxy octadecatrienoic acid 277.215(100) OTR 

62 19.157 269.2474 C17H32O2 -0.49 2,4-Heptadecanedione 251.2369(100), 211.2056(98), 269.2475(65) OTR 

63 22.291 465.3783 C28H48O5 -0.56 2-Deoxybrassinolide 101.0966(100), 345.2430(90), 429.3369(73) TER 

64 23.282 565.4042 C40H52O2 0.38 Alloxanthin 564.4359 (100), 91.0633(100), 105.0809(96) TER 

65 23.782 519.1388 C30H46O7 0.65 2,3,19-Trihydroxyolean-12-ene-23,28-dioic acid 483.3110(100), 455.3161(55), 473.3267(33) TER 

66 23.914 337.3115 C20H32O4 4.13 
(14S)-14,15-Dihydroxy-8(17),13(16)-labdadien-

19-oic acid 
301.2168(100), 319.2273(99), 229.1956(84) TER 

67 24.384 593.2775 C34H40O9 -0.07 Scortocinone F 564 (100), 495 (21), 437 (50) TER 

68 25.124 813.4629 C42H68O15 0.17 Asiaticoside E  TER 

69 26.1 601.4247 C40H56O4 -0.65 Neoxanthin 565.4040(100), 413.2839(95), 431.2945(94) OTR 

TR – Retention time; CC- Compound class; CAQ- Caffeoylquinic acid; FLV – Flavonoids; TER- Terpenoids; OTR – Other (phytosterols, 
xanthine, quinones, phytoalexins)



 
 

Based on the Q-Exactive orbitrap HRMS data, 69 compounds were identified in the extract. 

Library searches, comparison of mass fragment patterns and confirmation by comparing with 

the possible target compounds in the published literature enabled the positive identification of 

these compounds.  

The identified compounds were mainly comprised of terpenoids, predominantly triterpene 

saponins. Few sesquiterpenes and monoterpenes were also present in the extract. A detailed 

description of the identified compounds in different compound classes is given below. 

 

6.3.1.1 TERPENOIDS (TER) 
 
Terpenoids are the major class of chemical constituents present in C. asiatcia according to 

literature. This was evident in the current study as well identifying 34 terpenoids in the liquid 

fraction. (James & Dubery, 2009) and (Azerad, 2016) has well reviewed the reported 

pentacyclic triterpene saponins which is the major subclass of terpenoids present in this plant. 

As previously mentioned in Chapter 2, basic structure of these sapogenins are derived from 

ursane and oleane subtypes, divided according to the methyl substitution patterns on C-19 and 

C-20. Further, the position of the double bond; C12-C13, C13-C18 or C20-C21 has given more 

diversity to these triterpenes, in addition to hydroxylation and glycosylation at various 

positions. Glycosylation often has introduced mono- and oligosaccharides at functional 

substitutes, such as carboxylic acid group, of different positions of the ring. Terpenes are 

biosynthetically built up from isoprene units having the basic structure of C5H8 so that the basic 

molecular formulae of terpenes are multiples of C5H8 (Gershenzon & Kreis, 1999).  Most of 

these are cyclic and diverse structures are observed due to the various ways of combining C5 

units, with subclasses of; hemiterpenes (C5), monoterpenes (C10), sesquiterpenes (C15), 

sesterterpenes (C25), triterpenes (C30), carotenoids (C40) and polyterpenes with long chains 

of isoprene units (Gershenzon & Kreis, 1999). 



 
 

The structural diversity has arisen from the complexity of terpene biosynthetic pathway. 

Gershenzon and Kreis (1999) has described this in detail and the whole pathway can be simply 

divided in to four major steps. The first step is the formation of isoprene unit isopentenyl 

diphosphate. Two pathways describe this biosynthesis; mevalonic acid and 1-deoxyxylulose. 

This is followed by association of isoprenoid units to form backbone, then cyclisation and 

finally occurrence of interrelationships, hydroxylation and oxidations leading to formation of 

individual terpenoids. As shown in the Figure 6.5 diverse structural triterpenes will be resulted 

depending on the following steps with Oxidosqualene cyclase (OSC) and α/b-amyrin synthases 

(α/b-AS) enzymes involved.  

 

Figure 6. 5 A simplified scheme of triterpenoid biosynthesis in C.asiatica (adapted from 

(James & Dubery, 2009).  



 
 

The diversity of the terpenes found in different origins and chemotypes of C. asiatica may have 

been resulted because of the above process and other variabilities due to environmental 

conditions.  

The basic structures and their variation of a few of the triterpenes in C. asiatica identified and 

confirmed by the literature are shown in Figure 6.6 and Table 6.2. Azerad (2016) has mentioned 

that about 40 triterpenoid compounds of C. asiatica have been reported, however, indicated 

that there exist duplicate names and contradictory findings. These triterpenes are also known 

to have several isomers and the duplication of names and contradictions may be because of 

that.  

In addition to triterpenes given in Table 6.2, twenty-five (25) other terpenoids were 

provisionally identified in the current study as listed in the Table 6.1 making the total up to 36 

terpenoids. Table 6.2 details the previously reported triterpenes, which have also been 

identified in this study providing information on their ring substitution, the hydroxylation 

positions, the position(s) of double bond(s), and the structure of the glycosyl moiety. 

 

 

Figure 6. 6 Basic structures of C.asiatica centelloids: ursane family (A) and oleane family 
(B)  



 
 

(R1, R2, R3 = H or OH, R4 = H or oligosaccharides; S1, S2). Adapted from (Azerad, 2016) 

Table 6. 2 Previously reported triterpenes in C. asiatica identified in the current study and 

their structural descriptions 

 (No) Name  
Double bond 

position  
Subtype R1 R2 R3 R4 Ref 

(15) Centellasaponin I D5-6 and D12-13 Oleane -OH -OH -H -S1 1 

(20) Madicassoside D12-13 Ursane -OH -OH -OH  -S1 2,3 

(21) Centellasaponin B D12-13 Ursane -OH -OH -OH -S2  3,4 

(31) Centellasaponin A D12-18 Oleane -OH -OH -H -S1 5, 6, 7 

(35) Asiaticoside D12-13 Ursane -OH -OH -H -S1 2,3 

(42) Asiaticoside D D12-13 Ursane -OH -H -H -S1 8 

(47) Madicassic acid D12-13 Ursane -OH -OH -OH  -H 2,9 

(49) Asiatic acid D12-13 Ursane -OH -OH -H -OH 2 

(68) Asiaticoside E D12-13 Ursane -OH -OH -H -S2 10,4 

 

Ref: 1- (Shao et al., 2014); 2 - (B. Singh & Rastogi, 1969);  3- (Matsuda, Morikawa, Ueda, & 

Yoshikawa, 2001b); 4- (X.-X. Weng et al., 2012); 5- (X. Weng, Chen, Shao, & Kong, 2011); 6- 

(Matsuda, Morikawa, Ueda, & Yoshikawa, 2001a); 7- (X. Zheng & X. Lu, 2011); 8- (Z. Y. Jiang 

et al., 2005); 9- (Rumalla et al., 2010); 10- (Kuroda, Mimaki, Harada, Sakagami, & Sashida, 2001) 

 

 

 

 

 

 



 
 

6.3.1.2 FLAVONOIDS (FLV) 
 
Besides the triterpenoid group of compounds, flavonoid compounds included the second major 

group of constituents with 14 compounds positively assigned. Table 6.3 presents previously 

reported flavonoid compounds (06) in C. asiatica among the identified flavonoids and details 

of their structural differences in relation to the basic flavonoid structure (Figure 6.7). 

 

 
 
 

 
 
 

Figure 6. 7 Basic chemical structure of flavonoids 

 

Table 6. 3 Previously reported flavonoids in C. asiatica identified in the current study and their 

structural descriptions 

(No) Name  Subgroup -OH Other groups 

(3) Quercetin Flavonol 3, 5, 7, 4¢,5¢ - 

(4) Miquelianin  

(Quercetin 3-O-glucuronide) 

Flavonol 
glucuronide 
 

5,7, 4¢, 5¢ 
Glucuronic acid at C3 

position 

(7) Astragalin Flavonoid glycoside 5, 7, 4¢  
Carbohydrate moiety at 

C3 position 

(10) Kaempferol-3 glucuronide 
 
Flavonoid glycosides 
 

5, 7, 4¢ 
Glucuronic acid at C3 

position 

(11) Isoquercetin Flavonoid glycosides 5,7, 4¢, 5¢ 
Carbohydrate moiety at 

C3 position 

(12) Kaempferol  Flavonol 3, 5, 7, 4¢ - 

 
 



 
 

6.3.1.2 CAFFEOYLQUINIC ACID (CQA) 
 
Long et al. (2012) have reported the presence of eight (08) CQA derivatives, together with four 

major triterpenes, in C. asiatica extracts collected from different locations in South Africa, 

extracted with acetonitrile and water as solvents. Maulidiani, Abas, Khatib, Shaari, and Lajis 

(2014) reported six (06) CQA compounds in aqueous ethanolic extract of C. asiatica in 

Malaysia. Nora E. Gray et al. (2014) investigated the water extracts of C. asiatica and identified 

eight (08) CQAs. Three (03) caffeoylquinic acids; Chlorogenic acid (3-O-Caffeoylquinic acid), 

Isochlorogenic acid A (3,5-Dicaffeoylquinic acid) and 3-O-Malonyl-5-O-E-caffeoylquinic 

acid were identified in the present study. All these three have been previously reported in afore 

mentioned studies. Further, it was observed that same m/z value corresponding to the most 

common caffeoylquinic acid, chlorogenic acid repeatedly occurred at retention times of 4.17, 

5.02 and 7.41 minutes. Three isomers have been reported for this CQA with same mass and 

the fragment ions which were proposed in two previously mentioned studies (N. E. Gray et al., 

2014; Maulidiani et al., 2014). However, one study analysing the fragmentation patterns of 

these three implied, that it is possible to distinguish among three isomers based on MS/MS 

fragment pattern and intensities (Willems et al., 2016).  

 

6.3.1.2 OTHER PHYTOCHEMICALS (OTR) 
 
Among all the assigned compounds, fifteen (15) compounds do not come under above three 

groups. These include phytosterols, xanthines, quinones, phytoalexins etc. Among these, 

phytosterols (sitosterol and stigmasterol) have been previously reported in C. asiatica but not 

the other compounds (Gray et al., 2018).  

 

 

 



 
 

6.3.1 CHARACTERISATION OF THE VOLATILE FRACTION 
 
Steam distillation of 160g of C. asiatica fresh leaves for 90 minutes produced around 500 µl 

of essential oil. The GC-MS analysis characterised this volatile fraction revealing the 

phytochemical profile of C. asiatica leaves grown in New Zealand. The most prominent 

constituent identified was sesquiterpenes complying with the previously published literature 

(Devkota et al., 2013; S. C. Francis & Thomas, 2016; O. A. Oyedeji & A. J. Afolayan, 2005). 

Table 6.4 presents the chemical composition of essential oil obtained by steam distilled C. 

asiatica leaves.  

Table 6. 4 Essential oil composition of C. asiatica volatile fraction  

Peak No Compound name 
Kováte 

Retention 
Index 

Comparative 
Percentage 

Composition 
1 γ-Terpinene 1060.19 0.24 
2 4-Carene 1087.05 0.16 
3 γ-Elemene 1336.34 0.23 
4 α-Copaene 1373.70 0.24 
5 β-Elemen 1391.43 21.20 
6 Caryophyllene 1415.48 0.64 
7 Valencene 1426.43 0.20 
8 α-Humulen 1450.45 0.39 
9 (Z)-β-Farnesene 1459.87 17.43 
10 β-Chamigren 1473.65 0.29 
11 β-Cubebene 1479.30 17.44 
12 β-Selinene 1482.96 0.69 
13 Elixene 1493.22 5.06 
14 δ-Guaiene 1503.20 22.50 
15 α-Muurolene 1511.02 0.15 
16 δ-Cadinene 1521.12 0.87 
17 Globulol 1564.12 0.31 
18 3-Hexenyl, benzoate, (Z)- 1569.24 0.90 
19 Spathulenol 1574.03 0.45 

 
 



 
 

Table 6.4 continued 
 

Peak No Compound name 
Kováte 

Retention 
Index 

Comparative 
Percentage 

Composition 
20 γ-Himachalene 1580.27 0.52 

21 Isopropy dimethyl-
hexahydronaphthalene 1587.09 0.29 

22 Guaiol 1590.02 0.27 
23 β-Eudesmol 1597.92 0.20 
24 Juniper camphor 1609.17 0.15 
25 Cubenol 1625.90 0.14 
26 Isospathulenol 1635.58 0.18 
27 α -Cadinol 1639.69 0.49 
28 β-Guaiene 1644.12 0.16 
29 Germacrone 1647.48 0.25 
30 Eudesm-7(11)-en-4-ol 1651.71 1.08 
31 Alloaromadendrene oxide-(2) 1664.52 0.16 
32 Virudoflorine 1682.65 0.25 
33 β-Guaiene 1686.06 0.16 
34 Ledene alcohol 1717.39 0.26 
35 Coronopilin 1731.38 0.36 
36 Falcarinol 1839.21 3.77 
37 Phytol 1864.71 0.13 
38 Cadalenol 1980.93 0.21 

 

The most abundant group of compounds were sesquiterpenes which is in agreement with the 

previously mentioned studies. However, the composition of the sesquiterpenes varied. The 

predominant compounds found in the current study were δ-Guaiene (22.5%), β-Elemen 

(21.2%), β-Farnesene (17.43%) and β-Cubebene (17.44%). In a previous study O. A. Oyedeji 

and A. J. Afolayan (2005) reported α-Humulene (21.06%), β-caryophyllene (19.08%), 

bicyclogermacrene (11.22%), germacrene B (6.29%), and myrcene (6.55%) as the predominant 

constitutes of C. asiatica leaves grown in South Africa extracted using Clevenger apparatus. 

Another study characterised the C. asiatica plants from different habitats in Nepal reported the 



 
 

diversity of the composition due to the habitat variability and γ-caryophyllene (9.24-32.3%), 

β-caryophyllene (7.5–24.2%), β-farnesene (1.7–18.89%), α-humulene (0.05–17.09%) as 

predominant essential oils, emphasising the importance of the geographic and climatic 

conditions for the production of essential oils of C. asiatica. Further, S. C. Francis and Thomas 

(2016) have reported P‐Cymene‐(44%) as the predominant compound in a study using C. 

asiatica grown in India, extracted by Clevenger apparatus. A similar study using steam 

distillation to extract essential oils  has revealed β-caryophyllene (26.8%), α-humulene (33.7%) 

and germacrene-D (10.0%) as the most abundant constituents (Wong & Tan, 1994). Figure 6.8 

below shows the spectra for α-Copaene and Figure 6.9 shows the Total Extraction 

Chromatogram (TIC) of the essential oil fraction. 

 

 

 
 

 

 

 

Figure 6. 8 MS2 Spectra of α-Copaene: A- Spectrum extracted from the GC-MS TIC 

chromatogram; B- Spectrum from NIST Chemical Library 
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Figure 6. 9 TIC chromatogram of C. asiatica volatile fraction 
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6.4 CONCLUSION 
 
Generally, two major analytical platforms are used in the identification of untargeted 

compounds present in natural extracts. One is Nuclear magnetic resonance (NMR), which is a 

powerful structure elucidation technique, however, in simultaneous analysis of large number 

of metabolites it has some restrictions. The second platform is high resolution chromatographic 

separation techniques coupled to accurate tandem mass spectrometry (LC-MS/MS) which is 

predominantly used in untargeted identification of compounds (Blaženović, Kind, Ji, & Fiehn, 

2018).  

The current study used the second technique to profile C. asiatica liquid extract. Good physical 

separation of peaks was achieved by UHPLC and confident prediction and annotation of 

compounds were achieved with high resolution tandem mass spectrometric data based on 

database search and mass spectral pattern comparison.  For this PubChem, ChemSpider, 

MassBank, MoNA (Mass bank of North America), HMDB (Human Metabolomic Data Base), 

UNDP (Universal Natural Product Database), METLIN and mzCloud were used mainly while 

referring to other individually published studies when relevant.  

The investigation of total phytochemical profile of Centella asiatica ultrasonic assisted 

extracted methanolic liquid fraction enabled positive identification and tentative assignment of 

69 phytochemicals including 34 terpenoids, 14 flavonoids, 03 caffeoylquinic acids and 16 

compounds belong to other phytochemical groups especially phytosterols. Among these, 36 

compounds have been previously reported in C. asiatica in different studies according to the 

published literature (Azerad, 2016; Brinkhaus et al., 2000; Gray et al., 2018) while 33 

compounds have reported for the first time. The annotations were done with a reasonable level 

of confidence, however, further confirmation by structure elucidation will be needed to confirm 

these results unambiguously.  
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Characterisation of the steam distilled volatile fraction revealed a different chemical 

composition of essential oil fraction of C. asiatica than reported previously; even though most 

of the compounds present were qualitatively similar the proportions varied.  

This study reports for the first time the total and comprehensive chemical profiling of 

phytochemicals in C. asiatica variety grown in New Zealand which is characterised by a 

different geographical location and climatic conditions than those reported in previous studies. 

It will contribute in providing an insight in to possible chemo-typic variations due to the 

variables in biotic and abiotic environment. 
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CHAPTER 7 
 CENTELLA ASIATICA AS A POTENTIAL NEUROPROTECTANCT – INVESTIGATION 

OF ITS BIOACTIVITIES; ACETYLCHOLINE ESTERASE INHIBITION, b- AMYLOID 

AGGREGATION INHIBITION AND ANTIOXIDANT POTENTIAL 
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7.1 INTRODUCTION 
 
Centella asiatica (Gotu kola) is a herbal plant commonly used as a green leafy vegetable in a 

variety of cuisine, and also been used as a medicinal herb due to its well-known health benefits 

in traditional societies over the world. Brinkhaus et al. (2000) has indicated that it is highly 

valued for its use as a medicinal herb since prehistoric times and they have stated that “Centella 

asiatica is located at the interface between traditional and modern scientifically oriented 

medicine”. This plant has been used in Ayurvedic, Unani and folk medicine in India, Sri Lanka 

and South East Asian countries over centuries. Furthermore, it has reported uses in traditional 

African medicine, traditional Chinese medicine as well as in the folk medicine by the Yaegl 

Aboriginal community in Australia (Jahan et al., 2012; Packer et al., 2012).  

 

C. asiatica is considered as having multifunctional roles and a potential “cure-all herb” which 

has been used in Ayurveda tradition for thousands of years to treat mild and chronic diseases 

(A. J. Das, 2011; Gohil et al., 2010). The literature reports diverse pharmacological activities 

of this plant, such as neuroprotective, nerve regenerative, immunomodulatory, anti-depressive, 

memory enhancing, gastroprotective, cardioprotective, radioprotective, anti-cancer, 

antimicrobial, wound healing, anti-inflammatory, antidiabetic, and antioxidative properties 

(Bandara et al., 2011; Brinkhaus et al., 2000; A. J. Das, 2011; Jahan et al., 2012; Roy et al., 

2013; Zheng & Qin, 2007b).  

 

C. asiatica is particularly recognised for its use as a memory enhancer and nerve revitaliser in 

traditional medicinal systems and in folk botanical remedies (Orhan, 2012; Seevaratnam et al., 

2012).  The Committee on Herbal Medicinal Products of European Medicines Agency (2010) 

has reported various herbal preparations of alcoholic or aqueous extracts, as well as refined 

and purified extracts of C. asiatica used as commercial products in several European countries. 
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Both externally (powder, cream and ointment) and internally (tablet, tonic) used cosmetic, and 

medicinal preparations based on C. asiatica are authorised in Europe since 1969 while food 

supplements are also available in few countries (European Medicines Agency, 2010). 

 This use may be closely associated with its neuroprotective effect and indicates the potential 

of its bioactives to cure neurodegenerative diseases such as Alzheimer's disease (AD), senile 

dementia and Parkinson's disease which are common in ageing societies, such as those found 

especially in the developed countries.  

AD is the most prevailing type of dementia which is characterised by neuronal loss or 

degeneration (particularly cholinergic neurons), neurotransmitter depletion and synaptic 

dysfunction (Silva, Reis, Teixeira, & Borges, 2014). Further, the aggregation and deposition 

of insoluble Amyloid b peptide (Ab) in senile plaques and the formation of intracellular 

neurofibrillary tangles mark the pathological features of AD (Lao et al., 2019). These 

pathological conditions are accountable for the symptoms develop in AD patients comprising 

gradual and subtle cognitive deficit and memory impairment leading to total incapacitation at 

the advanced stages. Alzheimer’s Disease International (ADI) has estimated that about 50 

million people are living with dementia globally while someone develops dementia every three 

seconds predicting this figure to increase up to 152 million by 2050 (Attitudes to dementia, 

2019).  
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Figure 7. 1The schematic diagram of the structure of AChE enzyme showing the active sites 

and the illustration of the neurochemical mechanism of AD and the role of cholinesterase 

inhibition to rectify the neurotransmission: ACh – Acetylcholine; AChR- Acetylcholine 

receptors  

 

Many hypotheses are proposed to explain the pathophysiology of AD as described previously 

in the Chapter 2 of this thesis, including the cholinergic hypothesis, amyloid hypothesis and 

oxidative stress hypothesis. These hypotheses offer different mechanisms for AD pathology 

thus the therapeutic strategies are designed accordingly. Amyloid hypothesis and cholinergic 

hypothesis are dominant among these, so they are the most researched hypotheses in terms of 

drug discovery. The first crystal structure of AChE was reported in 1991 which was purified 

from Torpedo californica (TcAChE) or Electric Eel (Sussman et al., 1991). It shows that a long 

and narrow active-site gorge has two distinct ligand binding sites, namely the catalytic site 
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(CAS), and the peripheral anionic site (PAS). The CAS, located near the bottom of the gorge, 

contains a catalytic triad and a key aromatic residue (Figure 7.1). PAS is rich in aromatic amino 

acids that help in ligand-binding. The catalytic site, peripheral binding site (PAS) and gorge 

are all targets for the design of novel AChE inhibitors by use of molecular docking simulations. 

Table 7.1 shows the target mechanisms and therapeutic strategies of three hypotheses focused 

in this study.  

 

Table 7. 1 Target mechanisms and therapeutic strategies in different AD hypotheses 

Hypothesis Target mechanism Therapeutic strategies 

Cholinergic hypothesis Enhancing Acetylcholine 

response  

Acetylcholine esterase 

inhibitors 

Amyloid b hypothesis Inhibition of Ab aggregation Ab aggregation inhibitors 

Oxidative stress hypothesis  Reduction of oxidative stress 

especially in the brain 

Antioxidants 

 

Currently, five approved drugs are used in AD therapy which were introduced during 1993-

2003 and no new drugs have been approved after that (Cacabelos, 2018).   

 

Four of these medications are classified together as cholinesterase inhibitors, which are first 

generation AD drugs; including tacrine, donepezil, rivastigmine, and galantamine. All these 

are for mild and moderate stage AD while donepezil also carries an approval for severe or late 

stage treatment. Tacrine was the first drug to be introduced, however it is rarely been prescribed 

due to the significant liver toxicity associated with it. The fifth AD drug, memantine, has a 

different mechanism of action and it opposes glutamate activity by blocking NMDA (N-

methyl-d-aspartate) receptors (Casey, Antimisiaris, & O'Brien, 2010). There are few 

controversies on the usage of current drugs in AD treatment. These drugs are reported to cause 
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side effects, including nausea, gastrointestinal upset, and diarrhea as most common and 

muscular weakness, syncope, and significant weight loss occasionally (Casey et al., 2010). 

These occur basically due to increase acetylcholine activity in the peripheral nervous system. 

On the other hand, current therapies treat only the symptoms but has no effect on the final 

outcome of the disease. Further, due to the multifactorial and complex etiology associated with 

this disease, drugs with single target mechanism will not be sufficient.  

The amyloid cascade hypothesis is another and the most widely accepted theory in the 

explanation of AD pathology. Aggregation of the Aβ monomer into oligomeric and larger 

insoluble aggregates has been observed in this disease (Churches et al., 2014).  

 

Figure 7. 2 Formation of amyloid structures: A. suggested steps of aggregate formation; B. 

phases of aggregation of Aβ related insoluble structures over time 
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Misfolding of the extracellular Aβ protein accumulated in senile plaques and the intracellular 

deposition of misfolded tau protein in neurofibrillary tangles cause memory loss and confusion, 

resulting in personality and cognitive decline over time (G. F. Chen et al., 2017).  

Accumulated Aβ peptide is the main component of senile plaques. Figure 7.2 illustrates the 

possible pathway of the production of these related oligomers, fibrils and complex aggregates. 

 

Since it is considered as a deleterious factor in AD, focusing on inhibiting amyloid aggregation 

is one of the current strategies aimed at identifying therapeutic lead compounds for AD 

(Velander et al., 2017). Epidemiological studies suggest that consumption of flavonoid and 

polyphenol rich diets such as the Mediterranean diet and curcumin rich South Asian diet, is 

beneficial against AD (Velander et al., 2017). Therapeutic leads based on natural products 

targeting at inhibition of amyloid aggregation has been researched in vitro, in vivo, in animal 

models and even in a limited number of clinical studies (Velander et al., 2017). Natural 

compounds belonging to the classes of phenolic compounds including flavonoids, 

anthraquinones, alkaloids, terpenes and steroids are reported to be not only having the potential 

of amyloid inhibition, but also other multiple beneficial effects against AD (Churches et al., 

2014; Velander et al., 2017).  

 

Natural products having a battery of phytochemicals with diverse chemical compounds have 

the potential of targeting multiple target pathomechanisms. Centella asiatica is a potential 

candidate with ethnopharmacological evidence in cognitive disorders in traditional medicine. 

Even though many multifunctional properties of this plant have been reported in literature, this 

study is mainly focused on neuroprotective activity of the plant. Numerous studies have 

explored neuroprotective, anti-depressive effects as well as cognitive enhancing performance 

of C. asiatica crude extracts and single or mixture of triterpenic preparations, (Jana, Sur, Maity, 



 157 

Debnath, & Bhattacharyya, 2010; Kumar, Prakash, & Dogra, 2011; Tabassum et al., 2013; Xu 

et al., 2012). In this study acetylcholine esterase inhibitory potential, anti-amyloid b 

aggregation potential and antioxidant potential of C. asiatica extract were investigated as 

summarised in the illustration (Figure 7.3). 

 

 

 

 
 
 
Figure 7. 3 Overview of the investigated bioactivity assays and their related AD pathology 

hypotheses 

 
AChE inhibitory activity was studied in silico based on molecular docking and in vitro using 

colorimetric method, while Aβ aggregation inhibition potential was screened by a novel in-

vitro cell-based assay, using bacterial inclusion bodies to simulate the amyloid aggregation in 

real time. 
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7.2 MATERIALS AND METHODS 
 

7.2.1 PLANT MATERIALS AND CHEMICALS  
 
C. asiatica plant samples were obtained from a cultivated plot of a home garden in Auckland, 

New Zealand as described in Chapter 4.2.1. All the chemicals were the same as in the previous 

experiments given under the methodology section 5.2.2 of Chapter 5 unless otherwise 

specified.  

 

7. 2.2 EXTRACTION OF BIOACTIVE COMPOUNDS 
 
Same procedure was followed in sample preparation and the extraction as described in the 

Chapter 4.  

 

7.2.3 IN VITRO ACETYLCHOLINE ESTERASE INHIBITORY ACTIVITY 
 
7.2.3.1 REAGENTS, MATERIALS AND EQUIPMENT 
 
The chemicals and equipment used in AChE inhibitory assay were: AChE enzyme from 

Electrophorus electricus (electric eel) and AChE from human erythrocytes; EC 3.1.1.7, Acetyl 

thiocholine iodide (ATCI), 5,5′ -dithiobis(2-nitrobenzoic acid) (DTNB), Trizmaâ base, 

Trizmaâ hydrochloride, , NaCl, MgCl2.6H2O and Physostigmine (Eserine ) were purchased 

from Sigma-Aldrich, Christchurch, New Zealand. Donepezil from AK Scienctific, Inc, Union 

City, CA, USA and, Bovine serum albumin (BSA), Galanthamine and Rivestigmine were from 

Abcam,Cambridge, UK.  96 well plates, clear, with flat bottom wells (Thermo Fisher, 

Auckland, New Zealand), and an EnSpire Multimode Reader (PerkinElmer, MA, USA) were 

used to measure the colour intensities. Milli-Q water was prepared using a Milli-Q water 

purification system (Millipore Corporation, Burlington, USA). 
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7.2.3.2 METHODOLOGY 
 
The AChE inhibition assay was performed based on Ellman’s colourimetric method (Ellman 

et al., 1961) with modifications to adapt it to the micro-well volumes. This method is based 

on measuring the colour intensity of yellow 5-thio 2-nirtobenzoic acid. The chemical 

principle of this assay is illustrated in the Figure 7.4 below.  

 

Figure 7. 4 Chemical principle of Ellman’s assay 

 

The enzyme hydrolyses the substrate ATCI resulting thiocholine and acetic acid. Thiocholine 

then reacts with added DTNB, leading to the development of a yellow color. The color 

intensity of the product is measured at 405 nm, and it is proportional to the enzyme activity.  

 

The detailed assay protocol is given below. 

PREPARATION OF SOLUTIONS AND REAGENTS 
 
Buffer solutions – Three buffers were made in this experiment in order to maintain the pH 

which is very important for the reproducibility of the results. Buffer A is made from Trizma 

Base and Trizma HCl by blending in the needed ratios to get pH of 8 at room temperature 15-



 160 

20 0C. The correct pH was ensured using a calibrated pH meter which was important to 

optimum activity of the enzyme as well as the stability of the rest results. 1 L of 50 mM (0.05 

M) buffer A was prepared. Required amount of BSA was dissolved in buffer A to prepare 0.1 

% BSA in 50 mM tris buffer which is buffer B. Buffer C was prepared by dissolving NaCl (0.1 

M) and MgCl2 (0.02 M) in buffer A. 

Enzyme solution- The stock solution of AChE enzyme from Electrophorus electricus (electric 

eel) was prepared by dissolving the lyophilised powder (8.2 mg, 245 unit/mg) in 4 mL buffer 

B (500 U/mL) and stored in -80 0C. The stock solution was diluted as needed to get enzyme 

activity of 0.22 U/mL. When human AChE enzyme was used 0.4 U/mL enzyme activity was 

taken for the reaction.  

ATCI /ATChI/ Asch – 15 mM solution was prepared by dissolving the white powder in pure 

water. When the substrate concentrations were changed in kinetic studies this was diluted with 

pure water as required. 

DTNB – 3 mM solution was prepared by dissolving the yellow powder in buffer C.  

Sodium dodecyl sulphate (SDS) - 2% SDS solution was prepared by dissolving the white 

powder in buffer A.  

Eserine (physostigmine) - Inhibitor was used as a positive control or the reference. 1 mM stock 

solution was prepared by dissolving Eserine in buffer A. 100 μM intermediate solution was 

then prepared and further, 2 μM solution, 1 μM solution, 0.5 μM solution, 0.25 μM, 0.1 μM, 

0.05 μM and 0.01μM solutions were prepared to include the reported IC50 value (concentration 

of test sample that inhibits 50% of AChE) of eserine (Fatima et al., 2008; Turan-Zitouni et al., 

2013). 

Samples – known inhibitors (eserine, donepezil, galanthamine) and samples; C. asiatica 

methanol extract, ethanol extract, water extract as well as major triterpenic compounds and 
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mixtures were tested as test samples. Methanol or buffer A was taken as the blank depending 

on the test sample solution.  

 

ACHE INHIBITORY ASSAY PROCEDURE 
 
The test samples, enzyme and buffer A were added to the micro-wells at volumes of 25 μL, 25 

μL and 50 μL, and incubated for 10 mins at 37 0C temperature. Then 100 μL of DTNB was 

added into each well. The absorbance was measured by a microplate reader (EnSpire, 

PerkinElmer, MA, USA) at 405 nm as the initial reading (A1). Then 25 μL of acetyl thiocholine 

iodide (ATCI) was added to initiate the reaction and again incubated for 30 mins at 37 oC. 

Incubation for 30 minutes is recommended after activating the reaction (Perry, Houghton, 

Theobald, Jenner, & Perry, 2000). The absorbance is measured as the final reading (A2). An 

aliquot of 25 μL of SDS was added to terminate the reaction (fixed time end point) if the 

measurement was delayed. 

Percent AChE inhibition by different samples was calculated using one of the following 

equations. The difference between the final and initial readings were taken as A (A = A2 – A1). 

!"ℎ$	&'ℎ()(*(+'	(%) = 0
!	(123'4) − !(637829)

!	(123'4)
: × 100 

      Or  

!"ℎ$	&'ℎ()(*(+'	(%) = 01 −
!(637829)
!	(123'4)

: × 100 

The inhibition of the samples at different concentrations was calculated and eserine was used 

as the positive control each time as a reference to ensure the accuracy and the stability of the 

test. Prior to the experiment with the test samples any inhibition due to the solvents which were 

used to extract and dissolve the samples was investigated. This was conducted for methanol, 

ethanol, DMSO, water and buffer A. Depending on the inhibition percentage IC50 values were 

further investigated for the total extract and the individual compounds. The IC50 values were 
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obtained from dose-effect curves generated through linear regression via SPSS statistical 

software version 26. Moreover, kinetics of inhibition was examined based on Lineweaver-Burk 

plots (Lineweaver & Burk, 1934) which is also called double reciprocal plots and Eadie-

Hofstee plots (Eadie, 1942; Hofstee, 1959). The rate of enzyme activity or the velocity was 

measured over time for 30 minutes (with shaking every one minute) in terms of rate of 

absorbance in order to calculate the enzyme kinetics. Assays were performed in six replicate 

and repeated twice.  

 

7.2.4 IN SILICO ACETYLCHOLINE ESTERASE INHIBITORY ACTIVITY 
 
Molecular modelling was performed to investigate the potential of major triterpenes of C. 

asiatica to form ligands with AChE enzyme, in comparison to the known AChE inhibitory 

drugs currently in use.   

The compounds were docked to the crystal structure of human acetylcholinesterase (PDB ID: 

4M0E, resolution 2.0 Å), which was obtained from the Protein Data Bank (PDB)(Berman et 

al., 2000; H. Berman, Henrick, & Nakamura, 2003) . The Scigress Ultra version 2.6 program 

(EU 3.1.7, Fujitsu Limited, 2008-2016) was used to prepare the crystal structures for docking; 

hydrogen atoms were added and the co-crystallised ligand was removed from protein as well 

as crystallographic water molecules. The Scigress software suite was also used to build the 

structures and they were optimised using the MM2 force field (Allinger, 1977). The centre of 

the binding was defined on the co-crystallised ligand with coordinates (x = -14.066, y = -

43.538, z = 23.734) with 10 Å radius.  Seven ligands were docked in the binding pocket of 

acetylcholinesterase. For the docking phase of molecular modelling, 100% efficiency was used 

in conjunction with fifty docking runs. The Gold Score (GS) (Jones, Willett, Glen, Leach, & 

Taylor, 1997), ChemScore (CS) (Eldridge, Murray, Auton, Paolini, & Mee, 1997; Verdonk, 

Cole, Hartshorn, Murray, & Taylor, 2003), Chem PLP (Piecewise Linear Potential) (Korb, 
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Stutzle, & Exner, 2009) and ASP (Astex Statistical Potential) (Mooij & Verdonk, 2005) scoring 

functions were implemented to validate the predicted binding modes and relative energies of 

the ligands using GOLD v5.2 software suite.  

The robustness of the protocol was tested by re-docking the co-crystallised ligand with these 

results, namely RMSD (root-mean-square deviation) GS – 0.444 Å, CS – 6.026 Å, PLP – 0.222 

Å and ASP – 0.376 Å, indicating the robustness of the procedure excluding CS.  

 

7.2.5 IN VIVO ANTI-AMYLOID AGGREGATION ACTIVITY 
 
The methodology adopted here was based on the in vivo cell-based method developed by a 

research group at the University of Barcelona, Spain (Espargaró et al., 2016) to track Aβ 

aggregation in real time, using bacteria as amyloid reservoir. The aggregation of Aβ peptides 

Aβ40 and Aβ42 are considered as the most prominent in AD. This method used a specific 

amyloid dye, Thioflavin-S (Th-S) to stain bacterial inclusion bodies (IBs), in this case, mainly 

formed by Aβ in amyloid conformation. When the dye, Th-S binds to amyloids, it results in an 

increment of fluorescence that can be monitored. The quantification of the Th-S fluorescence 

along the time-course allows tracking of Aβ aggregation and the effect of potential 

antiaggregating agents. The following flow diagram (Figure 7.5) illustrates the concept of this 

method.  

 

 

 

 

 

Figure 7. 5 Flow diagram showing the principle of the in vitro cell-based assay to estimate 

anti-amyloid activity 

Over expression of 
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Tracking amyloid aggregation 
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Screening of anti-amyloid 
capability 

Formation of 
insoluble protein 
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inclusion bodies (IBs) 
(IBs) 
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This method also facilitates quantitative studying of amyloid aggregation kinetics (Espargaró 

et al., 2016). However, in the current study only the screening test was applied to determine 

anti-amyloid aggregation potential of different extracts of C. asiatica and the major triterpenes.  

 

7.2.5.1 REAGENTS, MATERIALS AND EQUIPMENT 
 
All the general chemicals were purchased from Sigma-Aldrich unless otherwise specified. The 

standards used were similar to those mentioned in section 7.2.3 and additionally Apigenin was 

purchased from Sigma-Aldrich, Auckland, New Zealand. The plasmid  pET28a a bacterial 

expression vector carrying the DNA sequence for Aβ\40 and Aβ42 was a kindly provided  by 

Dr Raimon Sabate from the University of Barcelona, Spain. This experiment was carried out 

in the medicinal chemistry laboratory with Dr. Ivan Leung’s group so that the materials and 

chemicals for the bacterial media was from his laboratory. Following is the list of materials 

and chemicals used in this experiment: E. coli competent cells XL10 Gold (for amplification), 

E. coli competent cells BL21 (DE3), Super Optimal broth with Catabolite repression (SOC) 

medium, 2X YT medium and M9 minimal medium (containing salts Na2HPO4, KH2PO4 NaCl, 

NH4Cl, MgSO4, CaCl2, and 20% glucose, vitamin B1 and antibiotic kanamycin in pure water), 

Isopropyl 1-thio-β -D-galactopyranoside (IPTG), Thioflavin-S dye, Aβ40 (trifluoroacetic acid 

salt), 1,1,1,3,3,3-hexafluoro-2-propanol (HFIP), PBS buffer and DMSO, Tricine-SDS-PAGE 

(Tris-HCl pH 6.8, SDS, Bromophenol Blue, glycerol and β -mercaptoethanol). EnSpire 

Multimode Reader (PerkinElmer, MA, USA) which operates both in absorbance and 

florescence modes, optical fluorescence microscope Ti-E model (Nikon, Tokyo, Japan), 

NanoDropä 2000 spectrophotometer (Thermofisher Scientific, Auckland, New Zealand) and 

Thermomixer (Eppendorf, Hamburg,Germany) were used as instruments.  
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7.2.5.2 METHODOLOGY 
 
AMPLIFYING AND DNA SEQUENCING 
 
XL10 Gold Escherichia coli competent cells BL21 (DE3) were transformed with pET 28a 

vector carrying the DNA sequence of Aβ40 and Aβ42 (sterile Eppendorf tubes and pipette tips 

was used in each step of the experiment and everything was conducted under aseptic 

conditions). The competent cells were defrosted (previously stored at -800C) on ice. An aliquot 

of 1 μl (depending on DNA concentration: 1 μl of ligated DNA at a concentration of 0.1 ng/μl 

per 100 μl of competent cells) of plasmid DNA was mixed with 50 μl of cells in pre-cooled 

tubes and left on ice bath for 20 mins. An aliquot of 2 μl of plasmid solution was used here as 

the DNA concentration was not known. The mixture was heat shocked at 420 C for 45 s then it 

was immediately put on ice for 2 mins. An aliquot of 1 mL of SOC medium was added, mixed 

by gently tapping the end of the Eppendorf by finger, and then kept at 370 C for 30-45 minutes 

shaking at 250 rpm. SOC medium enables high efficiency transformation of the competent 

cells. After the required time taken for the outgrowth, the cells were spinned down to collect 

the pellet. An amount of 800 μl of the media was discarded, the cells were re-suspended and 

then plated onto LB agar plates. A sterile spreader was used to spread 100-200 μl of the culture 

approximately (≤ 200 μl) on agar plate with appropriate antibiotic (kanamycin). The plates 

were allowed to sit on the bench for several minutes to allow excess liquid to be absorbed, and 

then inverted and incubated overnight at 37°C (15-18) hrs). 

The plates were taken out from the incubator after 18 hrs and the visible colonies were observed 

for a proper growth (should be >20). Four Eppendorf tubes were labelled (2 per each protein) 

and 2X YT medium and the antibiotic were added under the laminar flow. (Kanamycin- 50 

mg/mL solution was pre-prepared; 5mL of medium and 5 μL of kanamycin were added to get 

50 μg/mL concentration of antibiotic in the medium). A single matured colony was 

immediately picked and added to the medium in the Eppendorf tubes. The tubes were closed 
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loosely to allow slight air flow and the colonies were grown in liquid culture overnight at 370 

C, shaking gently at 180 rpm continuously. 

 

The DNA was extracted using a miniprep kit to confirm successful transformation by DNA 

sequencing. Because of the addition of the initiation codon ATG in front of the gene, the over 

expressed peptide contains an additional methionine residue at its N terminus 

(MDAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV for Aβ40 and 

MDAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVVIA for Aβ42). 

β Amyloid 1-40 Sequence is as follows:

 DAEFRHDSGYEVHHQKLVFFAEDVGSNKGAIIGLMVGGVV 

3-letter-code for this is: 

Asp - Ala - Glu - Phe - Arg - His - Asp - Ser - Gly - Tyr - Glu - Val - His - His - Gln - Lys - 

Leu - Val - Phe - Phe - Ala - Glu - Asp - Val - Gly - Ser - Asn - Lys - Gly - Ala - Ile - Ile - 

Gly - Leu - Met - Val - Gly - Gly - Val – Val 

 

EXPRESSION OF Ab PEPTIDE AND AΒ AGGREGARION INHIBITION ASSAY IN BACTERIAL CELLS 
 
Escherichia coli competent cells BL21 (DE3) were transformed with the pET28a vector 

(similar to the procedure used in amplifying step above). For overnight culture preparation, 10 

mL of M9 minimal medium containing 50 μg/mL of kanamycin was inoculated with a single 

colony of BL21 (DE3) to be expressed at 37 °C. Then, for expression of Aβ40 and Aβ42 

peptides, a 100 μL of the overnight culture was inoculated (providing a starting OD600 of > 0.7) 

to 880 μL of fresh M9 minimal medium containing kanamycin and Th-S for a final 

concentration of 50 μg/mL and 25 μM, respectively, and 10 μL of the inhibitors (C. asiatica 

total extract, commercial dry extract, asiaticoside, madicassoside, asiatic acid, madicassic acid, 

chlorogenic acid and apigenin) in 10 mM stock solution in DMSO were added. Then, 10 μL of 
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isopropyl 1-thio-β -D-galactopyranoside (IPTG) was added at 100 mM to induce Aβ over-

expression. The bacterial cultures were grown at 37 °C and 1400 rpm using a Thermomixer 

(Eppendorf, Hamburg, Germany). The Aβ aggregation was assessed by measuring Th-S 

florescence intensity after 16 hrs. A sample of 200 μL was collected from each of the tubes to 

determine fluorescence and absorbance at OD600.   

Induced bacterial cells bearing Aβ plasmid (over-expressing Aβ) without inhibitor, displaying 

the maximal potential aggregation of the Aβ peptide in bacteria, was used as a positive control. 

Non-induced bacterial cells bearing Aβ plasmid without inhibitor, showing the minimal 

expression of Aβ in the cells were used as a negative control. This was important to discard 

potential effects of the inhibitors on the Th-S signal (e.g. when the inhibitor also displays 

certain fluorescence in Th-S range) and also to discard potential effects of the inhibitors in the 

cell growth.  

Further, inhibition behaviour of the total extract of C. asiatica was observed for 8 hrs taking 

florescence measurements every 30 minutes during this time-course. Induced and non-induced 

samples of Aβ40 and Aβ42 were prepared according to the same procedure described above.  

 

THIOFLAVIN-S (TH-S) FLUORESCENCE INTENSITY 
 
Relative fluorescence of Th-S binding to Aβ was measured using EnSpire Multimode Reader 

(PerkinElmer, MA, USA) at excitation wavelength of 440 nm and emission range from 460 to 

600 nm.  

 

MEASUREMENT OF AΒ EXPRESSION IN BACTERIAL CELLS 
 
Tricine-SDS-PAGE was used to assess Aβ40 and Aβ42 expression in cell cultures in the 

presence and absence of inhibitors. For this, 300 μL of induced bacterial cells of which the 

OD600 was measured were taken in to 1.5 mL microcentrifuge tubes, spinned at 1200 rpm for 
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3-5 minutes, supernatant was discarded and the cell pellet was obtained. Then the cell pellets 

were resuspended in 200 μL of water. Later, 10 μL of sample buffer was added to 10 μL of 

sample and heated at 950C for 3 minutes, spinned for 30 seconds before injecting to the wells 

of SDS-PAGE gel. Denatured samples were analyzed using 16% tricine SDS-PAGE gels.  

Aβ40 and Aβ42 proteins are of lower molecular weight (5-6 KD) so that 16% tricine SDS-

PAGE was used to separate them (Schägger, 2006).  

 

OPTICAL FLUORESCENCE MICROSCOPY.  
 
Th-S was removed by centrifugation and re-suspending the cells in PBS twice before observing 

under the microscope. Th-S fluorescence was detected by optical fluorescence microscope Ti-

E model (Nikon, Tokyo, Japan) under florescence and bright light using a GFP filter 

(excitation filter BP480/40 and emission filter BP527/30). Images were taken to observe the 

presence of amyloid aggregates in the induced bacterial cells and the effect of adding inhibitors. 

 

CONFIRMATION OF AΒ EXPRESSION USING MASS SPECTROSCOPY  
 
To confirm the presence of Aβ in bacterial cultures Tricine-SDS-PAGE gels were used. 

However, when the gels did not show clear results the gel bands were analysed using mass 

spectroscopy according to the following protocol. The gel bands were destained and digested 

with trypsin, then ran a 10μl aliquot of a 2-fold dilution of the acidified digests on the QSTAR 

Capillary LC-MS/MS Q-TOF (with a blank run in between).  The resulting data were searched 

against a protein sequence database containing all E. Coli entries, some common contaminants 

(trypsin, human keratins etc) plus a manually created entry for the longer version of the 

expressed protein with the initiation Met present (19,827 sequence entries in total). ProteinPilot 

v5 was the search software used.  
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7.2.6 TOTAL PHENOLICS, TOTAL FLAVONOIDS AND DPPH RADICAL SCAVENGING ACTIVITY 
 
These were conducted according to the same procedure as given in chapter 4.2.9.  

 

7.3 RESULTS AND DISCUSSION 
 
7.3.1 ANTI-CHOLINESTERASE ACTIVITY 
 
C. asiatica leaf powder, extracted with different solvents, as well as the known bioactive 

compounds present in the extract were tested in-vitro for inhibitory potential of AChE 

enzyme. The experimental values of percentage inhibition by different compounds at tested 

concentrations showed the presence of weak, moderate and strong inhibitory potential in-

vitro. The results are shown in the Table 7.2.  

As identified in this study and described in Chapter 6, C. asiatica extract contains a battery of 

phytochemicals including triterpenes, sesquiterpenes, caffeoylquinic acids and flavonoids. 

Literature points out the potential of these compounds of neuroprotection and cognitive 

enhancement  (Gray et al., 2018). In the investigation of the mechanisms underlying such 

effects, AChE enzyme inhibition is suggested as one of the prominent mechanisms to enquire 

since cognitive and memory decline is often associated with choline deficit in the brain. 

Moreover, AChE inhibitors have been used as AD drugs over the decades which gives an 

indication that it may be one target mechanism that can be investigated. Therefore, as an initial 

step, the AChE inhibition percentages were studied of different extracts and single constituent 

compounds as shown in the Table 7.2.  
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Table 7. 2 Percentage inhibition of acetylcholine esterase enzyme (Electric eel) in-vitro by 

different extracts and constituent compounds in C. asiatica extract 

Extract/Compound Tested concentration in the 

reaction mixture 

Percentage inhibition 

Total extract:   

          Methanol extract 4 mg/mL 93.53 ± 1.24 

          Ethanol extract 4 mg/mL 64.72 ± 0.78 

          Water extract 4 mg/mL 11.93 ± 0.01 

          Commercial dry        

extract in methanol 

 

2 mg/mL 

 

65.66 ± 6.46 

Pentacyclic triterpenes   

          Madicassoside 2 mg/mL 63.91 ± 1.65 
  

          Asiaticoside 2 mg/mL 54.91 ± 6.72 
  

          Madicassic acid 2 mg/mL 58.34 ± 3.61 
  

          Asiatic acid 2 mg/mL 12.21 ± 1.63 
  

Mixture of the above four 

triterpenes 

2 mg/mL each   80.16 ± 9.16 

Caffeoylquinic acid   

           Chlorogenic acid 2 mg/mL 68.91 ± 3.05 
  

Flavonoids   

           Quercetin 2 mg/mL 102.61 ± 2.43 
  

           Kaempferol  2 mg/mL 93.93 ± 6.02 
  

Sesquiterpenes   

          a Humulene 100 µl/mL 73.79 ± 4.80 
  

          b caryophyllene 100 µl/mL 54.12 ± 2.24 
  

 
Initially, the tested concentrations of these compounds started with lower values such as 100 

µg/mL, however, since the inhibition percentages of some compounds were insignificant the 

concentrations were increased by several folds. In most of the reported literature it is evident 
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that the natural products, especially the plant extracts, inhibit the AChE enzyme at higher IC50 

values than therapeutic drugs. Therefore, it is justified to express the inhibition in mg/mL levels 

(Kaufmann, Kaur Dogra, Tahrani, Herrmann, & Wink, 2016a).  

As shown in Table 7.2, among the total extracts in different solvents, methanolic extract 

showed the highest inhibitory potential giving a value of 93.53 ± 1.24% at a concentration of 

a 4 mg/mL in the reaction mixture. Water extract gave the least inhibition at the same 

concentration. Arora et al. (2018) reports similar results revealing that a higher inhibition by 

total methanolic extract compared to the aqueous extract which was triterpene free. Nora E. 

Gray et al. (2014) has reported that the aqueous extract of C. asiatica is mainly composed of 

Caffeoyl Quinic Acids (CQAs) which are also known to be beneficial in enhancing cognitive 

performance. However, different mechanisms other than AChE inhibition, such as attenuating 

oxidative stress and protecting against Amyloid b toxicity are suggested by Gray and co-

workers (2014) and also other literature related to CQAs activity (Choi et al., 2014; Deshmukh, 

Kaundal, Bansal, & Samardeep, 2016). Nonetheless, chlorogenic acid which is one of the 

CQAs, tested as a single compound showed moderate inhibitory potential at 2mg/mL 

concentration in the reaction mixture. However, this compound is normally present in a much 

lower concentration in the total extract.  This was evident in the targeted quantification of this 

compound in the total extract as described in Chapter 5.  

The inhibitory potential of individual compounds revealed that the flavonoids in C. asiatica 

extracts possess the highest inhibitory potential compared to other compounds. Literature also 

indicated to the high potential of flavonoids as acetylcholinesterase inhibitors (Uriarte-Pueyo 

& I Calvo, 2011). Various researchers have reported a range of IC50 values for AChEee 

inhibition by quercetin (measured by Ellman’s method) ranging from 19.8 µM to 353.86 µM 

as reviewed by Uriarte-Pueyo and I Calvo (2011).  They also mention 76.2% inhibition by 

quercetin at 1mg/mL concentration.  The pentacyclic triterpens are the major bioactive 
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compounds, in C.asiatica extract, however, it was evident that they do not strongly inhibit 

AChE enzyme when tested as single compounds. Yet, a comparatively higher inhibitory 

percentage by the triterpenic mixture indicates a potential synergistic effect that would have 

given by the four major triterpenes found in C.asiatica. The potential of triterpenes as AChE 

inhibitors are reported in some research studies, related to natural products. Williams et al. 

(2011) indicate that triterpenoids have been discovered as AChE inhibitors in natural product 

research. Even though most of them have a weak to moderate potency, they are frequently been 

used as template structures in drug discovery research. Sesquiterpenes contained in the 

essential oil of C. asiatica shows a moderate level of inhibitory potential as single compounds 

at the tested concentrations (Table 7.2). AChE inhibition potential of plant essential oils 

containing these volatile terpenoids is reported in literature and synergistic effect is exhibited 

by these compounds as well (Perry et al., 2000).  

 

In the second part of this experiment IC50 values were investigated for total methanolic extracts 

of C. asiatica which showed more than 90% inhibition at the tested concentration. The IC50 

value for total methanolic extract that inhibited electric eel acetylcholine esterase enzyme 

(AChEee) was 1.459 mg/mL while this value for human acetylcholine esterase enzyme (AChEh) 

was 2.119 mg/mL.   

C. asiatica extract inhibited AChE enzyme in dose dependent manner as shown in Figure 7.6a. 

SPSS software (version 26) was used in finding out the IC50 values and a related plot is given 

in Figure 7.6 b. 
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(a) Percentage inhibition vs final assay concentration 

(b) Logit transformed curve created in IC50 calculation 

 

Figure 7. 6 Plots showing dose dependent inhibition of electric eel acetylcholine esterase 

enzyme (AChEee) and human acetylcholine esterase enzyme (AChEh) enzymes by C. asiatica 

methanolic extract. 
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7.3.2 ACHE INHIBITION KINETICS  
 
Acetylcholinesterase inhibiting or inactivating compounds can act either irreversibly (by 

exerting toxic effects), or reversibly being able to use as therapeutic agents in dementia (M. B. 

Colovic, Krstic, Lazarevic-Pasti, Bondzic, & Vasic, 2013). Reversible inhibitors are used as 

drugs in Alzheimer’s disease and the mechanism of enzyme inhibition by different drugs can 

vary as competitive or non-competitive. Enzyme inhibition kinetics of C. asiatica was studied 

in order to evaluate and understand its inhibition potential better and enable the comparison 

with the other inhibitors.  

Michaelis-Menten constant (Km), maximum rate of enzyme reaction (Vmax) and enzyme 

inhibition constant (Ki) were determined based on Lineweaver-Burk plots, Hofstee plots and 

Dixon plots.  The Michaelis-Menten constant (Km) is defined as the substrate concentration at 

which half maximum velocity is observed. The maximum rate of reaction; Vmax is the rate at 

which the total enzyme concentration is present as the enzyme-substrate (E-S) complex, and it 

represents the maximum achievable rate of reaction under a given set of conditions. Michaelis-

Menten equation model is shown below.  

$ + 6	 ⇋ 	$6	
!!
→ $ + A 

 

B" =	
B#$%	[6]
E# +	[6]

 

E# =	
4&' + 4(

4'
 

Where: E- Enzyme; S- Substrate; P-Product; V0-Initial velocity; k1, k2, and k-1 are constants 

 

Michaelis-Menten equation 
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Figure 7. 7 Lineweaver - Burk plot showing reciprocals of the reaction rate per minute 

versus acetylcholine concentration. 

 

A Lineweaver-Burk (L-B) double reciprocal plot was drawn as shown in the Figure 7.7 to 

determine the Km and Vmax based on re-arranged Michaelis-Menten model as follows:	

1
B
= 	

K)
V)*+

	H
1
6
I 	+	

1
V)*+

	

Here, Y intercept = -1/ Vmax, so that; Vmax = 0.0022 mM/min and 

     Km = 0.194 mM 

(The Lineweaver-Burk equation is of the form Y = mX+C where Y=1/V and X=1/S and the 

slope m =Km/Vmax and the intercept on the Y axis C=1/Vmax) 

Since it is considered as there are some errors associated with the above method due to its 

dependency on the Vmax in calculating Km, another method, Eadie-Hofstee plot has been 

introduced in calculating enzyme kinetics. Figure 7.8 shows the Eadie-Hofstee plot. The slope 
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of this plot gives - Km directly which is calculated as 0.2009 mM from the trend line equation, 

which comply with the above value of Km.   

 

Figure 7. 8 Edie-Hofstee plot showing the reaction rate as a function of the ratio between 

reaction rate and substrate concentration. 

 

The equation for Eadie-Hofstee plot is; 

B = 	−K) 	H
B
6
I 	+	V)*+ 

This is of the form of 

J = 	−m	L	 + 	C 

 

It is important to understand the nature of the inhibition by the different extracts and ioslates. 

Lineweaver-Burk plot also enable the study of the inhibition kinetics. For this, reciprocals of 

the reaction rate and substrate concentration were plotted with and without added C.asiatica 

extract as shown in the Figure 7.11. 
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Figure 7. 9 Lineweaver - Burk plot (LB) showing reciprocals of the reaction rate per minute 

versus acetylcholine concentration in the absence and presence of C. asiatica extract. 

 

The Vmax and the Km values were derived using the trend line equations of LB plot as shown 

in the Table 7.3. 

Table 7. 3 Km and Vmax values derived from LB plots with and without the inhibitor 

 No extract C. asiatica extract added 

Km (mM) 0.119 0.194  

Vmax (mM/min) 0.0559 0.0022  

 
 
It is apparent that the enzyme kinetics has changed when the inhibitor is added with a slight 

increase of Km and a decrease of Vmax value. This behavior of enzyme kinetics shows a situation 

of a mixed type inhibition (Okello, Dimaki, Howes, Houghton, & Perry, 2008) where the 

inhibitor binds both with the free enzyme  as well as the enzyme-substrate [ES] complex. These 

types of inhibitors are known to interfere with binding and reduce the effectiveness of turnover 

(Mohan, 2014). AD drugs tactrine and donepezil also are known to have a mixed type inhibition 

of AChE (Snape et al., 1999).  
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Inhibition of acetylcholinesterase is one possible pathway through which Centalla asiatica, 

may act as a cognitive improver, and exert its potential bioactivity. This effect is indicated in 

few other research studies as well, in-vitro and in vivo in varied C. asiatica extracts ranging 

from aqueous to organic solvents, specifically ethanol and methanol, as single or binary solvent 

systems (Arora et al., 2018; Hafiz et al., 2020; Pulok K. Mukherjee, Kumar, & Houghton, 

2007). Further, in animal studies where there has been evidence of improvement of cognitive 

performance, an increase in cholinergic function, especially in the brain has been reported, 

supporting the claim of potential cholinergic inhibition (Gray et al., 2018). On the other hand, 

literature reports phytochemical profile of C. asiatica in different regions of the world, 

indicating chemo-diversity (Azerad, 2016). It is also essential to report that compounds 

extracted in different solvents are diverse. The organic extracts comprise more triterpenes than 

aqueous extracts. Among this vast array of phytochemicals in C. asiatica, triterpenes are 

considered as the major bioactive compounds responsible for its neuroprotective property 

(Gray et al., 2018; James & Dubery, 2009). In addition, caffeoylquinic acid, flavonoids and 

volatile terpenes are also counted as supportive compounds. In this context, the current study 

investigated the AChE inhibitory activity in ultrasonic assisted extracts in aqueous and organic 

solvents. While methanolic extract showed the major inhibitory activity (Table 7.2), the 

previous studies showed (Chapter 4; section 4.3.3, Figure 4.9) this extract contains the highest 

triterpene content. However, major triterpenes did not show high potential when tested as 

single compounds, even though it was evident by the in-silico studies, instead flavonoids 

showed promising activity (Table 7.2). Based on these results and the current available 

literature it can be concluded that Centella asiatica plant possesses an ability to inhibit AChE 

enzyme accounting to its rich phytochemical profile.  
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7.3.3 IN SILICO ACETYLCHOLINE ESTERASE INHIBITORY ACTIVITY 
 
The results of the docking studies are shown in the Table 7.4.  

Table 7. 4 Docking results of the major triterpenoids of C. asiatica and three AChE inhibitor 

drugs currently in use 

Ligands GS CS PLP ASP 

Dihydrotanshinone 
(Co-Crystallised ligand) 

58.2 38.7 78.3 50.7 

Galanthamine (1) 43.9 33.5 52.4 36.5 

Donepezil (2) 57.1 42.9 82.4 54.3 

Rivastigmine (3) 52.6 28.3 62.2 38.9 

Asiatic Acid (4) 38.7 31.1 37.2 23.2 

Asiaticoside (5) 81.3 22.3 89.7 60.2 

Madecassoside (6) 46.2 16.5 71.6 39.9 

Madecassic Acid (7) 2.1 31.7 47.6 28.2 

 

 

Figure 7. 10 Structures of the co-crytallised ligand and known inhibitors 
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 The known inhibitors, compounds 1, 2 and 3 (Figure 7.10) were docked with the crystal 

structure of acetylcholinesterase as explained in the methodology section. Furthermore, four 

major tritrpenes present in C. asiatica, compounds 4,5, 6 and 7 (Figure 7.11) were docked 

similarly.  

 

 

Figure 7. 11 Structures of the major triterpenes of C. asiatica used in docking 
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All the compounds showed interactions with potential active site of the enzyme. Scoring 

functions of all the compounds including co-crystalised ligand are in close range and showed 

interactions towards acetylcholinesterase as summarised in the Table 7.4. Compound 5 

(asiaticoside) showed the highest scores for all scoring functions GS-81.3, CS-22.3, PLP-89.7 

and ASP-60.2. These scores indicated better interactions of asiaticoside towards 

acetylcholinesterase compared to the other compounds. 

 

As illustrated in Figure 7.12 A, asiaticoside occupies the binding site and strongly interacts 

with the active site. Figure 7.12 B shows the hydrogen bonds between asiaticoside and the 

amino acids of acetylcholinesterase, SER293, TYR124, PHE295, ARG296, SER203 and 

GLU202. These hydrogen bond interactions are mainly responsible for strong connection 

between the ligand and the active site of the enzyme. 

 

While the docking results showed a higher affinity of asiticoside to the binding site of the 

enzyme, even higher scores than the known inhibitory drugs, the in-vitro experimental results 

did not complement this, only showing an inhibition percentage of 54.91 ± 6.72% at the tested 

concentration.  
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Figure 7. 12: The docked configuration of asiaticoside to the binding site of 

acetylcholinesterase via the PLP scoring function. (A) The protein surface is rendered and the 

ligand occupies the binding pocket. (B) Hydrogen bonds depicted as green lines between the 

ligand and the amino acids SER293, TYR124, PHE295, ARG296, SER203 and GLU202. 
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7.3.4 ANTI-AMYLOID AGGREGATION ACTIVITY 
 
DNA sequencing was carried out to confirm the successful transformation of the sequence 

with initiation codon ATG, overexpressing the Aβ peptides in to the competent cells from the 

pET 28a vector. The sequencing results analysed by CLC sequencing software (CLC 

sequence viewer 8.0) showed the presence of the corresponding coding in each of the tested 

Aβ40 and Aβ42 peptide sample which were done in duplicate.  

The change in florescent intensity was correlated with the intensity of amyloid aggregation or 

aggregation of Aβ inclusion bodies in Aβ over expressed bacterial cells. Espargaró et al. (2016) 

indicated that the maximal florescence of Th-S as a consequence of binding with inclusion 

bodies vary between the induced (Aβ overexpressing) and non-induced (Aβ non-

overexpressing) cell cultures suggesting the difference between the emission spectra is due to 

the amyloid band produced.  The change in this amyloid band was assessed with and without 

adding the anticipated inhibitory compounds in C. asiatica.  All the tested compounds showed 

inhibitory effects compared to the control, (which did not contain any inhibitor) as shown in 

the plots of florescence spectra in Figure 7.15. In this assay no quantification was done on the 

percentage inhibition, but the compounds were screened for the inhibition potential relative to 

the control. The total extract (extracted with ethanol and dissolved in DMSO) showed a clear 

inhibition potential as seen in Figure 7.15. Methanol and water extract also showed similar 

effects at the tested concentrations of 40µg/mL. Reduction of measured florescence intensity 

in the relevant spectra was observed in four major triterpenes (asiaticoside, madicassoside, 

asiatic acid, madicassic acid) as well, at 200 µM concentration in the final reaction mixture. In 

addition, chlorogenic acid and commercially available Centella dry extract (Sigma Aldrich) 

were also tested to show an inhibitory activity (at 200µM). Apigenin was used as a reference 

compound which is a natural flavonoid also present in C. asiatica (Orhan, 2012) and reported 

to have a strong Aβ inhibitory potential, determined by the same test protocol earlier 
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(Espargaró et al., 2016). The florescence spectra of all the tested compounds showed 

florescence intensity in between that of the control sample, which is assumed as having 

maximum amyloid aggregation, and that of Apigenin which is reported as a strong inhibitor of 

Aβ aggregation.  

Previous studies have indicated the ability of C. asiatica extracts to attenuate Aβ toxicity, 

especially cell culture-based studies and animal models (C. L. Chen, Tsai, Chen, & Pan, 2016; 

Nora E. Gray et al., 2014; Soumyanath et al., 2012; Y. Xu, Cao, Khan, & Luo, 2008). 

Soumyanath et al. (2012) and Nora E. Gray et al. (2014) has shown a significant activity in 

water extracts of C. asiatica and suggested that its ability to mitigate Aβ aggregation effect 

would be specifically e due to caffeoylquinic acids.  

Triterpenes, which are considered as the major bioactive compounds of C. asiatica also showed 

an inhibition potential; especially madicassic acid and asiatic acid. Jew et al. (2000) and Mook-

Jung et al. (1999) have reported the effectiveness of asiatic acid and asiaticoside against Aβ 

induced neurotoxicity. Al Mamun et al. (2015) have evaluated the effect of madecassoside in 

vitro and in vivo models and revealed that madecassoside significantly inhibited the Aβ42 fibril 

formation while attenuating Aβ induced apoptosis.  However, in cell-based models and animal-

based models the mechanism of action against Aβ aggregation and fibril formation may vary. 

Anti- Aβ aggregation mechanisms of natural products have been discussed by Bu, Rao, and 

Wang (2016). They concluded that the natural compounds bind directly with the amyloid 

species including oligomers and fibrils which in turn can lead to conformation changes  in the 

beta sheet assembly to form non-toxic aggregates. 



 

 

 
 
 
 
 
 
 
 

  

 

Figure 7. 13  Relative florescence emission spectra of Aβ40 inclusion bodies stained by Th-S in the presence and absence of total extracts and single 

compounds of C. asiatica A, B and C plots show different sets of screening tests
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This assay is based on the measurement of the increment in florescence intensity due to the 

binding of Th-S dye with the Aβ structures or aggregates formed, and the reduction of the 

fluorescence intensity due to the inhibition of aggregate formation by the compounds tested. It 

is reported in the original method by Espargaró et al. (2016) the amyloid peak in the emission 

spectra was at 495 nm. This peak was obviously seen in the spectra in Figure 7.13 A; however, 

a slight shift could be seen with some spectra. The literature also indicates possible shifts of 

this peak wave length due to different factors such as Th-S dye concentration and effects of the 

tested compounds on the dye binding, especially exogenous natural compounds (Hudson, 

Ecroyd, Kee, & Carver, 2009; Sulatskaya, Lavysh, Maskevich, Kuznetsova, & Turoverov, 

2017).  

Aβ aggregation inhibition measured of the total methanolic extract of C. asiatica over eight (8) 

hrs also showed the same inhibition pattern along the time-course as presented in the Figure 

7.14.    As seen in Figure 7.14 C, Aβ42 showed a higher rate of formation of Aβ aggregates 

over the time.  Adding C. asiatica methanolic extract has significantly reduced the amyloid 

band (Figure 7.14 D). 

OD600 values measured over the time indicated that there was no significant interference of the 

extract on the bacterial culture growth. However, SDS-PAGE gels showed very weak bands of 

Aβ peptides, which was not sufficient to confirm that the extract did not interfere with the 

protein expression in assay cultures. Thus, the gel bands in each channel were digested with 

trypsin and analysed using LC-MS/MS Q-TOF to confirm the presence of Aβ40and Aβ42. 

Both the Aβ peptides were positively identified by spectral matching with the protein data bank 

and with a mass error of -0.0267 Da versus the expected molecular weight of their sequences. 

 

Florescence microscopic images (Figure 7.17) showed a relatively lower florescence and lower 

aggregates, when the methanolic extract was added indicating potential anti-aggregation effect. 
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Figure 7. 14 Th-S florescence emission spectra of Aβ40 and Aβ42 expressed cells amyloid bands along the time-course:  
(A) Aβ40 - in the absence of the methanolic extract (B) Aβ40 - in the presence of the methanolic extract (C) Aβ42 - in the absence of the methanolic extract (D) Aβ42 - 

in the presence of the methanolic extract 

Green lines show the intensity at the first 30 minute and the red lines show the intensity at the end of the time-course 
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(A) Ab 1-40 – Control induced  (B) Ab 1-40 – Control induced (bright field) 

(C) Ab 1-40 – Extract induced  (D) Ab 1-40 – Extract induced (bright field) 
 
 
Figure 7. 15 Optical fluorescence microscopic images (under UV light) of bacterial cells 

overexpressing Aβ40 peptide stained with Th-S, in the absence and the presence of the C. 

asiatica extract. The scale bar corresponds to 5 μm. 

7.3.5 TOTAL PHENOLIC CONTENT (TPC), TOTAL FLAVONOID CONTENT (TFC) AND DPPH 
RADICAL SCAVENGING ACTIVITY  
 
Oxidative stress in the brain plays a major role in neurodegenerative diseases. Oxidative stress 

is one of the hypotheses in the Alzheimer’s disease and it seems to be associated with all the 

other pathogenesis mechanisms as well (Praticò, 2008).  

Oxidative stress can influence Aβ formation directly by increasing amyloid precursor protein 

(APP) levels or, indirectly, by modulating the activity and levels β-secretase (BACE) and γ-
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secretase which are responsible of Aβ processing (Praticò, 2008) . The elevated levels of Aβ 

oligomers also lead to phosphorylation of tau-protein further resulting in senile plaques and 

neurofibrillary tangles. This will further enhance the oxidative stress and inflammatory 

responses, causing irreversible cell damage, degeneration and cell death, clinically showing   

cognitive decline and dementia (Praticò, 2008). 

One of the best ways to combat the oxidative stress is taking in more antioxidants via the diet. 

Natural phytochemicals are considered as a good source of these antioxidants in diet (Fraga, 

Croft, Kennedy, & Tomás-Barberán, 2019).  These phytochemicals are classified into different 

groups and phenolics represent one such groups. Flavonoids are a subgroup under phenolics 

(R. H. Liu, 2004). C. asiatica comprises of diverse phenolics, mainly flavonoids, in addition 

to triterpenes as major bioactive compounds. The current study revealed that the total phenolic 

content or the total reducing power of ultrasound assisted methanolic extract of C.asiatica as 

13.47 ± 0.59 mg GAE/g of dry weight of leaf powder. In previous studies on antioxidant 

properties of C. asiatica different values have been reported (Ainsworth & Gillespie, 2007; 

Maulidiani et al., 2014; Pittella et al., 2009; Upadhyaya & Saikia, 2012). However, these 

variances mainly account for the differences in extraction solvents and extraction methods. 

Total flavonoid content of the same methanolic extract was 10.28 ± 0.49 mg CE/g of dry weight 

of leaf powder. DPPH free radical activity was 22.88 ± 0.87 mM TEAC/ g of DW.  

TPC value is comparable to the TPC values considered as of ‘high range’ of those found in 

polyphenol rich dietary sources in phenol-explorer database; www.phenol-explorer.eu (Pérez-

Jiménez, Neveu, Vos, & Scalbert, 2010). Similarly, TFC and RSADPPH also indicates that this 

plant is rich in flavonoids and radical scavenging compounds so that a rich source of 

antioxidant compounds. In number of researches involving invitro and animal models, it is 

suggested that attenuating oxidative stress or modulating oxidative pathways, improving 
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antioxidant status, as the mode of action by which C. asiatica extracts exert the neuroprotective 

and cognitive enhancing  effects (Gray et al., 2018).   

7.3 CONCLUSION  
 
The traditional use of Centella asiatica as a memory enhancer provides a foundation to explore 

its neuroprotective and cognitive enhancement properties. Various studies have looked in to 

these biological properties of this plant, however, the exact molecular mechanisms and the 

associated compounds are not fully understood yet. This chapter studied on three possible 

mechanisms or biological pathways by which C. asiatica may exert these effects, especially 

targeting on Alzheimer’s pathology. This plant mainly comprises of triterpenes, flavonoids and 

caffeoylquinic acids while the volatile fraction mainly contains sesquiterpenes as described in 

previous chapters. Different extracts were explored for bioactivity since these compositional 

changes seem to give differences in biological activity.  

While the methanolic extract comprised mainly of triterpenes, and showed the highest potency 

in AChE enzyme inhibition, single triterpenes did not show strong inhibitory activity. Among 

the triperpenes, asiaticoside showed the highest activity which was also supported by molecular 

docking studies. At the same time the flavonoids showed strong inhibitory potential as single 

compounds. On the other hand, flavonoids, triterpenes as well as caffeoylquinic acids seemed 

to possess good anti-amyloid aggregation activity based on initial screening and qualitative 

results, however this activity should be further explored quantitatively.  

According to the present study, the bioactivities are a synergistic effect of all the 

phytochemicals in the plant, since when taken alone, the individual compounds did not show 

strong activities. Thus, it can be recommended to consider the possible use of the whole plant 

as a medicinal or food ingredient in the diet. However, even though these compounds are 

present in this plant in abundance, the amount of intake with whole food consumption and the 

bioavailability in the body should be taken in to consideration.  
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8.1 GENERAL CONCUSION 
 

Natural products especially herbs offer emerging and promising therapeutic potential with their 

ability to target diverse multifactorial pathomechanisms in neurodegenerative diseases. Long 

recorded use in traditional medicine and reported comprehensive multifunctional properties 

make C. asiatica capable candidate in promoting general neuroprotection as well as 

simultaneously targeting multiple disease pathways to arrest neurodegenerative disorders. This 

study investigated the potential of this  natural herb, grown in New Zealand, in neuroprotection, 

and a comprehensive characterisation of its bioactive compounds.  

 

The qualitative and quantitative examination of the phytochemical profile of C.asiatica plant 

found in New Zealand is reported in this study for the first time. Since the variability reported 

in the phytochemical profile accounts to raw material preparation, extraction methods, solvent 

systems as well as environmental parameters, all these factors were taken in to consideration 

in this study.  

The optimum extraction conditions were achieved with a non-conventional greener technology 

assisted by ultrasound probe which gave more efficient and effective extraction of 

phytochemicals. The use of this extraction technique has not been reported for C. asiatica in 

literature. A binary solvent system (9:1 methanol to water) gave the best performance in terms 

of total triterpenes, polyphenols, flavonoids and antioxidant capacity.  

 

This study developed an ESI-MS/MS-MRM based validated method for the targeted 

quantification of selected biomarker compounds of C. asiatica extract providing more sensitive 

and precise quantification in less time. Characterisation of total liquid extracted fraction and 

volatile fraction of New Zealand grown C. asiatica will contribute to complete the information 

on its phytochemical profile related to geographical location and growth conditions. The 
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investigation of total phytochemical profile of C. asiatica ultrasonic assisted extracted 

methanolic liquid fraction enabled positive identification and tentative assignment of 69 

phytochemicals including 34 terpenoids, 14 flavonoids, 03 caffeoylquinic acids and 16 

compounds belong to other phytochemical groups especially phytosterols. Among these, 33 

compounds have not been previously reported in the literature as present in C. asiatica extract.  

However, further confirmation by structure elucidation will be needed to confirm these results 

unambiguously.  

 

As it was anticipated initially this plant is a rich source of a battery of beneficial phytochemicals 

and having a promising potential of attenuating oxidative stress, targeting neurotransmitter 

hydrolysing enzyme inhibition and as an anti-amyloid compound. In vitro bioactivities of this 

plant showed; medium activity associated with acetylcholine esterase inhibition and a 

relatively stronger activity associated with Anti-amyloid aggression. The synergistic effect of 

diverse phytochemicals in the plant extract was more prominent than the activity of single 

compounds as revealed in this study.  

 

As an overall conclusion, C. asiatica plant, rich in terpenoids, flavonoids and caffeoylquinic 

acids as well as sesquiterpenes is a wholesome source of bioactive phytochemicals having a 

promising potential in health promotion and disease management. However, if it is to be used 

beneficially, more scientific evaluations to be done to assess the bioavailability of these 

compounds in the human body and the ability of the compounds to cross the blood brain barrier 

if it is to be used as a therapeutic candidate in neurodegenerative diseases.  

Further, this plant is used in a variety of cuisines in different countries in the world. This use 

as a food can be used beneficially to deliver its health benefits via diet rather than a drug. Thus, 

it can be recommended to consider the possible use of the whole plant as a medicinal or food 
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ingredient in the diet. Moreover, exploration of the possibilities of use of novel technologies 

such as nanotechnology will offer directions in developing efficient systems to carry and 

deliver the beneficial phytochemicals, eliminating the constraints in bioavailability and blood 

brain barrier. It will be also essential to carry out the toxicological investigations and efficacy 

levels when using the bioactive compounds in such systems.
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