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Indigenous Australians have used, and in some cases still use, species of Acacia in their 

traditional medicinal practices. The focus of this study is on a selection of plants growing in 

the Riverina region of NSW. Preliminary phytochemical evaluation of four leaf extracts 

(obtained sequentially using hexane, dichloromethane, methanol and water) of each Acacia 

species viz. A. deanei, A. doratoxylon, A. implexa, A. pycnantha and A. verniciflua, were 

carried out and revealed the presence of tannins, flavonoids, carbohydrates, saponins and 

glycosides in methanol and water extracts. Moreover, dichloromethane extracts were found to 

contain flavonoids and steroids. However, hexane extracts contained the lowest amounts of 

phytochemicals and included lipids such as steroids.  

 

The flavonoids, apigenin, catechin, epicatechin, kaempferol, luteolin, morin, myricetrin, 

naringenin, quercetin, rhamnetin, and rutin were identified from the methanol extracts using 

HPLC-DAD and LC-DAD-ESI-MS. The A. deanei methanol extract contained morin, 

reported for the first time in an Acacia species. As anticipated, no flavonoids were identified 

in any of the hexane extracts. The dichloromethane and water extracts of all the selected 

Acacia species (except the A. doratoxylon dichloromethane extract) contained phenolic 

compounds and their derivatives which were also present in their respective methanol 

extracts. However, caffeic acids were found only in A. verniciflua dichloromethane extract. 

 

Quercetin derivatives, including rutin, hexoside, rhamnoside or dihexoside were identified in 

all five methanol extracts. All these derivatives had previously been reported in other Acacia 

species. Catechin, epicatechin and their derivatives, including gallocatechin, catechin 

hexoside, catechin-digallate, epigallocatechin and epicatechin-digallate were commonly 

found in the selected Acacia species, with the exception of A. doratoxylon. Procyanidin 
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dimers, mainly catechin-catechin, epicatechin-epicatechin or catechin-epicatechin types were 

also present in all five species, with A. pycnantha containing the highest number of 

procyanidin dimers. Myricetin derivatives, especially myricetrin, were also found in all four 

species but free myricetin aglycone was only identified after hydrolysis of the methanol 

extracts. Myricetin-galloyl-rhamnose was detected only in A. pycnantha methanol extract. 

 

The leaf extracts were analysed for total phenols (0.1 to 60.4 mg GAE/g DW, total o-

diphenols (0.1 to 22.3 mg CAE/g DW), total proanthocyanidins (0.1 to 36.9 mg CHE/g DW) 

and total flavonoids (2.4 to 153.2 mg QE/g DW). A. pycnantha methanol extract was the 

richest source of all phenolic compounds invesitigated.  

 

Bioscreening profiles were completed for antioxidant (DPPH, ABTS●+, FRAP, SOR, H2O2 

scavenging assays), anti-diabetic (-amylase and -glucosidase inhibition), neuroprotective 

(acetylcholine esteraseinhibition) and antimicrobial activities. All the methanol extracts gave 

consistently strong antioxidant activity for all methods. Again the A. pycnantha methanol 

extract was the outstanding performer in ABTS●+ (712.6 mM Trolox® equivalent (TE) /g 

DW), DPPH (624.5 mM TE/g DW), SOR (EC50 value 0.08 mg/mL) but not for H2O2 (EC50 

value 0.54 mg/mL) and FRAP (8.58 mM TE/g DW) which were lower than A. verniciflua 

dichloromethane extract.  

 

In case of anti-diabetic and neuroprotective activities, A. pycnantha methanol extracts 

exhibited the most potent α-amylase and acetylcholine enzyme inhibition assays, (IC50 0.004 

mg/mL and 0.02 mg/mL respectively). However, no extracts showed anti-bacterial activity 
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(E. coli and S. aureus) except the A. implexa water extract which showed moderate activity 

against both Gram positive and Gram negative bacteria. 

 

Semi preparative HPLC fractionation (A, B and C) of the crude A. pycnantha methanol 

extract was performed. Fraction A showed little activity in all test assays. Fractions B and C 

showed antioxidant capacity in all methods tested. They also showed strong enzyme 

inhibitory activities in α-amylase (IC50 7.52 and 4.55 μg/mL), α-glucosidase (IC50 0.56 and 

0.38 μg/mL) and AChE assays (IC50 14.50 and 8.81 μg/mL) respectively. Furthermore, A. 

pycnantha methanol extract was quantified for phenolic compounds using HPLC-DAD. 

Fraction A contained catechin and its derivatives along with myricetin-galloyl-rhamnose, 

which was the most abundant flavonoid (approximately 20 mg ME/ g DW) in the crude 

extract. Some free aglycones, including apigenin (223 µg AE/ g DW and luteolin 1810 µg 

AE/ g DW), were also found in the crude extracts. 

 

The fractionation revealed that the most polar fraction was comparatively less active in most 

bioassays. However, the combination of the fractions showed good synergistic effect. In 

addition, fraction B and C combinations were more active in anti-diabetic assays (α-amylase 

inhibitory assay and α-glucosidase inhibitory assay) compared to the AChE inhibitory assay. 

Crude A. pycnantha methanol extract was also simplified by washing with ethyl acetate to 

recover medium polar and nonpolar compounds. This simplified A. pycnantha methanol 

extract showed higher α-amylase, α-glucosidase and DPP-4 enzyme inhibition compared to 

the crude extract. In the case of the α-amylase assay, the simplified extract was more potent 

than the commercially available drug acarbose. Moreover, in the simplified extract, additional 
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flavonoids viz., Acetylalterporriol D, Epiafzelechin-(4beta->8)-catechin (Gambiriin C), 

Epicatechin-3-O-gallate and Quercetrin were identified. 

 

This investigation identified the presence of a range of flavonoids and other phenolic 

compounds in the Acacia species which are responsible for the strong antioxidant activities 

found. Moreover, based on various enzyme inhibition assays, this study confirms the 

potential usefulness of Acacia in the treatment of diabetes and neurodegenerative disorders. 

These Acacia species are rich sources of phenolic antioxidants with potential application in 

commercial uses. Further research is required for the establishment of toxicological and 

clinical effectiveness of these extracts. 
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Human civilization has faced communicable and non-communicable diseases from time 

immemorial. Even one hundred years ago, communicable diseases such as infectious cholera 

and diarrhea, smallpox, plagues and Ebola virus were responsible for millions of human 

deaths per year (WHO, 2014). In recent years, the prevalence of non-communicable diseases 

such as cancer, diabetes and heart diseases has been increasing, both in developed and 

developing countries. According to the WHO, non-communicable diseases (NCDs) kill 38 

million people each year and almost three-quarters of NCD deaths (28 million) occur in low 

and middle-income countries (WHO, 2015). Of these, 17.5 million people annually die of 

cardiovascular diseases, which account for most NCDs deaths, followed by cancers (8.2 

million), respiratory diseases (4 million), and diabetes (1.5 million) (WHO, 2015). Exposure 

to harmful chemicals and environmental pollutants, dietary habits, alcohol, smoking, work 

stress and sedentary lifestyles account for the development of most of the non-communicable 

diseases in today’s world (Anand et al., 2008).  

 

Growing evidence indicates that chronic and acute production of reactive oxygen species 

(ROS) under pathophysiologic conditions is integral in the development of such degenerative 

diseases. Several studies have reported that the aging process is a result of reactive oxygen 

species (ROS) overproduction and a number of diseases such as rheumatism, hepatitis, 

enteritis, carcinogenesis, Alzheimer’s disease, Parkinson’s disease, and amyotrophic lateral 

sclerosis (ALS) are also due to free radical damage caused by the ROS (Halliwell & 

Gutterridge, 2007). Thus a term, oxidative stress, is now used for such free radical mediated 

tissue damage (Hybertson et al., 2011). Free radicals are generated during normal metabolic 

processes in a cell, usually produced in various systems such as in the mitochondrial 

respiratory chains, by mixed function oxidases and xanthine oxidase activity, by atmospheric 

pollutants, by transitional metal catalysis, by drugs and by xenobiotics metabolism (Saikat & 
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Raja, 2011). Reactive oxygen species (ROS) include primary oxidants such as superoxide 

radical (•O-
2), hydrogen peroxide (H2O2) and hydroxyl radical (•HO), and secondary oxidants 

such as hydroperoxides and peroxyl radicals of biomolecules (Figure 1.1). The amount of 

oxidizing agents in the cell must be balanced as the imbalance between oxidants and 

antioxidants may disrupt cellular and biological functions. 

 

Figure 1.1:  Schematic presentation of ROS generation and conversion to other free radicals. 

 

Both in vitro and in vivo experiments suggest that free radicals have been linked to the 

degradation of proteins, lipids, carbohydrates, and DNA (Uttara et al., 2009). Moreover, free 

radical-mediated lipid peroxidation mostly accounts for disruption of biomembranes and 

dysfunction of cells and tissues (Ayala et al., 2014). The peroxidation of unsaturated fatty 

acids in biological membranes also leads to the decrease of membrane fluidity and the 
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disruption of membrane integrity and function (Ayala et al., 2014). Thus the detoxification of 

ROS is a major function of aerobic life. Several enzymatic and non-enzymatic antioxidant 

mechanisms are available in different cell compartments which accomplish the scavenging of 

free radicals. Natural antioxidants strengthen the endogenous antioxidant defences from ROS 

and restore the optimal balance by ‘neutralizing’ the reactive species. They are gaining 

immense importance by virtue of their critical role in disease prevention. Medicinal plants 

have played a significant role in ancient folk medicine and are still used in many countries for 

the treatment of various diseases (Mahomoodally, 2013). Medicinal plants are also rich 

sources of antioxidants like phenolic acids, flavonoids and anthocyanins. Phenolic 

compounds present in foods (mainly vegetables and fruits) are a prime focus for researchers 

due to their strong antioxidant effect as they, in particular, fight against the formation of free 

radicals in the human body and thus slow down cellular aging or damaging processes. In 

recent developments in free radical biology throughout the world, researchers have been 

investigating the medicinal properties of plants due to their potent antioxidant activities. 

 
 
 
 
 
 
 
 
 
 
 

 



30 
 

 

Chapter 1: 

Literature Review (Phytochemistry, 
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1.1 Introduction 

Acacia species, commonly known as thorn trees in Africa or wattles in Australia, are very 

important economic plants as sources of tannins, gums, timber, fuel, fodder and traditional 

medicines (Bargali & Bargali, 2009). Acacia species have been used as traditional medicinal 

plants since the early days of civilization. In Egyptian mythology, acacia was referred to as 

‘the tree of life’, reflecting its healing nature (Bostock & Riley, 1855). The bark, flowers, 

leaves, pods, seeds and roots of Acacia have been used traditionally for the treatment of 

various ailments by many cultures (Agunu et al., 2005; Bargali & Bargali, 2009; Lassak & 

McCarthy, 2011). In Australia, early colonial botanists described medicinal attributes of 

Acacia species that were known by indigenous Australians (Jones, 2006; Pennacchio et al., 

2005). 

 

There are roughly 1,350 Acacia species worldwide, with about 960 of them native to 

Australia (Ogunwande et al., 2010). The growth form of Acacia is either a tree or a large 

shrub. They grow in diverse environments, from tropical, subtropical to warm temperate parts 

of the world (Maslin et al., 2003a). The leaves of Acacia are either true leaves (bipinnate) or 

phyllodes (petiole modified for photosynthesis appearing as a simple leaf), with much of the 

phytochemistry literature referring to the phyllodes as leaves, and I will follow this trend. 

Acacia flowers are bright yellow to cream in colour. Flowering time is usually late winter to 

spring or early summer (Ho et al., 2012). Seeds are edible and commonly ground into a type 

of flour (Isaacs, 2002). Gum exudes from the stems and branches in response to 

environmental or stress factors (Seigler, 2002). 

 

A. nilotica is the most traditionally used, as well as phytochemically and pharmacologically 

investigated, Acacia species worldwide (Venkataswamy et al., 2010). This is not a surprise as 
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it has a wide distribution in Africa and Asia, it is invasive and able to thrive in varying 

environmental conditions and most of its parts have been used for the treatment of various 

ailments. Other frequently studied acacias in the Old World include A. senegal, A. catechu 

and A. confusa. Amongst Australian acacias, A. mearnsii is the most investigated species due 

to its economic importance as a source of condensed tannins (Griffin et al., 2011; Kusano et 

al., 2010). Examining the phytochemical and pharmacological literature of Acacia, it is clear 

that a systematic review of literature has not been attempted. The present chapter offers a 

current and comprehensive review of Acacia species, covering their taxonomic, 

ethnomedicinal, chemical and pharmacological features.  

 

1.2 Taxonomy 

Acacia species are legumes. The legumes are considered either one large family (Fabaceae 

sensu lato) (s.l.) (used in this review) with three subfamilies (including Mimosoideae which 

includes Acacia) or three smaller families (including Caesalpinioideae, Mimosaceae and 

Fabaceae sensu stricto). Acacia (s.l.) is a large genus of about 1350 species, the second 

largest in the family Fabaceae (s.l.) (Maslin et al., 2003a). The name Acacia was created in 

1754 by Miller, based on species from Africa. This name derives from the Greek word 

‘akakia’, which means ‘thorns’, and most of the African Acacia species have thorns. Vassal 

(1972) considered Acacia as one large genus with three subgenera, Acacia, Aculeiferum and 

Phyllodineae (Miller & Seigler, 2012). Pedley (1986) raised these three subgenera to genus 

level but this reclassification was not widely accepted due to insufficient supporting data 

(Maslin et al., 2003a). Recently, molecular biological evidence supports splitting Acacia (s.l.) 

into five genera (Maslin, 2008).  

 

http://www.ildis.org/Leguminosae/#mimosoideae
http://www.ildis.org/Leguminosae/#mimosoideae
http://en.wikipedia.org/wiki/Greek_language
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The original type of the name ‘Acacia’ was an African species. Thus, if Acacia was split into 

five genera with the original African type, then over 960 Australian species would have 

required a name change (to Racosperma). Thus Orchard and Maslin (2003) proposed that the 

type of Acacia be changed from the African species (A. nilotica) to an Australian species (A. 

penninervis) (Orchard & Maslin, 2003), then around only 400 species (mainly in Africa and 

Central America) would require a name change.  In 2005, the controversial Orchard and 

Maslin proposal regarding the name of Acacia was approved at the XVII International 

Botanical Congress (McNeill & Turland, 2011). Nevertheless, as the vast majority of the 

literature, especially that concerning phytochemistry, treats Acacia as a single large genus, 

i.e. Acacia (s.l.), this approach is also used in this thesis.  

 

 

1.3 Ethnomedicine 

Plants have provided remedies in traditional medical systems for centuries before the advent 

of modern medicine and more than 60% of people worldwide still use traditional medicine 

(Nielsen et al., 2012). Recent estimates suggest that several thousand plant species have been 

used as medicine in various cultures, in a simple form of raw plant materials or in processed 

crude extracts (Krishnarajua et al., 2005). Traditionally, Acacia has a very long history of 

‘ethno’ uses (Li et al., 2003) due to their versatility and availability (van Vuuren, 2008). It is 

reported that ancient Egyptian civilization used various Acacia species (e.g. A. nilotica) to 

treat diseases such as diarrhoea, internal bleeding and skin diseases (Aboelsoud, 2010; 

Younis, 1997). Acacia is also very commonly used in sub-Saharan (Eldeen & Staden, 2007a), 

Chinese (Li et al., 2003) and Asian regions, e.g.  in Ayurvedic (Indian) and Unani (Greco-

Arabic) (Kala et al., 2006) folk medicine. 
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The traditional uses of Acacia species differ according to the species and the region of the 

country in which they occur. Australian aboriginal people uses decoction of A. salicina bark 

for the treatment of cough (Lassak & McCarthy, 2011) and as a piscicide (fish poison) 

(Williams, 2012). Moreover, Australian Aboriginal people usually use bark and leaf smoke of 

A. salicina for mothers to stop the bleeding after child birth (Williams, 2011). The native 

Australian A. salicina is now widely distributed in various part of the world, and in Tunisia, 

fresh or dried leaves of A. salicina are taken orally for the treatment of inflammation, cancer, 

and to promote human fertility (Bouhlel et al., 2008). The evergreen A. nilotica occupies an 

important place in traditional medicine against various disorders in different countries 

including Africa, Egypt, India, Pakistan, Yemen, Zimbabwe, whilst in Australia, A. nilotica 

was cultivated in the late 1800s, but only as a source of gums and resins (Kull & Rangan, 

2008). Additionally, in Africa, A. nilotica is used against malaria (Alli et al., 2011), but this 

traditional practice is not common in Asia or other regions, perhaps because malaria is more 

common in Africa. Moreover, traditional use of A. nilotica against CNS disorder is not 

reported anywhere except in Egypt (Eissa et al., 2014). In fact, A nilotica is the most versatile 

and multipurpose species in the genus (Venkataswamy et al., 2010). It is widespread in 

Africa, from Senegal to Egypt, and in Asia, from the Middle East to southern parts of Asia 

(Verma et al., 2012). This species occupies an important place in traditional medicine against 

various health disorders. Many other Acacia species are also used traditionally in a number of 

countries (Table 1.1).  

 

Around 80% of traditional uses of Acacia have been reported in Africa and Asia (mainly 

India, Pakistan, Bangladesh, Sri Lanka and Middle Eastern countries), with a smaller number 

of uses in Australia and America, but no traditional uses have been reported in Europe (Table 

1.1). The Australian Aboriginal people have been reported to have used only 30 Acacia 



35 
 

species in their traditional medicine (Wickens & Pennacchio, 2002). They mainly used 

Acacia as a food and flavour enhancer (Clarke, 2011). Acacia species (e.g. A. adsurgens, A. 

ancistrocarpa, A. bivenosa, A. cuthbertsonii, A. dictyophleba, A. holosericea, A. lysiphloia, 

A. melanoxylon, A. monticola, A. multisiliqua, A. pyrifolia, A. tetragonophylla, A. 

trachycarpa and A. translucens) have been used for treating cold, fever, diarrhoea, dysentery 

and for wound healing. Others such as A. ixiophylla, A. leptocarpa, A. falcata, A. implexa and 

A. inaequilatera have been applied for treating skin diseases, leprosy, rheumatism, stomach 

disorders, asthma, cancer and diabetes (Lassak & McCarthy, 2011; Williams, 2011, 2013). 

Though traditional medicinal use is very few, other uses such as for timber, tannins, paper 

production, fodder, edible seed and gum production are very common in Australia (Bartle et 

al., 2002).  

 

There is no standardized method for the preparation of folk medicines. Preparation 

techniques are developed based upon the plant utilization and sometimes depend on the 

pathogenic condition being treated. The plant parts or whole plants can be administered in 

liquid, solid, semi-solid or gas states (Mafimisebi & Oguntade, 2010). Different preparation 

techniques, for example, decoction (boiled teas), infusion (soaked teas in water), powders 

(crushed dried plant parts), tinctures (alcohol and water extracts), macerations (cold-soaking) 

and smokes or volatile oils therapy, are common preparation methods (Lassak & McCarthy, 

2011; Mohagheghzadeh et al., 2006; Ningthoujam et al., 2013). Unfortunately, little written 

evidence regarding preparation and application methods has been found because normally 

past experience and observations are passed down orally from generation to generation. For 

example, although A. nilotica is widely used, the preparation techniques for this species have 

not been clearly documented.  
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Barks and leaves are the most commonly used parts in all cultures (Australian Aboriginal, 

African, Asian and Arabs) (Table 1.1). Other parts used, in decreasing order, are: seeds ≥ 

gum˃ pods˃ roots ≥ woods˃ flowers ≥ twigs.  The most common preparation methods are 

decoctions and infusions (Table 1.1). Smoke from leaves or barks are less frequently 

reported. Paste and bandage forms are rare preparation techniques. Moreover, most of the 

reported preparations are made from a single species. 
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Table 1.1: Ethnopharmacological uses of Acacia species 

Species name 

(part/s used) 

Where use Traditional use(s) Reference(s) 

A. adsurgens  

(leaf, seed) 

Australia Headache and diarrhoea. (Li et al., 2003; 

Williams, 2011) 

A. albida  

(bark, cortex) 

Central 

Sahara, 

Kenya, 

Morocco 

Decoction of the bark is given orally for sleeping sickness and 

malaria.  The bark infusion is used for difficult delivery, while 

ointment made by steeping the bark is used for bathing and 

massage in pneumonia.  

Decoction of cortex is used for cough and bronchitis.  

Also used against leprosy but not found which plant part. 

(El Abbouyi et al., 2004; 

Hammiche & Maiza, 

2006; Salawu et al., 

2010) 

A. ancistrocarpa 

(leaf, bark, twig) 

Australia Infusion of bark used for headache and used externally for skin 

sores. 

Smoked leaf is used for the treatment of diarrhoea. 

Twigs are heated and rubbed on the body for the treatment of 

swelling or internal pains. 

(Lassak & McCarthy, 

2011; Williams, 2011) 
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Species name 

(part/s used) 

Where use Traditional use(s) Reference(s) 

A. aneura  

(bark) 

Mixed with Isotoma petraea for the treatment of cold and also used 

as analgesic. 

(Williams , 2011) 

A. arabica  

(leaf) 

India Astringent, diarrhoea and dysentery. (Tambekar & Khante, 

2011) 

A. aroma 

 (leaf, bark) 

Argentina Leaf and bark infusions have diuretic, anti-inflammatory uses. 

Also used for wound healing, gastrointestinal disorders and 

antiseptic.  

(Arias et al., 2004) 

A. asak  

(Stem cortex) 

Yemen Gastric ulcer, antiseptic and skin diseases. (Al-Fatimi et al., 2007) 

A. auriculiformis 

(not found) 

India CNS depressant. (Kaur et al., 2002) 

A. bivenosa  

(bark) 

Australia Decoction for the treatment of cough. (Lassak & McCarthy, 

2011) 
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Species name 

(part/s used) 

Where use Traditional use(s) Reference(s) 

A. catechu  

(bark, root, wood, 

gum) 

India, Nepal Decoction of bark is used to treat against colds, coughs, asthma, 

bronchitis and diarrhoea. Bark is also used as anthelmentic, 

antipyretic and used against leprosy.   

Decoction of wood is applied for the treatment of mouth ulcers, 

skin eruptions, diarrhoea and toothache. 

Gum used as disinfectant. 

(Kala et al., 2006; 

Kunwar et al., 2010; 

Monga et al., 2012; 

Williamson et al., 2002) 

A. caesia  

(seed) 

India Powdered stem is crushed with leaf of Ocimum sanctum for the 

treatment of diabetes mellitus. 

(Tag et al., 2012) 

A. colei  

(gum) 

Australia Used as anti-inflammatory and astringent.   (Williams, 2011) 

A. concina  

(leaf, pod) 

India, 

Pakistan 

Leaf infusion is taken orally for the treatment of malaria. 

Preventing dandruff and also promote hair growth. 

(Ahmad et al., 2011; 

Bora et al., 2007; 

Jeyapardha et al., 2011) 
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Species name 

(part/s used) 

Where use Traditional use(s) Reference(s) 

A. confusa  

(leaf) 

Taiwan Aqueous leaf extract used for wound healing. (Lee et al., 2011) 

A. cornigera  

(bark) 

Central 

America 

Baths, decoctions or infusions are used for anti-inflammatory 

effect.  

(Maldini et al., 2009) 

A. cuthbertsonii 

(bark) 

Australia 

 

Bark is used for the treatment of rheumatic fever and toothache. (Williams , 2011) 

A. decurrens  

(bark) 

Decoction of bark has been used for dysentery. (Lassak & McCarthy, 

2011) 

A. dictyophleba 

(leaf) 

Smoked leaves are used for menstrual problems. (Williams , 2011) 
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Species name 

(part/s used) 

Where use Traditional use(s) Reference(s) 

A. estrophiolate 

(leaf, root bark, gum) 

Infusion of leaf is used against headache, eye sores and skin 

disorders. 

Infusion of the bark of smaller roots are poured over or rubbed in 

for the treatment of sore throat and headache. It is also used as 

bandage. 

Dried or softened gum is used for wound healing and sores. 

A. farnesiana  

(bark, leaf, pod, stem 

bark, root) 

India 

 

Decoction of bark is used against dysentery and stomach disorder. 

Paste of fresh leaf used for eye inflammation. Both leaf and bark 

are crushed, boiled and inhaled by the patient for malaria. 

Paste of pod is used for the treatment of ulcer and dental caries. 

To manage pain and inflammation. 

The paste of stem bark is applied on swollen neck glands. 

 

 

(Bora et al., 2007; 

Bukhari et al., 2010; 

Goyal et al., 2011; 

Poongodi et al., 2011) 
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Species name 

(part/s used) 

Where use Traditional use(s) Reference(s) 

A. hemignosta  

(leaf) 

Australia 

 

Ash of leaf is rubbed on sore tongue and lips of the babies. It is 

also rubbed on shoulder, neck and chest pain.  

(Williams , 2011) 

 

A. holosericea (bark, 

root, pod) 

Infusion of bark used as decongestant. 

Infusion of root used as anti-inflammatory, analgesic and 

antiseptic. 

Crushed ripened pod is used for the treatment of itching. 

A. implexa (bark) An embrocation* from bark to cure skin diseases.  (Lassak & McCarthy, 

2011) 

A. karroo (leaf, bark, 

gum) 

Southern 

Africa 

Used for wound poultices, eye treatments and cold remedies. (Adedapo et al., 2008) 

A. kempeana (leaf) Australia Leaf is chewed to alleviate congestion, cold and general sickness.  (Gulati et al., 2012; 

Williams, 2011) A. leptocarpa (leaf) Decoction and infusion of the leaf are used as ophthalmic remedy. 

A. leucophloea 

(bark) 

Bangladesh, 

Burma, 

Decoction of bark is used as anthelmentic, blood purifier, 

expectorant, ulcer healing, gum bleeding, anti-diarrhoea, anti-

(Imran et al., 2011; Jhade 

et al., 2012; Shahid & 
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Species name 

(part/s used) 

Where use Traditional use(s) Reference(s) 

India, 

Pakistan, Sri 

Lanka, 

Thailand 

dysentery, to treat snake bites, asthma, cholera, analgesic for 

menstrual pain, antipyretic and contraceptive. 

Used against cancer but not mentioned which part. 

Firdous, 2012; Tambekar 

& Khante, 2011) 

A. ligulata (leaf, 

bark) 

Australia Smoke of leaf is reputed to help dizziness, nerves and fits. It is also 

used against cough, cold, chest infection and general illness. 

Infusion of bark is used as cough medicine. 

(Gulati et al., 2012; 

Williams, 2011) 

A. lysiphloia (leaf) Infusion of leaf is used to wash the body to treat cold, influenza 

and fever. 

Decoction of leaf is used externally against headache and mumps. 

A. melanoxylon 

(bark) 

Infusion of roasted bark is applied to cure rheumatic joints pain. 

A. mellifera (bark) Africa Used against pneumonia, malaria, primary infection of syphilis, 

sterility and stomach ache. 

(Lalitha et al., 2010) 
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Species name 

(part/s used) 

Where use Traditional use(s) Reference(s) 

A. modesta (leaf, 

gum, flower, wood) 

Pakistan Gum, flower and wood are used against dysentery, leprosy, 

toothache, trachoma and wounds.  

Aqueous preparation of leaves is used for treating sore eyes. 

(Bukhari et al., 2010) 

A. monticola (root) Australia Decoction and infusion is used for cough and cold. (Lassak & McCarthy, 

2011) 

A. multisiliqua (leaf) The leaf decoction is used to clear congestion and also used against 

flu. 

(Williams, 2011) 

A. nilotica (leaf, 

bark, fruit, root, root 

bark, pod, wood, 

seed, gum, flower) 

Various 

parts of 

Africa, 

Egypt,  

India, 

Pakistan, 

Yemen, 

Leaves are used for healing eyes, leprosy, menstrual problems, 

congestion, eczema, diarrhoea, dysentery, haemorrhoids, ulcers, 

diabetes and as tonic. Chewing of young leaf is effective against 

nausea. 

Bark decoctions are taken for dry coughs and eye complaints. Bark 

preparations are used as aphrodisiac and for treating cold, 

bronchitis, biliousness, bleeding piles, leucoderma, sore throat, 

(Al-Fatimi et al., 2007; 

Alli et al., 2011; Amin et 

al., 2013; Arora & 

Paliwal, 2013; Dafallah 

& Al-Mustafa, 1996; 

Diallo et al., 1999; Eissa 

et al.; Jacknoon et al., 
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Species name 

(part/s used) 

Where use Traditional use(s) Reference(s) 

Zimbabwe toothache, urinogenital diseases, diarrhoea, dysentery, leprosy, 

haemorrhoids, menstrual problems, congestion and as a 

tranquilizer. Infusion is used for central nervous system disorders. 

Frequently used against malaria. 

Juice made from the fruits is taken against chest pain and applied 

locally in the mouth against gingivitis. 

Infusion of roots taken orally for sexually transmitted diseases and 

also used for respiratory ailments including tuberculosis.  

Decoction of root barks use as gargle. 

Powdered pod are widely used for the treatment of common cold, 

wound healing, influenza, diarrhoea, cough and diabetes. Infusion 

of pod is used as sedative.  

Wood preparations are used against smallpox.  

Crushed seeds are immersed into water to treat wound healing.  

2012; Kalaivani & 

Mathew, 2010; Misar et 

al., 2007; Omara et al., 

2012) 
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Species name 

(part/s used) 

Where use Traditional use(s) Reference(s) 

Gum is used against cold, various types of cancer, such as mouth, 

bone and skin, and type 2 diabetes. 

Flower decoction is used as expectorant. 

A. oxyphylla (bark) India Concoction of stem barks used as anthelmintic.  

 

(Dasgupta et al., 2012) 

A. pellita (seed, pod) Australia Decocted seed used as analgesic. 

Pods are soaked in water and used against pruritus (itching). 

(Williams, 2011) 

A. pennata (bark) Ivory Coast,  

North-East 

India 

To treat cough, inflammation, headaches, rheumatism and fever 

(plant part not specified). 

Bark juice is taken orally in water for stomach ache. 

(Dongmo et al., 2005; 

Shankar et al., 2012) 

A. pennatula (bark) Mexico Used against inflammatory diseases. (Alonso-Castro et al., 

2011) 

A. pennivenia (leaf) Yemen Leaf paste is used for women with mastitis. (Mothana et al., 2009) 

A. pruinocarpa Australia Seeds are used against headache. (Williams, 2011) 
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Species name 

(part/s used) 

Where use Traditional use(s) Reference(s) 

(seed) 

A. salicina (leaf) Tunisia  Infusions of fresh or dried leaf are used for treating inflammation, 

diarrhoea, rheumatism, cancer and improving fertility. 

(Boubaker et al., 2012; 

Bouhlel et al., 2008) 

A. senegal (leaf, 

gum, bark, flower) 

Egypt, North 

Africa, 

South 

Africa, West 

Africa, 

Northern 

Nigeria 

Gum and leaves are used for pneumonia, boils, leprosy, bleeding, 

bronchitis, diarrhoea, gonorrhoea, leprosy, typhoid fever and 

sprain. 

A poultice of bark to treat bedsores and wounds.  

Infusion of flowers prepared for eye disorders, diarrhoea and 

uterine infection. 

(Diallo et al., 1999; 

Hilmi et al., 2014; 

Marwah et al., 2007; 

Okoro et al., 2012; 

Semenya & Maroyi, 

2012; Williams, 2011) 

A. seyal (leaf, seed, 

wood) 

Central 

Sahara, 

Sudan 

Smoke of the wood is used to treat rheumatoid arthritis. 

Decoction of leaf used to treat inflammation and stomach 

disorders, and also used externally for rheumatism. 

Decoction used internally for fever, dysmenorrhoea and externally 

(Eldeen & Staden, 2007a, 

2007b; Hammiche & 

Maiza, 2006) 
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Species name 

(part/s used) 

Where use Traditional use(s) Reference(s) 

for eye inflammation. Powder used externally for wound healing. 

A. sieberiana (bark, 

leaf) 

South 

Africa, 

Zimbabwe 

Bark infusions are used for back pain.  It is also used to treat 

convulsions and dizziness. 

Leaf infusion used for inflammation. 

(Eldeen et al., 2005; 

Stafford et al., 2005) 

A. suma (bark, leaf) India Dried stem bark is used for the treatment of anaemia and uterine 

complaints.   

Juice of leaves is used for wound healing. 

(Mondal et al., 2013) 

A. tenuissima (leaf) Australia Infusion of leaf is useful as skin wash for general complaints: 

antiseptic.  

(Gulati et al., 2012; 

Williams, 2011) 

A. tetragonophylla 

(bark, leaf, wood) 

People chewed the leaf for the treatment of dysentery. It is also 

used for the treatment of circumcision wounds. 

Infusion or decoction of inner bark is used as cough relief. 

Wood ash is used as antiseptic. 

A. torulosa (leaf) Infusion of young leaf is used as general medicinal wash. 
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Species name 

(part/s used) 

Where use Traditional use(s) Reference(s) 

A. tortilis (bark, 

seed, leaf, fruit) 

Egypt, 

Yemen 

Infusion of bark used as sedative, analgesic and disinfectant. Bark 

infusion also applied against jaundice, diarrhoea, pulmonary 

diseases. 

For stomach ache and digestive problems. 

Sap is taken directly for the treatment of malaria. 

(Al-Fatimi et al., 2007; 

Eissa et al.; Kiringe, 

2006) 

A. translucens  

(leaf) 

Australia Decoction of young leaves is applied externally for skin disorders 

(rashes). 

(Williams, 2011) 

A. trachycarpa  

(leaf, twig) 

Infusion of leaf and twigs are used for bathing the head for 

headache. 

* Embrocation: A liquid used externally to rub the affected part of the body. 
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1.4 Phytochemistry of Acacia Species 

Legumes produce a great diversity of secondary metabolites and the family Fabaceae represent 

one of the largest plant families of legumes (Wink, 2013). Acacia species are rich sources of 

bioactive compounds including biophenols, alkaloids, saponins, terpenoids, sterols, 

polysaccharides, non-protein amino acids, fatty acids and miscellaneous organic acids. More 

than one hundred flavonoids including flavans, flavanones, flavonols, flavones and their 

glycosides have been found in Acacia species (Table 1.2). 

 

1.4.1 Plant phenols 

Plant phenols are important bioactive constituents and they constitute the largest group of 

secondary metabolites with widespread presence in the plant kingdom (Quideau et al., 2011). 

Though “polyphenols” is the term most frequently used to describe plant phenols in the 

literature, the prefix “poly” gives the wrong impression and excludes many simple phenols 

(Obied, 2013; Tura & Robards, 2002). Hence the term “biophenols” is a more precise and 

comprehensive description of this class of plant secondary metabolites. Various biophenolic 

classes have been identified in Acacia: phenolic acids, flavonoids and tannins.    

 

1.4.2 Phenolic acids 

Phenolic acids in their free and conjugated forms are reported in Acacia. Both hydroxybenzoic 

acids e.g. gallic (2) and syringic acid (8) and hydroxycinnamic acids e.g. ferulic acid (10) have 

been identified in Acacia species. The major phenolic acids present in Acacia were found to be 

gallic acid (2) and its derivatives. Gallic acid (2) was quantified only in pods (Singh et al., 

2009b) and seeds (Ee et al., 2011) and the concentration of gallic acid in pods ranges from 44 to 
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105 mg/g dry weight, which is several-fold higher than in the seeds. Most of the phenolic acids, 

such as caffeic acid and succinic acid, identified were found in the pods, especially in A. nilotica. 

Very few phenolic acids were identified from leaf or bark though they have more phytochemical 

and pharmacological documentation (Table 1.2).  

 

1.4.3 Flavonoids 

Flavonoids are widely reported in Acacia species.  According to Seigler (2003), flavonol, 

flavone, flavan-3-ols, and flavan-3,4-diols and their glycosides are commonly identified in 

Acacia. A number of 5-deoxy flavonoids have been identified in Acacia, which is a common 

feature in the Fabaceae family (Seigler, 2003). Heartwood and bark are the plant parts most 

commonly examined for flavonoids, both in Australian and African Acacia species. Barks have 

generally been found to contain more complex flavonoid mixtures than woods. Other parts such 

as pods, leaves and seeds have been less commonly analysed. Although few species have been 

examined, 3-methoxyflavones appear to be common in Australian acacias.  

 

A large number of apigenin (40, 41), catechin (16-26 and 29-33), epicatechin (27, 28), 

kaempferol (42-46), naringenin (36-39), quercetin (56-65) and myricetin (47-55) derivatives 

have been identified in both African and Australian Acacia. Catechin and epicatechin derivatives 

are mostly present in South African species of Acacia such as A. nilotica, A. gerrardii, A. 

giraffae, whereas A. catechu is the other African species which contains only catechin (Table 2.2 

and Figure 1.2). Gallocatechin (29) has been found in 61 Australian species in the subgenus 

Phyllodineae, whereas epigallocatechin is less common in Australian species (Tindale & Roux, 

1969). On the other hand, kaempferol, myricetin and quercetin derivatives were frequently 
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identified and isolated from subgenera Acacia, Aculeiferum and Phyllodineae. Rutin (65) was the 

most commonly identified quercetin derivative. Rhamnetin (66) was identified only in Australian 

A. ixiophylla (Clark-Lewis & Dainis, 1968) but interestingly its only derivative, rhamnetin-3-

rhamnoside (67), was found in South African A. confusa (Wu et al., 2008a).  

 

Four basic patterns of phenolic hydroxylation of flavonoids, 3',4',7-trihydroxy, 4',7-dihydroxy, 

3',4',7,8-tetrahydroxy and 4',7,8-trihydroxy are present in Acacia. 3',4',7-trihydroxyand 4',7,8- 

trihydroxy flavonoids are present in Australian Acacia (Tindale & Roux, 1969, 

1974).Teracacidins (oligomeric 7,8,4'-trihydroxyflavan-3,4-diols) full range of related 7,3',4'-

trihydroxy, 7,8,4'- trihydroxy and 7,8,3',4'-tetrahydroxy (melacacidin) (34-35) flavonoids groups 

have also been reported in Australian Acacia (subgenus Acacia), along with African A. nilotica 

and A. confusa. Robinetinidol (68), along with their derivatives, and taxifolin (69) have been 

found in A. mearnsii but only one taxifolin derivative, taxifolin-7-α-D-glucoside (70), has been 

reported in A. latifolia (Kusano et al., 2010).  

 

 

1.4.4 Tannins 

Tannins, including hydrolysable and condensed tannins (proanthocyanidins), are the next leading 

compounds in Acacia species after flavonoids. They have also been identified in and isolated 

from different parts of Acacia species.  

 

Proanthocyanidins are the most conspicuous type of tannins in Acacia. Tannins are important in 

many foods and animal diets. Proanthocyanidin dimers are common in Australian species with 
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7,3',4'-trihydroxy substitutions and they are often accompanied by oligomeric condensed tannins 

but the 7,8,4'-trihydroxy (-)-teracacidin group is rare in Australian species (Seigler, 2003). 

Acacia mearnsii bark extract is the world’s highest yielding source of high quality condensed 

tannins (Olajuyigbe & Afolayan, 2012a). Due to its tannin constituent, A. mearnsii bark is an 

important renewable industrial source of natural polymers for leather tanning and adhesive 

manufacturing in Australia (Searle, 1991). Nowadays A. mearnsii is one of the important global 

tannin production plants in South Africa, China, Vietnam and Brazil (Maslin et al., 2003b). The 

extract consists of catechin (16), gallocatechin (29), robinetinidol (68) and their dimers and 

higher oligomers. Trimeric and higher flavan-3-ol oligomers are prominent in A. mearnsii bark 

extracts (Venter et al., 2012). The rare series of trimericproteracacinidins such as epioritin-

(4β→6)-oritin-(4α→6)-epioritin-4α-ol, oritin-(4β→6)-oritin-(4α→6)-epioritin-4 α-ol, and 

epioritin-(4β→6)-epioritin-(4β→6)-epioritin-4 α-ol were identified from heartwood of A. 

galpinii and A. caffra (Seigler, 2003). Epioritin-4α-ol-(6→6)-epioritin-4β-ol, isolated from A. 

caffra, was the first identified naturally occurring bis-flavan-3,4-diol (Bennie et al., 2004). 

Acacia suma bark extract contains another condensed tannin, gallocatechin-(4→8)-epicatechin 

(Gandhi, 1977).  

 

Few hydrolysable tannins have been reported from A. raddiana, including 1,3-di-O-galloyl-4,6-(-

)-hexahydroxydiphenoyl-β-glucoside (17), 1-O-galloyl-β- glucoside (11), 1,6-di-O-galloyl-β- 

glucoside (12) and 1,3,6-tri-O-galloyl-β-glucoside (14) (Table 2.2). Recently, hydrolysable 

tannins were also identified in A. nilotica and A. mearnsii (Kusano et al., 2010; Maldini et al., 

2011). 
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1.4.5  Chalcones  

In the 1990s, chalcones have been reported from different Acacia species Table 2.2. Okanin 

(3,4,2',3',4'-pentahydroxy-trans-chalcone) (73) is the only member of this chemical group which 

has been identified from the root and heartwood of A. confusa (subgenus Acacia) (Lin & Chang, 

2013; Wu et al., 2005). Earlier reports suggested the presence of 2',4',4-trihydroxychalcone (71) 

and 4'-hydroxy-2'-methoxychalcone (72) in both subgenera of Acacia viz, A. neovernicosa 

(Wollenweber & Seigler, 1982) and subgenus Phyllodineae (Table 1.2). The subgenus 

Aculeiferum contained no aromatic ketones and enones. 

 

 

1.4.6 Amines and alkaloids 

Amines and simple alkaloids are also found in Acacia. Both tyramine (83) and N-methyltyramine 

(81) have been reported in the African subgenus Aculeiferum (e.g. A. caesia). N-methyltyramine 

(81) was also reported in Australian Phyllodineae (e.g. A. phlebophylla, A. simplicifolia) (Table 

2.2). A. berlandieri, which is probably the most studied species in subgenus Aculeiferum, 

contains tyramine (83), N-methyltyramine (81), N-methyl-β-phenethylamine, N, N-

dimethyltyramine (82) amphetamine (74), methylamphetamine (75), nicotine (78) and 

nornicotine (79) (Table 1.2).  
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1.4.7 Non-protein amino acids 

Non-protein amino acids are present in seeds and leaves of different Acacia species (Table 1.2). 

The Australian subgenera Acacia and Phyllodineae were found to contain species with a number 

of non-protein amino acids (Evans et al., 1977; Shah et al., 1992). Most of the species contain N-

acetyldjenkolic acid (86), a combination of S-carboxyethylcysteine (87), S-β-carboxyisopropyl-

L-cysteine (88), albizziine (84), and α-amino-β-acetylaminopropionic acid (85) (Table 1.2). 

 

The above amino acids have not been isolated from African Acacia species. No N-

acetyldjenkolic acid (86) was found in A. coulteri but it contains willardiine [(S)-1-(2-amino-2-

carboxyethyl) pyrimidine-2,4-dione] (89), which is only occasionally found in legumes (Seigler, 

2003). 

 

 

1.4.8 Fatty acids 

Acacia seeds are rich in fatty acids. Linoleic (92) and oleic (94) acids are the most common fatty 

acids in subgenera Acacia, Aculeiferum and Phyllodineae which range from 23% to 68% and 

10% to 42% respectively. However, linolenic acid (93) was not detected in the subgenus 

Phyllodineae. Palmitic (90), palmitoleic (91) and octadecanoic (stearic) (95) acids are also 

present in small amounts in all species that belong to those subgenera (Seigler, 2003).  

 

Australian Aboriginal people used wattle species, especially those in the subgenus Phyllodineae, 

as sources of both protein and oils (Latz, 2001). The most important of these species for ‘bush 

tucker’ in Australia are A. victoriae and A. murrayana that have seeds with linoleic (92), oleic 
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(94) and saturated fatty acids (Maslin, 1998). Recently the seeds of another Phyllodineae species, 

A. cyanophylla, were investigated and oleic (94) (19.67–22.85%), linoleic (92) (61.11–65.45%) 

and palmitic (90) (9.18–9.98%) acids were detected as the principal fatty acid constituents of the 

seed oils. Palmitoleic acid (91) (0.34–0.58%), which had not been previously identified, was also 

found (Youzbachi et al., 2012). 

 

 

1.4.9 Polysaccharides 

Acacia gums consist of non-starch, highly branched polysaccharides (Desplanques et al., 2012), 

either neutral or slightly acidic (Dauqan & Abdullah, 2013). The structures of natural gums vary 

considerably but many have a 1→3 linked D-galactopyranose backbone with four sugars, 

namely L-arabinose, L-rhamnose, D-galactose, and D-glucuronic acid (Nie et al., 2013a). In 

addition, gums also contain amino acids, e.g. hydroxyproline, serine, proline, threonine, leucine, 

glycine and histidine (Mahendran et al., 2008), and trace amounts of lipids (Wickens & 

Pennacchio, 2002). Polysaccharides form complex compounds with calcium, magnesium, iron, 

zinc and potassium for better stability (Ofori-Kwakye et al., 2010).  

 

The structure of gums from A. senegal and A. seyal have recently been revised using methylation 

analysis and nuclear magnetic resonance (NMR) spectroscopy, and it was found  that A. seyal 

gum is more highly branched than that of A. senegal and is composed of 1,3-linked 

galactopyranosyl units (Nie et al., 2013b). Moreover, galactouronic acid was identified in A. 

seyal for the first time by Nie et al. (2013b). Australian Acacia gums frequently contain tannins 

and some species possess uronic acid (Annison et al., 1995; Fetrow & Avila, 2000). 
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1.4.10 Other phytochemicals 

Cyanogenic glycosides are considered toxic because they release hydrogen cyanide when plants 

are damaged. Though cyanogenic glycosides are common in Australian species of the subgenus 

Phyllodineae, they lack the enzymes to hydrolyze the compounds, so they were considered non-

toxic (Maslin et al., 1988). The aromatic cyanogens, prunasin (98) and sambunigrin (99), have 

been identified in the African species A. caffra and A. hereroensis (subgenus Aculeiferum).  

 

Recently, (25S)-5β-spirostan-3β-yl-3-O-β-Dxylopyranosyl-(1→3)-O-β-D-xylopyranosyl (1→4)-

β-D-galactopyranoside saponins have been identified from A. saligna leaf extract (Gedara & 

Galala, 2013). The rest of the saponins have been reported by Seo et al. (2002) from A. tenuifolia 

seed extracts. Other chemical groups such as polyols .e.g. (+)-pinitol (100) and sterols, e.g. 

ergosterol (101), have also been isolated from different Acacia species (Table 1.2). Most 

recently, two monoterpene acid glycosides have been identified from A. cyclops (Jelassi et al., 

2014b). 

 

 
 
 
 



Table 1.2: Chemical compounds reported in various Acacia species 

Chemical class Compound Species (plant part/s) Methods of 

structural 

elucidation 

References 

Phenolic acids and their 

derivatives 

 

 

Atranorin (3-Hydroxy-4-

(methoxycarbonyl)-2,5-

dimethylphenyl 3-formyl-2,4-

dihydroxy-6-methylbenzoate) (1) 

A. mellifera (B) NMR (Mutai et al., 2009) 

Digallic acid (4) A. nilotica (P) HPLC, LC-

MS/MS 

 

(Singh et al., 2009b) 

3,4-Dihydroxybenzoic acid (6) A. confusa (R) (Lin & Chang, 2013) 

3,4-Dihydroxybenzoic acid ethyl ester 

(7) 

A. confusa (HW) HPLC, UV, IR, 

EIMS, 

HREIMS 

(Wu et al., 2005) 

Ellagic acid (9) A. nilotica (P) HPLC, LC-

MS/MS 

(Singh et al., 2009b) 

Ferulic acid (10) 
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Chemical class Compound Species (plant part/s) Methods of 

structural 

elucidation 

References 

Gallic acid (2) A. nilotica (P), A. 

farnesiana (P), A. 

victoriae (S) A. cyclops, 

A. cyanophylla, A.  

mollissima (S), A. 

catechu (W) 

CC, HPLC, GC-

MS, UV 

(Ee et al., 2011; El Sissi et 

al., 1973; Jelassi et al., 

2014a; Karim & Azlan, 

2012; Sulaiman & 

Gopalakrishnan, 2014) 

Gallic acid methyl ester-4-gallate (5) A. nilotica (P) 

 

NMR (Maldini et al., 2011) 

Galloylglucose or 1-O-galloyl-β-D-

glucose (11) 

HPLC, LC-

MS/MS 

(Singh et al., 2009b) 

1,6-Di-O-galloyl-β-D-glucose or 1,6-

Di-O-galloyl-β- glucoside (12) 

 

A. nilotica (P), A. 

mearnsii (B) 

 

NMR, MALDI-

TOF-MS 

(Kusano et al., 2010; 

Maldini et al., 2011) 

1,3-Di-O-galloyl-4,6-(-)- A.  raddiana (L) NMR, MS (El-Mousallamy et al., 
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Chemical class Compound Species (plant part/s) Methods of 

structural 

elucidation 

References 

hexahydroxydiphenoyl-β- glucoside 

(15) 

  1991) 

4-Hydroxy-2-methoxyphenyl 1-O-β- 

D- glucoside (14) 

NMR, MALDI-

TOF-MS 

(Kusano et al., 2010) 

 Methylgallate (3) A. nilotica (P), A. 

farnesiana (B, P) 

HPLC, UV, 

NMR 

(El Sissi et al., 1973; Lin et 

al., 2009; Maldini et al., 

2011; Sanchez et al., 2013) 

3-Hydroxy-4-methoxybenzoic acid 

(68) 

A. confusa (HW) HPLC, UV, IR, 

EIMS, 

HREIMS 

(Wu et al., 2005) 

Protocatechuic acid or 3,4-

Dihydroxybenzoic acid 

A, confusa, A. nigrescens 

(HW) 

NMR (Fourie et al., 1972; Wu et 

al., 2005) 
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Chemical class Compound Species (plant part/s) Methods of 

structural 

elucidation 

References 

protocatechuic acid pyrocatechol A. nilotica (NM) (Singh et al., 2008) 

Syringic acid (8) A. mearnsii (B) NMR, MALDI-

TOF-MS 

(Kusano et al., 2010) 

1,3,6-Trigalloylglucose (1,3,6-tri-O-

galloyl-β- glucoside) (13) 

A.  raddiana (L),  A. 

nilotica (P) 

NMR, MS (El-Mousallamy et al., 

1991; Karim & Azlan, 

2012) 

Flavans Catechin (16) A. giraffae (HW), A. 

catechu (NM), A. 

mearnsii (L, B), A. 

ixiophylla (B, W), A. 

nilotica (P) 

NMR, MALDI-

TOF-MS, PMR, 

PC 

(Karim & Azlan, 2012; 

Kusano et al., 2010; Malan 

& Roux, 1975; Seigler, 

2003; Tindale & Roux, 

1969; Venter et al., 2012) 

Catechin-3'-O-gallate (17) A. gerrardii (B), A. 

nilotica (B, P) 

NMR, MALDI-

TOF-MS, MS 

(Malan, 1990, 1991; Malan 

& Pienaar, 1987; Maldini Catechin-4'-gallate (18) 
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Chemical class Compound Species (plant part/s) Methods of 

structural 

elucidation 

References 

Catechin-5-gallate (19) et al., 2011; Salem et al., 

2011) Catechin-7-gallate (20) 

Catechin-3',5-digallate (21) 

Catechin-4',5-digallate (22) 

Catechin-4',7-digallate (23) 

Catechin-3,7-digallate (24) 

Catechin-3',7-digallate (25) 

Catechin-5,7-digallate (26) 

Epicatechin (27) A. nilotica (P), A.  

ixiophylla (L) 

UV, NMR, MS (Clark-Lewis & Dainis, 

1968; Karim & Azlan, 

2012) 

Epicatechin-3-O-gallate (28) A. gerrarddii (B) NMR (Malan, 1990) 
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Chemical class Compound Species (plant part/s) Methods of 

structural 

elucidation 

References 

Epicatechin (4β-8) catechin A. mellifera (B) (Mutai et al., 2009) 

Epigallocatechin-7-gallate A. mearnsii and                  

A. nilotica (B) 

NMR, MALDI-

TOF-MS 

(Kusano et al., 2010; Singh 

et al., 2008) Epigallocatechin-5,7-digallate 

Epirobinetinidol-(4β,8)-catechin A. mearnsii (B) NMR, MALDI-

TOF-MS 

(Kusano et al., 2010) 

Gallocatechin (29) A. mearnsii and other 61 

Australian species (B, W) 

NMR, MALDI-

TOF-MS 

(Kusano et al., 2010; 

Seigler, 2003) 

 

Gallocatechin 5-O-gallate (30) A. nilotica (P) HPLC, LC-

MS/MS 

(Singh et al., 2009b) 

Gallocatechin-7-O-gallate (31) A. nilotica (P)  NMR, MALDI-

TOF-MS 

(Maldini et al., 2011) 

 Gallocatechin-7,3'-di-O-gallate (32) 
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Chemical class Compound Species (plant part/s) Methods of 

structural 

elucidation 

References 

Gallocatechin-7,4'-di-O-gallate (33) 

Gallocatechin-(4→8)-epicatechin  A. suma (B) NMR (Gandhi, 1977) 

Isomelacacidin A.  nigrescens (HW) and  

A. confusa (R) 

HPLC, NMR (Fourie et al., 1972; Lin & 

Chang, 2013) 

Melacacidin (34) A. nilotica, A. giraffae, A. 

galpinii (HW) 

PMR (Malan & Roux, 1975; 

Seigler, 2003) 

4-O-methyl-melacacidin (35) A. confusa (R) NMR, ESI-MS (Lin & Chang, 2013) 

8-O-methoxyepioritin-4α-ol A. galpinii, A. caffra 

(HW) 

NMR (Seigler, 2003) 

7,3',5'-Trihydroxy-4'-methoxyflavan-

3'-glucoside (Auriculoside) 

A. auriculiformis (AP) IR, NMR, UV (Sahai et al., 1980) 

Flavanones Butin A. mearnsii (B) NMR, MALDI- (Kusano et al., 2010) 
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Chemical class Compound Species (plant part/s) Methods of 

structural 

elucidation 

References 

TOF-MS 

Chalcononaringenin A. cyanophylla (F) PMR (Imperato, 1978) 

7-Hydroxyflavanone A. neovernicosa (L, S) NMR, UV (Wollenweber & Seigler, 

1982) 

Galangin  A. neovernicosa (L, S) NMR, UV (Wollenweber & Seigler, 

1982) 

Naringenin (4',5,7-

Trihydroxyflavanone) (36) 

A. farnesiana (P) IR, NMR, UV (Barakat et al., 1999; El 

Sissi et al., 1973; El Sissi 

et al., 1974) Naringenin-7-diglucoside or Naringin 

(37) 

Naringenin-7-O-β-D-[6'-O-galloyl]- 

glucoside (38) 
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Chemical class Compound Species (plant part/s) Methods of 

structural 

elucidation 

References 

Naringenin-7-O-β-(4', 6'- digalloyl 

glucoside) (39) 

Pinocembrin A. neovernicosa (L, S) NMR, UV (Wollenweber & Seigler, 

1982) 

Teracacidin A. auriculiformis,  

A. maddenii and  

A. obtusifolia (HW) 

IR, LCMS, 

NMR, UV 

(Barry et al., 2005; Clark-

Lewis & Dainis, 1967; 

Sahai et al., 1980) 

Teracacidins  (7,8,4’-

trihydroxyflavan-3,4-diols) 

A. galpinii, A. giraffae 

and A. mangium (HW) 

PMR, LCMS, 

NMR 

(Malan & Roux, 1975; 

Mihara et al., 2005) 

Proteracacinidin Dimers (Epioritin-

(4β→6)- epioritin-4β-ol 

A. galpinii (W) NMR, MS (Malan & Sireeparsad, 

1995) 

Trimeric proteracacinidins (such as 

epioritin-(4β→6)-oritin-(4α→6)-

A. caffra and A. galpinii  

(HW) 

NMR (Bennie et al., 2004) 
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Chemical class Compound Species (plant part/s) Methods of 

structural 

elucidation 

References 

epioritin-4α-ol, oritin-(4β→6)-oritin-

(4α→6)-epioritin-4 α-ol, and epioritin-

(4β→6)-epioritin-(4β→6)-epioritin-4 

α –ol and their derivatives 

2,3-trans -3,4-trans-teracacidin A. galpinii (HW) PMR (Malan & Roux, 1975) 

3,4',7,8-Tetrahydroxy-flavanone  A. mangium (HW) ESI-MS, NMR (Mihara et al., 2005) 

7,8,3',4'-Tetrahydroxy-flavanone A. confusa (HW, L) HPLC, UV, IR, 

EIMS, 

HREIMS 

(Lin et al., 2009; Wu et al., 

2005) 

4',7,8,-Trihydroxyflavanone  A. mangium,  A. 

nigrescens and A. 

auriculiformis (HW) 

ESI-MS, NMR (Barry et al., 2005; Malan, 

1993) 

Flavone/ Flavonols Apigenin (40) A. ixiophylla (L) MS, NMR, UV (Clark-Lewis & Dainis, 
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Chemical class Compound Species (plant part/s) Methods of 

structural 

elucidation 

References 

Apigenin-7,4'-dimethyl ether (41) 1968) 

Apigenin-6,8-bis-C-β-D-

glucopyranoside (vicenin) 

A. cyanophylla (F), A. 

auriculiformis (AP)  and 

few other Acacia from 

subgenus Acacia  

(A. farnesiana, A. nilotica, 

A. seyal,  

A. tortilis) subgenus 

Aculeiferum (A. mellifera, 

A. polyacantha,  

A. senegal) and subgenus 

Phyllodieae (A. longifolia) 

 

PMR (Imperato, 1978; Sahai et 

al., 1980; Seigler, 2003) 



69 
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structural 

elucidation 

References 

Chrysin A. neovernicosa (L, S) 

 

NMR, UV (Wollenweber & Seigler, 

1982) 

2,3-cis-3,7,8,3',4'-

Pentahydroxydihydroflavone 

A. confusa (R) ESI-MS, NMR (Lin & Chang, 2013) 

3,3'-Dimethylquercetin (39) A. neovernicosa (L, S) NMR, UV 

 

(Wollenweber & Seigler, 

1982) 

5,7-Dihydroxy-6-methoxy-2,3-

dihydroflavonol 3-acetate 

A. paradoxa (F) and A. 

neovernicosa (L, S) 

(Tran et al., 2012; 

Wollenweber & Seigler, 

1982) 

5,7-Dihydroxy-2,3-dihydroflavonol 3-

acetate 

A. paradoxa (F) NMR (Tran et al., 2012) 

Europetin-3-O-α-rhamnoside A. confusa (L) CC, HPLC (Lin et al., 2009) 

Isorhamnetin (After hydrolysis) A. latifolia (F) NMR (Voirin et al., 1986) 
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structural 

elucidation 

References 

Isorhamnetin-3-O-rutinoside A. raddiana (L) NMR, MS (El-Mousallamy et al., 

1991) 

Kaempferol (42) A. farnesiana (P),  

A. nilotica (B) 

CC, UV, MS, 

NMR  

(El Sissi et al., 1973; Singh 

R et al., 2008) 

Kaempferol-7-(6'-galloylglucoside) (43) A. farnesiana (F) ESI-MS,  NMR (Barakat et al., 1999) 

Kaempferol-3-rhamnoside (44) A. farnesiana (P) and  

A. nilotica (B, P) 

CC, HPLC, MS, 

NMR, UV, 

(El Sissi et al., 1973; Singh 

et al., 2009b; Wu et al., 

2007) 

Kaempferol-7-diglucoside (45) 

Melanoxetin  A. confusa (R, HW) ESI-MS, NMR (Lin & Chang, 2013; Wu 

et al., 2008b) 

3-Methylkaempferol (46) A. neovernicosa (S) NMR, UV (Wollenweber & Seigler, 1982) 

Myricetin-3-O-α- rhamnoside (47) A. confusa (L) CC, HPLC, MS, 

NMR, UV 

(Lee et al., 2006; Lee et 

al., 2000; Lin et al., 2009) 
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elucidation 
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Myricetin-3-O-β-D-galactoside (48) A. latifolia (F) NMR (Voirin et al., 1986) 

Myricetin-3-O-β-D-glucoside (49) 

Myricetin-3-O-β- glucoside or 

Myricetrin or Myricetin-3-rhamnoside 

(50) 

A. confusa (L, F) 

 

CC, HPLC, MS, 

NMR 

(Lin et al., 2009; Wu et al., 

2008a) 

Myricetin-3-O-α-L-rhamnoside A. saligna (L) EI-MS, HR-

ESI-MS, NMR 

(Gedara & Galala, 2013) 

Myricetin-7-O-β-(6'-galloyl glucoside) 

(51) 

A. farnesiana (P) ESI-MS,  NMR (Barakat et al., 1999) 

Myricetin-3-rhamnoside-7-methyl ether (52) A. confusa (L) CC, HPLC, MS, 

NMR, UV 

(Lee et al., 2000; Lin et al., 2009) 

Myricetin-3-O-(2'-O-galloyl)-α- 

rhamnoside-7- methyl ether (53) 
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 Myricetin-3-O-(3'-O-galloyl)-α- 

rhamnoside-7- methyl ether (54) 

Myricetin-3-O-(2',3'-di-O-galloyl)-α- 

rhamnoside (55) 

Quercetin (56) A. confusa (HW) and A.  

ixiophylla (L) 

HPLC, UV, IR, 

EIMS, 

HREIMS, NMR 

(Clark-Lewis & Dainis, 

1968; Wu et al., 2005) 

Quercetin-3,3'-dimethyl ether (57) A. neovernicosa (L, S) 

 

NMR, UV (Wollenweber & Seigler, 

1982) 

Quercetin-3-O-galactoside (58) A. raddiana (L) NMR, MS (El-Mousallamy et al., 

1991; Seigler, 2003) 

Quercetin -7- O-β-(6'-

galloylglucopyranoside) (59) 

A. farnesiana (P) ESI-MS, NMR (Barakat et al., 1999) 

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=search&db=pcsubstance&term=%22Quercetin%203%2c3_%2ddimethyl%20ether%22%5bCompleteSynonym%5d%205316900%5bstandardizedcid%5d
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Quercetin-3-O-gentiobioside (60) A. confusa,  

A. neovernicosa and A. 

raddiana (L) 

CC, HPLC, 

NMR, MS 

(El-Mousallamy et al., 

1991; Lin et al., 2009; 

Seigler, 2003) 

Quercetin-7-glucoside (61) A. latifolia (F) NMR (Voirin et al., 1986) 

Quercetin-3-O-glucoside (62) A. latifolia (F) and  

A. raddiana (L) 

NMR, MS (El-Mousallamy et al., 

1991; Seigler, 2003; Voirin 

et al., 1986) 

Quercetin-3-O-glucosyl-(1→6)-

galactoside 

Quercetin-3-O-α- rhamnoside (63) A.  ixiophylla (L),  

A. confusa (L, F) and  

A. saligna (L) 

CC, HPLC ,EI-

MS, HR-ESI-

MS, MS, NMR  

(Clark-Lewis & Dainis, 

1968; Gedara & Galala, 

2013; Lin et al., 2009; Wu 

et al., 2008a) 

Quercetin-3-rhamnoside (Quercetin-3-

O-α-L-rhamnoside or Quercetrin) (64) 

Quercetin-3-O-rutinoside (Rutin) (65) A. confusa,  

 A. cyanophylla,  

CC, HPLC, 

NMR 

(El-Mousallamy et al., 

1991; Lin et al., 2009; 
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A. farnesiana,  

A. horrida, A. longifolia, 

A. mellifera, A. nilotica, 

A. polyacantha, A. 

raddiana,  A. seyal, A. 

sieberiana, A. senegal,  

A. tortilis (L) and 

A.latifolia (F) 

Seigler, 2003; Voirin et al., 

1986) 

Quercetin 3-O-trioside (with galactose 

and glucose as sugars) 

A. latifolia (F) NMR (Voirin et al., 1986) 

Rhamnetin (66) A.  ixiophylla (L) NMR (Clark-Lewis & Dainis, 

1968) 

Rhamnetin-3-O-rhamnoside (67) A. confusa (F) MS, NMR (Wu et al., 2008a) 
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elucidation 

References 

 5,7,3′,4′-Tetrahydroxy-flavone  A. nigrescens (HW) and 

A. confusa (L) 

CC, HPLC, 

NMR 

(Fourie et al., 1972; Lin et 

al., 2009) 

7,8,3',4'-Tetrahydroxy-3-

methoxyflavone 

A. nigrescens and  

A. confusa (R, HW) 

HPLC, IR, 

EIMS, 

HREIMS, 

NMR, UV  

(Fourie et al., 1972; Lin & 

Chang, 2013; Malan, 1993; 

Wu et al., 2005) 3,7,8,3'-Tetrahydroxy-4'-methoxyflavone 

2,3-trans-3,7,8,3',4'-

pentahydroxydihydroflavone  

A. confusa (R) ESI-MS, NMR (Lin & Chang, 2013) 

2,3-trans-7,8,3',4'-

Tetrahydroxydihydroflavonol 

A. nigrescens and A. 

confusa (HW) 

HPLC, UV, IR, 

EIMS, 

HREIMS, NMR 

(Fourie et al., 1972; Malan, 

1993; Wu et al., 2005) 

Transilitin  A. confusa (HW) EIMS, HRE- 

IMS, HPLC, 

(Wu et al., 2008b) 
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NMR 

7,8,4'-Trihydroxy-3,3'-

dimethoxyflavone   

A. nigrescens (HW) NMR (Malan, 1993) 

7,3′,4′-Trihydroxy-3-methoxyflavone A. confusa (HW) EIMS, HRE- 

IMS, HPLC, 

NMR 

(Wu et al., 2008b) 

7,8,4'-Trihydroxyflavonol  A. obtusifolia and 

A. maidenii (HW) 

NMR (Clark-Lewis & Dainis, 

1967) 

Flavanols Aromadendrin A. farnesiana (P) CC, UV (El Sissi et al., 1973) 

Fisetinidol A. mearnsii and A. 

nilotica (B) 

NMR, MALDI-

TOF-MS,  

(Kusano et al., 2010; Singh 

et al., 2008) 

Fisetinidol-(4α,6)- gallocatechin A. mearnsii (B) NMR, MALDI- (Kusano et al., 2010) 
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TOF-MS 

Phlobatannin (such as a single trimeric 

phlobatannin) 

A. nilotica (NM) MS, NMR (Singh et al., 2008; Venter 

et al., 2012) 

Robinetinidol (68) A. mearnsii (B) 

 

NMR, MALDI-

TOF-MS 

 

(Kusano et al., 2010) 

Robinetinidol-(4α,8)-catechin 

Robinetinidol-(4α,8)-gallocatechin 

Taxifolin (3,3',4',5,7-

Pentahydroxydihydroflavone) (69) 

Taxifolin 7-O-α-D-glucoside (70) A. latifolia (F) NMR (Voirin et al., 1986) 

Chalcones (Aromatic 

ketones and enones) 

Isoliquiritigenin or 2',4',4-

trihydroxychalcone (71) 

A. neovernicosa (L, S) NMR, UV (Wollenweber & Seigler, 

1982) 

Isosalipurposide (phloridzin) A. cyanophylla (F) PMR (Imperato, 1978) 
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2'-Hydroxy-3',4'-dimethoxychalcone 

(72) 

A. paradoxa (F) NMR (Tran et al., 2012) 

4'-Hydroxy-2'-methoxychalcone  A. neovernicosa (L, S) NMR, UV (Wollenweber & Seigler, 

1982) 

Okanin or 3,4,2',3',4'-pentahydroxy-

trans-chalcone (73) 

A. confusa (R, HW) ESI-MS, NMR, 

HPLC, UV, IR, 

EIMS, 

HREIMS 

(Lin & Chang, 2013; Wu 

et al., 2005) 

4,2',4',6'-Tetrahydroxychalcone-4- 

glucoside (67) 

A. cyanophylla (F) PMR (Imperato, 1978) 

4,2',4',6'-Tetrahydroxychalcone 2'-[O-

rhamnosyl-(1→4)-xyloside] 

A. dealbata (F) PC, TLC, UV (Imperato, 1982) 

2',3',4'-Trimethoxychalcone (66) A. paradoxa (F) NMR (Tran et al., 2012) 



79 
 

Chemical class Compound Species (plant part/s) Methods of 
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Amines and alkaloids Amphetamine (74) A. berlandieri, A. rigidula 

(L) 

PC, GC-MS, 

HPLC 

(Adams & Camp, 1966; 

Clement et al., 1997, 1998; 

Forbes et al., 1995) 

p-Methylamphetamine (75) 

Dopamine (76) 

p-Hydroxy pipecolamide  

Mescaline (77) 

2-Methyl-1,2,3,4-tetrahydro-β-

carboline  

A. simplicifolia (B) NMR (Seigler, 2003) 

4-Methyl-2-pyridinamine  A. berlandieri, A. rigidula 

(L) 

GC-MS, HPLC (Clement et al., 1997, 

1998; Forbes et al., 1995) 

Nα-cinnamoylhistamine  A. argentea, A. 

polystachya (L) 

NMR (Seigler, 2003) 

Nicotine (78) A. berlandieri, A. rigidula GC-MS, HPLC (Clement et al., 1997, 
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Nornicotine (79) (L) 1998; Forbes et al., 1995) 

N-methyltryptamine (81) A. berlandieri (L),  

A. maidenii, 

A. phlebophylla,  

A. simplicifolia (B) and 

A. caesia (S) 

GC-MS, NMR (Clement et al., 1997; 

Poupat et al., 1976; 

Seigler, 2003) 

N,N-dimethyltryptamine 

N-methyl-β-phenethylamine (80) A. berlandieri (L), 

subgenus Aculeiferum 

and Acacia (L) 

PC (Adams & Camp, 1966; 

Clement et al., 1997; 

Forbes et al., 1995) 

N-methyltyramine (81) 

N, N-dimethyltyramine (82) 

Phenethylamine  A. berlandieri, A. rigidula 

(L) 

GC-MS, HPLC (Clement et al., 1997, 

1998; Forbes et al., 1995) Pipecolamide  

Tyramine (83) A. berlandieri (L) GC-MS, HPLC, (Adams & Camp, 1966; 



81 
 

Chemical class Compound Species (plant part/s) Methods of 

structural 

elucidation 

References 

PC Clement et al., 1997; 

Forbes et al., 1995) 

Non-protein amino acids Albizziine (84) A. albida, A. catechu.  

A. mellifera, A. modesta, 

A. senegal, A. confusa,  

A. polyphylla,  

A. longifolia, A. bivenosa,  

A melanoxylon,  

A. karroo, A. nilotica,  

A. tortilis, A. dealbata,  

A. decurrrens,  

A. mearnsii (S) and some 

other species. 

PC (Evans et al., 1977) 

α-Amino-β-acetylaminopropionic  

acid (85) 
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4-Hydroxy-L-proline  A. maidenii (HW) 

 

NMR (Clark-Lewis & Dainis, 

1967) L-proline  

N-acetyldjenkolic acid (86) Species as for albizziine PC (Evans et al., 1977) 

N-acetyl-L-djenkolic acid A. farnesiana, A. horrida 

and A. karroo (S) 

PC (Gmelin et al., 1962) 

4-N-α-amino-γ-oxalylaminobutyric 

acid 

Same species as for 

albizziine  

PC (Evans et al., 1977) 

Pipecolic acid  

S- carbosyethylcysteine (87) 

S-β-carboxyisopropyl-L-cysteine (88) 

trans-4-hydroxy-L-pipecolic acid A. maidenii (HW) NMR (Clark-Lewis & Dainis, 

1967) 
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Willardiine (89) A. coulteri (S) PC (Seigler, 2003) 

Fatty acids 

(aliphatic acids) 

Coronaric acid A. farnesiana,  

A. lenticularis,  

A. nilotica, A. pennata,  

A. tortilis (S) 

 (Seigler, 2003) 

Decanoic acid Acacia hybrid (B, SW, 

HW) 

HPLC, GC (Soon & Chiang, 2012) 

Decosanoic acid 

9-docosenoic  acid  A. aroma, A. 

atramentaria, A. caven, 

A. horrida, A. 

macracantha, A. 

emilioana, A. furcatispina 

and A. praecox (S) 

IR, GC-MS (Lamarque et al., 2000) 

9-eicosenoic acid  
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Hexadecanoic acid (Palmitic acid) (90) A. aroma,  

A. atramentaria,  

A. caven,  

A. macracantha,  

A. furcatispina and 

A. praecox (S), Acacia 

hybrid (B, SW, HW),  

A. giraffae (S), A. nilotica 

(L) 

IR, HPLC, GC-

MS 

(Bai et al., 2014; 

Lamarque et al., 2000; 

Seigler, 2003; Soon & 

Chiang, 2012) 

9-hexadecenoic acid (Palmitoleic acid) (91) 

 Linoleic acid (92) 

 

A. albida, A. arabica,  

A. auriculiformis,  

A. caven, A. catechu,  

A. concinna, A. cyclops, 

 (Seigler, 2003; Youzbachi 

et al., 2012) 
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A. dealbata, A. decurrens, 

A. farnesiana, A. giraffae, 

A. lenticularis,  

A. leucophloea,  

A. macrothyrsa,  

A. mearnsii, A. mellifera, 

A. modesta, A. 

murrayana, A. nilotica,  

A. planifrons,  

A. polyacantha, A. 

schweinfurthii, A. seyal, 

A. sieberiana, A. senegal, 

A. suma,  A. tortilis and 
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A. victoriae  (S) A. hybrid 

(SW, B, HW),  A. 

cyanophylla (S) 

Linolenic acid (93) A. farnesiana, A. suma 

(S), A.cyanophylla (S) 

Oleic  acid (94) as per linoleic acid 

Octadecanoic acid (Stearic acid) (95) A. aroma, A. 

atramentaria, A. caven, 

A. horrida, A. 

macracantha, A. 

emilioana, A. furcatispina 

and A. praecox (S), A. 

senegal, A. giraffae (S) 

IR, GC-MS (Lamarque et al., 2000; 

Seigler, 2003) 9,12-Octadecadienoic acid  

 

9,12,15-Octadecatrienoic acid 
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Tetracosanoic acid (Lignoceric acid) A. hybrid (B, SW, HW) HPLC, GC (Soon & Chiang, 2012) 

Vernolic acid A. catechu, A. mellifera 

and A. sinuata (S) 

 (Seigler, 2003) 

Saponins 3-O-[α-L-arabinopyranosyl-(1→2)-α-

L-arabinopyranosyl-(1→6)-2-

acetamido-2-deoxy-β-D-

glucopyranosyl] oleanolic acid 

A. tenuifolia (S) 

 

GC–MS, NMR (Seo et al., 2002) 

3- O-[β-D-xylopyranosyl-(1→2)-β-L-

arabinopyranosyl-(1→6)-2-acetamido-

2-deoxy-β-D-glucopyranosyl] 

oleanolic acid   
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3-O-[β-D-xylopyranosyl-(1→2)-α-L-

arabinopyranosyl-(1→6) -2-

acetamido-2-deoxy- β -D-

glucopyranosyl] echinocystic acid 

3-O-[α-L-arabinopyranosyl-(1→2)-α-

L-arabinopyranosyl-(1→6)-2-

acetamido-2-deoxy-β-D-

glucopyranosyl] echinocystic acid 

3-O-[α-L-arabinopyranosyl-(1→2)-α-

L-arabinopyranosyl-(1→6)-2-

acetamido-2-deoxy-β-D-

glucopyranosyl]-21-O-trans-

cinnamoylacacic acid 



89 
 

Chemical class Compound Species (plant part/s) Methods of 

structural 

elucidation 

References 

3-O-[β-D-xylopyranosyl-(1→2)-α-L-

arabinopyranosyl-(1→6)-2-acetamido-

2-deoxy-β-D-glucopyranosyl]-21-O-

trans- cinnamoylacacic acid 

Echinocystic acid  

(25S)-5β-spirostan-3β-yl-3-O-β-

Dxylopyranosyl (1→3)-O-β-D-

xylopyranosyl(1→4)-β-D-

galactopyranoside 

A. saligna (L) EI-MS, HR-

ESI-MS, NMR 

(Gedara & Galala, 2013) 

21-O-trans-cinnamoylacacic acid 

(Acacioside B)  

A. tenuifolia (S) GC–MS, NMR (Seo et al., 2002) 

 α-Amyrin  A. visco (L) GC–MS (Pedernera et al., 2010) 

 β-Amyrin     
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 Betulin  A. mellifera (B) NMR (Mutai et al., 2009) 

 3-cis-coumaroyl-betulin    

 Lupeol  A. visco, A. nilotica (L) GC–MS (Jangade et al., 2014; 

Pedernera et al., 2010) 

 Lupenone  A. mellifera (B) NMR (Mutai et al., 2009) 

Organic acids Caffeic acid (96) A. nilotica (P) HPLC, MS/MS (Singh et al., 2009b) 

Succinic acid (97) A. victoriae (S) GC, RP-HPLC (Ee et al., 2011) 

Others Cyanogenic 

glycosides 

Acacipetalin A. deanei, A. 

cunninghamii, A. giraffae 

(L) 

PC, NMR (Secor et al., 1976) 

Dihydroacacipetalin  A. sieberiana (S) MS, NMR (Seigler et al., 1975) 

2-β-D-glucopyranosyloxy-2- A. sieberana (P)  (Christensen et al., 1982) 
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methylpropanol 

3-hydroxyheterodendrin A. sieberana (P) NMR (Brimer et al., 1981) 

Prunasin (98) A. deanei, A. 

cunninghamii, A. 

giraffae, A. caffra, A. 

hereoensis(L) 

PC, NMR (Secor et al., 1976; Seigler, 

2003) Sambunigrin (99) 

Polyols (+)-pinitol (100) A. longissima, A. 

mearnsii, A. obtusifolia, 

A. orites, A. sieberiana 

(B) 

IR, PC, NMR, (Saayman & Roux, 1965) 

Sterols Ergosterol  A. hybrid (B) and  

A. nilotica (L) 

LC MS/MS, 

NMR 

(Govindarajan & Sarada., 

2011; Soon & Chiang, 

2012) 
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β-Sitosterol A. hybrid (B) and  

A. nilotica (L) 

 

LC MS/MS, 

NMR 

(Govindarajan & Sarada., 

2011; Soon & Chiang, 

2012) 

Stigmasterol 

α-Sitosterol HPLC, GC–MS (Sundarraj et al., 2012) 

β-Sitosterol-3β-O-glucoside A. mellifera (B) NMR (Mutai et al., 2009) 

α-Spinasterol A. auriculiformis (AP) IR, NMR, UV (Sahai et al., 1980) 

 
L=Leaf, P=Pod, F=Flower, B=Bark, S=Seed, SM=Stem, W=Wood, R=Root, AP=Aerial parts, G=Gum, HW=Heartwood, SW=Sapwood, NM= 

Not mentioned. EIMS=Electron-impact mass spectrometry, HRE-IMS=High-resolution electron impact mass spectrometry, CC=Column 

chromatography, GC=Gas chromatography, HPLC=high-performance liquid chromatography, ESI-MS=Electrospray ionization mass 

spectroscopy, NMR=Nuclear magnetic resonance, PC=Paper chromatography, PMR=Proton magnetic resonance spectroscopy, LC=Liquid 

chromatography, IR=Infrared spectroscopy, RP-HPLC=Reverse phase-high performance liquid chromatography, UV=Ultraviolet spectroscopy. 
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R3

R4R2

OR1O

Gallic acid (2); R1= H, R2=R3=R4=OH;

Methylgallate (3); R1= CH3, R2=R3=R4=OH

Digallic acid (4); R1= Galloyl, R2=R3=R4=OH

Gallic acid methyl ester-4-gallate (5); R1= 4-galloyl methyl ester

3,4-dihydroxybenzoic acid (6); R1= R4=H, R2=R3=OH

3,4-dihydroxybenzoic acid ethyl ester (7); R1= Ethyl, R4=H, R2=R3=OH

Syringic acid (8); R1= H, R2=R4=methyl ester, R3= OH

O

O

H3C OH

OH

O

CH3

CH3

O

O

CH3
HO

Atranorin (1)

 

 

O

HO

OR3

HO

OR2

1-Galloylglucose (11); R1=Galloyl, R2 R3=H
1,6-Digalloyl glucose (12); R1=R2=Galloyl, R3=H
1,3,6-Trigalloyl glucose (13); R1=R2=R3=Galloyl
4-hydroxy-2-methoxyphenyl-D-glucoside (14); 
R1= R3= H, R2 = 4-hydroxy-2-methoxyphenyl;

O

O

OH

OH
O

O

HO

HO

Ellagic acid (9)

O

CH3

HO O

OH

Ferulic acid (10)

R1O
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OR1

OH

HO O

OH

OH

Epicatechin (27); R1= H
Epicatechin-3-gallate (28); 
R1= galloyl

HO
OR1

R2O O

OR3

OR4

OH

Gallocatechin (29); R1= R2=R3=R4= H
Gallocatechin 5-O-gallate (30); R1= galloyl, R2=R3=R4= H
Gallocatechin 7-O-gallate (31); R1= R2= R4= H, R2=galloyl
Gallocatechin-7,3'-di-O-gallate (32); R1= R3= H, R2=R3= galloyl
Gallocatechin-7,4'-di-O-gallate (33); R1= R3=H, R2=R4= galloyl   
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OOH

R1O O

OH

OH

OH

O

OR2

OR3

OH

O

Myricetin-3-O-(2'-O-galloyl)-alpha-
rhamnoside-7- methyl ether (53); 
R1=  CH3, R2=galloyl, R3=H
Myricetin-3-O-(3'-O-galloyl)-alpha-
rhamnoside-7- methyl ether (54); 
R1= CH3, R2=H, R3= galloyl
Myricetin-3-O-(2',3'-di-O-galloyl)-
alpha-rhamnoside (55); R1= H, 
R2=R3=galloyl

H3C

OR1

OOH

R2O O

OH

OH

OH

Myricetin-3-O-alpha-rhamnoside (47); R1= rhamnopyranose, R2= H
Myricetin-3-O-beta-D-galactoside (48); R1= galactose, R2= H
Myricetin-3-O-beta-D-glucoside (49); R1= glucose, R2= H
Myricetin-3-rhamnoside (50); R1= rhamnose, R2= H
Myricetin-7-O-beta-(6'-galloylglucoside) (51); R1= H, R2= (6'-
galloylglucopyranose
Myricetin-3-O- alpha-rhamnoside-7-methyl ether (52); R1= 
rhamnose, R2= methyl

  

 

OR3O

OH O

OR2

OR1

R4

Quercetin (56); R1= R2= R3= H, R4= OH
Quercetin-3,3'-dimethyl ether (57); R1= R2= methyl, R3= H, R4=OH
Quercetin-3-galactoside (58); R1= gallactoside, R2= R3= H, R4= OH
Quercetin -7- O-beta-(6'-galloylglucopyranoside) (59); R1= 6-gallyl 
glucopyronose, R2= R3= R4= H
Quercetin-3-O-gentiobioside (60); R1= diglucopyranosyl, R2= R3= R4= H
Quercetin-7-glucoside (61); R1= R2= H, R3= glucose, R4=OH
Quercetin-3-glucoside (62); R1= Glucose,  R2= R3= H, R4=OH
Quercetin-3-O-alpha-rhamnoside (63); R1= rhamnose,  R2= R3= H, R4=OH
Quercetin-3-rhamnoside (64); R1= Rhamnose,  R2= R3= H, R4=OH
Rutin (65); R1= Rutinose,  R2= R3= H, R4=OH
Rhamnetin (66); R1= R2= R4= H, R3=H3CO
Rhamnetin-3-rhamnoside (67); R1= rhamnose, R2= H; R3= methyl, R4=OH

OHO

OH

HO

OH

OH

Robinetinidol (68)

Taxifolin (69); R1=H
Taxifolin-7-alpha-D-glucoside 
(70); R1=glucose

O

OHO

OH

OH

OH

HO
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O

HO R2

OR1

2',4,4'-Trihydroxychalcone (71); R1= R3= R4= H, R2= OH
4'-hydroxy-2'-methoxychalcone (72); R1= methyl, R2= R3= R4=H
3,4,2',3',4'-pentahydroxy-trans-chalcone (73); R1= R2=R3= R4= OH

R3

R4 NH2

Amphetamine (74); R1= H
p-methylamphetamine (75); R1= 
methyl

R1

 

 

N

N

Nicotine (78)

N

H
N

Nornicotine (79)

N

R3R2

N-Methyl-beta-phenethylamine (80); R1=R3=H, 
R2= methyl
N-methyltyramine (81); R1=H, R2= methyl, R3=OH
Hordenine (82); R1=R2= methyl, R3=H
Tyramine (83); R1=R2= H, R3=OH

R1

NH2R3O

R2O

Dopamine (76); R1=R2=R3= H
3,4,5-trimethoxyphenethylamine 
(77); R1= methyl ether, R2=R3= CH3

R1

H

 

 

NH2

SS
H3COCN

COOH COOH

N-acetyldjenkolic acid (86)

H

NH2
H
N

O

H2N

O

OH

Albizziine (84)

O

HO N

O

NH2

Alpha-amino-beta-acetylaminopropionic acid (85)

NHN

O

OO OH

H2N

Willardiine (89)

NH2

S

O

OH

O

HO

S-carboxyethylcysteine (87)

N
H

S

O OH

O

HO

S-beta-carboxyisopropyl-L-cysteine (88)  

 

COOH

Palmitoleic acid (91)

COOH

Oleic  acid (94)

COOH

Linoleic acid (92)

COOH

Palmitic acid (90)

COOH

Octadecanoic acid (95)

Linolenic acid (93)

COOH
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HO OH

OH

OHHO

O

Pinitol (100) Ergosterol (101)

HO

H H

  

 

Figure 1.2: Compounds reported as occurring in Acacia species 

 

 

1.5 Pharmacology of Acacia Species 

Modern and traditional health care often exist side by side in a complementary way. 

Ethnopharmacological practices have become recognized tools in the search for new 

pharmaceuticals (Gurib-Fakim, 2006). Recently, there has been renewed interest in evaluating 

plant constituents on a pharmacological basis and to screen for more effective and safe 

phytochemicals (Alharbi & Azmat, 2011).  

 

Various Acacia species have been utilised in traditional medicine for a wide range of ailments 

(e.g. diabetes, worm infection, dysmenorrhea, eczema, malaria, gout, jaundice, abdominal pain, 
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kidney problems, constipation, leprosy, piles, pneumonia, rheumatism, fever and cancer) (Table 

1.1). A number of in vitro and in vivo pharmacological activities in Acacia species such as anti-

inflammatory, antiviral (including HIV infection), and antimicrobial,anti-oxidant, anti-cancer, 

anti-diabetic, immunomodulatory, hepatoprotective, cardioprotective and anthelmintic effects are 

reported. In addition, over 100 pharmacological studies in Acacia species, indicated in the 

below-mentioned literature, also support the traditional uses of Acacia species that have been 

effective in treating a wide range of health disorders.  

 

1.5.1 Anti-bacterial and anti-fungal activity 

Many Acacia species have been ascribed with an anti-bacterial activity in folk medicine that has 

been confirmed by experimental studies, and antimicrobial properties are the most heavily 

investigated pharmacological activity of Acacia species. Antibacterial and anti-fungal activity of 

Acacia species are listed in Table 1.3. 

 

A range of different polarity organic solvents, and aqueous mixtures thereof, have been 

employed to extract the antimicrobial active constituents. Though methanol and ethanol are the 

most commonly used solvents, water (hot or cold), acetone, ethyl acetate, chloroform, benzene, 

petroleum ether and dichloromethane have also been employed (Table 1.3).  

 

According to Table 1.3, to assess antimicrobial bioactivities, include agar disc diffusion, micro-

well dilution, microplate dilution, time kill assay and checkerboard assays. Organisms 

challenged most frequently were Staphylococcus aureus, Bacillus cereus and Bacillus subtilis 
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(Gram positive), Escherichia coli, Pseudomonas aeruginosa (Gram negative) and Candida 

albicans (yeast).  

 

Antimicrobial activity is usually expressed using the minimum inhibitory concentration (MIC) in 

liquid growth media and the zone of inhibition in solid growth media. However, determination of 

the MIC is more popular than the zone inhibition assay, as it offers a quantitative measure of 

antimicrobial potency. Bioactivity guided fractionation for the investigation of antibacterial 

activity is infrequent, as it is a time-consuming process and/or experimental results are highly 

difficult to reproduce e.g. Mutai et al. (2009). Dried plants or plant parts have been frequently 

used for antibacterial investigation, while fresh plant materials were scarcely used (Nagumanthri 

et al., 2012). 
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Table 1.3: Antibacterial/ anti-fungal activity of Acacia 

Species name  

(part investigated) 

Methods used Results References 

 

A. asak 

(stem cortex) 

Modified agar 

diffusion  

All extracts  active against Gram positive 

bacteria except water.  

(Al-Fatimi et al., 2007) 

A. arabica 

(leaf, seed) 

Disc diffusion and 

agar well diffusion. 

All extracts were active against both  Gram 

positive and negative bacteria except water.  

(Biswas & Roymon, 2013; Sethi et 

al., 2013; Tambekar & Khante, 

2011; Tissouras et al., 2013) 

A. aroma 

(aerial parts) 

Micro-well 

dilution 

Active against Gram positive bacteria. (Mattana et al., 2012) 

A. aulacocarpa 

(leaf) 

Disc diffusion  

 

More active against Gram positive than 

negative.   

(Cock, 2012) 

A. auriculiformis 

(flower, leaf) 

Active against Gram positive bacteria.  (Chew et al., 2011) 

A. bivenosa 

(leaf) 

Agar diffusion 

bioassay 

Active against Gram positive bacteria.  (Pennacchio et al., 2005) 
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Species name  

(part investigated) 

Methods used Results References 

 

A. caesia 

(bark) 

Paper disc 

diffusion  

Active against both bacteria and fungi. (Smitha et al., 2012) 

A. catechu 

(bark) 

Disc diffusion Methanolic extract exhibited its prominent 

activity against Staphylococcus aureus and 

Candida albicans and hexane extract showed 

minor activity against Gram negative bacteria 

and Candida albicans.  

(Saini et al., 2008) 

A. complanata 

(flower, leaf) 

Methanolic leaf extracts active only against 

fungi and flower extract only active against 

Gram positive bacteria.  

(Cock, 2012) 

A. concinna (pod) Modified agar 

diffusion cup 

method  

 

Active against both bacteria and fungi. (Todkar et al., 2010) 
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Species name  

(part investigated) 

Methods used Results References 

 

A. farnesiana 

(bark) 

Broth 

microdilution  

Isolated methyl gallate disturbs the membrane 

activity of Vibrio cholerae.  

(Sanchez et al., 2013) 

A. kempeana 

(leaf) 

Plate-hole 

diffusion  

Only active against Gram positive bacteria.  (Palombo & Semple, 2001) 

A. jacquemontii 

(young branch) 

Disc diffusion  Weak or no activity.  (Saini et al., 2008) 

A. karroo 

(aerial part, leaf, 

seed) 

Microplate dilution  Methanlic extract was more  active than other 

extracts. 

(Madureira et al., 2012; Nielsen et 

al., 2012) 
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Species name  

(part investigated) 

Methods used Results References 

 

A. leucophloea 

(bark, flower, pod, 

root, seed) 

Soy agar Petri 

plates method and 

disc diffusion  

All extracts showed activity against both 

bacteria and fungi except water and acetone 

bark extracts. 

Bark extract showed more potentiality against 

Gram positive bacteria. 

(Shahid & Firdous, 2012; Tambekar 

& Khante, 2011) 

A. mellifera 

(bark, whole plant) 

Paper disc-agar 

diffusion and agar 

dilution  

Methanlic extract was more  active. Isolated 

lupane triterpenes from bark showed activity.  

(Lalitha et al., 2010; Mutai et al., 

2009) 

A. mearnsii 

(bark) 

Agar diffusion, 

time kill assay and 

checkerboard assay 

More or less active against both Gram positive 

and negativebacteria and potential synergistic 

effect with some resistant antibiotics.  

(Mbolekwa et al., 2014 ; Olajuyigbe 

& Afolayan, 2012a; Olajuyigbe & 

Afolayan, 2012b; Olajuyigbe & 

Afolayan, 2012c) 

A. modesta (leaf) Agar well 

diffusion 

Active against both bacteria.  (Salman et al., 2014) 
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Species name  

(part investigated) 

Methods used Results References 

 

A. nilotica (bark, 

leaf, pod, fruit, 

root) 

 

Agar disc, dilution 

and well diffusion 

and  broth 

microdilution 

 

More or less all the extracts were active except 

the fresh parts (leaves and barks) methanolic 

and ethanolic extracts.  

Hydrolysed and ethyl acetate fraction of pods 

showed anti-quorum sensing activity which is 

free from resistance development. Active 

compounds showed activity except 

proanthocyanidins.  

(Bwai et al., 2015; Deshpande, 

2013; Eldeen & Staden, 2007a; 

Kubmarawa et al., 2007; Mahmood 

et al., 2012; Nagumanthri et al., 

2012; Singh et al., 2009b; 

Venkataswamy et al., 2010; 

Vijayasanthi et al., 2012) 

A. pennivenia 

(leaf) 

Disc-diffusion 

assay 

Methanolic extract is more active than hot 

aqueous.  

(Mothana et al., 2009) 

A. raddiana 

(seed oil) 

Micro-dilution 

diffusion in solid 

and disc diffusion  

 

Active against both bacteria and fungi. (Tissouras  et al., 2014; Tissouras et 

al., 2013) 
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Species name  

(part investigated) 

Methods used Results References 

 

A. salicina 

(leaf) 

Micro dilution 

assay. 

Active against both bacteria and fungi. (Boubaker et al., 2012) 

A. seyal 

(bark, leaf, root) 

Broth micro-

dilution 

Ethanol extract was more active than 

dichloromethane and ethyl acetate.  

(Eldeen & Staden, 2008) 

A. sieberiana 

(root) 

Agar dilution 

method 

Inactive. (Kubmarawa et al., 2007) 

A. tetragonophylla 

(leaf) 

Plate-hole 

diffusion  

Only active against Bacillus cereus.  (Palombo & Semple, 2001) 

A. tortilis 

(bark) 

Agar dilution  Active against both bacteria and fungi. (Kubmarawa et al., 2007) 
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1.5.2 Anti-viral activity 

It has been reported that traditional medicines, viz., Ayurveda (Indian) and Traditional 

Chinese Medicine are good sources for potential anti-viral drugs (Chattopadhyay et al., 2009; 

Naithani et al., 2008). Available anti-viral drugs are often unsatisfactory due to the rapid 

development of viral resistance (Vijayan et al., 2004). Development of anti-viral drugs, 

including vaccines, has made considerable progress during the past 50 years but significant 

obstacles such as high cost, lack of accurate diagnosis and little economic interest to the large 

pharmaceutical companies makes their development a less attractive proposition (Empey et 

al., 2010; Littler & Oberg, 2005). Ethnopharmacology provides an alternative approach for 

the discovery of anti-viral agents (Vijayan et al., 2004). Acacia species have a good 

traditional record against different viral infections. 

 

Approximately 180 million people worldwide are affected by hepatitis C virus (HCV) per 

annum (Rehman et al., 2011) and this is a key cause of chronic hepatitis, cirrhosis, and 

hepatocellular carcinoma (Alter, 2007; Levrero, 2006). Many flavonoids have demonstrated 

anti-HCV potential (Hussein et al., 2000). Acacia species can offer medicine or core-entities 

for the design of potent and specific inhibitors of HCV. Acacia confusa stem extract showed 

a strong inhibitory effect on HCV replication in vitro (Lee et al., 2011) and interacted 

synergistically with combinations of anti-viral drugs. Acacia kempeana (bark, root bark and 

leaf), A. ligulata (bark and leaf) and A. tetragonophylla (stem and leaf) were tested against 

three viruses representing three different virus families: human cytomegalovirus (HCMV, 

Herpes viridae), Ross River virus (RRV, family Togaviridae) and poliovirus type 1 

(Picornaviridae) (Semple et al., 1998). Inhibition of virus-induced cytopathic effect and 

inhibition of HCMV late antigen production in cells were assessed. Only A. kempeana mildly 

inhibited HCMV late antigen production. Acaconin (a chitinase-like anti-fungal protein) 
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which was isolated from the seed extract of A. confusa, showed potent 

human immunodeficiency virustype 1 (HIV-1) reverse transcriptase inhibitory activity. Its 

activity indicates that it is a potential therapeutic agent for the treatment of acquired 

immunodeficiency syndrome (Lam  & Ng, 2010a). Moreover, the stem bark of A. tortilis 

(Maregesi et al., 2010) showed moderate action but A. catechu (Nutan et al., 2013) revealed 

potent action against HIV-1. 

 

A. nilotica (stem bark) exhibited significant inhibitory effects (≥90% inhibition) against HCV 

using the HCV-protease assay and quenched-fluorescence (Hussein et al., 2000). Rehman et 

al. (2011) also investigated A. nilotica bark but used the 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyltetrazolium bromide (MTT) cell proliferation assay using infected liver cells. Both 

research groups found significant inhibitory effect against HCV.  

 

A. farnesiana and A. constricta were investigated against Herpes simplex virus types 1 and 2. 

These species were assayed using the immunoperoxidase mini-plaque reduction assay but no 

activity was recorded (Jaeger et al., 2010). However, A. arabica leaf extract inhibited goat 

pox virus replication (Bhanuprakash et al., 2008).  

 

All the above evidence indicates that extracts from a number Acacia species or their chemical 

constituents can act as anti-viral agents or can augment the activity of other antiviral drugs.  

However, further studies are required to determine their exact mechanisms of action. 

 

 



108 
 

1.5.3 Anti-protozoal and anti-malarial activity 

Recently, considerable attention (e.g. Tandon et al., 2011) has been paid to utilize eco-

friendly and bio-friendly plant-based products for controlling parasite infestation. Plants, or 

their extracts, used to control protozoal parasites have been extensively reviewed (Yi et al., 

2012). Acacia has a long history of usage against protozoa Plasmodium falciparum (causes 

malaria), Entamoeba histolytica (causes gastrointestinal infection), and Trypanosoma brucei 

(causes sleeping sickness), both traditionally and experimentally. 

 

Malaria remains one of the most important human parasitic diseases. The estimated mortality 

rate is around one million people per year (Alli et al., 2011; Salawu et al., 2010). This disease 

is a major problem in Africa and 80% of malaria deaths occur in just 14 African countries 

(UNICEF, 2013). In many countries, malaria treatment is based mainly on traditional herbal 

remedies (Alli et al., 2011). Cinchona (Cinchona officinalis, family Rubiaceae) bark was the 

only known anti-malarial agent up to the 19th century (Odugbemi et al., 2007), but a dramatic 

recrudescence of malaria is ongoing due to the progressive resistance of the parasite, mainly 

Plasmodium falciparum (Muthaura et al., 2007). Therefore new chemicals or novel chemical 

structures with modes of action different from current anti-malarial drugs are needed.  

Flavonoids such as artemetin and casticin act synergistically with artemisinin isolated from 

Artemisia annuu (Phillipson & Wright, 1991). Traditionally Acacia species have a well-

established record against malaria, yet more extensive experimental investigation is required. 

 

The whole seed and seed coat (aqueous and methanol), root (aqueous),  leaf and bark 

(ethanol) extracts of A. nilotica were assayed for anti-malarial activity, both in vitro and in 

vivo, using P. falciparum or P. berghei parasites. All parts of the plant gave satisfactory 

results with whole seed and seed coat showing the most promising responses against the 

http://en.wikipedia.org/wiki/Rubiaceae
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parasites (Alli et al., 2011; El-Tahir et al., 1999; Ravikumar et al., 2012; Shakya, 2012). 

These results support the traditional use of this species against malaria. A. senegal (gum 

arabica) (Ballal et al., 2011) and A. farnesiana (leaves) were also assayed using both in vitro 

and in vivo methods (Garavito et al., 2006). Ferriprotoporphyrin biomineralization inhibition 

tests (FBIT) were also performed for A. farnesiana extract by Garavito et al. (2006). Gum 

arabica showed positive results against P. falciparum in both in vitro at 3 mM concentration 

and in rodent model assay at <1 μM intravenous injection. On the other hand, A. farnesiana 

gave a positive result only in vitro. An in vitro semi-automated micro-dilution assay was run 

for A. tortilis (stem bark), A. brevispica (leaf) (Maregesi et al., 2010) and A. hockii (root 

bark) (Muregi et al., 2004) using P. falciparum. All the species exhibited mild activity 

against P. falciparum. An in vivo antiplasmodial test, using Wistar albino mice, was 

performed using A.albida (stem bark). The ethanolic extract showed significant suppressive 

effect against early infection, a curative effect against established infection and prophylactic 

effect against residual infection of P. berghei (Salawu et al., 2010).  

 

1.5.4 Anthelmintic activity 

Crude aqueous extracts of 37 Australian native plant species including A. baileyana, A. 

decurrens, A. iteaphylla, A. murrayana, A. podalyriifolia, A. pycnantha, A. saligna, A. 

stenophylla and A. melanoxylon were investigated for their anthelmintic activity in vitro 

against cyathostomins larvae, which is the most significant equine parasite worldwide. Of 

them, A. baileyana, A. melanoxylon and A. podalyriifolia completely inhibited larval 

development, with A. decurrens, A. iteaphylla, A. murrayana and A. pycnantha showing 

moderate inhibitory activity (Payne et al., 2013).  
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The activity of Acacia extracts against nematodes in humans has still not been tested. The 

ethanol extract of A. oxyphylla was tested against Ascaridia galli and showed concentration-

dependent efficacy (Lalchhandama et al., 2009). In a different study, Lalchhandama (2009) 

examined ethanolic A. caesia bark extracts on the avian gastrointestinal cestode, Raillietina 

echinobothrida, and demonstrated profound anthelmintic effects. In vivo cestocidal activity of 

A. auriculiformis was evaluated against Hymenolepis diminuta using rats. The ethanol extract 

(300 mg/kg/day) and the isolated saponins (200 mg/kg/day) were administered orally, with 

saponins expelling worms more effectively than the ethanolic extract (Ghosh et al., 1996).  

 

1.5.5 Anti-diarrhoeal activity 

Diarrhoea is very common in third world countries. More than two million people die of this 

condition every year, with children below the age of five the main victims (Gutierrez et al., 

2008). Investigators have found anti-diarrhoeal activity with different species of Acacia. The 

stem bark, fruit and leaf extracts of A. nilotica (Agunu et al., 2005) and  wood extracts from 

A. catechu  (Ray et al., 2006) were studied using castor oil-induced diarrhoea in  Swiss albino 

male rats or rabbits in a dose-dependent manner. The anti-motility and anti-secretory 

(average number of stools passed) properties were observed. Both species showed significant 

anti-diarrhoeal activities at different doses. Furthermore, A. nilotica showed biphasic effects 

(initial relaxation quickly followed by contraction) in isolated rabbit jejunum. Misar et al. 

(2007) also investigated A. nilotica bark extracts (petroleum ether, methanol and water), 

applying two new tests (magnesium sulphate-induced diarrhoea and barium chloride-induced 

peristalsis using Swiss albino mice) along with the more common castor oil-induced 

diarrhoeal mice animal model. These extracts showed significant effect against castor oil, 

magnesium sulphate-induced diarrhoea and barium chloride-induced peristalsis of the small 

intestine in mice. 
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In vitro antimicrobial activity against common microorganisms causing diarrhoea has also 

been studied (Table 1.3). A. nilotica pod extract showed anti-diarrhoeal effects and also 

decreasing the number of unformed faeces (Sanni et al., 2010) in the castor oil-induced 

diarrhoeal assay, gastrointestinal enteropooling, gastrointestinal movement of charcoal assay 

and barium chloride-induced peristalsis of the small intestine in mice.  

 

1.5.6 Antioxidant activity 

Reactive oxygen species are generated in different physiological and pathological processes 

in mammalian systems (Singh et al., 2010). Phenolic compounds, which are present in plant 

foods, may lower the risk of serious health disorders because of their antioxidant activity. 

They can also prevent rancidity of oil, slow down the oxidation to form toxic compounds of 

food products, increase shelf life, and most importantly, maintain nutritional value (Mariod et 

al., 2010; Surh, 2002). In the last few decades, scientists have been more interested in natural 

antioxidants because of the potential toxic and carcinogenic effects of synthetic antioxidants 

e.g. butylated hydroxytoluene (Sarmadi & Ismail, 2010).  

 

A number of methods have been developed to measure antioxidant capacity, either as pure 

compounds or crude extracts (Thaiponga et al., 2006), because there is no universal method 

by which antioxidant activities can be measured accurately. Antioxidants exert their activities 

via different mechanisms: scavenging of oxygen and hydroxyl radicals, reduction of lipid 

peroxyl radicals, inhibition of lipid peroxidation, and/or chelation of metal ions. Some 

methods measure the scavenging of stable radical species by antioxidants, such as 2,2-

diphenyl-1-picrylhydrazyl (DPPH), superoxide radical (SOR) scavenging or 2,2-azino-bis-3-

ethylbenzothiazoline-6-sulfonic acid (ABTS).  
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Other methods determine the ability of antioxidants to scavenge free radicals generated in the 

reaction medium and include the TEAC (Trolox® equivalent antioxidant capacity), ORAC 

(oxygen radical absorbance capacity), FRAP (ferric reducing-antioxidant power) or TRAP 

(total reducing ability of plasma) assay. The inhibition of lipid peroxidation is measured by 

TBARS (thiobarbituric acid reactive substances), a method which quantifies lipid peroxides 

or hydroperoxides as well as products resulting from the decomposition of lipid peroxides 

such as malondialdehyde (Alam et al., 2013; Pisoschi & Negulescu, 2011). These are the 

most commonly used methodologies for measuring the activity of antioxidants (Shahidi & 

Zhong, 2010). 

 

Acacia extracts have shown potent antioxidant activities both in vitro and in vivo. The bark 

extract of A. confusa has been analysed for antioxidant activity using in vitro, in vivo and ex 

vivo methods. DPPH, SOD, ABTS, reducing power assay and FRAP assay methods were 

also used for determining the antioxidant activity of bark along with in vitro and in vivo lipid 

peroxidation assay using brains of male mice, and the hydroxyl radical-induced DNA strand 

scission assay.  An ex vivo antioxidant assay was performed using human promyelocytic 

leukemia cell line (Chang et al., 2001; Tung et al., 2009b; Wei et al., 2011). Chang et al. 

(2001) also investigated heartwood extract of A. confusa using the same method used for the 

analysis of bark extract. Both bark and heartwood extracts showed antioxidant effects in each 

method. Moreover, A. confusa extracts, including those obtained from leaves (Tung et al., 

2009a), buds (Tung  et al., 2011) and flowers (Tung et al., 2011; Wu et al., 2008a), have been 

analysed for antioxidant activity using different in vitro methods. All the extracts, including 

bark and heartwood, were analysed using DPPH and SOR assays. Additionally, on-line 



113 
 

DPPH radical-scavenging method and a colorimetric assay for anti-lipid peroxidation for 

leaves, flower and bud extracts showed antioxidant effects. 

 

An ethyl acetate bark extract of A. auriculiformis was investigated using DPPH, chelating 

power, lipid peroxidation in rat liver and site specific and non-site specific deoxyribose 

scavenging assays (Singh et al., 2007). Flower and leaf extracts were examined via DPPH 

assay only (Chew et al., 2011). All the extracts/fractions of A. auriculiformis bark showed 

antioxidant potential, while flower and leaf extracts were less active than the bark.  

 

The antioxidant activity of A. nilotica (bark, wood and pod) was measured applying similar 

techniques as used in A. auriculiformis but in the lipid peroxidation assay, livers from fish 

were used instead of those from rats. Wood lignin (Aadil et al., 2014), leaves (Kalaivani & 

Mathew, 2010) and barks (Muddathir & Mitsunaga, 2013; Singh et al., 2009c) of A. nilotica 

extracts all demonstrated antioxidant capacity. A comparison study was also run for A. 

nilotica bark, along with three other unrelated species (Azadirachta indica, Terminalia arjuna 

and Eugenia jambolana), using DPPH, reducing power and lipid peroxidation in the linoleic 

acid assay. A. nilotica bark extract had the highest total phenol content and also showed 

antioxidant activity (Sultana et al., 2007). 

 

Some species showed antioxidant activity in the DPPH and other assay methods mentioned 

above. A. senegal was the only exception, as it showed antioxidant activity only against 

DPPH method. Seed extracts of A. cyclops, A. cyanophylla, A. horrida, A. farnesiana, A. 

tortilis, A. mollissima and A. salicina were examined via ABTS assay (Hannachi et al., 2011; 

Youzbachi et al., 2012) and significant antioxidant activity was found. The aerial parts 

(wood, bark and leaf) of A. melanoxylon and A. dealbata were evaluated using the β-carotene 
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bleaching test (Luis et al., 2012). Sowndhararajan  et al. (2013) also investigated A. dealbata 

with A. leucophloea, A. ferruginea, and A. pennata using the β-carotene along with the FRAP 

assay, which was also performed on A. mangium (Zhang et al., 2010a) and A. ataxacantha 

(Madjid et al., 2015). A. senegal bark extract was tested using the phosphomolybdenum assay 

method (Marwah et al., 2007).  

Three commonly used assays (DPPH, ABTS and FRAP) were employed in the investigation 

of A. ligulata, A. kempeana and A. tetragonophylla. The investigators found antioxidant 

activity of A. ligulata and A. kempeana and A. tetragonophylla extracts against both DPPH 

and ABTS (Gulati et al., 2012). Only the DPPH scavenging assay was performed for A. 

pennivenia (Mothana et al., 2009) and A. asak (Al-Fatimi et al., 2007), and both species 

exhibited antioxidant activity. 

 

All these Acacia species showed antioxidant activity in the different assay methods and might 

thus have the ability to prevent diseases caused by the over production of free radicals (thus 

preventing the formation of carcinogens), and could be useful in various pharmaceuticals, 

nutraceuticals and/or functional food preparations, after performing necessary clinical trials.  

 

1.5.7 Anti-diabetic activity 

Diabetes mellitus is characterized by hyperglycaemia which is associated with disturbances 

of carbohydrate, fat and protein metabolism resulting from defects in insulin secretion, 

insulin action or both (Sama et al., 2012). Type 2 (non-insulin-dependent diabetes mellitus or 

NIDDM) is the most common form of diabetes. By the year 2025, it is predicted there will be 

about 300 million people diagnosed with type 2 diabetes globally (Horton, 2008).  

 



115 
 

Various medicinal plants have demonstrated anti-diabetic benefits (Khan et al., 2012). It is 

recorded that more than 400 plants have been used traditionally for diabetes mellitus 

treatment (Bailey & Day, 1989). Hrbal drugs and medicinal plants may 

provide better alternatives to synthetic drugs as they are more affordable and they have a long 

history of safe and effective use in traditional and folk medicine (Khan et al., 2012).  

 

Acacia catechu (heartwood) (Bhatia et al., 2011) and A. tortilis (gum) (Kumar & Singh, 

2014) can significantly lower blood glucose and aldose reductase profile on normal and 

streptozotocin (STZ)-induced diabetic rats. Srivastava et al. (2011) also examined the effect 

of A. catechu heartwood extract in both normal rats and STZ-induced diabetic rats and found 

that the A. catechu extract improved glucose intolerance. In addition, they also examined 

anti-dyslipidemic activity of A. catechu heartwood extract against high fructose, high fat diet-

induced diabetic rats and found that A. catechu heartwood extract produces marked anti-

dyslipidemic activity.  

 

The hypoglycaemic effect of A. arabica seeds (Wadood et al., 1989), bark (Patil et al., 2011; 

Patil et al., 2010), A. albida bark (Umar et al., 2014) and A. nilotica leaf (Mukundi et al., 

2015; Tanko et al., 2014) was investigated in normal rats/rabbits and alloxan-induced 

diabetic male albino rats. Bark extract from A. arabica decreased elevated levels of serum 

glucose and also reversed the lipid profile; cholesterol, triglyceride, high-density lipoprotein 

(HDL) and low-density lipoprotein (LDL) values when compared to untreated diabetic rats in 

a dose dependent manner. Acacia albida and A. nilotica gave similar activity to that of A. 

arabica. Acacia tortilis seed extract lowered serum glucose levels in both normal and diabetic 

rats. Acacia tortilis seed also increased glucose tolerance significantly, but A. arabica seed 

extracts only initiated the release of insulin from normal rabbits’ pancreatic beta cells. Acacia 

https://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCYQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FHigh-density_lipoprotein&ei=8NLhUp3GOdGlkgW7noDoAQ&usg=AFQjCNFpgtfkUAaVFimrnVDV5NFzoKgXAA&bvm=bv.59930103,d.dGI
https://www.google.com.au/url?sa=t&rct=j&q=&esrc=s&source=web&cd=1&cad=rja&ved=0CCYQFjAA&url=http%3A%2F%2Fen.wikipedia.org%2Fwiki%2FHigh-density_lipoprotein&ei=8NLhUp3GOdGlkgW7noDoAQ&usg=AFQjCNFpgtfkUAaVFimrnVDV5NFzoKgXAA&bvm=bv.59930103,d.dGI
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tortilis leaf extracts were also examined using normoglycaemic rat models. The extracts 

showed substantial hypoglycemia in rats by reducing blood glucose levels. Moreover, the leaf 

extracts decreased body weight and improved lipid profile significantly (Alharbi & Azmat, 

2011).  

 

Acacia nilotica (pod) (Omara et al., 2012) and A. leucophloea (bark) were examined using 

STZ-induced diabetic nephropathy rats and an alloxen-induced rat model (El-aziz et al., 

2013). The extract had anti-hyperglycaemic effect in a dose-dependent manner. The extract 

also restored the normal histopathological architecture of the kidney in STZ-induced diabetic 

rats. According to El-aziz et al. (2013), blood glucose levels decreased in alloxen-induced 

rats, which proved the hypoglycaemic activity of this species. They also performed an in vitro 

α-amylase inhibition assay and concluded that the hypoglycaemic activity of the extract was 

not due to inhibition of the enzyme. Acacia nilotica extracts (plant part not mentioned) were 

co-administered with nutritional supplement (rho iso-alpha acids-rich extract) obtained from 

hops (Humulus lupulus) (Tripp et al., 2012). This combination therapy was investigated by 

measuring in vitro glucose uptake in insulin-resistant 3T3-L1 adipocytes and an in vivo 

mouse study. The combination therapy showed a 3-fold increase in insulin-stimulated glucose 

uptake which was comparable to 5 μg/mL pioglitazone or 901 μg/mL aspirin and also 

improved glucose and insulin control in mice. Acacia farnesiana was investigated against 

STZ-induced diabetic Type 1 animal models, was found to have potential anti-diabetic effects 

(Konwar & Das, 2014). 

 

Obesity, or excessive adiposity, can lead to hyperglycemia, which exacerbates insulin 

resistance (Klein et al., 2007). Obesity is one of the major risk factors for type 2 diabetes. 

Nowadays, obesity has dramatically increased and generated a major public health challenge 
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(Devaraj et al., 2013). Anti-obesity and anti-diabetic effects of biophenols such as 

robinetinidol (30) and fisetinidol, isolated from A. mearnsii bark extracts, were measured in 

vitro for their α-amylase, glucosidase and lipase inhibitory activity (Ikarashi et al., 2011a; 

Kusano et al., 2010).  In vivo plasma glucose and insulin levels were measured using KKAy 

mice, either after normal diet or high-fat diet (Ikarashi et al., 2011b). In addition, mRNA and 

protein expression of suppression-related genes were also measured in skeletal muscle, liver 

and white adipose tissue. The results suggested that biophenols isolated from A. mearnsii 

decreased fatty acid synthesis and fat intake in the liver but increased expression of energy 

expenditure-related genes in skeletal muscles. All the in vitro and in vivo results support the 

anti-obesity and anti-diabetic effect of A. mearnsii extract.  

 

α-Amylase is one of the principal salivary and pancreatic proteins that hydrolyzes 

carbohydrates to glucose and maltose (Natera et al., 2007). α-Glucosidase is another key 

enzyme for carbohydrate digestion which is secreted in the epithelium of the small intestine 

(Thilagam et al., 2013). Four Acacia species, A. pennata (shoot tips) (Wongsa et al., 2012), 

A. kempeana (bark, leaf and root), A. tetragonophylla (leaf, seed) and A. ligulata (bark, leaf) 

(Gulati et al., 2012) exhibited dual inhibition, except A. ligulata which exhibited activity 

against α-glucosidase only. Heartwood extract of A. nilotica was investigated against the α-

amylase inhibition assay and significant inhabitation of α-amylase enzyme (Barapatre et al., 

2015) was found. Recently, glycogen phosphorylase inhibition assay was used to investigate 

A. senegal (Hilmi et al., 2014), and Gulati et al. (2015) performed a cell-based assay using 

the same three Acacia species and again found good results for both A. kempeana (leaf) and 

A. tetragonophylla (stem), but the two species showed different mechanisms. The former 

stimulated glucose uptake, whereas the latter reduced lipid accumulation in adipose cell lines.   
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1.5.8 Analgesic / Anti-inflammatory / Anti-pyretic activity 

Inflammation is a normal physiological response to injury. Anti-inflammatory drugs are 

amongst the most frequently prescribed and the most administered over the counter 

medications. Toxicity and adverse reactions to these drugs have been always a major 

concern, especially for chronic users (Adedapo et al., 2008). Biophenols isolated from plants 

are known to modify the production of cyclooxygenase (COX) and lipoxygenase (LOX), 

thereby inhibiting prostaglandins production (Agunu et al., 2005). Cyclooxygenase (COX) 

and lipoxygenase (LOX), enzymes are key enzymes responsible for the synthesis of 

prostaglandins and leukotriens from arachidonic acid. Prostaglandins and leukotriens are 

responsible for the generation of pain sensation and inflammatory response in various tissues 

(Rang, 2003).  Thus, these enzyme inhibition mechanisms result in analgesic, anti-

inflammatory and antipyretic activities.  

 

Acacia species have been applied traditionally as pain killers. The analgesic activities of 

different Acacia species were evaluated using chemical (e.g. acetic acid, formalin) or 

mechanical stimuli (pressure or temperature). Paw oedema volume measurement is a 

common in vivo test where inflammation is induced by albumin or carrageenan injection into 

the hind paw of a rat or mouse. In addition, anti-inflammatory activities can be evaluated in 

vitro using enzyme inhibition assays, COX-1, COX-2 or lipoxygenase.  

 

For example, A. pennata (leaf) (Dongmo et al., 2005),  A. nilotica (pod, leaf, root bark)  

(Dafallah & Al-Mustafa, 1996; Eldeen et al., 2005), A. mearnsii (leaf and bark) (Avoseh et 

al., 2014), A. sinuata (pod) (Mehta et al., 2014), A. tortilis (seed) (Agrawal et al., 2014) and  

A. sieberiana (root) (Eldeen et al., 2005) produced an analgesic and antiiflammatory effect on 

acute inflammatory processes when they were introduced to different animal models of pain 
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and inflammation. A. pennata leaf extract gave results similar to non steroidal anti-

inflammatory drugs (NSAIDs). Moreover, A. nilotica pods showed a more pronounced 

analgesic effect compared to aspirin. A. modesta leaf also possesses analgesic properties 

(Bukhari et al., 2010) which were confirmed using multiple in vitro assays. A. modesta, A. 

pennata and A. visco (leaf and bark) extracts showed anti-inflammatory activity by inhibiting 

various inflammatory mediators (histamine, serotonin, bradykinin, and prostaglandin). 

Additionally, A. visco extract exerted in vivo anti-inflammatory activity against chronic 

inflammation (Pedernera et al., 2010).  

 

Inhibition of COX enzymes reduces the pain and inflammation. A previous report suggested 

that Acacia species possess COX enzymes inhibitory properties. The leaf, bark and root 

extracts of A. sieberiana and A. nilotica showed an inhibitory effect both on COX-1 and 

COX-2 enzymes respectively (Eldeen et al., 2005). A cross-cultural study has compared 

Australian and Chinese medicinal plants and found that A. ancistrocarpa (leaf) was the most 

potent COX-1 inhibitor, followed by A. adsurgens (leaf) and A. catechu (stem) extracts (Li et 

al., 2003). In vitro COX-1 and COX-2 assays were performed for A. seyal (bark, leaf, root 

and twig) using ethanol and ethyl acetate extracts. The ethanol leaf and bark extracts of A. 

seyal possessed strong activity against both COX-1 and COX-2, but the ethyl acetate (leaf, 

bark and root) and ethanol (root) extracts showed good inhibitory effect only against COX-2 

and weak or no activity against COX-1 (Eldeen & Staden, 2008). It is worth noting that 

compounds with selective inhibitory activity on COX-2 are favoured by the pharmaceutical 

industry due to their lower toxicity on the gastrointestinal tract (Gierse et al., 2008). 

 

Another assay, the opsonized zymosan-superoxide anions generation test, is a suitable 

stimulus to produce reactive oxygen intermediates by a metabolic pathway known as the 
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respiratory burst which is essential for bactericidal activity. It is also important for 

inflammatory reactions (Jacobson et al., 1995). This test was carried out for A. cyanophylla 

seed extracts in rat pleural polymorphonuclear leukocytes (PMNs), which play a vital role in 

the early inflammatory response and defence of the host cell against bacterial infections. A. 

cyanophylla extracts stimulated the release of superoxide anions by opsonized zymosan 

activated PMNs and ultimately showed activity against bacterial infection (El Abbouyi et al., 

2004).  

 

Fever (pyrexia) is regarded as a part of the acute-phase response to infection or inflammation 

(Roth, 2006). A. catechu ethyl acetate extracts lowered body temperature (Ray et al., 2006) 

and A. nilotica extract decreased rectal temperature (Lukman et al., 2014) in yeast-induced 

pyrexia rats, as a result the inhibition of cyclooxygenase or lipooxygenase by flavonoid rich 

Acacia extracts.  

 

1.5.9 Anti-cancer activity 

Cancer is the most common disease worldwide. According to the World Health Organization, 

around 8 million cancer patients died in 2008, and in 2030 the number would be almost 

doubled (WHO, 2012). Natural products continue to lead an important role for cancer therapy 

(Schmidt et al., 2008). Plants such as Acacia may be important for the isolation of new drugs 

and chemical compounds for cancer treatment based on their traditional uses.  

 

A. nilotica leaf extract and γ-sitosterol (isolated from leaf extract) inhibited cell proliferation 

and percentages of apoptotic cells were increased on human breast cancer cells and lung 

cancer cells (Sundarraj et al., 2012). The MTT assay was performed for A. confusa (seed) 

(Lam & Ng, 2010b) and A. catechu (wood) (Ghate et al., 2014) to determine the level of cell 
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proliferation inhibitory activity against breast cancer MCF-7 cells. Acaconin (chitinase-like 

anti-fungal protein) (Lam  & Ng, 2010a) was isolated from the seed extract of A. confusa and 

inhibited cell proliferation. Avicins (triterpenoid saponins) isolated from A. victoriae seedpod 

extracts inhibited cell proliferation (block phosphatidylinositol- 3-kinase (PI3K) signalling 

pathway in Jurkat cells) (Haridas et al., 2001a) and induced apoptosis by directly perturbing 

the mitochondria in a Jurkat cell line (human T cell leukaemia) (Haridas et al., 2001b). Some 

other ex vivo studies, ames assay along with comet assay (Bouhlel et al., 2008) or SOS 

chromotest (Bouhlel et al., 2007), were used to evaluate the antigenotoxic and antimutagenic 

activity of A. salicina leaf extract in bacteria or human lymphoblast cell K562 or both 

cultures. Leaf aqueous extracts of A. salicina showed 50% of human lymphoblast cell K562. 

 

An in vivo study was carried out using chemically-induced mouse skin carcinogenesis on 

shaved dorsal skin of mice and found that avicins isolated from A. victoriae were very 

effective at reducing cell damage and decreasing DNA damage caused by free radicals, 

thereby avicins could suppress the development of human skin cancer and other epithelial 

malignancies (Hanausek et al., 2001). A. ixiophylla (leaf and twigs) was examined and it was 

found that lower polymers (probably dimers and trimmers of flavan-3-ol and flavan-3,4-diol) 

were responsible for the antitumour activity (Clark-Lewis & Dainis, 1968). A. nilotica bark 

extracts reduced malondialdehyde, an oxidative marker and known carcinogen, formation in 

N-nitrosodiethylamine-induced hepatocellular carcinoma rat modelling (Singh et al., 2009a). 

The aerial parts of A. nilotica and A. ferruginea were investigated using Dalton’s ascetic 

lymphoma (DAL)-induced solid and ascetic tumours in mice modelling and both species 

significantly decreased tumour development (Sakthivel & Guruvayoorappan, 2013; Sakthivel 

et al., 2012). Additionally, A. ferruginea inhibited the inflammatory mediators (tumour 

necrosis factor-alpha, COX-2, interleukin-1 β and interleukin-6) and stimulated interleukin-2 
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and interferon-γ in animals with DLA-induced solid tumours, findings that suggest strong 

immunostimulant activity of the extract. 

 

1.5.10  Cardiovascular activity 

According to the WHO (2013) more than 17 million people die from cardiovascular diseases 

(CVDs) like heart attacks and stroke each year. Many herbal medicines have been used to 

treat CVD and have become mainstays of modern pharmacotherapy (Mashour et al., 1998).  

Anti-hypertensive activity of herbal extracts have had their potential action assessed: 

angiotensinogen converting enzyme (ACE) inhibition, angiotensinogen receptor blocking 

(ARB) and diuretic effects, etc. (Howland et al., 2006). Five myricetin galloylglycosides 

were isolated from A. confusa leaf extracts and assayed against ACE. Dose-dependent ACE 

inhibitor activity was found for only three of them, myricetin 3-O-(3'-O-galloyl)-α-

rhamnopyranoside 7-methyl ether,  myricetin  3-O-(2'-O-galloyl)-α-rhamnopyranoside 7-

methyl ether and myricetin 3-O-(2',3'-di-O-galloyl)-α-rhamnopyranoside (Lee et al., 2006).  

 

 The anti-diuretic activity of A. suma bark extracts were examined in Swiss albino mice by 

measuring total urine volume and concentration of Na+, K+ and Cl- in the urine. The aqueous 

extract (400 mg/kg) was shown to possess significant activity by increasing the volume of 

urine and the urinary concentrations of Na+, K+ and Cl- ions (Mondal et al., 2010). A 

comparative study was run between A. nilotica bark and A. sinuata pod extracts (ethanol and 

methanol) by measuring the same parameters as A. suma, though the dose (400 mg/kg) and 

the adopted animal model (Wistar rats) differed. Both extracts showed significant diuretic 

activity but A. nilotica showed more potent diuretic activity than A. sinuata (Ramya et al., 

2011). 
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Chronic renal failure (CRF) induces several alterations in the cardiovascular system (CVS). 

CRF was produced in rats by feeding them adenine and investigating the effect of the ensuing 

CRF on the systolic and diastolic blood pressure and heart rate. Adenine-induced CRF in rats 

significantly increased both systolic and diastolic blood pressure, but no significant effect on 

heart rate was seen, and blood pressure was significantly reduced by administration of Acacia 

gum to these animals (Ali et al., 2011).  

 

1.5.11 Central nervous system (CNS) activity 

Different plant species have traditionally been applied to control various CNS disorders such 

as insomnia, anxiety, chronic pain, seizures, Parkinsonism, amnesia. Documentation of the 

traditional use of Acacia species against CNS disorders is extensive, but experimental 

evidence so far has only shown moderate or minimal activity.  

 

GABA (γ-aminobutyric acid) is the major inhibitory neurotransmitter in the mammalian 

central nervous system which is involved in epilepsy. The GABA receptor has a binding site 

for sedative and hypnotic compounds, such as benzodiazepines and barbiturates. Ethanol bark 

extracts of A. sieberiana and A. xanthophloea was tested using GABA-benzodiazepine 

receptor assay. These two extracts showed dose dependent sedative activity (Stafford et al., 

2005). On the other hand, A. juliflora and A. nubica leaf extracts were prepared for 

pentylenetetrazole-induced seizures (convulsions) and maximal electroshock seizure tests. 

These two species showed tonic seizures prevention capacity (Sayyah et al., 2011). 

 

According to the World Alzheimer’s report, approximately 46 million people are affected by 

Alzheimer’s disease (AD) worldwide in 2015, but by 2050 it will be around 131.5 million 

(Alzheimer’s Disease International, 2015). Plant medicines have been used to enhance 
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cognitive function by different cultures (Eldeen et al., 2005) and noticeable effort has been 

made to develop potential anti-AD agents from natural products (Syad & Devi, 2014).  

 

One of the most commonly tested targets for potential anti-Alzheimer’s activity is 

acetylcholinesterase (AChE), the enzyme responsible for the breakdown of acetylcholine, a 

major neurotransmitter involved in memory and cognition. A. nilotica (root) was investigated 

via in vitro Ellman technique using bovine erythrocytes as a model. The results show that A. 

nilotica had potential anti-AChE activities (Crowch & Okello, 2009; Sulaiman et al., 2013). 

The aqueous bark extract of A. raddiana was also investigated via the Ellman technique and 

found to exhibit good AChE inhibition. A. seyal and A. sieberiana (Benamar et al., 2010 and 

A. modesta (Khan et al., 2014) showed strong AChE inhibitory activity, while A. farnesiana 

(Tengku & Raja, 2013), A. catechu (Thangavelu & Ramasamy, 2015) and A. cyanophylla 

(Ghribia et al., 2014) extracts only showed moderate inhibition. 

 

Catechin (16), isolated from A. catechu, was evaluated for anti-amnesic activity using various 

in vivo models. Amnesia results from damage to brain structures which control the memories 

and AD initially targets memory. The investigators found that catechin (dose 10, 20 and 40 

mg/kg) significantly enhanced the learning capacity and retention of memory, which may 

help with the management of AD (Birader et al., 2012).  

 

1.5.12 Peripheral nervous system (PNS) activity 

The PNS is mainly to connect the CNS to the limbs and organs and maintains communication 

between the brain and the extremities (Brenner & Stevens, 2010). Smooth muscle relaxant 

activity was measured against acetylcholine and oxytocin-induced contraction in rat 

modelling and it was found that lupeol triterpenoid, which was identified in the extract, was 
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responsible for both acetylcholine and oxytocin-induced contraction in the duodenum and 

uterus respectively (Jangade et al., 2014). 

 

1.5.13 Toxicological activity 

Contradictory to public belief, herbal medicines are not always safe. They have their own 

toxicity and adverse reaction profile as they are simply xenobiotics, foreign substances to our 

physiological system. In fact, all substances are toxic to some extent, based on dosing 

(Chandra et al., 2012). Most bioactive constituents of plants are secondary metabolites which 

can show both useful and harmful effects in humans and animals.  For drug development, it is 

mandatory to examine the toxicological properties of new chemical entities. For instance, the 

leucoanthocyanidin, melacacidin, was found to be responsible for the contact dermatitis 

observed with Australian black wood (A. melanoxylon) (Hausen et al., 1990). Furthermore, 

most drugs are extensively biotransformed into various metabolites that can have markedly 

different pharmacological and toxicological properties (Nicholson et al., 2002).  

 

Cytotoxic activity of A. farnesiana leaf extract was tested using brine shrimp (Artemiasalina). 

The results showed that the extract was safe up to a final concentration of 1000 μg/ml (Ramli 

et al., 2011). The potential toxicity of A. nilotica pods (Al-Mustafa & Dafallah, 2000) and 

leaves (Mohan et al., 2014) was investigated in rats and no significant changes in serum 

parameters of hepatic and renal functions, fasting glucose and triglycerides were observed. 

Further, Al-Mustafa and Dafallah (2000) did not find any significant histopathological 

changes in liver sections and no deaths were noted in the recommended (2% and 8%) A. 

nilotica pod diet. The cytotoxicity of leaf extract of A. nilotica was also measured along with 

A. tortilis (fruits) and A. asak (stem cortex) by the neutral red uptake assay using follicular 
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lymphoma cells and human amniotic epithelial cell lines. No cytotoxic effect was found for 

any of the extracts (Al-Fatimi et al., 2007).  

 

A. nilotica leaf extract was investigated by Eldeen et al. (2005) using the Ames mutagenicity 

assay technique, with no mutagenic effects. The results differed due to variations in adopted 

technique or the complexity of mutation mechanisms. An in vivo study was completed for A. 

nilotica (leaves, flowers and gums) using 7,12-dimethylbenz (a) anthracene-induced skin 

papillomagenesis assay in Swiss albino mice (Meena et al., 2006). They found that the leaf 

extract had most significant antimutagenic activity, followed by flower and gum extracts. 

Moreover, Eldeen et al. (2005) tested A. nilotica (bark and root) extracts using an in vitro 

Ames mutagenicity assay and a comparison study was done between A. nilotica and A. 

auriculiformis bark extracts (Kaur et al., 2002). Ethanol, ethyl acetate and water extracts 

showed no potential mutagenic effects but acetone and chloroform extracts showed moderate 

to strong antimutagenic activity against direct (2-nitro-O-phenylenediamine or sodium azide) 

and indirect (2-aminofluorene) acting mutagens, respectively. A. arabica flower extracts 

showed no teratogenic effects against albino rats by means of abortifacient assay at 175 

mg/kg dose (Nath et al., 1992).  

 

Extraction solvent composition can influence the toxicity of plant extracts. While aqueous 

extracts are assumed to be less toxic than organic solvent extracts, toxicity depends on the 

assay type, employed organism and the toxicity parameters measured (Goncalves et al., 

2005). Generally, Acacia species are found to be non-toxic at doses that are used 

therapeutically. Very few reports have been found on the toxicity of Acacia extracts. 

However, herbal commercial preparations containing Acacia gum (A. senegal) 

(DerMarderosian & Beutler, 2005) or A. catechu extract (Williamson et al., 2002) may cause 
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some respiratory and dermatological adverse effects. In very high doses or when used 

parentally, renal and hepatic injuries can also take place.  

 

Apart from showing some mutagenic and prooxidant effects (Eskin & Tamir, 2006), some 

flavonoids might modulate metabolising enzymes or interfere with essential biochemical 

pathways. Thus the pharmacokinetics of co-administered medications or nutrients may be 

altered, invoking some toxic properties (Hodek et al., 2002). On the other hand, the phenolic 

hydroxyl groups in biophenols are known to interact with proteins (tanning reaction) and 

heavy metals (chelation reaction). Tannins, for example, chelate iron in the gastrointestinal 

tract and can reduce its absorption (Cook & Samman, 1996). Furthermore, Acacia gum can 

also adsorb drugs and/or nutrients, lowering their bioavailability.  

 

1.6 Conclusion 

Acacia constitutes an important plant genus for drug discovery due to its large biological, 

chemical and environmental diversity. The medicinal value of Acacia species has been 

recognized by different cultures worldwide. However, little research has been executed to 

exploit various Acacia species and uncover its potentiality in particular at a clinical level.   

 

Acacia is an important genus in both Africa and Australia. In Africa, where there are many 

flat-topped thorn trees, it is iconic, while in Australia it is the dominant genus over much of 

the continent and includes the Australian floral emblem (the Golden Wattle, Acacia 

pycnantha). The taxonomy of Acacia is still not fully resolved (Miller & Seigler, 2012). 

Acacia is a well-known source of traditional medicines (infusions, decoctions of the leaf, 

bark, flower, pod, seed, fruit and root), as summarised in this review (Table 1.1). This has 

been demonstrated by the application of modern scientific methods to possess multiple 
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disease-ameliorating properties. Nevertheless, the potential ethnopharmacological benefits of 

Acacia species in various indigenous systems of medicine, especially those of Africa and 

Asia, where herbal pharmacopeia is largely lacking, necessitates the proof requirement of 

safe and effective uses of Acacia.  

Pharmacological activity is mostly based on empirical experience, which becomes the most 

important thing in order to eliminate the concern of using medicinal plants as drugs for 

alternative treatment. Modern pharmacological studies have also been generally supportive of  

the traditional uses of Acacia species that indicate promising uses of this genus in the 

treatment of many conditions, such as diarrhoea, chronic pain,  gastroenteritis, wounds, 

malaria, allergies, Alzheimer’s, coughs, diabetes, cardiovascular disorders, inflammatory 

ailments including rheumatism and cancer. Although a large number of the pharmacological 

studies of various Acacia species are available, research on dose-dependent safety, side 

effects and toxicological issues regarding the use of the plant in alternative medicine are 

essentially lacking. In addition, researchers are still restricted only to animal models. Clinical 

trials have not been reported so far and this situation will limit widespread commercial 

adoption. Most of the in vitro, in vivo and commercial herbal preparations of Acacia species 

have been demonstrated to exert beneficial effect on the prevention and treatment of several 

diseases, though it is too early to speculate about any possible conclusions for this large 

genus.  

 

These diversified uses of Acacia have mainly been attributed to the presence of various 

compounds, or mixtures of compounds, such as biophenols. Myricetin, quercetin, catechin, 

epicatechin, kaempferol and their derivatives are commonly found in Acacia species. The 

literature search covered hundreds of papers regarding the analysis of Acacia species using 

HPLC, LC-MS and NMR but the majority of these papers are only tame attempts. However, 
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the amount of research done with this valuable plant species is not parallel to the chemical 

and biological diversity. More efforts should be made in exploring the components in various 

Acacia species extracts and/or their fractions. Additional future research will identify novel 

compounds from Acacia species. These compounds can become new ‘lead’ molecules for the 

treatment of various diseases. While there are gaps in the studies conducted so far, it is still 

very clear that Acacia has tremendous widespread use now, and also extraordinary potential 

for the future. 
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2.1 Scope 

In studying medicinal plants, various approaches can be adopted. 1) The traditional 

phytochemical approach is where unstudied plants are collected, extracted, and 

chromatographed for novel compounds. These are subsequently isolated and 

comprehensively identified. 2) The drug discovery approach, viz. bioactivity-guided 

fractionation, is when plants are collected, subjected to exhaustive extraction and screened for 

various biological activities. Extracts which demonstrate biological activity are fractionated 

and sub-fractionated, with biological assays used to detect bioactive compounds that are 

isolated and then used as nucleus/base to develop more potent derivatives via various 

synthetic pathways. 3) Some researchers design studies to test pharmacological activities, 

mechanism of action and safety of various plant extracts. 4) Ethnopharmacology, 

ethnomedicine and ethnobotany focus on examining plants with reported traditional uses 

and validate their use in current clinical practices.  Finally, food chemists and nutritionists 

screen common dietary plants used in folk diet for potential health benefits to develop 

dietary supplements, nutraceuticals, food additives and medical foods.  

 

In this project, I have adopted an eclectic and interdisciplinary approach where 

ethnopharmacological, phytochemical, and taxonomical informatioms were collected and 

used in my experimental design, data collection and data analysis. With the help of my 

supervisory team (pharmacologist, phytochemist and botanist), I tried hard to familiarize 

myself with their craft and produce a unique approach to explore bioactive compounds and 

pharmacological activity of Australian Acacia. About 1,350 Acacia species are known 

worldwide, with around 960 species native to Australia (Ogunwande et al., 2010), so the task 

of sample selection for this study was challenging. 
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Australian indigenous people use Acacia as food or flavouring agents because of their 

abundance and ready availability (Isaacs, 2002). Acacias are also a good source of protein 

and oils (Maslin, 1998). Australian indigenous people have also used Acacia species in 

treating various ailments such as cough, diarrhoea, headache, pain, rheumatism, swelling, 

skin diseases, and sore throat (Lassak & McCarthy, 2011). A search of the literature for the 

therapeutic applications of Acacia species by indigenous Australians resulted in records being 

found for only 30 Acacia species (Lassak & McCarthy, 2011). It is not clear if this small 

number of records is a consequence of accumulated traditional knowledge through inherited 

empirical evidence by the indigenous Australians or if this is merely a reflection of our 

inefficient recording of indigenous traditional knowledge. Thus it is interesting to include 

plants which exist in the Australian habitat that do not have recorded therapeutic applications 

in indigenous traditional medicine, along with plants that are part of the herbal compendium 

of indigenous Australians. There are 50 species of Acacia in the South Western Slopes 

(SWS) region of New South Wales. Wagga Wagga (and the Wagga Wagga Campus of 

Charles Sturt University) is located centrally in the SWS (Harden, 2002). To guide my 

selection, I have also included taxonomical data so that genotype-phenotype interaction is 

reflected in my choice. Taxonmically, Acacia (sensu stricto) is divided into seven subgenera, 

with four of them recorded in the New Western Slopes of New South Wales (Hnatiuk & 

Maslin, 1988). Therefore the five Acacia species selected are representative of the four 

subgenera (Table 2.1) (Figure 2.1). Five species, A. deanei (NSW905354), A. doratoxylon 

(NSW883769), A. implexa (NSW905352), A. pycnantha (NSW905353) and A. verniciflua 

(NSW905356) were collected from the Wagga Wagga region, New South Wales, Australia 

and voucher specimens (see codes after the species names) have been deposited in the Royal 

Botanical Garden Sydney, New South Wales. From the Phyllodineae, two species were 

chosen, one which has extensive therapeutic applications in indigenous medicine (A. 
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pycnantha) and one which is abundant in our locality but has no recorded traditional uses (A. 

verniciflua). A. doratoxylon is the representative of one of the largest subgenera Juliflorae (in 

short – Acacia has an important role in traditional medicine. Many acacias occur in the local 

Wiradjuri (Williams & Sides, 2008) area around Wagga (Table 2.1). How to select which 

species to study? A combination of: i) wide taxonomic diversity to improve ‘chances’ of 

isolating different active compounds, ii) a mix of species with a recorded Aboriginal use and 

those apparently not used, iii) use of abundant species in relatively close proximity to Wagga 

to facilitate collection and not to endanger small populations of locally restricted species. 

Although bark and leaves are the most commonly used parts of Acacia, leaves were selected 

over bark in this study to minimize damage to Acacia plantation. This also makes any future 

commercialization more sustainable. 

 

Table 2.1: Background information of selected five species of Acacia 

Species Aboriginal uses Subgenera 

Food Medicine 

A. deanei Seeds  √ Botrycephalae 

A. doratoxylon     X X Juliflorae 

A. implexa    X Skin infection Plurinerves 

A. pycnantha Gum  √ Phyllodineae 

A. verniciflua     X X Phyllodineae 

X = No use as food or medicine, √= Used as medicine but no evidence against which diseases 
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Figure 2.1: Five Australian Acacia species used in this study: A. deanei (bipinnate leaves), A. 

doratoxylon, A. implexa, A. pycnantha and A. verniciflua (‘leaves’ are modified petioles 

called phyllodes). 
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2.2  The Aim  

The aim of this thesis is to investigate the chemical and pharmacological properties of 

selected Australian Acacia species for potential nutraceutical and pharmaceutical 

applications. 

 

2.3 The Objectives  

The project, of which this thesis is the subject, has the following objectives: 

1. Screening for chemical compound classes from the selected Acacia species.  

2. Qualitative analysis of compounds from these species. 

3. Quantitative analysis of the chemical constituent in the selected Acacia species, total 

phenol, total flavonoids, total o-diphenol and total proanthocyanidins. 

4. Bioscreening of Acacia extracts for 

 antioxidant,  

 antibacterial,  

 neuroprotective and  

 anti-diabetic activities. 

5. Potent extracts will be subjected to bioactivity-guided screening for the type of 

biological activity that they are most effective against so as to characterize bioactive 

fractions/compounds and compare activity of extracts with fraction (s) and individual 

compound (s).  
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3.1 Introduction 

There are roughly 1,350 Acacia species worldwide, with about 960 of them native to 

Australia (Ogunwande et al., 2010).  The Australian aboriginal people have used Acacia 

species in their traditional medicine (Wickens & Pennacchio, 2002). Barks, flowers, leaves, 

pods, seeds and roots of Acacia are used traditionally for the treatment of various ailments 

(Lassak & McCarthy, 1997). Moreover, gum production from Acacia species is very 

common in Australia (Bartle et al., 2002). Acacia species contain a large number of bioactive 

compounds including biophenols, alkaloids, lower terpenoids, saponins, sterols, 

polysaccharides, non-protein amino acids, fatty acids and miscellaneous organic acids 

(Seigler, 2003).  

 

The flavonols, cinnamic acids (e.g. caffeic) and coumarins are well known biophenolic 

compounds with strong antioxidant properties (Sova, 2012; Vauzour et al., 2010). These 

compounds share the common structural feature of one or more phenolic groups. In recent 

years, biophenols have attracted the attention of researchers for their role as antioxidants in 

biological systems (Kennedy & Wightman, 2011). Dietary supplementation with antioxidant 

substances shows potential to prevent cellular damage either by scavenging reactive oxygen 

and nitrogen species (RONS), inhibiting peroxidation and/or chelating transition metals 

(Sova, 2012; Vauzour et al., 2010). RONS are dangerous to cellular components and trigger 

apoptotic or necrotic cellular damage and play a role in various degenerative diseases like 

diabetes, neurodegenerative disorders (e.g. Alzheimer’s disease), cardiovascular diseases and 

cancer (Chinwe et al., 2010; Li et al., 2014). RONS are generated in biological systems 

during normal metabolism and are generally scavenged by cellular antioxidant enzymes such 

as superoxide-dismutase and catalase (Uttara et al., 2009). Recent scientific evaluation 
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revealed that Acacia species could be a valuable source of bioactive chemical substances 

which can lead to modern drug development (Konczak et al., 2010).  

 

Several chromatographic methods such as low resolution paper (Malan & Roux, 1975), thin 

layer (Jangade et al., 2014) and column (Lin et al., 2009) chromatography to high-resolution 

techniques, e.g. reverse phase high performance liquid chromatography (HPLC) (Ee et al., 

2011), gas chromatography (GC) (Lamarque et al., 2000; Vidanarachchi et al., 2009), liquid 

chromatography (LC) (Kunii et al., 1996), nuclear magnetic resonance (NMR) spectroscopy 

(Kusano et al., 2010; Mutai et al., 2009) and hyphenated chromatographic technique such as 

diode array detection (DAD) (Wu et al., 2008a) and coupling of liquid chromatography/mass 

spectroscopy (LC/MS) (Yang et al., 2009) with atmospheric pressure ionization technique, i. 

e. electrospray ionization (ESI) (Maldini et al., 2011) or matrix-assisted laser 

desorption/ionization time of flight mass spectrometry (MALDI-TOF-MS) (Kusano et al., 

2010) were used to isolate as well as identify different bioactive compounds in various 

Acacia species worldwide. 

 

In view of the above we evaluated the presence of biophenolic compounds in the leaves of 

five Acacia species; A. deanei, A. doratoxylon, A. implexa, A. pycnantha and A. verniciflua. 

Our investigations involved using reversed phase HPLC with diode array detection (DAD) 

and electrospray ionization mass spectrometry (ESI/MS). The phenolic contents of the 

selected Acacia species have not been systematically investigated before. Along with 

identification, histology of the leaves, and general phytochemical screening, the total phenol 

content and antioxidant activity with online HPLC ABTS screening of these five species have 

been determined.  
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3.2 Materials and methods 

3.2.1 Reagents and standards 

Folin−Ciocalteu reagent, (±)-6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid 

(Trolox®), 2,2′-azinobis (3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS•+), 

formic acid, aluminium chloride (AlCl3), sodium molybdate (Na2MoO4·2H2O) and sodium 

nitrite (NaNO2) (Sigma-Aldrich, Sydney, Australia); toluidine blue (TB) and Historesin 

(Leica Microsystems, Germany); potassium persulphate (K2S2O8) (Asia Pacific Specialty 

Chemicals Limited, Australia); HPLC grade methanol, n-hexane, sodium hydroxide (NaOH) 

and ethanol (Merck, Germany); anhydrous acetonitrile (RCI Labscan Limited, Australia); 

hydrochloric acid (30%) and sodium carbonate (Na2CO3) (VWR, Sydney, Australia) were 

bought from the mentioned companies. 

 

Phenolic standards used were gallic acid, caffeic acid, rutin, luteolin, chlorogenic acid, 

ellagicacid, ferulic acid, sinapic acid, trans-cinnamic acid, naringin, catechin hydrate, 

quercetin, tyramine and vanillic acid (Sigma-Aldrich, Sydney, Australia); apigenin, apigenin-

7-O-glucoside, epicatechin, kaempferol, myricetin, myricetrin, naringenin and rhamnetin 

(Extrasynthese, Genay, France); and pyrogallol, p-hydroxybenzoic acid (Fluka, Buchs, 

Switzerland). Most standards were dissolved in 50% aqueous methanol (H2O: Methanol, 

50:50) to prepare stock solutions of 1 mg/ml. Exceptions were quercetin, rhamnetin and 

luteolin which were dissolved in absolute methanol (100% methanol). The water used in all 

analytical work was purified by TKA Genpure ultra pure water system (Supplier Edwards 

instruments Co. Thermo Scientific, Australia). 
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3.2.2 Localization of the phenols in the leaves of Acacia 

After collecting the leaves of the selected Acacia species, they were stained using toluidine 

blue (TB) after sectioning in TS (transvers section) at 5 μm. The plant histology was done 

using the procedures described previously (Retamales & Scharaschkin, 2014) to highlight 

diverse anatomical components including lignified and non lignified cell walls, nuclei and 

especially phenolic compounds, e.g. biophenols, tannins.  

 

In addition, fast blue was also used to check the phenolic compounds using the methods 

previously described by Soukupova and collaborators (Soukupova et al., 2001). Fresh leaves 

were collected, sliced and put on the slide. Then fast blue was applied on the leaves and 

transferred the slides into the oven at 60ºC for 20 min. Finally the slides were checked under 

the microscope. 

 

3.2.3 Sample preparation and extraction of Acacia species 

Five species, A. deanei, A. doratoxylon, A. implexa, A. pycnantha and A. verniciflua were 

collected from the Wagga Wagga region, New South Wales, Australia and voucher specimen 

have been deposited. Collected samples were freeze-dried, finely powdered and extracted 

sequentially in n-hexane (H), dichloromethane (D), methanol (M) and water (W) at 25ºC for 

1 hr (Figure 3.1). Finally, the extracts were kept in amber glass scintillation vials and stored 

at -20°C until further analysis. 
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Figure 3.1: Sequential extraction scheme of Acacia species in solvents of increasing polarity 
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3.2.4 Phytochemical screening 

The following phytochemical classes were screened for: alkaloids, flavonoids, tannins, 

saponins, steroids, carbohydrates and glycosides. Reagents were prepared according to Owen 

et al. (2011) and extracts were assayed as previously described by Edeoga  and collaborators 

(Edeoga et al., 2005; Evans et al., 2002; Guo et al., 2012; Mamta & Jyoti, 2012; Ogawa et 

al., 2013; Owen et al., 2011). 

 

3.2.5 Determination of total phenol content (TPC) 

The total phenolic content in the extract was measured using the method of Qawasmeh et al. 

(2012) with Folin-Ciocalteu reagent. In a 10mL volumetric flask instrument grade water (6-7 

mL) was added followed by sample extract (100 µL), Folin−Ciocalteu reagent (500 μL) and 

20% Na2CO3 (1.5 mL) and the mixture was made up to volume with water and thoroughly 

mixed. The resulting mixture was incubated for 60 min at room temperature and the UV 

reading was measured at 760 nm. Gallic acid was used as standard (1 mg/ml) and the results 

were expressed as gallic acid equivalents (GAE mg/g of dry weight). Each test was 

performed in triplicates. 

 

3.2.6 Determination of total flavonoids (TFC) 

The total flavonoids content was determined by the method of Eghdami and Sadeghi (2010) 

with little modification. Plant extracts (500 µL) and 80% methanol (3 mL), were added to 10 

mL volumetric flasks followed by the addition of 5% NaNO2 (0.3 mL) and shaken 

thoroughly. After 5 min, 10% AlC3 (0.3 mL) was then added; followed by the addition of 1M 

NaOH (2 mL). The absorbance was measured against a blank solution at 510 nm and the total 
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flavonoid content was expressed in terms of milligrams of quercetin equivalent per gram dry 

weight (mg QE /g DW).   

 

3.2.7 Determination of total o-diphenols (ODP) 

The quantification of o-diphenols in the extracts was measured following the the published 

procedure with slight amendments (Qawasmeh et al., 2012). In a 5 mL volumetric flask, the 

extract (500 µL), 5% NaMoO4.2H2O in 50% ethanol (500 µL) were added and made up to 

volume by adding 50% ethanol. The solution was mixed and left for 15 min. The absorbance 

was measured at 370 nm.  Caffeic acid was used as a standard and the results were articulated 

as milligrams of caffeic acid equivalent per gram dry weight of freeze dried sample (mg CAE 

/g).  

 

3.2.8 Determination of total proanthocyanidins content (TPAC) 

TPAC was determined using the procedure reported earlier by Sun et al. (1998) with some 

modifications. Briefly, 96 well plates were used. Extract samples (25 μL), vanillin (1%, in 

MeOH, 100 μL) and sulphuric acid (25% in MeOH, 100 μL) were added sequentially. After 

addition of reagents, the plate was shaken for 1 min (Ratek multitube vortex mixer, Rowe 

Scientific Pty Ltd.). The reaction mixture was incubated at 37°C for 15 min, and the 

absorbance at 500 nm was read using a Versamax Tunable automated microplate reader 

(Molecular Devices, Sunnyvale, United States). Catechin hydrate (CHE) was used as 

standard. Vanillin is light sensitive so fresh reagent was prepared for every experiment. 

TPAC was expressed in terms of mg of catechin hydrate equivalent per gram dry weight (mg 

CHE /g DW). 



144 
 

3.2.9 Ultraviolet−Visible (UV) scanning of various species of Acacia extract 

Samples were scanned in the UV visible range (200-800 nm) in neutral, acidic and alkaline 

solutions. Leaf extracts of the five Acacia species in the four solvents used were prepared by 

diluting extract aliquots to 10 mL as follows: A. deanei (200 µL), A. doratoxylon (400 µL), A. 

implexa (100 µL), A. pycnantha (500 µL) and A. verniciflua (400 µL) with H2O, 2% HCl or 

2M NaOH solutions.  

 

3.2.10 Extract hydrolysis 

Methanol extracts contained larger numbers of compounds, including different glycosides. 

Therefore acid hydrolysis was performed to free phenolic aglycones only for the methanol 

extract by the method adapted from Qawasmeh et al. (2012). Methanol extracts of the 

respective species (6 mL), instrument grade H2O and concentrated HCl (1 mL) were placed 

in a round bottom flask and refluxed at 90 °C for 1 hr. The mixture was left to cool and 

extracted four times with 20 mL of ethyl acetate.The combined extracts were dried with 

anhydrous Na2SO4 and the ethyl acetate was evaporated using a rotary evaporator at 50°C. 

After evaporation the residue was then dissolved in absolute ethanol (6 mL). The solution 

was filtered (nylon syringe filter, 0.22 μm) and stored at −20 °C until further analysis using 

HPLC. 
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3.2.11 High performance liquid chromatography with diode array detection (HPLC-

DAD) 

The sample extracts were analyzed by HPLC consisting of Varian Prostar 335 diode array 

detector (DAD) and a Varian Prostar 410 autosampler. The analysis was performed by 

gradient elution on a Gemini C-18 column with a security guard cartridge (250 mm × 4.6 mm 

i.d., 3 μm particle size) (Phenomenex, Sydney, Australia). Star Chromatography Workstation 

version 6.41 software (Varian, Australia) was used for the HPLC system control. The 

injection volume was 10 µL and the flow rate was fixed at 0.8 mL/min. Separation was 

achieved using ‘solvent A’ water: acetonitrile: formic acid (87:10:3) and ‘solvent B’ 

acetonitrile: water: formic acid (87:10:3). Mobile phases were freshly prepared and filtered 

under vacuum with nylon 0.22 μm membranes (Phenomenex). The UV detector was set at 

wavelengths of 280 and 330 nm. The total run time was 70 min and gradient run as follows: 

100% Solvent A; Solvent B increased to 30% over 50 min; then Solvent B increased to 100% 

over 10 min; and this flow rate was continued for the next 10 min. The equilibration time was 

10 min between runs. 

 

3.2.12 Liquid chromatography-diode array detection-electrospray mass spectrometry 

(LC-DAD-ESI-MS) 

The sample extracts were also analysed using an Agilent 1200 series liquid chromatograph 

with DAD (Agilent Technologies, Waldbronn, Germany). The analysis was performed using 

the same Gemini C-18 column. The injection volume was 5 µL and the flow rate was fixed at 

0.7 mL/min. Separation was achieved using the same solvents in the mobile phases as 

described in Section 3.2.11. The total run time was 85 min, programmed as follows: 100% 

Solvent A; Solvent B increased to 30% (57 min); then Solvent B increased to 60% (12 min); 

and this composition was continued (6 min); then solvent B increased to 100% (5 min) and 
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continued for another 5 min. The equilibration time between runs was 10 min. The UV 

detector was set at wavelengths of 280 and 330 nm. The DAD was connected to a 6410 

triple-quadrupole mass analyser (Agilent Technologies, Santa Clara, CA, USA) equipped 

with an electrospray ionization (ESI) interface. Negative ion mode (m/z 70−1500) machine 

conditions were: nitrogen gas; gas temperature, 350 °C; gas flow rate 12 L/min; nebulizer 

pressure 45 psi; capillary voltage 4 kV; cone voltage 100 V. Agilent Mass Hunter 

workstation version B.04.00 2011 (Agilent Technologies, Waldbronn, Germany) software 

was used for data analysis. 

 

3.3 Statistical analysis 

SPSS version 20 software was used to analyse the data and the results are presented as mean 

± standard deviation (SD). One-way ANOVA was used to analyze the data and the 

significance level was set at p< 0.05. 

 

 

3.4 Results and discussion 

3.4.1 Phytochemical screening 

The first step when working with plants that have not been phytochemically investigated 

before is to screen for their phytochemical composition. The assays involved here are simple 

chemical tests that depend on color or precipitate formation upon interaction with appropriate 

reagents in test tubes. The sensitivity and specificity of these assays are questionable due to 

the large potential of chemical and physical interference from other phytochemicals, plant 

dyes or inactive matrix compounds. Thus, it is essential to run them always with a positive 

and negative control alongside. Furthermore, to report the presence or absence of a certain 
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group of phytochemicals at least a couple of tests should be employed. On the positive side, 

these assays still provide a quick, economic and easy method for initial screening of 

phytochemical classes. 

 

Table 3.1 collates the preliminary phytochemical screening results which revealed the 

presence of alkaloids, flavonoids, tannins, carbohydrates, terpenoids, steroids, saponins and 

glycosides in different extracts of the five Acacia species. Alkaloids were only found in water 

extracts of all tested Acacia species. Cardiac glycosides were detected only in the methanol 

extract of A. verniciflua.  Hexane and dichloromethane extracts were negative for all assays 

apart from few positives for flavonoids and steroids. Therefore, we can deduce that most of 

the major phytochemicals in Acacia species are polar substances. The most frequently 

reported phytochemicals in Acacia are flavonoids, tannins and carbohydrates. Consequently, 

it is not a surprise that methanol followed by water were the most successful extractors of 

Acacia phytochemicals. 
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Table 3.1:  Phytochemical Screening of 5 Australian Acacia species 

Chemical 

group 

A. deanei A. doratoxylon A. implexa A. pycnantha A. verniciflua 

 H D M W H D M W H D M W H D M W H D M W 

     

Alkaloids -/- -/- -/- -/+ -/- -/- -/- +/- -/- -/- -/- -/+ -/- -/- -/- -/+ -/- -/- -/- -/+ 

Flavonoids +/- +/- +/+ +/+ -/- -/- +/+ +/+ -/- -/+ +/+ -/+ -/- -/+ -/+ -/+ -/- -/+ -/+ -/+ 

Tannins - - + + - - + + - - + - - - + - - - + - 

Anthraquinone 

glycosides 
- - + - - - + + - - - + - - - + - - - + 

Cardiac 

glycosides 

- - - - - - - - - - - - - - - - - - + - 

Carbohydrates -/- -/- +/+ +/+ -/- -/- +/+ +/+ -/- -/- +/+ +/- -/- -/- -/+ +/+ -/- -/- +/+ +/+ 

Terpenoids - - - + - - + + - - - + - - - + - + - - 

Saponins - - + - - - + - - - + - - - + - - - + + 

Steroids + + - - - - + - + + - + - + - - + + + - 

 

H = Hexane, D = Dichloromethane, M = Methanol and W = Water extract. (+) = positive,   (-) = negative, +/+ = two different tests were done 

and both gave positive results, -/+ = two different tests were done and one gave negative and other gave positive result, -/- = two different tests 

were done and both gave negative results, + = one test was done and gave positive result and - =one test was done and gave negative result. 
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3.4.2 Ultraviolet−Visible (UV-Vis) spectra 

Most pharmacologically active compounds are aromatic in nature and thus they will have 

some absorption in the UV range. The presence of acidic carboxyl and hydroxyl groups or 

basic amino groups attached to the aromatic (benzene) ring can be revealed by monitoring 

changes in UV-Vis spectra as we change the pH of the solution. Thus, we can obtain 

preliminary information about the composition of these extracts. Flavonoids in particular are 

known to produce distinctive UV-Vis spectra that undergo characteristic spectral shifts which 

can assist in identifying the flavonoid subclasses (Harborne, 1998). 

 

The UV-Vis spectral data of each solvent for the five species provided a very gross 

qualitative test, giving only preliminary information about the nature of the compounds 

present. In our laboratory, these data are employed to make a rational choice of appropriate 

wavelengths for HPLC monitoring (280 nm & 330 nm). Table 3.2 lists the major peaks and 

shoulders observed in acidic, alkaline and neutral solutions for the four solvent extracts of 

each of the five Acacia species. The dichloromethane and methanol extracts are dark green 

and show absorption bands in the range from 630 to 680 nm which were assigned to the 

chlorophylls. Water extracts of all the five species along with hexane extracts of A. 

doratoxylon, A. implexa and A. pycnantha did not show chlorophyll bands. However, A. 

deanei and A. verniciflua hexane extracts showed a band at around 680 nm. 

 

Among the species tested A. pycnantha methanol extract showed the maximum number of 

bands therefore, A. pycnantha methanol extract UV-spectra will be described. Three major 

bands were found at 280, 350 and 680 nm in acidic solution. The band at 280 nm is a 

universal band results from most phenolic compounds. Taken into consideration the possible 

presence of flavonoids as indicated from phytochemical screening, the band at 350 nm is 
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most probably “band I” for flavonoids. Upon alkalization, the band at 350 nm had undergone 

a large bathochromic shift, 50 nm, which suggests presence of flavones or flavonols with a 

free 4′-OH (Packer & Sies, 2001). This bathochromic shift was also found in all other 

methanol extracts. Methanol extract of A. pycnantha also showed bands in the range 400−500 

nm, these are inconclusive, they may be due to chlorophylls, carotenes or some flavonoids. A 

similar pattern was found in the rest of the extracts.  
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Table 3.2: UV Scan data for five Acacia species 

Species  Hexane Dichloromethane Methanol Water 

Acid Alkali Neutral Acid Alkali Neutral Acid Alkali Neutral Acid Alkali Neutral 

A. deanei 210, 430, 

675 

210, 415, 

670 

425, 

675 

205, 430, 

675 

225, 405, 

675, 450s 

425, 675 205, 270, 

335, 675 

225, 280, 

400 

270, 340 - - 225 

A. doratoxylon 225 215 

 

- 210, 430, 

675, 340s 

215, 435, 

670 

435, 670 290 210, 315 

 

290, 330s 295 215, 315 325 

A. implexa 460, 500 

 

225, 500s 450s 430, 465, 

680, 330s 

225, 330, 

420, 650, 

450s, 480s 

440, 674,  

330s, 400s, 

480s 

270, 280, 

345, 670, 

420s 

220, 280, 

410 

269, 345, 

670, 480s 

 

270, 

330 

270 280 

A. pycnantha 210 225 

 

210 

 

270, 330, 

430, 675 

225, 415, 

650, 450s 

270, 440, 

675 

280, 350, 

680 

225, 280, 

400, 630 

275, 340, 

680 

- 210, 225 215 

A. verniciflua 220, 320, 

680 

210, 225, 

500 

500, 

650 

250, 330, 

420, 675 

225, 270, 

405, 650 

251, 325, 

420, 675 

270, 320, 

670 

225, 275, 

400, 650 

270, 320 - 210, 225 - 

s = shoulder, UV/vis spectral band wavelengths expressed in nanometres (nm) 
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3.4.3 Total phenol content (TPC) 

The phytochemical screening of the extracts revealed the presence of tannins and phenols. 

Folin-Ciocalteu method was used to measure the total phenol content (TPC) and data was 

expressed as mg gallic acid equivalent per g dry weight (mg GAE/ g DW). The widely 

accepted Folin-Ciocalteu method is based on the non-specific phenol oxidation by two strong 

inorganic oxidants phosphotungstic and phosphomolybdic acids and shows the reducing 

capacity of both organic and inorganic compounds (Patel et al., 2010). The highest content 

was observed in A. pycnantha methanol extract (60.4 mg GAE/ g DW) while the rest of the 

A. pycnantha extracts were below quantification level. Acacia deanei, A. doratoxylon, A. 

implexa and A. verniciflua methanol extracts showed similar TPC content ranges from 6.6±0.1 

to 16.3 mg GAE/ g DW (Table 3.3). As expected, methanol extracts gave higher TPC 

compared to the other extracts because they contained most of the phenolic compounds. 

 

Apart from A. pycnantha, the rest of the hexane and dichloromethane extracts showed low 

TPC (0.1 to 1.0 mg GAE/ g DW). The lowest TPC was found for the water extracts except A. 

doratoxylon which contained 2.5 mg GAE/ g DW. The rest of the extracts were below the 

quantification limits. A. pycnantha methanol extract contained TPC around four times higher 

than A. verniciflua methanol extract though taxonomically A. pycnantha and A. verniciflua 

belongs to same subgenus Phyllodineae. 

 

Qualitative results (Phytochemical screening and UV-Vis spectra) and quantitative results 

(Table 3.3) indicate that methanol was by far the most effective solvent for recovery of 

Acacia biophenols. Comparing our data with literature seems challenging as different 

methods of extraction and expressing of results (mg GAE/g DW versus mg GAE/g EM) have 

been practiced. Converting the TPC of A. pycnantha methanol extract in our study to DW 
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units, results in 580.3 mg GAE/ DW. This value is slightly higher than the values reported for 

Indian A. nilotica (536.0 mg GAE/g) and significantly (2-4 fold) higher than values reported 

for A. sinuate and few African Acacia including A. nilotica (Abdulrazak et al., 2000; Anand 

& Mohan, 2014; Rubanza et al., 2005). The phenolic compounds in general, have been 

deemed responsible for the prominent free radical scavenging activity in A. nilotica 

(Kalaivani & Mathew, 2010).  

 

3.4.4 Total flavonoids content (TFC) 

TFC was measured using quercetin as standard and the data was expressed as mg QE/g DW. 

The TFC method is based on the selective nitration of any aromatic ring bearing a catechol 

moiety (Barnum, 1977) and aluminium complexation occurs only for flavonols and flavones 

(Pekal & Pyrzynska, 2014). In line with TPC, A. pycnantha methanol extract demonstrated 

the highest flavonoid content, at 153.2 mg QE/g DW. This value is substantially higher than 

those reported for African A. nilotica (36.60 for the ethanol extract) (Kalaivani & Mathew, 

2010), Australian A. melanoxylon (45.82) and A. dealbata (18.37) (Luis et al., 2012). A. 

implexa (55.6) with approximately one third the flavonoid content of A. pycnantha was still 

higher than the values reported above. A. verniciflua (36.0), is comparatively rich in 

flavonoids. Of the methanol extracts, A. deanei (9.7) and A. doratoxylon (3.6) had the least 

flavonoid content.  

 

This investigation also found that the other solvents extracts possess relatively low flavonoid 

contents. A. deanei and A. verniciflua dichloromethane extracts contained good amount of 

flavonoids (16.5 and 7.1 mg QE/g DW respectively). The rest of the dichloromethane extracts 

also contained some flavonoids, but they were below the quantification limit. Moreover, in 
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case of water extracts of all species, only A. doratoxylon water extract showed some presence 

of flavonoids (Table 3.3). 

 

3.4.5 Total o-diphenol (ODP) 

Catechol moiety was measured by ODP method using sodium molybdate. A. pycnantha 

methanol extract contained TOD (22.3 mg CAE/g) which was the highest amongst all the 

extracts. Except for the methanol extract of A. pycnantha, ODP content was low (0.1 to 8.9 

mg CAE/g DW) in all samples tested respectively, depending on the type of extraction 

solvent. A. pycnantha methanol extract is followed by A. implexa methanol extract (Table 

3.3). Moreover, A. verniciflua methanol extracts contained 3 times lower ODP than A. 

pycnantha methanol extract. The rest of the extracts of the respective species gave ODP 

contents around 1 mg CAE/g DW. o-diphenols are very active antioxidants compared with 

mono phenols (Obied et al., 2012). However, no previous records have reported the ODP 

content of Acacia before.  

 

3.4.6 Total proanthocyanidin content (TPAC) 

Proanthocyanidins also known as condensed tannins are amongst the most commonly 

reported biophenols in Acacia (see literature review) that are known for their high antioxidant 

properties (Bagchi et al., 2000).  A. pycnantha methanol extract also contained the highest 

TPAC (36.9 mg CHE/g DW) compared with the other four methanol extracts. TPAC of A. 

pycnanthawas3 and 4.5 folds higher than A. implexa and A. verniciflua methanol extracts, 

respectively. Small amounts of TPAC were found in the other extracts (0.1 to 4.3 mg CHE/g 

DW). Unfortunately, no literature data were found for measuring TPAC in Acacia.  
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3.4.7 Summary of total phenol content (TPC), total flavonoids content (TFC), total o-

diphenol (ODP) and total proanthocyanidines content (TPAC) 

The widely accepted Folin-Ciocalteu method is based on the non-specific phenol oxidation 

by two strong inorganic oxidants, phosphotungstic and phosphomolybdic acids, and shows 

the reducing capacity of both organic and inorganic compounds (Patel et al., 2010). The o-

diphenol method is based on the selective nitration of any aromatic ring bearing a catechol 

moiety (Barnum, 1977) and aluminium complexation occurs only for flavonols and flavones 

(Pekal & Pyrzynska, 2014). The phenolic compounds that were present in the extracts 

possessing aromatic ring with substitutional hydroxyl group, which give different responses 

in different assay while they determine phenol. It is quite difficult to characterize every 

phenolic compound and elucidate its structure, but it is not difficult to identify major groups 

and important types of phenolic compounds through different type of assays. 
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Table 3.3: Quantitative assay of various Acacia species for total phenol contents (TPC), 

total flavonoids contents (TFC), total o-diphenol (ODP) and total proanthocyanidins 

contents (TPAC). 

Sample Solvent TPC 

 ( mg GAE/g DW) 

TFC 

 

ODP 

 

TPAC 

A. deanei Hexane 0.2±0.0a 7.9±0.0a 0.3±0.0a 0.3±0.2a 

A. doratoxylon 0.7±0.1b BLQ 0.1±0.0a 0.4±0.1a 

A. implexa 0.1±0.1a 4.5±0.4b 0.2±0.0a 0.2±0.2a 

A. pycnantha BLQ BLQ 0.8±0.0b 0.1±0.1a 

A. verniciflua 0.9±0.0c 7.1±0.8a 1.4±0.4c 0.3±0.1a 

A. deanei Dichloromethane 1.0±0.0c 7.1±0.6a 0.3±0.0a 0.7±0.2b 

A. doratoxylon 0.7±0.1b BLQ 0.1±0.0a BLQ 

A. implexa 0.6±0.1b BLQ 0.7±0.2b 0.7±0.2b 

A. pycnantha BLQ BLQ 0.7±0.9b 1.3±0.2c 

A. verniciflua 6.6±0.4d 16.5±1.0d 3.0±0.8d 0.6±0.1b 

A. deanei Methanol 9.6±0.4e 9.7±0.3e 4.9±0.2d 4.3±0.1d 

A. doratoxylon 6.6±0.1d 3.6±0.3b 2.9±0.0d 0.9±0.2b 

A. implexa 16.3±0.5f 55.6±2.4f 8.9±0.2e 12.2±0.6e 

A. pycnantha 60.4±2.3g 153.2±4.9g 22.3±1.4f 36.9±0.5f 

A. verniciflua 15.6±0.2f 36.0±0.9h 8.2±0.4e 8.1±0.7g 

A. deanei Water BLQ BLQ 0.1±0.0a 0.2±0.2a 

A. doratoxylon 2.5±0.0h 2.4±0.1b 0.1±0.0a 0.1±0.0a 

A. implexa 0.1±0.1a BLQ 0.7±0.0b 0.4±0.2a 

A. pycnantha BLQ BLQ 0.7±0.0b 0.3±0.1a 

A. verniciflua BLD BLQ 0.2±0.0a 0.2±0.1a 

*(mg GAE/g DW) for TPC; (mg QE/g DW) for TFC; (mg CAE/g DW) for ODP; (mg CHE/g 

DW) for TPAC. BLQ = below the limit of quantification, BLD = below the limit of detection, Mean 

± SD, GAE = Gallic acid equivalent, CAE= Caffeic acid equivalent, CHE= Catechin hydrate 

equivalent, QE=Quercetin equivalent. Each solvent extract compare at a time. Different letter in each 

column are significantly different from one another at p< 0.05. 
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3.4.8 Localization of the phenols 

Although biophenols are currently in the focus of scientific research, very few studies have 

tried to localize where these compounds reside in the plant tissues/cells. Information about 

the location of biophenols within plant tissues allows a better understanding of their function 

in plants and if carefully studied, it can help predict their biological activities in humans 

(Duke et al., 1999). Furthermore, this information can help in designing most suitable 

methods for extraction and recovery of biophenols and in post-harvest processing and 

preservation of plant samples for commercial applications.   

 

The photosynthetic organs were true leaves in A. deanei and phyllodes in the other four 

species. The leaves of A. deanei were bipinnate with the pinnules thickness only 153 to 309 

µm. The phyllodes thickness was much larger ranging from 330 to 456 µm. Both pinnules 

and phyllodes had isobilateral arrangement of tissue with palisade mesophyll on both abaxial 

and adaxial sides. The cuticle was thick (average 10 µm) on both surfaces and was almost as 

thick as the epidermal cells. All the species had 2-3 layers of palisade mesophyll and a central 

area of large rounded cells. Glandular hairs were only found in A. verniciflua (Figure 3.2) 

and these are responsible for varnishing the surface of the leaf. In case of A. deanei a clear 

distinction between the palisade layer and the middle layer was not present. 

 

TB staining which may indicate the presence of tanniniferous contents (Burrows, 2001) 

showed different patterns, for example A. doratoxylon had very strong staining in the central 

cells, while the epidermal cells of A. pycnantha were very strongly stained. According to the 

staining (Figure 3.2) the biophenols (tannins) were condensed around the vascular bundle 

and the epidermal cells which also indicates the protective role of the biophenols or tannins. 

Fast blue staining also showed similar patterns to those of TB staining and found that 
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biophenols were present in those areas. Many of our histological findings support our 

chemical findings. Methanol has superior extraction abilities over water due to its ability to 

penetrate the thick cuticle layer.  Biophenols (blue coloration) are abundant in A. implexa (C), 

A. pycnantha (D) and A. verniciflua (E) (Figure 3.2) in accordance with TPC (Table 3.3). 

Also, the intense staining of A. doratoxylon (B) in central cells can be a reason for the low 

extractability of its biophenols while the densest staining for A. pycnantha (D) was in the 

superficial epidermal cells which coincide with its high biophenol content (Figure 3.2) 

(Table 3.3). Moreover, for A. verniciflua (E) the exceptional appearance of biophenols in 

dichloromethane extract can be due to its ability to disrupt the thick cuticle and extract 

biophenols from epidermal cells (Figure 3.2) (Table 3.3). 
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Figure 3.2: Transverse sections (TS) of a pinnule of the bipinnate A. deanei (A) and four 

phyllodinous Acacia species, A. doratoxylon (B), A. implexa (C), A. pycnantha (D), A. 

verniciflua(E), TS. Note the glandular hair located in a depression (arrow). Scale 100 µm. 

Note the very strong staining in A. pycnantha and A. doratoxylon. 
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3.4.9 Liquid chromatography-diode array detection-electrospray mass spectrometry 

(LC-DAD-ESI-MS) and high performance liquid chromatography-diode array detector 

(HPLC-DAD) 

The phenolic profiles of five Acacia species were identified by comparing HPLC UV−Vis 

and MS spectra of available phenolic standards and literature values (Table 3.4). All the 

samples and the standard compounds were examined in negative mode [M−H] −only. In both 

cases DAD was set at 280 and 330 nm, wavelengths which are generally characteristic of 

these metabolites (chosen based on UV-Vis spectra). Methanol extracts showed the 

maximum peak in chromatograms therefore Figure 3.3 represented the chromatograms of 

methanol extracts at 280 nm. As anticipated, no phenols were detected in any of the hexane 

extracts. The water extracts were virtually devoid of identifiable compounds and are not 

further discussed here. However, standards as well as hexane, dichloromethane and water 

extracts data and chromatograms were added in the appendix (Table A1, A2, A3 and A4) 

(Figure A1, A2 and A3). 

 

3.4.9.1 Dichloromethane extracts 

The dichloromethane extract of A. doratoxylon is almost devoid of peaks similar to its hexane 

counterpart. In the main, the dichloromethane extracts had phenol profiles similar to those of 

their corresponding methanol extracts, thus only different features form methanol extracts 

will be covered herein. A. deanei dichloromethane extract contains a trihydroxy-

methoxyflavan-glucoside, which was tentatively identified via LC-DAD-ESI-MS after acid 

hydrolysis, by analogy with the aglycone of auriculoside which was reported from A. 

auriculiformis (Sahai et al., 1980). It also contains morin glycoside (tentatively identified as 

morin pentoside) which was identified, after hydrolysis, by comparison with authentic morin 

(5). This is the first time that morin is reported in an Acacia species. Caffeic acid was 
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identified only in A. verniciflua dichloromethane extract. The A. verniciflua chromatogram 

showed more peaks than the species, though several remained unidentified. This large 

number of unknown compounds could be non-phenols which are out of the scope of the 

current study. 

 

3.4.9.2 Methanol extracts 

We extensively investigated the chromatograms of methanol extracts (Figure 3.3) for 

identification of all prominent peaks and screened them for all Acacia biophenols reported in 

the literature (Table 3.4). Some free aglycone including apigenin (40), catechin (16), luteolin, 

epicatechin (27), quercetin (56), kaempferol (42), morin, naringenin (36) and rhamnetin (66) 

were identified from the Acacia methanol extract. All these compounds were previously 

reported in different Acacia species (Karim & Azlan, 2012; Kusano et al., 2010; Seigler, 

2003; Singh et al., 2008; Venter et al., 2012; Wu et al., 2005) with the exception of free 

morin and its derivative (morin glycosides). They have been found in A. deanei methanol and 

dichloromethane extracts. Morin is identified for the first time in Acacia species. Kaempferol 

and naringenin were only found in A. verniciflua. Luteolin was found in the methanol extract 

of all five selected species and this was also not reported before in Acacia (Table 3.4).  

 

Flavonoids are usually present in plants in the form of glycosides. Without knowing the 

aglycones, quantification of phenolic compounds in plant material is difficult because of their 

chemical complexity (Proestos et al., 2005). Hydrolysis was used to separate aglycones from 

glycosides, which helps to identify flavonoid derivatives. As mentioned earlier, methanol 

extracts contained the largest number of compounds, therefore, the five methanol extracts 

were hydrolysed to understand the respective extracts better. Quercetin derivatives including 

rutinoside (rutin), hexoside, rhamnoside or dihexoside were present in all the five methanol 
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extracts and all of the derivatives were reported before in different Acacia species (Lin et al., 

2009; Seigler, 2003). Catechin and epicatechin and their derivatives including gallocatechin, 

catechin hexoside, catechin-digallate, epigallocatechin and epicatechin-digallate were 

commonly found in selected Acacia species, apart from A. doratoxylon. Procyanidin dimers 

mainly, catechin-catechin, epicatechin-epicatechin or catechin-epicatechin were available in 

all species apart from A. doratoxylon. Acacia pycnantha has the highest peak procyanidin 

dimer (17). Myricetin derivatives, especially myricetrin, were also present in those four 

species but free myricetin aglycone was only found after hydrolysis of the methanol extracts. 

Myricetin-galloyl-rhamnose was identified only in A. pycnantha methanol extract which was 

reported in A. confusa (Lin et al., 2009).  Rhamnetin derivatives such as rhamnetin-hexoside 

or rhamnetin-deoxy-hexosyl-hexose were identified in A. doratoxylon, A. implexa and A. 

verniciflua methanol extracts. Rhamnetin-deoxy-hexosyl-hexose could be rhamnetin-

rutinoside which was reported before in A. raddiana (El-Mousallamy et al., 1991).  

 

Free taxifolin was identified from A. verniciflua, while its derivatives such as taxifolin-

hexoside were found in A. doratoxylon methanol extract (taxifolin was identified A. 

doratoxylon methanol extract after hydrolysis) which were reported earlier in A. latifolia and 

A. mearnsii (Kusano et al., 2010; Voirin et al., 1986). Gallic acid was identified in A. 

pycnantha methanol extract and A. verniciflua dichloromethane extract. Gallic acid 

derivatives were present in the methanol and water extracts of the selected species. 
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3.4.9.3 Water extracts 

 

Few phenolic compounds were identified from the water extracts. The phenolic compounds 

which were identified from the water extracts were also presented in the respective methanol 

extracts. Therefore, they are not discussed extensively in this section. 

 

In summary, a large number of biophenols were successfully characterized using HPLC-

DAD and LC-ESI-MS/MS and few of them were identified for the first time in Acacia genus, 

although a few unknown compounds were also found in all the five species.  
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Table 3.4: Phenolic and ABTS profile of methanol extracts of five Acacia species 

Peak number Identity Mean Rt UV-Vis spec* 

(γmax) 

ABTS ESI- AD AR AI AP AV Ref 

1 Gallyl glucose 3.0 273 + 331 + + - + - (Singh et al., 2009b) 

2 Gallic acid 3.5 270 + 169 - - - + - Std 

3 Gallocatechin 4.2 273 + 305 + - + + + (Kusano et al., 

2010) 

4 Tetrahydroxyflavanone  4.2 270 + 287 - - - + - (Lin et al., 2009; 

Wu et al., 2005) 

5 Unknown 4.7 273 + 345 - - - + - HPLC, LC-MS/MS 

6 Catechin hexoside 4.7 276 + 451 + - + - - HPLC, LC-MS/MS 

7 Catechin-digallate 5.4 278 + 593 - - + - - HPLC, LC-MS/MS 

8 Procyanidin dimer 1 5.8 278 + 577 - - + + - (Mutai et al., 2009) 

9 Unknown 6.0 280 + 325 - - - - + 

10 Epicatechin-digallate 6.1 268 + 593 - - + + - HPLC, LC-MS/MS 

11 Taxifolin hexoside 6.3 292, 334s + 465 - + - - - HPLC, LC-MS/MS 

12 Epigallocatechin 6.7 278 ++ 305 - - + - - (Kusano et al., 

2010) 13 Epicatechin hexoside 7.0 279 + 451 + - - - - 

14 Eriodictyol hexoside 7.1 292, 334s + 449 - + - - - 

15 Galloepicatechin 7.1 268 + 305 - - - + + (Kusano et al., 
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Peak number Identity Mean Rt UV-Vis spec* 

(γmax) 

ABTS ESI- AD AR AI AP AV Ref 

2010) 

16 Catechin  7.5 278 + 289 + - + + + Std 

17 Procyanidin dimer 2 7.7 272 + 577 - - + + - (Mutai et al., 2009) 

18 Procyanidin dimer 3 8.7 278 + 577 - - + + - 

19 Flavonoid hexoside 10.5 334 + 447 + - - - - 

20 Procyanidin dimer 4 10.8 278 ++ 577 - - - + - 

21 Epicatechin 11.1 278 + 289 + - + + + Std 

22 Unknown 12.1 280, 330 + 401 - - - - + HPLC, LC-MS/MS 

23 Procyanidin dimer 5 12.3 275 + 577 - - - + - (Mutai et al., 2009) 

24 Procyanidin trimer 12.4 279 + 865 - - + - - 

25 Unknown 12.5 292, 333s + 431 - + - - - HPLC, LC-MS/MS 

26 Unknown flavonoid 14.1 275, 315 + 449 + - - - - HPLC, LC-MS/MS 

27 Procyanidin dimer 6 14.6 275 + 577 - - - + - (Mutai et al., 2009) 

28 Procyanidin dimer 7 14.9 278 + 577 - - - + - (Mutai et al., 2009) 

29 Unknown nitrogen containing 15.2 253, 267s, 354 + 340 - + - - - HPLC, LC-MS/MS 

 30 Myricetin triglycoside 15.3 257,  300, 355 + 771 + - - - - 

31 Unknown 15.5 275 + 711 - - - + - 

32 Flavonoid glycoside 16.2 254, 296, 354 + 631 - - - + - 
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Peak number Identity Mean Rt UV-Vis spec* 

(γmax) 

ABTS ESI- AD AR AI AP AV Ref 

33 Quercetin-dihexose 1 16.8 265s, 295, 352 + 625 - - - - + (El-Mousallamy et 

al., 1991; Lin et al., 

2009) 

34 Myricetin diglycoside 1 16.9 262,  300, 355 + 625 + - - - - HPLC, LC-MS/MS 

35 Unknown 17.2 275, 325 + 561 - - - + - HPLC, LC-MS/MS 

36 Unknown 17.4 291, 337s + 601 - + - - - 

37 Quercetin-dihexose 2 17.7 264s, 298s, 354 + 625 - - - - + (El-Mousallamy et 

al., 1991; Lin et al., 

2009) 

38 Procyandin dimer gallate 18.7 280 + 729 - - - + - HPLC, LC-MS/MS 

39 Myricetin diglycoside 2 19.3 255, 300s, 354 + 625 + - - - - HPLC, LC-MS/MS 

40 Myricetin-galloyl-rhamnose 1 19.6 265, 291, 354 + 615 - - - + - (Lee et al., 2006; 

Lee et al., 2000; Lin 

et al., 2009) 

41 Unknown 20.1 290, 330 + 521 - - - - +  

42 Flavonoid diglycoside  20.2 266s, 291, 350 + 609 - - + - - HPLC, LC-MS/MS 

43 unknown 20.2  289, 334 + 435 + - - - - 

44 Myricetin-galloyl-rhamnose 2 20.8 265, 288, 353 + 615 - - - +  (Lee et al., 2006; 

Lee et al., 2000; Lin 
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Peak number Identity Mean Rt UV-Vis spec* 

(γmax) 

ABTS ESI- AD AR AI AP AV Ref 

et al., 2009) 

45 Taxifolin 20.8 290, 330 + 303 - - - - + (Kusano et al., 

2010) 

46 Flavonoid glycoside  21.7 252, 294, 353 + 609 + - - - - HPLC, LC-MS/MS 

47 Unknown 21.9 263, 288, 353 + 561 - - - + - 

48 Rutin isomer 22.2 254, 297, 353 + 609 - - + - - Std 

49 Rutin 23.1 254, 297, 353 + 609 + - + + + Std 

50 Quercetin-hexoside 23.8 265s, 348 + 447 - + + - + (Gedara & Galala, 

2013; Lin et al., 

2009; Wu et al., 

2008a) 

51 Myricetrin 24.1 254, 297s, 354 + 463 + - + + + Std 

52 Unknown 24.2 279, 318 + 561 + - - - - HPLC, LC-MS/MS 

53 Myricetrin isomer 24.5 254, 294s, 353 + 463 - - + + - Std 

54 Unknown  24.8 264, 341 + 415 + - - - - HPLC, LC-MS/MS 

 55 Unknown 26.1 265, 350 + 561 + - - - - 

56 Unknown 26.1  267s, 348 + 639 - + - - - 

57 Kaempferol-hexoside 26.2 263s, 295, 355 + 447 - - - - + 
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Peak number Identity Mean Rt UV-Vis spec* 

(γmax) 

ABTS ESI- AD AR AI AP AV Ref 

58 Unknown 26.8 279 + 713 - -  + - 

59 Flavonoid glycoside 27.5 265s, 297, 353 + 433 - - + - - 

60 Unknown 27.6 280, 328s + 491 - - - + - 

61 Unknown 28.7  267, 297s  347 + 561 + - - - - 

62 Rhamnetin diglycoside 29.4 265s, 300s, 354 + 623 - + + - + (El-Mousallamy et 

al., 1991) 

63 Luteolin hexoside 29.7  264s, 297s, 355 + 447 - - + - - HPLC, LC-MS/MS 

64 Unknown 30.5  265s, 354 + 431 - + - - - 

65 Unknown 30.5 253, 289, 350 + 447 - - - + - 

66 Rhamnetin-hexoside 31.3 253, 267s,  353 + 477 - + - - - HPLC, LC-MS/MS 

 67 Unknown 32.0 268, 328 + 523 + - - - - 

68 Unknown 33.5 269, 287, 347 + 433 + - - - - 

69 Luteolin hexoside 33.6 268s, 345 + 447 - - - - + 

70 Unknown 34.9 280, 340 + 477 + - - - - 

71 Morin 35.6 265, 350 + 301 + - - - - Std 

72 Unknown 36.1 281 + 587 - - - + - HPLC, LC-MS/MS 

73 Unknown 37.1 283 + 713 - - - + - 

74 Unknown 37.5 293, 330 + 287 - - - - + 
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Peak number Identity Mean Rt UV-Vis spec* 

(γmax) 

ABTS ESI- AD AR AI AP AV Ref 

75 Unknown 39.8 292s, 317 + 533 - - - - + 

76 Unknown 40.0 287 + 985 - - - + - 

77 Kaempferol-dihexose 40.1 268s, 295s, 342 + 609 - - - - + (El Sissi et al., 

1973; Singh et al., 

2009b; Wu et al., 

2007) 

78 Unknown 40.6 297, 350 + 345 - - - - + HPLC, LC-MS/MS 

79 Unknown  42.2 265s, 350 + 645 - - + - - HPLC, LC-MS/MS 

80 Quercetin 42.8 268s, 298s, 372 + 301 + - - - + Std 

81 Luteolin 44.0 265s, 293, 349 + 285 + + + + + Std 

82 Flavonoid aglycone 45.1 265s, 295s, 356 + 315 - - + - + HPLC, LC-MS/MS 

83 Naringenin 46.9 293, 330s - 271 - - - - + Std 

84 Apigenin 52.0 265, 295s, 339 - 269 + + - + - Std 

85 Kaempferol 53.4 267s, 295, 365 + 285 - - - - + Std 

86 Rhamnetin 54.3 265s, 300s, 370 + 315 - - - - + Std 

87 Flavonoid aglycone 54.9 267s, 295, 353 + 299 - - - - + HPLC, LC-MS/MS 

88 Unknown  56.0 289 - NI - - + - - 

89 Unknown 56.8 271 - NI - - - + - 
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Peak number Identity Mean Rt UV-Vis spec* 

(γmax) 

ABTS ESI- AD AR AI AP AV Ref 

90 Unknown 57.2 271 - NI - - - + - 

91 Unknown 57.7 268 - NI - - - + - 

92 Unknown 58.4 295, 325 + 329 - - - - + 

93 Unknown 58.7 295, 325 + 533 - - - - + 

AD= A. deanei, AR= A. doratoxylon, AI= A. implexa, AP= A. pycnantha and AV= A. verniciflua; NI= Not Ionized, Rt= Retention time,  

Std= Standard 
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Figure 3.3: High performance liquid chromatography-diode array detector (HPLC-DAD) chromatograms of A. deanei (A), A. doratoxylon (B), 

A. implexa (C), A. pycnantha (D) and A. verniciflua (E) methanol extract. Chromatogram detected at 280 nm. 
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3.5 Conclusion 

In summary, the results presented here contribute to the knowledge of chemical composition 

and in vitro antioxidant potential of crude extracts of the leaves of A. deanei, A. doratoxylon, 

A. implexa, A. pycnantha and A. verniciflua with significant high level of phenolic, o-

diphenol and proanthocyanidins content. Therefore, these Acacia species could offer diverse 

opportunities as a source of antioxidant-rich pharmaceuticals and nutraceuticals due to their 

rich phenol contents. In addition, chemical analysis of selected Acacia species demonstrated a 

chemical composition that is very different from previously studied species. Moreover, very 

little information is available for these Acacia species, as a result, further studies are needed 

to clarify the potential in vitro and in vivo bioactivity of these Acacia species in the 

management of human diseases resulting from oxidative stress.  
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Chapter 4: 

Bioscreening of five Acacia species  
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4.1 Introduction 

Plants have a long history as a primary source of food and industrial phytochemicals and as 

precursor drug molecules for humankind (Mahomoodally, 2013). Many species are a source 

of therapeutic molecules for the treatment of cancer (Catharanthus roseus, vincristine) 

(Almagro et al., 2015), diabetes (Momordica charantia, momordicin, charantine) (Singh et 

al., 2011), cardiovascular diseases (Rauwolfia serpentina, reserpine) (Shamon & Perez, 2009) 

and neurological disorders (Valeriana officinalis, valerine; Papaver somniferum, morphine) 

(Kumar & Khanum, 2012). The genus Acacia includes more than 1350 species, about two-

thirds of which are native to Australia, with the remainder distributed in tropical and 

subtropical regions of the world (Seigler, 2003). Australian arid zone Acacia species were 

significant seasonal components in traditional diet and medicine of indigenous Australians 

(Adewusi et al., 2003; Lassak & McCarthy, 2011). In spite of the huge number 

of Acacia species, there have been very few attempts to investigate their pharmacological 

activities. 

 

Flavonoids and the other biophenols serve as protective and signaling agents in plants 

(Viladomat & Bastida, 2015; Vogt, 2010). In relatively recent times, the antioxidant 

properties of these compounds have captured the imagination of the general population due to 

their widely celebrated free radical scavenging capabilities (Kennedy & Wightman, 2011). 

Free radicals are highly reactive molecules that are formed in our cells during normal redox 

processes (Uttara et al., 2009). Free radicals have the potential to interact with biomolecules 

(membrane lipids, proteins, enzymes, carbohydrates and nucleic acids) leading to structural 

and functional damage. They have been linked to the etiology, pathology and complications 

of many diseases such as diabetes, cancer and cardiovascular disorders (Obied, 2013). 

Compounds involved in this damage are reactive oxygen and nitrogen species that can be free 
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radicals or non-free radicals, hence they are more accurately referred to as reactive oxygen 

and nitrogen species (RONS). The main RONS are superoxide anion radical, hydroxyl radical 

and hydrogen peroxide. They are considered to be the principal culprits causing oxidative 

stress-mediated tissue injury and degeneration (Rahman, 2007).  

 

RONS are scavenged by cellular antioxidants such as superoxide dismutase, catalase and 

ascorbic acid (Uttara et al., 2009). These endogenous antioxidants prevent accumulation of 

RONS. Thus, they can prevent the onset of diseases caused and/or fostered by RONS 

mediated oxidative stress (Huang et al., 2009). When endogenous antioxidants of the human 

body are depleted or overpowered by RONS, it has been suggested that supplementation with 

exogenous antioxidants derived from diet or medicine can cure the situation and reverse 

oxidative stress ‘the antioxidant hypothesis’. Fruits and vegetables are the main sources of 

phenolic antioxidants in the human diet (e.g. Kanti & Syed, 2009). Some people do not or 

“cannot” eat enough fruits and vegetables. Hence, they turn towards dietary supplements or 

nutraceuticals. With global increase in the elderly population, soaring incidence rates of 

chronic diseases and stressful life style, the demand for “natural” antioxidant supplements is 

at an all-time high. This has created an effective research area for scientists and a booming 

market for food and pharmaceutical industries.     

 

At the same time, there is a growing camp of scientists who are bluntly against the above 

described paradigm. They are actively contesting the “antioxidant hypothesis” and not only 

questioning the health value of “biophenols” but they are warning against their potential 

dangers (Halliwell, 2013). They claim that biophenols are promoting oxidation in vivo being 

“prooxidants” rather than suppressing it as “antioxidants”. This is further supported by the 
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lack of solid clinical evidence to support the “antioxidant” claims or correlate antioxidant 

activity with disease prevention of successful treatment.  

 

Even with these reservations, biophenols continue to fascinate us beyond their antioxidant 

activity (Kishimoto et al., 2013). They have demonstrated various biological/pharmacological 

properties both in vitro and in vivo, such as cytoprotective activity, neuroprotective activitiy 

and antimicrobial activity. Biophenols also showed pharmacological activities on all body 

systems functioning through a myriad of mechanisms at molecular, cellular, organ and 

functional level (Obied, 2013; Obied et al., 2012). Therefore, research on biophenols should 

go beyond antioxidant activity attempting to fathom how these compounds interact with our 

bodies and whether their observed activities can be correlated with their chemistry.  

 

As biophenols seem to be potential candidates for any drug discovery program because of 

their proclaimed wide spectrum of pharmacological activities, the first challenge for us was 

selecting which pharmacological activities to screen for. In addition to antioxidant activity, 

we decided to screen for three pharmacological activities using three different assay 

conditions. Antioxidant activity was measured in in vitro model systems, anti-diabetic and 

neuroprotective activities (our research group focus) in enzyme inhibition assays and 

antibacterial activity (most studied for other acacias) in living bacterial cells. A number of 

representative assays were selected to be suitable for the initial screening process (robust, 

fast, highly reproducible, economic and high throughput). The objectives of this part of the 

research are to find out the most potent amongst the screened Acacia extracts used in this 

study; to discover how different activities correlate with antioxidant activity and biophenol 

content; and to see how activity is exerted under different assay conditions. Although 
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methanol extracts possessed the highest recovery in terms of biophenol content, all extracts 

were screened to also test for non-biophenol compounds activity.             

 

4.2  Materials and methods 

4.2.1 Chemicals and reagents 

Reduced-nicotinamide adenine dinucleotide disodium salt (NADH), phenazine methosulfate, 

horseradish peroxidase (type IV) (HRP-IV),3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-

tetrazolium bromide (MTT), phenol red, nitrotetrazolium blue chloride (NBT), 2,2′-diphenyl-

1-picrylhydrazyl radical (DPPH), (±)-6-hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic 

acid (Trolox®), mono basic potassium phosphate (KH2PO4), dibasic potassium phosphate 

(K2HPO4), formic acid, aluminium chloride (AlCl3), sodium nitrite (NaNO2), 2-chloro-4-

nitrophenyl-α-maltotrioside (CNPG3), α-amylase (porcine pancreas) solution (EC 3.2.1.1), 

acarbose, dithiobisnitrobenzoic acid (DTNB), ampicillin, sodium bicarbonate (NaHCO3), 

acetylthiocholine iodide and acetylcholinesterase from electric eel (AChE), iron (III) chloride 

hexahydrate (Sigma-Aldrich, Sydney, Australia); 2, 4, 6-tripyridyl-s-triazine (TPTZ)  

(Sigma-Aldrich, Switzerland), Luria-Bertani (LB) broth from Difco (Sydney, Australia); 

hydrogen peroxide (H2O2) from BioLab (Sydney, Australia); HPLC grade methanol, 

n-hexane, NaOH and ethanol (Merck, Germany); anhydrous acetonitrile (RCI Labscan 

Limited, Australia) were purchased from the respective suppliers. All the reagents were of 

analytical grade. The water used in all analytical work was purified by TKA Genpure ultra 

pure water system (Supplier Edwards Instruments Co. Thermo Scientific, Australia). 
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4.2.2 Sample preparation of the selected Acacia 

The methods of preparing the different extracts was described earlier in section 3.2.3. 

 

4.2.3 Bacterial species 

 

A Gram negative species, Escherichia coli (American Type Culture Collection (ATCC 

25922) and a Gram positive species, Staphylococcus aureus (ATCC 25923) were used and 

sub-cultured from stocks (nutrient agar plates) to LB agar plates (prepared according to the 

manufacturer’s directions) and incubated overnight at 37°C and finally stored at 4°C before 

use.  

 

4.2.4 Antibacterial activity screening 

4.2.4.1 Determination of minimal inhibitory concentration (MIC) 

The determination of the MIC values for the hexane, dichloromethane, methanol or water 

extracts for each species, with both negative (media only) and positive (ampicillin) controls 

was accomplished in 96-well plates, using E. coli and S. aureus as test organisms. To prepare 

the inoculums two to three colonies from the freshly sub-cultured bacteria were transferred 

into liquid LB broths and incubated for 24 h.  

 

The plates were prepared by dispensing liquid LB broth (140 μL) and inoculums (10 μL) into 

each well. The stock extracts (4.0 mg/mL) were diluted (1:2) with LB broth yielding 

concentrations of 2.0, 1.0, 0.5, and 0.25 mg/mL. Stock plus each concentration of extract (50 

µL) was added to the wells in a single row (triplicates). The plates were incubated for 18 h at 

37°C. Microbial growth was determined using a FLUOstar Omega microplate reader (BMG 

Labtech, Australia) at a wavelength of 600 nm before the addition of MTT solution (2 
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mg/mL, 10 μL), and again following the addition of the MTT dye. MIC values of the test 

samples were determined using the method of Cha et al. (2014). Data were expressed as 

complete inhibition of visual bacterial growth. Each assay was repeated on a separate 

occasion. 

 

Some extracts were not amenable to this method and became opaque when put into the LB 

broth. To overcome this problem, aliquots (100 μL) were taken from every well affected and 

spread over nutrient agar plates, incubated for a further 18 h and visually checked for the 

growth of the selected bacteria. 

 

4.2.5 Antioxidant assays 

4.2.5.1 ABTS•+ (2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium 

salt) scavenging activity 

The ABTS•+ assay was carried out according to the method of Qawasmeh et al. (2012). The 

stock ABTS•+ was prepared by mixing ABTS•+ reagent (7.0 mM) with potassium persulfate 

(2.45 mM) in a ratio of 1:1. The bottle was then wrapped with aluminium foil and kept in the 

dark overnight. In the presence of sodium persulfate, ABTS is converted to its radical cation 

which is blue in color and absorbs light at 734 nm (Re et. al., 1999). The working solution 

was prepared by diluting the stock with instrument grade water to a final absorbance of 

0.70±0.02 at 734 nm. In macrocuvettes, diluted extracts (50 μL) and working ABTS•+ 

solution (3 mL) were placed. The solution was mixed properly and incubated at room 

temperature (25±2ºC) for 30 min. The absorbance was measured at 734 nm. Trolox® was 

used as standard and blank was performed using solvent/ buffer solution. The following 

formula was used to calculate the ABTS•+ free radical scavenging activity: 
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where, Acontrol is the absorbance of ABTS•+; Asample is the absorbance of ABTS•+ radical + 

sample. 

 

4.2.5.2 DPPH (2,2′-diphenyl-1-picrylhydrazyl radical) assay 

The total radical scavenging capacity of the tested compounds was determined using DPPH 

as the free radical ‘trap’ or hydrogen acceptor. The DPPH free radical is purple due to its odd 

valence electron. It gives a strong absorption at 517 nm and the stoichiometric decolorization 

represented the number of electrons captured by DPPH radical to form the reduced DPPH-H 

(Figure 4.1) (Shekhar and Anju, 2014). The assay was carried out according to the method of 

Qawasmeh et al. (2012) with minor changes. The DPPH solution (32 mg/L) was prepared in 

80% methanol.In macrocuvettes, diluted extracts (50 μL) with DPPH solution (3 mL) were 

placed and left them at room temperature for an hour. The absorbance was measured at 517 

nm using UV spectrophotometer (Cary 4000 UV-Vis spectrophotometer). Blank was 

performed using solvent/ buffer solution and the following formula was used to calculate the 

DPPH free radical scavenging activity: 

 

 

 

where, Acontrol is the absorbance of solvent/buffer; Asample is the absorbance of DPPH radical + 

sample. 
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Figure 4.1: Free radical scavenging mechanism of DPPH (2,2′-diphenyl-1-picrylhydrazyl 

radical). 

 

4.2.5.3 FRAP (Ferric reducing/antioxidant power) assay 

Total antioxidant capacity was estimated according to the ferric reducing antioxidant power 

(FRAP) assay using the method of Benzie and Strain (1996) with some modifications for the 

assay using a 96-well microplate. The FRAP stock reagent was prepared by mixing 300 mM 

acetate buffer (3.1 g C2H3O2Na.3H2O and 16 mL C2H4O2 in 1 L of instrument grade water), 

pH 3.6, 5 mM TPTZ solution in 40 mM HCl, and 5 mM FeCl3.6H2O solution in a 10:1:1 

ratio. After mixing, the stock solution was incubated at 37°C for 20 min. In 96-well plates, 

samples (10 μL) were mixed with freshly prepared FRAP reagent (200 μL) and instrument 

grade water (40 μL). The contents were mixed vigorously using a shaker (Ratek multitube 

vortex mixer, Rowe Scientific Pty Ltd. Sydney, Australia). An intense blue colour indicates 

the formation of [(Fe(II)-TPTZ)] with readings taken at 593 nm using a FLUOstar Omega 

microplate reader (BMG Labtech, Australia).  
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4.2.5.4 Hydrogen peroxide scavenging assay (HPS) 

Hydrogen peroxide scavenging activity of the selected Acacia species extracts was 

determined according the method described by Obied et al. (2008). The experiment was 

carried out using a 96 well plate. Every time fresh hydrogen peroxide solution was prepared. 

The concentration of hydrogen peroxide was determined by measuring the absorbance at 230 

nm using εH2O2, 230 nm = 81 M-1cm-1. At this wavelength, H2O2 decomposition rate by 

scavenger molecules can be determined. However, other organic materials may also absorb 

light in this region; thus, a sample blank was also performed in this experiment. 

 

Hydrogen peroxide causes toxicity via oxidative degradation of most biological 

macromolecules such as lipids, proteins or enzymes, carbohydrates and nucleic acids, through 

generation of the hydroxyl radical (•OH).  Therefore, hydrogen peroxide scavenging (HPS) 

activity determination is important. HPS activity was measured using horseradish peroxidase 

(HRP) which was used as the oxidation catalyst. The amount of H2O2 was estimated by 

coupling with horseradish peroxidase and phenol red (Ozyurek, et. al. 2010). Freshly 

prepared HRP-IV (0.3 mg/mL) and phenol red (4.5 mM) were mixed together in 1:1 ratio. 

Different concentrations (0.1, 0.4, 1.0, 2.0 and 4.0 mg/mL) of the samples were prepared by 

diluting in 0.1 M phosphate buffer (pH 7.4), whereas all dichloromethane extracts were 

dissolved in 10% ethanol in buffer due to their poor dissolution in buffer. Aliquots Aliquots 

(50 µL) from each concentration were mixed with 50 µL hydrogen peroxide (2 mM) and 

incubated at room temperature for 20 min in a microplate. Then, 100 µL of mixture solution 

(1:1) of HRP-IV enzyme (0.3 mg/mL) and phenol red (4.5 mM) was added and the reaction 

mixture was incubated for 10 min further. All reagents, 2 mM of hydrogen peroxide, and 4.5 

mM of phenol red were prepared in 0.1 M phosphate buffer (pH 7.4). The absorbance was 

measured at 610 nm using Versamax Tunable (Molecular Devices, Sunnyvale, United States) 
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automated microplate reader. All reagents (0.3 mg/mL HRP-IV enzyme, 2 mM of hydrogen 

peroxide and 4.5 mM phenol red) were prepared in 0.1 M phosphate buffer (pH 7.4) and 

blank was performed using solvent/ buffer solution. Percentage of inhibition was calculated 

using same formula as used in DPPH free radical scavenging activity calculation. 

 

 

 

where, Acontrol is the blank absorbance’4; Asample is the sample absorbance. 

 

4.2.5.5 Superoxide scavenging assay (SOR) 

The superoxide anion O2
- (SOR) was generated by the phenazine-methosulfate (PMS)-

NADH method. Nitroblue Tetrazolium (NBT) is reduced to NBT diformazan via superoxide 

radical. The NBT reduction was used to determine the superoxide anion scavenging activity 

of the test samples at 560 nm (Hazra, et. al., 2008). Superoxide scavenging activity of the 

selected Acacia extracts was determined according to the method described by Obied et al. 

(2008). The experiment was done in a 96 well plate. Sample (0.1, 0.4, 1.0 and 4.0 mg/mL) 

(50 µL), 200 µM NBT (50 µL), 624 µM NADH (50 µL) and 80 µM phenazine methosulfate 

(50 µL) were sequentially added and the reaction mixture was then incubated at room 

temperature for 5 min. The absorbance was read at 560 nm using Versamax Tunable 

(Molecular Devices, Sunnyvale, United States) automated microplate reader. All reagents 

(200 µM NBT, 624 µM NADH and 80 µM phenazine methosulfate) were prepared in 0.1 M 

phosphate buffer (pH 7.4) and blank was performed using solvent/ buffer solution. 

Percentage of inhibition was calculated using the following formula. 
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Superoxide free radical scavenging activity: 

 

 

where, Acontrol is the buffer/solvent absorbance’4; Asample is the sample absorbance. 

All the free radical scavenging experiments were carried out in triplicate and Trolox® was 

used as the reference standard. DPPH and FRAP results were expressed as mM TE/g DW. 

The hydrogen peroxide and superoxide scavenging assay data were presented as EC50 values. 

 

4.2.5.6 High performance liquid chromatography with diode array detection and 

online ABTS●+ radical scavenging activity (HPLC-DAD-online ABTS●+) 

HPLC-DAD-online ABTS●˙+radical scavenging activity were done simultaneously. The UV 

detector was set at wavelengths of 280 and 330 nm. The post column outflow was associated 

through the T-intersection by a Perkin-Elmer series 10 isocratic HPLC pump. ABTS•+ was 

diluted from a stock solution (3 mM) and the absorbance was maintained in 0.70 mL/min at 

734 nm. PEEK reaction coil was 3.4 m × 0.178 mm which was maintained at 37 ± 1 °C in a 

Varian HPLC column temperature controller and absorbance was monitored at 414 nm by a 

Varian 9050 UV−vis detector. The detector generated positive peaks by reversing the polarity 

of the analogue signal. 
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4.2.6 Enzyme inhibition assays 

4.2.6.1 Anti-diabetic activity (α-amylase enzyme inhibition assay) 

α-Amylase inhibitory activity of the five species was assayed according to the published 

procedure of Gella et al. (1997) and Kumar et al. (2012) with some modifications. The 

working α-amylase solution (0.2 mg/mL) was prepared by mixing the reagent α-amylase 

solution (10 µL) with 40 mM phosphate buffer (pH 6.9, 990 µL). To a 3 mL cuvette, 40 mM 

phosphate buffer pH 6.9 (1000 µL), extracts (60 µL) and working enzyme solution (20 µL) 

were added, thoroughly shaken and incubated at 37°C for 10 min. After incubation, substrate 

2.25 mM CNPG3 (100 µL) was added to the solution and incubated for another 10 min at the 

same temperature. After 10 min, ethanol (1820 µL) was added and the absorbance was 

measured at 405 nm (Cary 4000 UV-Vis spectrophotometer). All experiments were carried 

out in triplicate with acarbose as a positive control. The α-amylase assay data was presented 

as an IC50value. 

Percentage inhibition was calculated by the expression:  

 

where, Acontrol is the absorbance of buffer/solvent; Asample is the absorbance of sample. 

 

4.2.6.2 Neuro-protective activity (acetylcholinesterase enzyme (AChE) inhibition 

assay) 

Inhibition of AChE activity was determined via the colorimetric method developed by 

Ellman et al. (1961) and modified by Sharififar et al. (2012). Ellman’s reagent was prepared 

by dissolving DTNB (3.96 mg) and NaHCO3 (1.5 mg) in 0.1M phosphate buffer pH 7.4 (10 

mL). The assay mixture consisted of AChE as enzyme, acetylthiocholine iodide as substrate, 
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Ellman’s reagent as colouring agent and potassium phosphate buffer (0.1 M at pH 7.4). 

AChE (2 units/mL) was prepared in 0.02 M sodium phosphate buffer at pH 7.0 because the 

enzyme is unstable at pH 7.4. Phosphate buffer pH 7.4 (2580 µL), substrate (60 µL), extracts 

(100 µL) and DTND (240 µL) were placed into a 3 mL cuvette and left for 5 min at room 

temperature. AChE (2 units/mL, 20 µL) was added and the absorbance was measured (412 

nm) for 10 min. Each extract was evaluated in triplicate. The inhibitory activity was 

determined for each of the plant extracts, the blank (buffer) and positive control 

(galanthamine). The formula used to calculate the percentage inhibition of the extracts was 

the same as for α-amylase and the data were expressed as IC50 values. 

 

 

4.3 Statistical analysis 

The results are expressed as mean ± standard division (SD). SPSS version 20.0 for Windows 

and Prism 6 software were used for all data manipulation and analysis. The data were 

analysed by one-way ANOVA, and the Duncan test. The level of statistical significance was 

set at p< 0.05. 

 

4.4 Results and discussion 

4.4.1 Antioxidant assays 

4.4.1.1 ABTS•+(2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt) 

radical scavenging activity 

 

In this study, A. pycnantha methanol extracts showed the highest antioxidant activity 712.6 

mM TE/g DW followed by methanol extract of A. implexa (165.5), A. verniciflua (140) and 

A. deanei (78.0) mM TE/g DW. A. doratoxylon methanol extract showed minor activity 
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compared to other methanol extracts (Table 4.1). Other A. pycnantha extracts and A. 

verniciflua dichloromethane extract showed moderate antioxidant activity compared to their 

methanol extracts. Hexane, dichloromethane and water extracts of selected species showed 

minor antioxidant activity (ranging between 2.1 and 18.1 mM TE/g DW) (Table 4.1). 

 

Biophenolic compounds found in plants, like flavonoids, tannins and phenolic acids, have 

multiple biological effects, including antioxidant activity (Kalaivani & Mathew, 2010). The 

antioxidant activity of the phenols may be related to their ability to chelate metals, inhibit 

lipoxygenase and scavenge free radicals (Lin et al., 2005; Mallavadhani et al., 2006). The 

phenolic compounds which have a reactive hydroxyl group on the aromatic ring, can absorb 

and neutralize free radicals, quenching singlet and triplet oxygen or decomposing peroxides 

(Dai & Mumper, 2010). Phytochemicals that are responsible for the scavenging activity in 

this experiment are the phenolic, o-diphenol and proanthocyanins constituents. Very strong 

significant correlation were found between TPC (r2=0.972, sig=0.001), TFC (r2=0.969, 

sig.=0.001), ODP (r2=0.953, sig.=0.001) and TPAC (r2=0.982, sig.=0.001) contents of the 

different extracts and their ABTS•+ scavenging activity. The results suggest that more than 

90% of the plant antioxidant activity results from the activity of phenolic compounds. 

Biophenols are the primary free radical scavengers for all the extracts in all the five 

investigated species.  

 

4.4.1.2 DPPH (2,2′-diphenyl-1-picrylhydrazyl radical) assay 

Each of the four solvent extracts of the five Acacia species registered a DPPH radical 

scavenging effect except the water extract of A. verniciflua. The five methanol extracts 

showed strong scavenging effects, with A. pycnantha exhibiting the highest scavenging effect 

at 624.5 mM TE/g DW, followed by A. implexa (131.9), A. verniciflua (100.5), A. deanei 
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(73.2) and A. doratoxylon (60.2). All the hexane extracts, except for that of A. pycnantha, 

gave negligible activity compared with methanol extracts. The dichloromethane extracts of A. 

deanei, A. pycnantha and A. verniciflua and the water extracts of A. deanei and A. pycnantha 

displayed low to moderate activity compared with the methanol extracts (Table 4.1). 

 

A strong correlation was found between TPC (r2 = 0.983, p-value = 0.001), TFC (r2 = 0.972, 

p-value= 0.001), ODP (r2 = 0.957, p-value = 0.001), PAC (r2 = 0.983, p-value = 0.001) and 

the DPPH scavenging assay. Therefore, our findings indicate that phenolic compounds, 

including flavonoids, o-diphenols and proanthocyanidins are mostly responsible for the 

observed free radical scavenging activity.   

 

DPPH• and ABTS•+ are model systems that employ stable nitrogen free radicals in bulky 

coloured molecules. Biophenols donate electrons for the free radicals to stabilize them 

resulting in colour change. The main differences between the two systems is the higher water 

solubility of the cation radical ABTS•+, hence it is performed in water compared with DPPH• 

which can be only performed in 80% aqueous methanol. Another technical difference 

between the two systems is DPPH• is a readymade free radical while ABTS•+ needs to be 

prepared one day before with an overnight incubation. Most of the time both tests are 

strongly correlated with each other as their basic chemistry is very similar (Dudonne et al., 

2009). Furthermore, they both correlate positively with TPC as they are all essentially 

electron transfer reactions (Huang et al., 2005).  Some authors have even considered their use 

to be redundant and suggested that measuring one of them is more than sufficient (Huang et 

al., 2005). Recently, the use of DPPH• and ABTS•+ has been discouraged, as these are model 

systems that employ large synthetic molecules that do not exist in human body and have no 

direct correlation with any disease state (Schaich et al., 2015). 
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4.4.1.3 FRAP (Ferric reducing/antioxidant power) assay 

Whereas the DPPH assay measures the free radical scavenging capacity of the extracts, the 

FRAP assay directly measures reducing, potential of a sample. Ferric tripyridyltriazine (Fe 

3+TPTZ) complex is reduced to ferrous tripyridyltriazine (Fe2+ TPTZ) in the presence of 

antioxidants. An intense blue colour develops. All the methanol extracts showed good 

reducing capacity compared to the rest of the extracts.  

 

Methanol extract of A. verniciflua (14.85 mM TE/g DW) gave the highest reducing capacity.  

The order of reducing capability of the other methanol extracts were, A. pycnantha >A. 

implexa > A. deanei > A. doratoxylon (Table 4.1). The hexane, water and dichloromethane 

extracts exhibited virtually no reducing capacity, all being within the range of 0.01 – 0.3 mM 

TE/g DW (Table 4.1). Although FRAP is basically another electron transfer reaction (Huang 

et al., 2005), the ranking of Acacia extracts has changed. This adds to the dilemma and 

confirms the need for multiple assays in order to make reliable and meaningful statements 

about the antioxidant activity of biophenols.    

 

 

4.4.1.4 Hydrogen peroxide scavenging assay and superoxide scavenging assay 

The EC50 values of superoxide radical (SOR) and hydrogen peroxide (H2O2) scavenging 

activities of Acacia extracts are shown in Table 4.1. The methanol extracts of all species 

showed significant scavenging activity in both assays. The ranking of methanol extracts 

followed the same pattern observed above for TPC, DPPH and ABTS assays. Among them A. 

pycnantha methanol extract showed the highest activity with an EC50 value of 0.08 mg/mL 

for SOR and 0.54 mg/mL for H2O2 scavenging. This aligns with our earlier findings that 

biophenols tend to be more efficient SOR scavenger than H2O2 scavengers (Obied et al., 
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2008). This observation about potency towards SOR scavenging was valid only for methanol 

extracts. A. implexa and A. verniciflua methanol extracts gave similar SOR and H2O2 

scavenging effects though the H2O2 scavenging results were approximately double that of the 

SOR. 

 

The SOR scavenging activity of A. pycnantha methanol extract was comparable to A. nilotica 

root extract (Rasool et al., 2013) but much higher than A. nilotica green pods (0.570 mg/mL) 

(Singh et al., 2009b). Australian A. melanoxylon leaf extract showed potent H2O2 scavenging 

activity compared to the A. pycnantha methanol extract (Luis et al., 2012). Currently, there 

are no data available for SOR activity of leaf extracts of Acacia species.  

 

The other solvent extracts of A. pycnantha showed a non-significant H2O2 scavenging effect 

compared to the methanol extract. In other extracts, potencies for scavenging SOR and H2O2 

were widely variable following no distinguishable pattern. The dichloromethane extract of A. 

verniciflua showed the most potent H2O2 scavenging effect at EC50 = 0.10 mg/mL, which is 5 

times lower than the A. pycnantha methanol extract, which is the most potent in that solvent. 

A. verniciflua also exhibited the second most potent SOR activity (EC50 = 0.36 mg/mL). The 

remaining dichloromethane, hexane and water extracts of other three species (A deanei, A. 

doratoxylon and A. implexa) showed similar scavenging effect both in SOR and H2O2 

scavenging assays. 

 

A non-significant weak correlation (r2 = 0.311 and p value = 0.182) was found between total 

flavonoids and SOR assay and a significant moderate correlation (r2 = 0.435 and p-value = 

0.05) was found between total flavonoids hydrogen peroxide scavenging assay. 
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Radical scavengers may protect tissues from free radicals (Lambert & Elias, 2010) and 

radical scavenging assays have gained repute for their capacity to screen materials of interest 

rapidly (Gowri et al., 2011). However, it is unclear whether these extracts are active against 

free radicals after being absorbed and metabolized in biological system. 
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Table 4.1: Reducing power and free radical scavenging assay for five Acacia species 

Sample Solvent 1ABTS•+ 2DPPH 3FRAP  4SOR  5HPS 

A. deanei Hexane 4.4±0.4a 4.0±0.1a N/A 35.36 7.34 

A. doratoxylon 2.1±0.1a 0.9±0.2 b 0.01±0 a 32.48 7.95 

A. implexa 12.2±0.8b 4.4±2.1 a 0.01±0 a 6.95 7.16 

A. pycnantha 62.8±6.7c 21.4±2.4c N/A 39.86 3.72 

A. verniciflua 13.7±0.3b 2.5±0.7 a N/A 7.18 1.79 

A. deanei Dichloromethane 12.5±0.6b 34.0±0.4d 0.12±0 a 13.36 3.80 

A. doratoxylon 2.6±0.1a 4.1±0.0a 0.01±0 a 6.36 3.22 

A. implexa 16.8±1.4b 9.3±1.2d, a 0.09±0 a 1.08 4.46 

A. pycnantha 68.9±12.7c 27.2±10.2c 0.29±0 a 27.42 18.19 

A. verniciflua 49.6±1.3d 23.6±1.3 c 0.11±0 a 0.36 0.10 

A. deanei Methanol 78.0±4.3c 73.2±2.6e 1.83±0.01b 2.10 3.79 

A. doratoxylon 17.7±0.1b 60.2±0.6 f 0.18±0.4 a 3.30 7.35 

A. implexa 165.5±2.7e 131.9±2.3g 3.04±0.03c 0.51 1.18 

A. pycnantha 712.6±55.3f 624.5±52.3h 8.58±0.93d 0.08 0.54 

A. verniciflua 140.2±2.0e 100.5±4.0i 14.85±1.60e 0.52 1.91 

A. deanei Water 3.2±0.5 a 28.3±0.3c N/A 64.25 5.77 

A. doratoxylon 10.2±0.1b 16.0±0.5c 0.19±0.2a 2.83 7.47 

A. implexa 18.1±1.2g 9.7±0.8 a 0.12±0 a 0.97 4.47 
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A. pycnantha 70.3±10.0c 24.1±2.7 c 0.09±0.01 a 39.91 12.16 

A. verniciflua 9.8±0.4b N/A 0.02±0a 6.80 11.00 

TE=Trolox® equivalent, Data are Mean ± SD (p < 0.05). ABTS scavenging is measured by (mM TE/g DW); DPPH radical scavenging is 

measured by (mM TE/g DW); FRAP is measured by (mM TE/g DW); SORS: Superoxide radical scavenging is measured as EC50 value; HPS: 

Hydrogen peroxide scavenging activity is measured as EC50 value.   EC50 values negatively correlate with antioxidant activity. N/A= Negligible 

amount. BLQ= below limit of quantification. Different letter in each column are significantly different from one another at p < 0.05. Same lower 

case letters are not statistically significant.  

 
1ABTS•+ radical scavenging was expressed as mM TE/g DW 

2DPPH radical scavenging was expressed as mM TE/g DW 

3 FRAP value was expressed as equivalent of mM TE/g DW 

4Effective concentrations of extracts required to scavenge 50% of superoxide radical 

5Effective concentrations of extracts required to scavenge 50% of hydrogen peroxide radical 
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4.4.2 High performance liquid chromatography-Diode array ditector-2,2′-azinobis(3-

ethylbenzothiazoline-6-sulfonic acid) diammonium salt (HPLC-DAD- online ABTS•+) 

radical scavenging activity 

Methanol extracts showed the maximum peak in chromatograms therefore methanol extracts 

of all the selected species discussed in this section. The online ABTS•+ scavenging result of 

all the methanol extracts were displayed along with the identified compounds in the previous 

chapter (Table 3.4) to avoid repetition. However, hexane, dichloromethane and water extracts 

online ABTS•+ scavenging data and chromatogram were added in the appendix (Table 2, 3 

and 4) (Figure 1, 2 and 3).  

 

Gallyl glucose, gallic acid, gallocatechin, tetrahydroxyflavanone, catechin, procyanidin 

dimmers, flavonoid hexoside, epicatechins were identified in various species of the selected 

Acacia plants (Table 3.4). Most of these compounds were also identified in A. pycnantha 

methanol extract which showed positive ABTS•+ radical scavenging activity. Moreover, the 

ABTS•+ radical scavenging activity of A. pycnantha methanol extract (712.6 mM TE/g DW) 

(Table 4.1) compared with other selected species of the methanol extracts. Online ABTS•+ 

radical scavenging activity results of A. pycnantha methanol extract support the ABTS•+ 

radical scavenging activity of A. pycnantha methanol extract. However, A. doratoxylon 

methanol extracts showed the lowest number of phenolic compounds in online ABTS•+ 

radical scavenging activity. A. doratoxylon methanol extract possess the lowest ABTS•+ 

radical scavenging activity (17.7 mM TE/g DW) (Table 4.1) which was also support the 

online ABTS•+ radical scavenging activity results.  
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Gallocatechin, catechin hexoside, epicatechin-digallate, epigallocatechin, catechin, 

procyanidin dimers and epicatechin were also identified in A. implexa methanol extract and 

showed positive ABTS•+ radical scavenging activity. Myricetin derivatives were identified 

mostly in A. deanei and also showed positive ABTS•+ radical scavenging activity. Quercetin 

is detected only in A. deanei and A. verniciflua methanol extracts, however, its derivative 

rutin was detected in all species tested except A. doratoxylorn methanol extract and possess 

positive ABTS•+ radical scavenging activity. Moreover, luteolin and its derivatives were 

present in almost all the species tested in this study and showed positive ABTS•+ radical 

scavenging activity. Apigenin (Figure. 4.2 A, B and D) and naringenin identified in A. 

verniciflua methanol extract (Figure. 4.2 E) derivatives do not show any ABTS•+ radical 

scavenging activity. A. pycnantha methanol extract contained a good number of phenolic 

compounds.  
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Figure 4.2: High performance liquid chromatography-Diode array ditector-2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt 

(HPLC-DAD-ABTS•+) chromatograms of A. deanei (A), A. doratoxylon (B), A. implexa (C), A. pycnantha (D) and A. verniciflua (E) methanol 

extract. Chromatogram detected at 280 nm and reversed chromatogram for ABTS•+ scavenging activity detected at 414 nm. 
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Figure 4.2 (Cont.): HPLC-DAD-ABTS•+ chromatograms of A. verniciflua (E) methanol extract. Chromatogram detected at 280 nm and 

reversed chromatogram for ABTS•+ scavenging activity detected at 414 nm. 
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4.4.3 Enzyme inhibition assay 

4.4.3.1 α-Amylase inhibition assay 

Diabetes mellitus is one of the most serious and rapidly increasing chronic metabolic 

disorders that is associated with an increase in obesity and ageing of the general population 

(Ginter & Simko, 2013). One of the therapeutic approaches for the treatment of diabetes is to 

inhibit carbohydrate hydrolysing enzymes such as α-amylase, which is responsible for the 

breakdown of carbohydrates to glucose, maltose and maltotriose amongst other 

oligosaccacharides. We therefore investigated the α-amylase inhibitory activity of four 

different extracts from each of the five Acacia species. They were investigated using different 

concentrations (between 2 to 80 µg/mL) and a dose dependent relationship was established. 

Alcohol did not interfere with the assay reaction at final concentrations used in this 

experiment. 

 

As with antioxidant activity, methanol extracts were the most potent inhibitors of α-amylase. 

The ranking of enzyme inhibitory potential of methanol extracts is not identical to that of the 

antioxidant activity but it is similar: A. pycnantha > A. deanei > A. implexa > A. verniciflua > 

A. doratoxylon (Table 4.2) (Figure 4.3). The only exception is the relative ranking of A. 

deanei. While A. deanei was always the second least potent in all antioxidant activities tested, 

it is the second most potent inhibitor of α-amylase.  

 

Furthermore, methanol extract of A. pycnantha showed a remarkable α-amylase inhibitory 

activity (96% inhibition at a concentration of 40 µg/mL) and the IC50 value was 4 µg/mL 

which is comparable to the standard α-amylase inhibitor acarbose (IC50 = 2 µg/mL); and at 

the same time it is much more potent and effective than A. auriculiformis (50.6 % inhibition 

at a concentration of 50 µg) (Sathya & Siddhuraju, 2012).   
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Hexane extracts of A. implexa and A. verniciflua showed moderate α-amylase inhibition 

activity at 80 µg/mL concentration. Among the dichloromethane extracts, A. verniciflua 

showed the lowest IC50 = 30 µg /mL for α-amylase inhibition. However, no α-amylase 

inhibition was detected for A. implexa dichloromethane extract up to 80 µg/mL.  
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Figure 4.3 (A) α-Amylase inhibitory activity of methanolic extract of different Acacia species 

(B) One way ANOVA for methanol extracts of selected Acacia species at 0.08 mg/mL 

concentration. Ns= Non significant and ** significant 
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4.4.3.2 Acetylcholinesterase (AChE) inhibition assay 

AChE was inhibited in a concentration dependent manner and the potencies of all five Acacia 

species were compared to that of galanthamine, a drug approved for the treatment of 

Alzheimer’s disease (AD). The anti-cholinesterase properties of A. deanei, A. doratoxylon, A. 

implexa, A. pycnantha and A. verniciflua have been investigated using varying concentrations 

(between 0.003 to 0.133 mg/mL). A dose dependent relationship was detected.  

 

The methanol extracts were the most potent as usual (Table 4.2 and Figure 4.4). However, 

the relative ranking for Acacia species, apart from A. pycnantha, is very different from 

previous assays including the α-amylase enzyme inhibition: A. pycnantha > A. doratoxylon > 

A. implexa > A. deanei > A. verniciflua. Probably the most surprising observation is the 

exceptionally high activity for A. doratoxylon which came as the second most potent inhibitor 

after A. pycnantha.   

 

In this study, the IC50 value for AChE inhibition activity of A. pycnantha methanol extract 

was found to be 0.02 mg/mL, which is more potent than A. nilotica root extract (IC50= 0.079 

mg/mL (Crowch & Okello, 2009) and ethanol extract of leaves (IC50= 0.5 mg/mL) (Eldeen et 

al., 2005), A. catechu seed extract (Thangavelu & Ramasamy, 2015) and A. modesta leaves 

extract (Khan et al., 2014). The Australian A. cyanophylla, flower extract showed similar IC50 

value to A. pycnantha (Ghribia et al., 2014). However, A. pycnantha leaves methanol extract 

was at least 50 times less potent compared to standard galanthamine (0.004 mg/mL).  

 

Hexane extracts of A. doratoxylon, A. implexa, A. pycnantha and A. verniciflua showed 

moderate AChE inhibition and the IC50 values ranged between 0.18 and 4.81 mg/mL. No 

AChE inhibition was observed for A. deanei hexane extract within the test range. Non-polar 
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hexane extracts possess negligible amounts of phenolic compounds which could be the 

reason for their negligible AChE inhibition activity. In case of dichloromethane extracts, A. 

verniciflua showed the lowest IC50 (0.06 mg/mL) which was three times less active than A. 

pycnantha methanol but similar to A. nilotica root extract (Crowch & Okello, 2009). 

Dichloromethane extract of A. pycnantha also showed moderate AChE inhibition. Water 

extracts also showed minimal inhibitory activity against AChE. AChE inhibition activity was 

not detected from A. deanei and A. pycnantha within the tested range (Table 4.2). 
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Figure 4.4: AChE enzyme inhibition different concentration of Acacia species methanol 

extracts  (A) and one way ANOVA for methanol extracts of selected Acacia species at 0.133 

mg/mL  final concentration (B). ** significant. 
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Table 4.2: IC50 values of α-amylase and AChE enzyme inhibition assays from the 20 

crude extracts of the five selected species. 

Sample Solvent α-Amylase 

IC50 (mg/mL) 

AChE 

IC50 (mg/mL) 

A. deanei Hexane 87.05 N/A 

A. doratoxylon 4.93 1.05 

A. implexa 0.14 0.18 

A. pycnantha 52.07 4.81 

A. verniciflua 0.58 0.30 

A. deanei Dichloromethane 0.47 12.07 

A. doratoxylon 5.01 2.51 

A. implexa N/A 1.43 

A. pycnantha 0.10 0.10 

A. verniciflua 0.03 0.06 

A. deanei Methanol 0.03 0.95 

A. doratoxylon 8.88 0.30 

A. implexa 0.06 0.48 

A. pycnantha 0.004 0.02 

A. verniciflua 0.10 1.06 

A. deanei Water 43.06 N/A 

A. doratoxylon 15.96 0.66 

A. implexa 3.87 0.90 

A. pycnantha 4.36 N/A 

A. verniciflua 2.55 1.09 

* N/A: not activity up to final concentration α-amylase enzyme inhibition assay (0.08 mg/mL 

final concentration) and AChE enzyme inhibition assay (0.133 mg/mL final concentration). 

 

 

 



203 
 

4.4.4 Determination of minimum inhibitory concentration (MIC) of extracts from 

selected species against bacteria. 

The water extracts of A. deanei, A. doratoxylon and the hexane extracts of A. pycnantha and 

the methanol extracts of all species (except that of A. pycnantha) were examined for the 

antimicrobial activity using 96-well plates. Because of solubility limitations, all the 

dichloromethane extracts, the hexane extracts of A. implexa and A. verniciflua, and the 

methanol extract of A. pycnantha, were applied to nutrient agar plates and checked visually 

for microbial colony growth. 

 

Water extracts of A. implexa and A. verniciflua showed antibacterial activity in the agar 

diffusion assay plate whereas no other water extracts showed any antibacterial activity. 

Moreover, only A. implexa water extract showed moderate antibacterial activity against both 

Gram positive and Gram negative bacteria which supports its use in traditional medicines by 

Indigenous Australians in the treatment of infectious diseases (Lassak & McCarthy, 2011). A. 

verniciflua exhibited antibacterial activity only against the Gram negative E. coli. No 

correlation was found between TPC and TFC of the extracts and the antibacterial activity of 

various extract.  

 

4.5 Conclusion 

In the current study, it was found that the methanol extracts of Acacia species possess the 

highest antioxidant and enzyme inhibition activity compared to other extracts (hexane, 

dichloromethane and water). This comes in accord with the chemical constitution results in 

Chapter 3. Thus, biophenols are the main phytochemicals responsible for the examined 

pharmacological activities of Acacia species in this study. While the most studied 

pharmacological activity of Acacia species in literature is their antimicrobial properties, the 
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Acacia species in the current study showed poor to mild antimicrobial activities. Methanol 

extracts were largely devoid of antimicrobial activities. The only significant antimicrobial 

activity observed was for couple of water extracts, suggesting that the main antimicrobial 

compounds are not biophenols, yet they have a polar nature.  

 

The pharmacological activities of A. pycnantha methanol extract were the most satisfactory.  

A. pycnantha methanol extract was the most effect and potent amongst all extracts in all 

studied pharmacological activities apart from antibacterial assay. Other methanol extracts 

ranked differently in different assays. Hence, it is not the quantity of the biophenols which 

dictates activity but rather it is the nature of the compounds present. Thus, we can assume 

that the most effective antioxidant biophenols are expected to have other activities apart from 

their antioxidant potential. Therefore, the current study illustrates that screening for potent 

antioxidant activity can be indicative for the presence of the other pharmacological activities. 

Although biophenol rich methanol extracts of Acacia always showed some pharmacological 

activities in employed model system and enzyme inhibition assays, they have shown dose-

dependent activity and ranked differently in different models and enzyme assays, this 

confirms that they possess a specific mode of action rather than being non-specific inhibitors.      

 

It has been clearly demonstrated that A. pycnantha methanol extract possesses potent FRAP 

and DPPH, ABTS•+, H2O2 and SOR scavenging as well as anti-diabetic and neuroprotective 

activities in all assay systems tested in this study. These results warrant further investigation 

of its pharmacological activity via bioactivity guided fractionation in the next chapter.  
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Chapter 5:  

Bioactivity-guided fractionation of Acacia 

pycnantha methanolic extract 
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5.1 Introduction 

Bioactivity guided fractionation is one of the most appealing drug discovery techniques from 

nature. It allows for the discovery of potent bioactive compounds that can constitute new 

drugs per se or they can be employed as nuclei/leads for the chemical synthesis of new drugs. 

Bioactivity guided fractionation is very helpful in exploiting the complexity in plant extracts 

using the virtue of their biological reactivity (Weller, 2012). Lengthy studies for 

phytochemical characterization of plants or comprehensive structural elucidation of novel 

compounds are no longer encouraged/justified unless there is some underlying biological 

activity.    

 

One of the major drawbacks of bioactivity guided fractionation is the assumption that 

bioactivity is a result of one or few individual compounds. It is not uncommon to find out 

that plant extracts or fractions of extracts are more potent than individual compounds (Obied 

et al., 2012). While our traditional pharmaceutical industry has always looked for drugs as 

pure single entities that can be subjected to astringent quality control measures, the 

contemporary herbal medicine and the nutraceutical industry have acknowledged being 

pharmacologically active does not necessarily mean chemically pure. Major phytochemical 

constituents can work in synergy to produce higher activity than any of the individual 

components (Rasoanaivo et al., 2011; Wagner & Ulrich-Merzenich, 2009). On the other 

hand, minor constituents and “inactive” matrix components of plant extracts can contribute to 

the overall observed pharmacodynamic activity both in vitro and in vivo. Furthermore, they 

may impart favorable pharmacokinetic (improve bioavailability) or toxicological (reduce 

toxicity and adverse effects) properties. Therefore it is important to test for synergism.        
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The Australian native species A. pycnantha has an extensive history of traditional uses by the 

Aboriginal people such as the Wiradjuri people (Williams & Sides, 2008). A. pycnantha 

flower is the national emblem of Australia. Moreover, A. pycnantha gum is used in the 

pharmaceutical and nutraceutical industries (Annison et al., 1995). Few scientific reports are 

available on A. pycnantha extracts bioactivities. In the previous Chapter, it has been clearly 

demonstrated that A. pycnantha methanol extract possesses potent antioxidant, anti-diabetic 

and neuroprotective activities in all assay systems tested in this study. Therefore, A. 

pycnantha methanol extract was subjected to bioactivity-guided fractionation to identify 

compound (s) responsible for their observed biological activities.  

 

5.2 Materials and methods 

5.2.1 Chemicals and reagents  

p-Nitrophenyl-α-D-galacto-pyranoside (PNGP) and α-glucosidase enzyme were purchased 

from Sigma-Aldrich, Australia. The rest of the chemicals used for experiments described in 

this chapter are mentioned earlier (Please see Section 4.2.1). 

 

5.2.2 Sample preparation of the methanol extract of A. pycnantha 

A. pycnantha was collected from Wagga Wagga region, New South Wales, Australia and 

voucher specimens have been deposited in the Royal Botanical Garden, Sydney, New South 

Wales for future reference. Collected samples were freeze-dried and made fine powdered. A. 

pycnantha was collected from Wagga Wagga region, New South Wales, Australia and 

voucher specimens have been deposited in the Royal Botanical Garden, Sydney, New South 

Wales for future reference. Collected samples were freeze-dried and made fine powdered. 
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Twenty g of sample was weighed in a conical flask and 50 mL of n-hexane were added. 

Extraction was performed at room temperature while stirring (magnetic stirrer) for 20 min.  

The hexane extract was then filtered (Whatman number 1 paper). This process was repeated 

twice yielding a total of 150 mL of extract. The pooled filtered extract was transferred to a 

1000 mL round bottom flask. The n-hexane was removed under vacuum using a Buchi 

Rotavapor®. The working conditions (temperature and pressure) were according to the 

manufacturer’s recommended conditions in the solvent library with no modification. The 

residue was dissolved in 25 mL absolute ethanol and stored at - 20 °C in a freezer until 

further analysis. The sample was returned to the conical flask and re-extracted with 

dichloromethane, methanol and water, consequently. The extraction procedures for n-hexane 

were repeated for the other three solvents without any modifications (see Figure 3.1). 

 

Only the methanolic extracts were treated by semipreparative HPLC using a gradient elution 

on a Gemini C-18 column (250 mm × 4.6 mm i.d., 5 μM particle size) with a guard cartridge 

(Phenomenex, Sydney, Australia). The Star Chromatography workstation version 6.41 

(Varian, Australia) software was used for HPLC system controller. The injection volume was 

100 µl and the flow rate was fixed at 3.0 mL/min. Separation was achieved using ‘solvent A’ 

water: acetonitrile: formic acid (87:10:3) and ‘solvent B’ acetonitrile: water: formic acid 

(87:10:3). Mobile phases were freshly prepared and filtered under vacuum (Phenomenex 

nylon membrane, 0.22 μm). The UV detector was set at wavelengths of 280 and 330 nm. The 

total run time was 70 min, programmed as follows: 95% solvent A and 5% solvent B; then 

solvent B was increased to 10% over 25 min; a further 10% of solvent B was increased over 

50 min and this composition was continued (5 min); then solvent B was increased to 40% 

over 60 min; then, in the next 5 min, solvent B reached 100% and this composition was 

continued (5 min). The equilibration time was 15 min between runs. The post column outflow 
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was collected every 20 min (Figure 5.1 and 5.2) but in the last 10 min, aliquot was discarded 

due to its negligible amount of total phenol and antioxidant activity. The fractions were then 

evaporated to remove the organic solvent using a rotary evaporator, followed by freeze 

drying of the sample extract. The solid fractions were kept in plastic containers and stored at ˗ 

20°C until further analysis. 

 

 

Figure 5.1: Schematic presentation of fraction collection through high performance liquid 

chromatography  
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Figure 5.2:  High performance liquid chromatography (HPLC) chromatogram of A. 

pycnantha methanol extract and their fraction at 280 nm. 
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5.2.3 Total phenolic content (TPC)  

TPC was performed using the same methods described previously (Section 3.2.5). 

5.2.4 Bioactivity assays 

5.2.4.1 Antioxidants assays 

Please see Section 4.2.4. 

5.2.4.2 Enzyme inhibition assay 

5.2.4.2.1 α-Amylase enzyme inhibition assay 

Please see Section 4.2.5.1. 

 

5.2.4.2.2 α-Glucosidase inhibition assay 

α-Glucosidase inhibitory activity was also tested for in the fractions and their synergistic 

effect were determined according to the procedure described by Shinde et al. (2008) with 

some modifications. The α-glucosidase solution (1 unit/mL) was prepared using 50 mM 

phosphate buffer (pH 6.8) containing 0.2% of bovine serum albumin. To a 3 mL cuvette, 50 

mM phosphate buffer pH 6.8 (2000 µL),  extracts (60 µL) and enzyme solution (20 µL) were 

added, thoroughly shaken and incubated at 37°C for 15 min. After incubation 5 mM PNGP 

(100 μL) was added to the solution, mixed and again incubated at 37°C for 15 min. Finally, 

1M Na2CO3 (820 µL) was added to stop the enzyme reaction and absorbance was measured 

at 405 nm using Carry 4000 spectrophotometer. Acarbose was used as standard and the 

percentage of inhibition was calculated using the following formula and the data were 

expressed as IC50 values. 
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where, Acontrol is the absorbance of solvent; Asample is the absorbance of the extract. 

5.2.4.2.3 Acetylcholinesterase (AChE) inhibition assay  

Please see Section 4.2.5.2. 

5.2.4.2.4 Antibacterial activity 

Please see Section 4.2.6. 

5.3 Results and discussion 

5.3.1 High performance liquid chromatography-diode array ditectors (HPLC-DAD) 

quantification of A. pycnantha methanol extract 

The chemical screening results of the HPLC-DAD system identified a number of known 

flavonoids (and their derivatives), few phenolic acids (and their derivatives) and some 

unidentified compounds (Chapter 3). Around 1586 µg catechin/ g DW and 2496 µg CHE/ g 

DW of free catechin and epicatechin were quantified in the sample respectively. Catechin and 

its derivatives, mainly procyanidin dimers, were the most abundant flavonoid derivatives. 

Fraction A contained mostly catechin, epicatechin and their derivatives (around 10 mg CHE/ 

g DW) (Table 5.1).  Few phenolic acids, predominantly gallic acid, were identified and 

quantified from fraction A. Its content (87 µg/ g DW) was similar to A. victoriae seeds 

extract (Ee et al., 2011). Three derivatives of galloyl glucose (1856 µg GAE/ g DW), 

gallocatechin (2088 µg GAE/ g DW) and minor amounts of galloepicatechin (24 µg GAE/ g 

DW) were also determined from the selected fraction A.  

 

 



213 
 

HPLC-DAD analysis also showed that Fraction B possesses different types of flavonoid 

derivatives including myricetin (myricetrin, 2535 µg ME/ g DW and myricetrin isomer, 2004 

µg ME/ g DW), luteolin (1810 µg L/ g DW) and quercetin (rutin, 1141 µg/ g DW and 

quercetin-rhamnoside769 µg QE/ g DW). Additionally, fraction B also contained flavonoids, 

myricetin-galloyl-rhamnose (approximately 20 mg ME/ g DW) which was almost double the 

amount of catechin derivatives present in the fraction. Moreover, HPLC-DAD analysis 

demonstrated the presence of few unknown compounds which were not quantified in Fraction 

C. Only apigenin was quantified (223 µg/ g DW) in Fraction C, though the amount was 

relatively low compared to the rest of the aglycones present in the Fraction C. 
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Table 5.1: HPLC quantification results for the A. pycnantha methanol extract 

 

 

Identity  µg/g DW 

Galloyl glucose 1856* 

Gallic Acid 87 

Gallocatechin 2088** 

Procyanidin dimer 1 2135** 

Epicatechin-digallate 145** 

Galloepicatechin 24** 

Catechin  1586 

Procyanidin dimer 2 145** 

Procyanidin dimer 3 175** 

Procyanidin dimer 4 447** 

Epicatechin 2496** 

Procyanidin dimer 5 2807** 

Procyanidin dimer 6 211** 

Procyanidin dimer 7 1486** 

Myricetin-galloyl-rhamnose 1 13414 ψ 

Myricetin-galloyl-rhamnose 2 4748 ψ 

Rutin 1141Ω 

Myricetrin 2535 ψ 

Myricetrin isomer 2004 ψ 

Quercetin-rhamnoside 769 ψ 

Luteolin 1810 

Apigenin 223 

 

Data was expressed as µg/ g dry weight (DW) using suitable standards. Various derivatives 

are quantified by their parent as equivalent * GAE = gallic acid equivalent, **CH = catechin 

equivalent, ψ ME = myricetin equivalent, Ω QE = quercetin equivalent 

 

 

F-A 

F-B 

F-C 
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5.3.2 Total phenol content (TPC), 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) 

diammonium salt (ABTS•+), 2,2′-diphenyl-1-picrylhydrazyl radical (DPPH), Hydrogen 

peroxide, superoxide radical scavenging and Ferric reducing/antioxidant power (FRAP) 

assay 

Phenolic compounds are capable of scavenging free radicals due to their reactive hydroxyl 

group on an aromatic ring (Abu Bakar et al., 2009). In this study, large quantities of total 

phenols were found in the crude A. pycnantha methanol extract and in its fractions (Table 

5.2). Fraction A showed the lowest TPC compared to the other extracts of A. pycnantha. 

Fraction B and fraction C possessed more TPC compared to the crude A. pycnantha methanol 

extract on a dry weight basis. Fraction B and C have richer phenolic composition than 

fraction A. Fractions were also combined and tested. In case of combination therapy, firstly, 

the concentrations of the dried single fractions (such as Fraction A, Fraction B, Fraction C) 

were prepared separately. These solvent fractions were then mixed as follows- Fraction A: 

Fraction B; Fraction B: Fraction C; and Fraction A: Fraction C (50:50 mixture of the single 

fraction). For example, 1 mg/mL Fraction A+B (1 mg of Fraction A was dissolved in 1 mL of 

solvent and then 1 mg/mL Fraction B was prepared separately, then mixed these two 

solutions and finally 1 mL aliquots were taken from the mixture solution). Additive effect 

was detected from the combination therapy but no synergistic effect was detected.  

 

 

Previous literature suggests that the presence of higher phenolic content in an extract is 

correlated with good antiradical activity (Bhoyar et al., 2011). In the present study, free 

radical scavenging ability was measured using several methods including ABTS•+, HPS, SOR 

and DPPH. Reducing antioxidant power was also determined using the FRAP method (Table 

5.2). The correlation of results between TPC and radical quench assays would be a useful 
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technique for rapid evaluation of antioxidant activity in A. pycnantha methanol extract and its 

fractions. A moderate positive correlation was found between TPC, ABTS•+, HPS and DPPH 

but significant strong correlation was present between FRAP and DPPH values (r2 = 0.732) 

while studying the crude extract, its fractions and the combination of the fractions (Table 

5.3). The results indicated that the antioxidant activity of the crude extract and its fractions 

increased proportionally to the increased phenol content for ABTS•+, DPPH, SOR and HPS, 

but no correlation was found between TPC and FRAP (Table 5.3). Therefore the correlation 

findings are in accordance with the correlation between TPC and antioxidant activity found in 

A. nilotica extracts (Aadil et al., 2014). However, there were no data available currently for 

TPC and radical scavenging activity of the selected Acacia species for further comparison. 

Furthermore, additive effect was demonstrated but no synergistic effect was determined 

among these fractions.  

 

A similar trend was found between ABTS•+ and DPPH radical scavenging activities of the 

crude extract and its fraction. However, a good additive effect was observed in both assays 

for all the fractions used in this study. This investigation also suggests that combination of 

the fractions used in ABTS•+ and DPPH assays were more active than the individual fraction. 

The results indicate that while Fraction A was individually less potent when combined with 

Fraction B and C, it did not only show potent antioxidant activity but also increased the 

activities of Fraction B and C.  In the DPPH assay, the crude extract showed more potent 

activity (12.0 mM TE/ g EM) than the other extracts (Table 5.2).  
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In the case of the FRAP assay, all the fractions and their combinations produced less potent 

activity. The FRAP assay activity for the crude methanol extract of A. pycnantha was also 

found to be lower compared to ABTS•+ and DPPH scavenging activity in this study. This 

result is supported by previous studies using African A. nilotica (Aadil et al., 2014) and 

Australian A. auriculiformis (Sathya & Siddhuraju, 2012). 

 

H2O2 scavenging activity was determined for all fractions and the crude A. pycnantha 

methanol extracts in terms of effective concentration 50% (EC50). The crude extract had the 

highest effectiveness (1.1 mg/mL) and the EC50 value for H2O2 quench of different fractions 

was in the order:  B > B+C > C+A > A+B > C. Five concentrations: 10 μg, 100 μg, 250 μg, 

500 μg and 1 mg/mL were tested in H2O2 and SOR scavenging assays to construct a dose-

response curve and the EC50 were calculated by non-linear equation model using Prism 

software (Table 5.2). The results indicate that Fraction A, which had no scavenging activity 

itself, gave an additive effect when combined with Fraction B and C. Fraction A contained 

epicatechin and Fraction B contained quercetin derivatives which may be responsible for the 

additive effect (Hidalgo et al., 2010). Additive effect was also found in the other 

combinations as well. This investigation also suggests that relatively medium polar 

compounds were more active than the non-polar compounds present in the extract.  

 

SOR scavenging activity was determined using the same concentration as used in the H2O2 

scavenging assay, Fractions of the crude A. pycnantha methanol extract produced similar 

scavenging activity as HPS. However, the highest scavenging activity was exhibited by the 

combination of Fraction B+C. No further synergistic effect could be established among the 

fractions tested. There was also no significant difference found in the HPS scavenging assay 

for the different fractions.  
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Table 5.2: Total phenol content (TPC), ABTS•+, DPPH, FRAP, HPS and SOR 

scavenging activities of the crude and fractions of Acacia pycnantha methanol extract 

Sample  TPC* ABTS•+** DPPHψ FRAPΩ HPS₸ SOR▲ 

Crude extract 580±21.99a 

 

6.8±0.5a 12.0±1.0a 100±0.1 a 1.1 0.20 

Fraction A 277.0±0.00b 3.3±0.1b 2.5±0.1b 1.99±0.02 b N/A 0.10 

Fraction B 712.8±0.01c 6.4±0.2a,c 5.5±0.2c 1.91±0.01 b 1.4 0.07 

Fraction C 626.8±0.02d 5.1±0.1d 5.0±0.0c,d 1.80±0.03 b 4.9 0.08 

Fraction A+B 510.4±0.01a 9.4±0.4e 6.9±0.0e 1.91±0.04 b 2.5 0.07 

Fraction B+C 691.7±0.01e 10.6±0.1f 9.3±0.1f 1.84±0.02 b 1.7 0.05 

Fraction C+A 454.7±0.01f 7.9±0.3g 6.9±0.1e,g 2.01±0.02 b 2.0 0.09 

 

Values represent mean ± standard deviation (SD) of two independent experiments (n = 2). 

Data was expressed as Mean ± SD and different letters in each column for each solvent are 

significantly different from one another at p< 0.05. N/A= not active at 1 mg/mL 

concentration. TE= Trolox® equivalent. 
*Total phenol content expressed as concentration of phenol (mg) of gallic acid equivalent 

(GAE) per g of extractable matter (EM) 
**DPPH radical scavenging was expressed as mM TE/g EM 
ψABTS•+radical scavenging was expressed as mM TE/g EM 
Ω FRAP value was expressed as equivalent of mM TE/mg EM 
₸Effective concentrations of extracts required to scavenge 50% of hydrogen peroxide radical 

EC50 values (mg/mL) 
▲ Effective concentrations of extracts required to scavenge 50% of superoxide radical EC50 

values (mg/mL) 
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Table 5.3: Coefficient of correlation r2 and Pearson's correlation coefficients of 

antioxidant activity (DPPH, FRAP, ABTS•+, SOR and HPS) and total phenol content 

(TPC) of extracts from the fractions and A. pycnantha crude extract methanol. 

 TPC ABTS•+ DPPH FRAP SOR HPS 

 

r2 

p 

TPC 1 0.470 

0.031 

0.464 

0.034 

0.084 

0.718 

-0.192 

0.512 

0.462 

0.096  

r2 

p 

ABTS•+  1 0.614 

0.003 

-0.032 

0.889 

-0.252 

0.385 

0.085 

0.772  

r2 

p 

DPPH  1 0.732 

0.001 

0.485 

0.079 

-0.027 

0.926  

r2 

p 

FRAP  1 -0.294 

0.308 

-0.243 

0.402  

r2 

p 

SOR  1 -0.294 

0.308  

r2 H2O2  1 

r2 = squared Pearson coefficient, p = Significant 

 

5.3.3 α-Amylase and α-glucosidase inhibition assays 

The central role of carbohydrate digestion is mainly dependent on α-amylase and α-

glucosidase (Tucci et al., 2010). α-Amylase breaks down the alpha linkage of the adjacent 

glucose molecules present in carbohydrates to generate oligosaccharides and disaccharides. 

α-Glucosidase converted the disaccharides into monosaccharides. Only monosaccharides can 

be absorbed from the gastrointestinal tract (Shinde et al., 2008).  Those enzymes would thus 
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be useful in the treatment of diabetes as they will reduce carbohydrate digestion and glucose 

absorption. Consequently, this can reduce postprandial hyperglycemia, the main target in 

controlling diabetes mellitus (Chatterjea, 2009).  

 

This investigation revealed a promising inhibitory activity of α-amylase by crude A. 

pycnantha methanol extract and its fractions (Table 5.4). The IC50 value of α-amylase 

inhibition assay for A. pycnantha methanol extract was 5.51 µg/mL, which was much lower 

than the previously reported value of A. auriculiformis (pods and barks extracts) (Sathya & 

Siddhuraju, 2012) and A. nilotica (wood extracts) (Barapatre et al., 2015). Moreover, the IC50 

value of the A. pycnantha methanol extract was approximately three times larger than that of 

the standard inhibitor acarbose. On the other hand, Fraction A individually did not show any 

activity within the concentration range 10-1000 µg/mL (final concentration 0.2 to 20 µg/mL). 

Fraction C showed potent α-amylase inhibition activity (IC50 = 4.55 μg/mL) comparable to 

the methanol extract (IC50 = 5.51 μg/mL). Fraction B (IC50 = 7.52 μg/mL) showed less 

activity compared with Fraction C. Furthermore, combination of fractions exhibited 

synergistic effects, whereas Fraction A itself was inactive. Additionally, combination of 

Fraction B and C also showed higher inhibitory activity than the methanol extract of A. 

pycnantha leaves (Table 5.4).  

 

In α-glucosidase inhibition assay, all the fractions were also tested using the same 

concentration range as in α-amylase assay. A very strong inhibitory activity was observed for 

the methanol extract of A. pycnantha leaves, fractions and combination of the fractions 

(Table 5.4). The IC50 value for α-glucosidase inhibition activity of the methanol extract of A. 

pycnantha leaves extract was found to be 0.71 µg/mL, which was much more potent than the 

standard inhibitor acarbose (IC50 value was 13.11 µg/mL) (Feng et al., 2011). A similar α-



221 
 

glucosidase inhibition activity trend was also established for all the fractions and their 

combinations in this study. Fraction B and C individually were found to be more active than 

the methanol extract of A. pycnantha.  Fraction C showed the highest α-glucosidase inhibition 

activity (IC50 = 0.38 µg/mL). Furthermore, when Fraction A was combined with Fraction B 

or C, these combinations improved inhibitory activity of Fraction A, but there was no 

synergistic effect when Fractions B and C were mixed together (Table 5.4). These results 

suggest that the crude extract itself has strong α-amaylase and α-glucosidase inhibitory 

activity, therefore methanol extract of A. pycnantha leaves may serve as a natural α-amylase 

and α-glucosidase inhibitor. 

 

5.3.4 Acetylcholinesterase (AChE) inhibition assay 

In this study, IC50 value of AChE inhibitory activity of the crude A. pycnantha methanol 

extract was 22.72 µg/mL, which was more potent than all previously reported values for 

African Acacia species, including A. nilotica root (Crowch & Okello, 2009), leaf and bark 

extracts (Eldeen et al., 2005), A. catechu seed (Thangavelu & Ramasamy, 2015) and A. 

modesta leaf (Khan N et al., 2014). AChE inhibitory activity of the Australian species, e.g. A. 

cyanophylla, was similar to African Acacia (Ghribia et al., 2014). However, AChE inhibitory 

activity of A. pycnantha methanol extract was at least 50 times less potent than standard drug 

galanthamine (0.35 µg/mL). Concomitant with α-amaylase and α-glucosidase inhibition, 

fraction A was found to be the least active fraction (IC50 = 8.81 µg/mL), whereas Fraction C 

was the most potent fraction (Table 5.4). Fraction C possesses apigenin and a few other 

unknown compounds which may be responsible for the AChE inhibitory activity. Fraction B 

also exhibited potent AChE inhibitory activity. Fraction B contained quercetin derivatives 

(e.g. rutin) and luteolin which have reported neuroprotective effects (Patil et al., 2014; 

Tongjaroenbuangam et al., 2011) (Table 5.4). Crude A. pycnantha methanol extract had the 
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lowest percentage of AChE inhibitory activity on 33.33 µg/mL final concentration (Figure 

5.3). Fraction A mainly contained catechin and its derivatives (Table 5.4). Fraction A 

showed no activity. On the contrary, tea catechins were effective inhibitors of AChE enzyme 

(Mandel & Youdim, 2004).  

 

In terms of synergism, all the combinations of fractions showed significant synergistic 

effects. Fraction A showed no AChE inhibitory activity alone but its combination with 

fractions B or C was very active. Furthermore, Combination of Fraction B and C showed the 

lowest IC50 value when compared within all other combinations.  

 

 

 

Figure 5.3: Percentage of inhibition of α-amylase (20 µg/mL) (A), α-glucosidase (20 µg/mL) 

(B) and AChE (C) (33.33 µg/mL) concentration. 
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Table 5.4: IC50 values of α-amylase, α-glucosidase and AChE inhibition assays from the 

crude extract of A. pycnantha, its fractions and their combinations. 

Sample  α-amylase 

IC50 (µg/mL) 

α-glucosidase 

IC50 (µg/mL) 

AChE assay 

IC50 (µg/mL) 

Crude A. pycnantha 

methanol extract 

5.51 

 

0.71 

 

22.72 

 

Fraction A N/A 4.61 N/A 

Fraction B 7.52 0.56 14.50 

Fraction C 4.55 0.38 8.81 

Fraction A+B 8.13 1.33 22.66 

Fraction B+C 3.34 0.54 11.84 

Fraction C+A 5.81 0.38 21.31 

Standard inhibitor 1.80 13.11 0.35 

 

N/A = Not active at 20 µg/mL final concentration for α-amylase and α-glucosidase inhibition 

assay. Final concentration for AChE enzyme inhibition assay was 33.33 µg/mL. Acorbose, 

standard for α-amylase and α-glucosidase; galanthamine, standandard for AChE 

 

 

5.3.5 Determination of minimum inhibitory concentration (MIC) 

We employed the most acceptable MIC determination methods to screen for an antimicrobial 

activity of the selected Acacia species (with its fraction and combinations) using Gram 

positive and Gram negative bacterial strains, S. aureus and E. coli respectively. It was found 

that the A. pycnantha methanol extract, its fractions and their combinations had no 

antibacterial activity against Gram positive or Gram negative bacteria up to 1 mg/mL 
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concentration, though various Acacia species showed medicinal uses against bacterial 

infections (Lassak & McCarthy, 2011).  

 

5.4 Conclusion 

The methanol extract of A. pycnantha and its fractions exhibited potent antioxidant, anti-

diabetic and neuroprotective activities. Fractionation of A. pycnantha extract did not result in 

any increase in antibacterial activity. Although absence of antimicrobial activity of Acacia 

leaf extracts is at odds with current literature, any further study of the antimicrobial activity 

of our A. pycnantha seems futile.  For antioxidant activity, A. pycnantha and its fractions, 

overall, did not show great differences in potency. Fraction A contained less total phenols and 

showed less antioxidant activity. Fraction B and C were comparable and compatible. A 

similar trend was found for anti-diabetic and neuroprotective activities. The synergistic 

activities between the three fractions were evident in all the enzyme inhibitory assays. 

Fraction A was the least active, yet it produced very interesting synergistic interactions with 

other fractions. As the first eluting fraction, it should contain the highly polar and small 

molecular weight biophenols. In addition, coming from a crude extract, the void volume 

usually contains all the non-aromatic, very polar constituents which add weight, but no 

activity. Thus, the most judicious decision seemed to be to proceed with the extract after 

some suitable cleanup. The potent activity against both α-glucosidase and α-amylase supports 

more focus on the anti-diabetic activity.  
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Chapter 6: 
 

Acacia pycnantha leaf extract: a promising anti-

diabetic nutraceutical 
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6.1 Introduction 

Diabetes mellitus is an endocrine disorder and is associated with dysfunctional carbohydrate, 

fat and protein metabolism. These metabolic dysfunctions lead to hyperglycemia due to either 

a lack of abnormalities of pancreatic beta cells which do not produce enough insulin, or 

because cells do not respond to the produced insulin (Pasupathi et al., 2009). The number of 

diabetic patients is rapidly rising in most parts of the world, especially in developing 

countries such as the Indian subcontinent, China and Indonesia (Khan et al., 2012). Oral 

hypoglycemic agents and insulin are generally used to control blood glucose concentrations 

near the normal range. Moreover, a therapeutic approach for treating diabetes would be to 

decrease postprandial hyperglycemia in susceptible patients (Kwon et al., 2008).  

 

Carbohydrates are the major food constituents of the human diet. Dietary carbohydrates are 

generally complex in nature due to the presence of different types of polysaccharides which 

must first be broken down to monosaccharides which can be absorbed from the intestinal 

lumen and transported into blood circulation. The main digestive enzymes α-amylase and α-

glycosidase are responsible for carbohydrate digestion. Human α-amylase is mainly secreted 

by the salivary gland and the pancreas (Kandra, 2003). α-Amylase starts hydrolysis of α-D-

(1,4)-glycosidic bonds present in starch, amylose, amylopectin, glycogen and different 

maltodextrins, and produces small fractions of oligosaccharides (Franco et al., 2002). Thus 

inhibition of carbohydrate digestion by inhibition of enzymes such as α-amylase and 

glucosidases would lead to blood glucose level reduction. Acarbose, miglitol and voglibose 

are some of the drugs currently used in the treatment of diabetes (van de Laar, 2008). These 

drugs mainly inhibit α-amylase and α-glucosidase enzyme functions to reduce carbohydrate 

breakdown. Scientists are now focusing on novel α-glucosidase inhibitors from functional 

foods for diabetic treatment (Matsui et al., 2001; Shinde et al., 2008).  
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Apart from α-amylase and glycosidase enzyme, dipeptidyl peptidase-4 (DPP-4) is another 

enzyme responsible for the breakdown of glucagons like peptide 1 (GLP-1) and gastric 

inhibitory peptide (Barnett, 2006). GLP-1 shows important physiological functions such as 

enhancing insulin secretion in a glucose-dependent manner, inhibiting postprandial glucagon 

secretion, delaying gastric emptying and stimulating growth of β-cells (Figure 6.1) (Irwin & 

Flatt, 2015). This peptide is rapidly inactivated by DPP-4 (Irwin & Flatt, 2015). Inhibition of 

DPP-4 increases the levels of endogenous active GLP-1 and prolongs its half-life. Many 

DPP-4 inhibitors are now available in the market. However, discoveries of new DPP-4 

inhibitors are also required for the establishment of therapeutic efficacy and safety of this 

class of hypoglycemic agents. Some plant extracts (e.g. blueberry) (Fan et al., 2013) and 

phytochemicals (e.g. naringin) (Parmar et al., 2012) showed promising DPP-4 inhibitory 

activities. 

 

Figure 6.1: Mechanism of action of DPP-4 enzyme inhibitor 

 

Various Acacia species have shown anti-diabetic activities (e.g. Ikarashi et al., 2011b; Stohs 

& Bagchi, 2015). Acacia mearnsii water extract inhibited the activity of lipase, maltase and 

sucrase enzymes (Ikarashi et al., 2011a). Acacia mearnsii polyphenol-containing dietary 
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supplement also lowered plasma glucose level which improved glucose intolerance in a 

randomized, double-blind, placebo-controlled trial (Ogawa et al., 2013). Our previous results 

indicated that A. pycnantha possesses high concentration of biophenols with promising anti-

diabetic potential. In this chapter, the A. pycnantha leaf extract is partially purified and its 

anti-diabetic activity is further elucidated. 

 

6.2 Materials and methods 

6.2.1 Chemicals and reagents 

Tris (hydroxymethyl aminomethane), gallic acid, catechin hydrate, myricetrin dihydrate, 

rutin, essential modified Eagles medium (EMEM), nutrient mixture F12 ham, fetal calf serum 

(FCS), penicillin/streptomycin, mono basic potassium phosphate (KH2PO4), dibasic 

potassium phosphate (K2HPO4), sodium chloride (NaCl), dimethyl sulfoxide (DMSO), 3-

(4,5-dimethylthiazol-2-yl)-2,5-diphenyl-tetrazolium bromide (MTT); dipeptidyl peptidase-IV 

(porcine kidney) (DPP-IV, EC 3.4.14.5, Merck, Germany); (Sigma-Aldrich, Sydney, 

Australia); SH-SY5Y neuroblastoma cell line human, Gly-Pro-p-nitroanilide hydrochloride 

(Gly-Pro-pNA-HCl) (Santa Cruz Biotechnology, California, USA); acetic acid (Merck, 

Victoria Australia); Ile-Pro-Ile (diprotin A) (Enzo Life Sciences, NSW, Australia) and 

anhydrous acetonitrile were purchased from RCI Labscan Limited, Australia. The rest of the 

reagents were mentioned earlier in section 3.2.1 and section 4.2.1. 

 

6.2.2 Partial purification of A. pycnantha crude extract 

Sequentially extracted A. pycnantha methanol extract was fractionated previously and used 

for different bioassays viz. anti-diabetic, anti-bacterial, neuroprotective and antioxidant 

scavenging assays. The results indicated that the most polar fraction was comparatively less 

active in most bioassays. Therefore, A. pycnantha methanol extract was further washed with 
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ethyl acetate and 2% HCl: sample: 2% HCl: ethyl acetate (1:2:4) ratio. In a separating funnel, 

the extract plus 2% HCl and ethyl acetate were shaken vigorously, then left until two separate 

layers were visible. The organic layer was collected in a beaker which contained sodium 

sulphate anhydrous to remove the water. The solution was filtered, then transferred into a 

round bottom flask and the ethyl acetate was evaporated using rotary evaporator (IKA, 

Thermofisher, Australia). 80% methanol was added to the flask to dissolve the solid extract 

and the solution was then placed into glass scintillation vials and nitrogen gas was used to 

remove the methanol. Finally the extract was freeze dried and stored in a plastic container at -

20°C until analysis.    

 

6.2.3 Chemical composition 

6.2.3.1 Determination of total phenols content (TPC) 

TPC was determined as described in section 3.2.5. The gallic acid was used as standard and 

the results were expressed as gallic acid equivalent extractable matter (mg/g of (EM).  

 

6.2.3.2 High Performance Liquid Chromatography with diode array detection (HPLC-

DAD) for purified A. pycnantha methanol extract 

The sample extracts were analysed using HPLC Varian Prostar consisting of a Varian Prostar 

335 diode array detector (DAD) and a Varian Prostar 410 autosampler. The analysis was 

performed by gradient elution on a Gemini C-18 (250 mm × 4.6 mm i.d., 3 μm particle size) 

column with guard cartridge (Phenomenex, Sydney, Australia). Star Chromatography 

Workstation version 6.41 software (Varian, Australia) was used for the HPLC system control. 

The injection volume was 5 µL and the flow rate was fixed at 0.7 mL/min. Separation was 

achieved using ‘solvent A’ (water: acetonitrile: formic acid, 87:10:3) and ‘solvent B’ 
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(acetonitrile: water: formic acid, 87:10:3). Mobile phases were freshly prepared and filtered 

under vacuum (Phenomenex nylon membranes, 0.22 μm). The UV detector was set at 

wavelengths of 280 and 330 nm. The total run time was 100 min and programmed as follows: 

98% Solvent A and 2% Solvent B; Solvent B was increased to 25% over 75 min; then 

Solvent B increased by another 10% over 5 min; then Solvent B reached 50% (5 min); then 

Solvent B increased to 90% over 5 min; then Solvent B increased to 100% over 5 min and 

this composition was continued for the next 5 min. The equilibration time was 12 min 

between runs.  

 

6.2.3.3 Liquid chromatography-diode array detection-electrospray mass spectrometry 

(LC-DAD-ESI-MS) for purified A. pycnantha methanol extract 

The sample extracts were also analysed using an Agilent 1200 series liquid chromatograph 

with DAD (Agilent Technologies, Waldbronn, Germany). The analysis was performed using 

the same column, solvent condition and gradient used in HPLC-DAD analysis. The UV 

detector was set at wavelengths of 280 and 330 nm. The DAD was connected to a 6410 

triple-quadrupole mass analyser (Agilent Technologies, Santa Clara, CA, USA) equipped 

with an electrospray ionization (ESI) interface. Negative ion mode (m/z 70−1500) machine 

conditions were: nitrogen gas; gas temperature, 350°C; gas flow rate 12 L/min; nebulizer 

pressure 45 psi; capillary voltage 4 kV; cone voltage 100 V. Agilent Mass Hunter 

workstation version B.04.00 2011 (Agilent Technologies, Waldbronn, Germany) software 

was used for data analysis. 
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6.2.3.4 Liquid chromatography-quadrupole time-of-flight mass spectroscopy (LC-

QTOF/MS) for purified A. pycnantha methanol extract 

The sample extracts were also analysed using an Agilent 6500 series liquid chromatograph 

with DAD (Agilent Technologies, Waldbronn, Germany). The analysis was performed using 

high resolution C-18 column (2.1 mm × 50 mm i.d., 1.8 μm particle size) (Agilent 

Technologies, Waldbronn, Germany). The injection volume was 2 µL and the flow rate was 

fixed at 0.2 mL/min. Separation was achieved using ‘solvent A’ water: acetonitrile: formic 

acid (89.8:10:0.2) and ‘solvent B’ acetonitrile: water: formic acid (89.8:10:0.2). Mobile 

phases were freshly prepared and filtered under vacuum (Phenomenex nylon membranes, 

0.22 μm). The total run time was 37 min and programmed as follows: 98% Solvent A and 2% 

Solvent B; Solvent B increased to 25% over 25 min; then Solvent B increased by another 

10% over 1 min; then Solvent B reached 50% (1 min); then Solvent B increased to 90% over 

1 min; Solvent B increased to 100% over 1 min and this composition was continued for the 

next 6 min and then returned to the initial composition over 2 min. The equilibration time 

was 10 min between runs.  

 

The UV detector was set at wavelengths of 280, 340 and 520 nm. The DAD was connected to 

a 6500 Series accurate-mass quadrupole Mass analyzer (Agilent Technologies, Santa Clara, 

CA, USA) equipped with a Time-of-Flight (Q-TOF). Negative ion mode (m/z 100−1600) 

machine conditions were: nitrogen gas; gas temperature, 300°C; gas flow rate 10 L/min; 

nebulizer pressure 45 psi; nozzle voltage 1 kV. Agilent Mass Hunter workstation version 

B.07.00 2011 (Agilent Technologies, Waldbronn, Germany) software was used for data 

analysis. 

http://www.agilent.com/en-us/products/mass-spectrometry/lc-ms-instruments/6500-series-accurate-mass-quadrupole-time-of-flight-(q-tof)-lc-ms
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6.2.4 Anti-diabetic activity for purified A. pycnantha methanol extract 

6.2.4.1 α-Amylase inhibition assay 

α-Amylase inhibition assay was performed using the same method as derived in Section 

4.2.5.1. 

 

6.2.4.2  α-Glucosidase inhibition assay 

α-Glucosidase inhibition assay was performed using the same method as described in Section 

5.2.4.2.2. 

 

6.2.4.3 Dipeptidyl peptidase-4 inhibition assay 

DPP-IV inhibitory activity was performed in triplicate for the purified A. pycnantha methanol 

extract and some standards using the modified method of Lacroix and Li-Chan (2012). The 

assay mixture consisted of DPP-4 as enzyme (0.05 units/mL), 1.4 mM Gly-Pro-pNA-HCl as 

substrate, 1 M sodium acetate buffer, pH 4.0 as reaction stopping agent, the tri-peptide Ile-

Pro-Ile (diprotin A) as a reference inhibitor and 0.1 M Tris HCl buffer pH 8.0. In a 96-well 

plate, samples (extracts and the pure compounds) with different concentrations (10, 100, 250, 

500 and 1000 μg/mL) (25 μL) and substrate, Gly-Pro-pNA-HCl (50 μL) were pre-incubated 

at 37°C for 10 min. After pre-incubation, DPP-IV enzyme (10 μL) was placed into the 

mixture and incubated again at 37°C for an hour. The enzyme reaction was stopped by 

adding 1 M acetate buffer pH 4.0 (100 μL) and the absorbance was measured at 405 nm using 

a FLUOstar Omega microplate reader (BMG Labtech, Australia). Blank/control was 

performed using solvent solution. Percentage of inhibition was calculated using the following 

formula and the data were expressed as IC50 values. 
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Percentage inhibition was calculated by the expression:  

 

where, Acontrol is the absorbance of solvent; Asample is the absorbance of sample. 

 

6.2.5 Cell viability 

6.2.5.1 Cell culture 

The determination of the cell viability was done for the purified methanol extract of A. 

pycnantha and some standard chemicals including gallic acid, catechin, myricetin, myricetrin 

and rutin using MTT assay on SH-SY5Y cells. SH-SY5Y cells were cultured in essential 

modified Eagle’s medium (EMEM) and F12 (ratio 1:1) that contained 15% fetal bovine 

serum (FBS) with a mixture of 1% penicillin/streptomycin. Cells were incubated to grow in 

T75 flasks at 37°C in a humidified atmosphere of 95% air with 5% CO2 for 24 hrs. 

Experiments were carried out after the cells were confluenced around 80%. Working media 

were prepared frequently to change the media which was used in T flasks to maintain a fresh 

and suitable environment to grow the cells. Fresh H2O2 was prepared from 30% stock 

solution to produce oxidative stress. 

 

6.2.5.2 MTT assay 

The experiment was performed in 96 well plates with a density of 5×104 SH-SY5Y cells per 

well. The cell viability was determined using the conventional MTT reduction assay using the 

3-(4,5-dimethylthiazol2-yl)-2,5-diphenyl-tetrazolium bromide (MTT) assay, which is based 

on the conversion of MTT to dark blue formazan crystals. In brief, after seeding the cells in 

well plates, the cells were pre-treated with different concentrations (10, 100, 250, 500 and 

1000 μg/mL) of the extracts and the pure compounds for 24 hrs into the incubator at 37°C. 
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The next day, the cells were exposed to H2O2 (10 μL, LD50 value 509 μM) and further 

incubated for 90 mins. After incubation, MTT dye (10 μL, 5 mg/mL) was added into each 

well and incubated for another 4 hrs. The supernatants were aspirated carefully and DMSO 

(85 μL) was added to each well to dissolve the precipitate and the absorbance was measured 

at 570 nm with a microplate reader (USA). 

 

6.3 Statistical analysis 

The results are expressed as mean ± SD. SPSS version 20.0 software for Windows and Graph 

Pad Prism Software Version 6 were used for all data manipulation and analysis. The level of 

statistical significance was set at p< 0.05. 

 

 

6.4  Results and discussion 

6.4.1 Total phenol content (TPC) 

The Folin-Ciocalteu’s reagent was used for gross estimation of total phenol content (TPC) of 

A. pycnantha methanol extract and data was expressed as mg GAE/g EM. The TPC of 

partially purified methanol extract of A. pycnantha was 711.14±29.3 mg GAE/g EM, and this 

value is almost 200 mg more than the previously calculated value for methanol extract of A. 

pycnantha (519.45±0.02) (Table 6.1). Thus a 37% increase of TPC was observed upon 

purification of the methanol extract of A. pycnantha compared to the crude methanol extract 

of A. pycnantha. Previous reports also showed that the ethyl acetate extract of A. nilotica 

green pod possessed high TPC values compared with the crude extract of A. nilotica green 

pod alone (Singh et al., 2009b). Moreover, leaf extract of A. nilotica contained much higher 

TPC than other parts, such as wood (0.393) (Aadil et al., 2014), root (6.61) (Rasool et al., 

2013) and bark (11.2) (Sultana et al., 2007).  
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Table 6.1: Recovery and total phenol content of the crude and purified A. pycnantha 

methanol extract 

Sample Weight of 

dry leaf (g) 

Weight of dry 

extractable matter (g) 

Yield (%) TPC (mg/ 

GAE/g EM 

Crude extract 20 2.08±0.38 10.41 519.45±0.02 

Purified extract 20 1.67±0.07 8.63 711.14±29.3 

 

 

6.4.2 HPLC-DAD and LC-DAD-ESI-MS for purified A. pycnantha methanol extract 

A full range of biophenolic methanol extract of A. pycnantha and the purified methanol 

extract of A. pycnantha were examined for their flavonoids content using HPLC and LC-

DAD-ESI-MS with the DAD set at 280 and 330 nm. The phenolic compounds present in the 

methanol extract of A. pycnantha were reported in Chapter 3. However, the methanol extract 

of A. pycnantha was further investigated to make a comparison with the purified methanol 

extract of A. pycnantha. In addition, the HPLC-DAD and LC-DAD-ESI-MS running time 

was reset and increased to 100 min for better resolution. Figure 6.2 represents the 

chromatogram at 280 nm only and the chemical compounds were numbered according to 

their retention time. 

 

In accordance with the results reported in Chapter 3, methanol extract of A. pycnantha 

contained catechin (5), epicatechin (6) with their derivatives, such as gallocatechin (3) and 

epigallocatechin (4), rutin (9), quercetin-rhamnoside (11) (quercetin derivatives), myricetin-

galloyl-rhamnose (7), its isomer (8) and myricetrin (10) (myricetin derivatives). Moreover, 

luteolin (14) and apigenin (15) were also found as aglycone forms only in this methanol 
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extract. A large number of procyanidin dimers, such as catechin-catechin, catechin-

epicatechin, were also identified in the methanol extract of A. pycnantha.  

 

After the nonpolar solvent wash of methanol extract of A. pycnantha with ethyl acetate, 

significant changes were found in the chromatogram. The procyanidin dimers disappeared 

from the purified methanol extract of A. pycnantha. The gallocatechin (1) concentration 

increased compared to the methanol extract of A. pycnantha (Figure 6.2). Furthermore, free 

myricetin (12) and quercetin (13) were also detected along with luteolin (14) and apigenin 

(15) in this purified extract of A. pycnantha. Moreover, the concentration of phenolic acid, 

viz. gallic acid (1) and its derivatives gallyl glucose (2), were also increased after an ethyl 

acetate wash of the methanol extract of A. pycnantha. Five unidentified compounds were also 

detected in the partially purified methanol extract of A. pycnantha (Figure 6.2). 
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Figure 6.2: A. pycnantha purified methanol extract (a) and (b) methanol extract of                            

A. pycnantha. The chromatogram was detected at 280 nm. The same number represents the 

same compounds in both A. pycnantha ‘purified’ methanol extract (a) and (b) methanol 

extract of A. pycnantha. Gallocatechin (1), derivatives gallyl glucose (2), gallocatechin (3) 

and epigallocatechin (4), catechin (5), epicatechin (6), myricetin-galloyl-rhamnose (7), 

quercetin derivatives and its isomer (8), rutin (9), quercetin-rhamnoside (11) and myricetrin 

(10) (myricetin derivatives). Moreover, luteolin (14) and apigenin (15). 
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6.4.3 Liquid chromatography-quadrupole time-of-flight mass spectroscopy (LC-

QTOF/MS) for purified A. pycnantha methanol extract 

HPLC and LC-DAD-ESI-MS analysis of purified methanol extract of A. pycnantha indicated 

that a few unidentified compounds were also present in the extract. Therefore we examined 

our purified extract through LC-QTOF/MS for tentative assessment of those unidentified 

compounds. Further analysis of these peaks revealed that unidentified compound 1 may be 

Acetylalterporriol D (Liu et al., 2015), compound 2 may be epiafzelechin-(4beta->8)-

catechin (Gambiriin C) (Taniguchi et al., 2007), compound 3 may be epi (catechin)-3-O-

gallateand and compound 4 may be fisetinidol-(4alpha->8)-catechin-3-O-gallate (Harborne 

& Baxter, 1999) and compound 5 may be quercetrin (Zhang et al., 2011) (Table 6.2).

http://www.agilent.com/en-us/products/mass-spectrometry/lc-ms-instruments/6500-series-accurate-mass-quadrupole-time-of-flight-(q-tof)-lc-ms
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Table 6.2: Tentative identification of the compounds from ‘purified’ A. pycnantha methanol extract 

Compounds Proposed identity  UV/Vis Molecular structure Molecular 

formula 

Molecular 

weight 

References 

Compound-1 Acetylalterporriol 

D 

277 

 

C34H32O17 711.1567 (Liu et al., 

2015) 

Compound- 2 Epi-afzelechin- 

(4->8)-catechin 

(Gambiriin C) 

279 

HO O

OH

OH

O

OH

OH

OH

OH

HO
OH

 

C30H25O11 561.1475 (Taniguchi et 

al., 2007) 

Compound- 3 Epicatechin-3-O-

gallate 

278 

 

C22H18O10 441.0829 (Harborne & 

Baxter, 1999) 
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Compound- 4 Fisetinidol-(4-

>8)-catechin-3-

O-gallate 

 

280 

 

C34H32O17 713.1558  

Compound- 5 Quercetrin 262, 282s, 

347 

 

C21H20O11 447.0933 (Zhang et al., 

2011) 
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6.4.4 Anti-diabetic assays for purified A. pycnantha methanol extract  

 

The natural constituents or partically purified extracts which contain phenolic compounds 

may show correlation for anti-diabetic activity (Nwosu et al., 2011). Thus therapeutic effects 

could be obtained from these natural products via food products as food supplements, or 

pharmaceuticals agents. In this investigation, the purified A. pycnantha methanol extract was 

further evaluated for in vitro anti-diabetic activity using various assay systems. 

 

6.4.4.1 α-Amylase and α-glucosidase inhibition assay 

This investigation revealed that the methanol extract of A. pycnantha itself was very active in 

both α-amylase and α-glucosidase inhibition assays. However, the partially purified methanol 

extract of A. pycnantha was found to be more potent and a dose-dependent enzyme inhibition 

was exhibited by the extract. The crude extract and partially purified extract showed similar 

α-glucosidase inhibition activity. However, the partially purified extract produced α-amylase 

inhibition activities approximately threefold higher than the crude extract. Moreover, our 

study revealed that the partially purified extracts showed higher inhibition activities of α-

amylase than the standard inhibitor acarbose (Table 6.3). Both crude and modified extracts of 

A. pycnantha exhibited higher inhibition of α-amylase compared to the bark and pods of A. 

auriculiformis (Sathya & Siddhuraju, 2012). Around 2 to 97% enzyme inhibition was 

detected between 10 µg/mL and 1000 µg/mL concentration, which was similar to previously 

used shoot tips of A. pennata extract (Wongsa et al., 2012).  

 

Both crude and partially purified A. pycnantha methanol extract showed potent α-glucosidase 

inhibition activity, but the IC50 values were approximately 7 and 3 fold lower than the IC50 

values of α-amylase inhibition respectively (Table 6.3). The IC50 values of the crude and 
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partially purified extracts of A. pycnantha were much lower than those of previously reported 

A. tortilis gum exudates (Bisht et al., 2013).  Moreover, both the extracts of A. pycnantha 

showed a very strong α-glucosidase inhibition, around twentyfold higher compared to the 

standard inhibitor acarbose.  

 

Few compounds, viz. gallic acid, catechin, myricetin, myricetrin and rutin, were also tested 

for both α-amylase and α-glucosidase inhibition assay due to their presence in the purified A. 

pycnantha methanol extract. Of the pure compounds, gallic acid showed potent α-glucosidase 

inhibition with an IC50 value 57.15 µg/ mL. Gallic acid was tested previously by Zhang et al., 

(2015) and this result also supports the previous report. However, no IC50 value was 

determined for α-amylase inhibition with gallic acid at a concentration up to 1 mg/mL. Very 

few reports for gallic acid induced α-amylase inhibition activity were available, such as 

gelatin-gallic acid conjugate extract which showed IC50 value 9.8 mg/mL (Cirillo et al., 

2010). This result also opposed our findings, which may be due to the use of higher 

concentrations (16 mg/mL) or conjugation with gelatin. Moreover, one study suggested that a 

20 mg/mL dose of gallic acid showed anti-hyperglycemic activity in streptozotocin-induced 

diabetic rats (Punithavathi et al., 2011). 

 

Another pure compound, catechin (16), showed α-glucosidase inhibition with an IC50 value 

of 21.04 µg/mL, which was higher than eluted catechin from raspberries (IC50 39.2 µg/mL) 

(Zhang et al., 2010b). Catechin isolated from tea showed 61% α-amylase inhibition whereas 

pure catechin showed 45% inhibition at 1 mg/mL concentration (Matsumoto et al., 1993). 

Myricetin and its derivative myricetrin (myricetin-3-O-rhamnoside) also showed α-

glucosidase inhibition with an IC50 values 1.49 and 18.01 at 1 mg/mL respectively, which 

was similar to previous reports with myricetin and its derivatives isolated from yeast (Iio et 

https://en.wikipedia.org/wiki/Rhamnoside
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al., 1984). The aglycones were more potent than the flavonoid glycosides as the sugar 

moieties in flavonoids may hinder the biological activities (Kumar & Pandey, 2013). Another 

flavonoid glycoside, rutin (quercetin-3-O-rutinoside), showed negligible or no activity in the 

α-amylase and α-glucosidase inhibition assays. However, Quercetin itself possesses strong α-

glucosidase inhibition activity (Iio et al., 1984), but the two sugar moieties present may wrap 

around the hydroxyl functional group, which could hinder the activity.  

 

6.4.4.2 Dipeptidyl peptidase-4 (DPP-4) inhibition assay 

The partially purified A. pycnantha methanol extract was also investigated for its dipeptidyl 

peptidase-4 inhibition. The purified A. pycnantha methanol extracts showed potent dipeptidyl 

peptidase-4 inhibition activity which was approximately half the IC50 value (11.18 µg/mL) 

compared to the A. pycnantha methanol extracts. Moreover, the standard inhibitor of 

dipeptidyl peptidase-4, diprotin-A, showed inhibitory activity in our investigation fourfold 

higher than the purified A. pycnantha methanol extracts (Table 6.3). However, in the case of 

pure compounds, only myricetin showed strong inhibition activity (68% inhibition at 1 

mg/mL) against DPP-4. Pure catechin and gallic acid also showed no activity against DPP-4 

inhibition. Similar to α-amylase and α-glucosidase assay, flavonoid derivatives such as rutin 

and myricetrin showed no activity against DPP-4 at 1 mg/mL concentration. Inhibition of 

DPP-4 is a new approach for the treatment of type 2 diabetes mellitus which deactivates 

glucagon-like peptide 1 (GLP-1) that stimulates insulin release (Kim et al., 2011).  

 

 

 

https://en.wikipedia.org/wiki/Hydroxyl
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Table 6.3: In vitro anti-diabetic assays for purified A. pycnantha methanol extract and 

some standard compound 

Sample α-amylase 

IC50 (µg/mL) 

α-glucosidase        

IC50 (µg/mL) 

DPP-4 IC50 

(µg/mL) 

Crude A. pycnantha 

methanol extract 

5.51 

 

0.71 

 

21.06 

Purified A. pycnantha 

methanol extract 

1.58 

 

0.61 

 

11.18 

 

Catechin hydrate 276.2 57.15 N/A 

Gallic acid N/A 21.04 N/A 

Myricetin  5.53 1.49 46.51 

Myricetrin dihydrate 1536 18.01 N/A 

Rutin hydrate N/A N/A N/A 

Standard inhibitor 1.99 13.11 2.41 

*N/A= Not active at 1 mg/mL concentration 

 

 

6.4.5 SH-SY5Y cells viability against H2O2- induced cytotoxicity 

All the above mentioned assays examine the direct anti-diabetic activities of A. pycnantha 

extracts. However, the ability of these extracts to combat diabetes complications have not 

been assessed yet. Extended hyperglycemia in diabetes results in neurotoxicity where 

oxidative stress is a proposed source of this toxicity (Tomlinson & Gardiner, 2008). Thus we 

have chosen the neuroblastoma cell line (SH-SY5Y) to test for the protective activities of A. 

pycnantha extracts under oxidative stress induced by hydrogen peroxide. SH-SY5Y cells 

survival was assessed by MTT assay exposed to H2O2 (50–4000 μM) for 90 min.  A 
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significant decrease in cell survival was established in a dose-dependent manner for H2O2 

(Figure 6.3 A).  The LD50 value was determined 509 μM for H2O2. Different concentration 

of the extracts (10, 100, 250, 500 and 1000 ug/mL) were used to do pretreatment for 90 min 

before exposure to H2O2. Both A. pycnantha methanol and purified methanol extracts showed 

significant dose dependent protection against H2O2 challenge (Figure. 6.4). Methanol extract 

of A. pycnantha was found to be more effective against H2O2 induced toxicity compared to 

partially purified extract of A. pycnantha (Figure 6.3 B).  

 

Pure catechin showed good cellular protection against H2O2 induced toxicity in this study. On 

the other hand, gallic acid, rutin, myricetin and myricetrin showed dose dependent protection 

at lower concentration (10 -100 μg/mL). However, these compounds showed cytotoxicity in 

higher concentration (>100 μg/mL) (Figure 6.3 C).   
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Figure 6.3: Protective effect of crude and purified extract of A pycnantha in H2O2 induced 

cellular toxicity. A-control; B- H2O2; C- H2O2+Crude A. pycnantha methanol extract; D-

H2O2+Purified A. pycnantha methanol extract at 1 mg/mL concentration. 

 

 

 

Figure 6.4: Protective effects of purified, crude and pure compounds on H2O2-induced 

cytotoxicity in SH-SY5Y cells, (A) Dose-dependent toxic effects of H2O2 on SH-SY5Y cell 

viability. SH-SY5Y cells were exposed to different concentrations of H2O2 for 90 mins. 

Viable cells were identified by the MTT assay. (B) H2O2-induced cytotoxicity in SH-SY5Y 

cells for purified and crude extracts. (C) H2O2-induced cytotoxicity in SH-SY5Y cells for 

pure compound, gallic acid, catechin, rutin, myricetin and myricetrin. All data were 

expressed as mean±SD.  
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6.5 Conclusion 

In summary, our results suggest that both crude and partially purified extracts of A. 

pycnantha possess significant anti-diabetic, antioxidant and neuroprotective activities in 

multiple in vitro assays. They exert their anti-diabetic activities both directly and indirectly. 

Their mode of action involves possibly scavenging of RONS, inhibition of carbohydrate 

digestion and stimulation of insulin secretion through the inhibition of DPP-4 enzyme. The 

main pharmacologically active compounds are flavonoid in nature. We suggest that A. 

pycnantha leaves should be studied further in animal models to confirm the bioavailability, 

anti-diabetic properties and potential toxicity of its biophenols. Further studies are warranted 

for the establishment of the clinical efficacy of this extract. A. pycnantha crude or purified 

extracts can be a good source of natural products in the nutraceutical industry or as food 

supplements for the management of diabetes.  
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Chapter 7: 

General Conclusions and Future Research 

Directions 
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The use of plants as a source of medicine has been practiced by humans since the first days of 

human civilization. We have never stopped using plants in treating our ailments. When plants 

disappeared from the pharmacy shelves, their ingredients disguised in impressive medicine 

bottles, we kept using them in our homes without calling them medicines. Within the last 25 

years, we have witnessed a renascence in phytomedicine supported by the passion of 

scientists, the aspirations of the public and the self-indulgence of the industry. It is seminal 

for the success of this revival to deploy large, multidisciplinary research teams to encompass 

both basic and applied sciences. New terms such as “medical food”, “nutriceutical”, 

“ethnomedicine”, etc., as well as new disciplines such as “nutrigenomics” and “nutrigenetics” 

have emerged. To achieve our targets, a wide array of expertise is required in food chemistry, 

food technology, microbiology, chemistry (food, plant, analytical, biochemistry, organic and 

medicinal), pharmacology, toxicology, pharmacokinetics, pharmaceutics, molecular biology, 

genetics, proteomics, metabolomics, anthropology, traditional medicine, botany, human and 

animal nutrition and medicine.     

 

In this project, information from taxonomy, botany, chemistry, pharmacology, nutrition and 

medicine were gathered, analysed and presented. It is an example of the integration of 

ethnomedicine, bioprospecting, phytochemistry and bioactivity-guided fractionation for drug 

discovery.  Close to 1000 species of Australian Acacia are awaiting to be explored for their 

unique chemical composition and pharmacological properties. The five selected plants: A. 

deanei, A. doratoxylon, A. implexa, A. pycnantha and A. verniciflua have shown a wide 

variation in their morphology, histology, chemistry and biological activities. Biophenols in 

these plants varied in their types, quantities, solubilities, localization in plant tissues, 

pharmacology and interaction with each other. Due to the time constraints of a PhD program, 

I had to focus on the most active extract and the most promising biological activities of the 
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most abundant phytochemicals. No doubt there is enough work for a dozen of PhD projects to 

examine the full potential of these five plants.  

 

Amongst the four solvents used (hexane, dichloromethane, methanol and water), methanol 

showed superior extraction properties for biophenols. However, our phytochemical screening 

has demonstrated the presence of alkaloids, flavonoids, tannins, carbohydrates, terpenoids, 

steroids, saponins and cardiac glycosides in different solvents. In this project, I did not try to 

optimize the extraction of any of these phytochemicals. Yet this will be very important for 

any subsequent commercial endeavours. For instance, hydro-alcoholic solvents proved to be 

more superior for biophenols than neat methanol. Furthermore, sample collection and 

postharvest manipulation, extraction technique and extraction conditions are known to 

significantly affect the recovery of phytochemicals.  

 

It has all started with oxidative stress and the potential antioxidant activity of biophenols, but 

this is now under a lot of scrutiny and criticism. All plants contain biophenols and all 

biophenols are antioxidants. Most of the trivial assays for biophenols and antioxidant activity 

are carefully reviewed and their results are questioned. Fortunately biophenols have 

demonstrated a wide spectrum of biological activities beyond their direct antioxidant 

activities. Thus they are increasingly attracting more scientific curiosity to uncover their 

interactions with the human body in health and disease. Acacia extracts contain many 

flavonoid and phenolic acid derivatives. Some compounds have been identified in Acacia for 

the first time. A. pycnantha has the highest phenol content and the most prominent 

antioxidant activity of the five Acacia species studied in this work. Although there was no 

strong correlation between antioxidant activity and enzyme inhibitory activities, the chemical 

constituents of A. pycnantha methanol extracts were most active in all assays employed.  
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Contrary to most of the published work about Acacia, our methanol extracts showed 

insignificant antibacterial action. The water extract of A. implexa showed moderate 

antibacterial activity which comes in accord with its reported traditional use. Our findings 

raise many questions about the reasons for the lack of activity of methanol extracts, the 

identity of compounds responsible for the antibacterial properties of water extracts, and the 

mechanism of antibacterial action. 

 

The crude and partially purified extracts of A. pycnantha have shown potent inhibitory action 

against both enzymes involved in the metabolism of carbohydrates α-amylase and α-

glucosidase. These two enzymes constitute an important target for development of drugs 

involved in the treatment of diabetes and obesity.  A. pycnantha extracts were able to inhibit 

DPP-4 enzyme in a dose dependent manner. Many of the new antidiabetic drugs are DPP-4 

inhibitors. Moreover, A. pycnantha extracts were effective in protecting neuroblastoma cell 

lines from the damage by hydrogen peroxide, an assay that simply imitates the neurotoxic 

complications of diabetes. Although bioactivity-guided fractionation was used, the 

synergistic activities of fractions have been also investigated to reduce the chance of missing 

the activity of the extract versus fractions or individual compounds.   

 

A. pycnantha extract has been chemically characterized and a few new compounds were 

tentatively identified by HPLC-MS Q-TOF. A simple ethyl acetate wash was used to partially 

purify the extract via removing very polar compounds and polymers and concentrating the 

biophenol content. A. pycnantha extracts have a strong potential to generate nutraceutical and 

pharmaceutical products, especially for diabetes. This will be only possible after conducting 

preclinical animal studies, followed by clinical trials to confirm the safety and efficacy of the 
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extract. Although A. pycnantha has a long history of use in aboriginal medicine, bark, gum 

and seeds were mostly used. Thus, the safety of the Acacia leaf extracts still needs to be 

confirmed.        
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Table A1:  Standard compounds for High performance liquid chromatography (HPLC) 

and Liquid chromatography-diode array detection-electrospray mass spectrometry 

(LC-DAD-ESI-MS) 

Standard  Mean Rt  UV-Vis spec* 

absorbance (λmax)(nm) 

ABTS ESI- 

 

Tyramine 2.8 274 - NI 

Gallic acid 3.3 269 + 169 

Pyrogallol 4.0 265 + 125 

Catechin hydrate 7.7 278 + 289 

Chlorogenic acid 8.1 297s, 325 + 353 

4-Hydroxybenzoic acid 8.6 255 - 137 

Vanillic acid 10.4 259, 291 - 167 

Caffeic acid 10.5 292, 322 + 179 

Epicatechin 11.0 278 + 289 

Ferulic acid 20.5 296s, 321 - 193 

Sinapic acid 20.8 323 + 223 

Ellagic acid 22.4 254, 298, 366 + 301 

Myricetrin 23.1 260, 300s, 348 + 463 

Rutin 24.6 260s, 352 + 609 

Naringin 26.8 283 - 579 

Apigenin-7-O-glucoside 30.9 265s, 341 - 431 

Myricetin 31.8 249, 306s, 372 + 317 

Morin 34.6 292, 350 + Nd 

trans-Cinnamic acid 39.4 276 - 147 

Quercetin 42.9 265s, 372 + 301 

Apigenin 43.8 266s, 349 + 269 

Naringenin 47.6 289 - 271 

Luteolin 51.9 349 - 269 

Kaempferol 53.2 265s, 366 + 285 

Rhamnetin 56.8 250, 266s, 373 + 315 

NI= not ionized, Nd= Not done 
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Table A2: Phenolic and 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) profile of hexane extracts of 

Acacia verniciflua 

Peak 

number 

Identity Mean Rt UV-Vis spec* ABTS ESI- Identification Reference 

1 Unknown 57.2 295 & 323 + 291 UV, MS HPLC, LC-MS/MS 

2 Unknown 59.0 294 & 320 - 283 UV, MS HPLC, LC-MS/MS 

3 Unknown 60.1 296 & 322 - NI UV, MS HPLC, LC-MS/MS 
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Figure A1: High performance liquid chromatography-Diode array ditector-2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium 

salt (HPLC-DAD-ABTS•+) chromatograms of A. verniciflua hexane extract. Chromatogram detected at 280 nm and reversed chromatogram for 

ABTS•+ scavenging activity detected at 414 nm. 
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Table A3: Phenolic and and 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) profile of dichloromethane 

extracts of five Acacia species 

Peak 

number 

Identity Mean Rt UV-Vis spec* 

(γmax) 

ABTS ESI- AD AR AI AP AV Reference (s) 

1 Unknown 5.8 277 + 315 - - - + - HPLC, LC-MS/MS 

2 Epicatechin hexoside 7.0 279 + 451 + - -  - HPLC, LC-MS/MS 

3 Epigallcatechin 7.4 278 + 305  - + + - (Kusano et al., 2010) 

4 Catechin  7.5 277 + 289 + - + + - Std 

5 Caffeic acid 10.3 292, 323 + 179 - - - - + Std 

6 Trihydroxy-

methoxyflavan-glucoside  

10.6 277 + 449 + - - - - UV, MS, HYD 

7 Epicatechin 11.0 279 + 289 - - + + + Std 

8 Myricetin triglycoside 13.5 268s, 301, 357 + 771 + - - - - HPLC, LC-MS/MS 

9 Quercetin-dihexose 1 15.3 268s, 356 + 625 + - - - -  

10 Unknown 17.3 308 + NI - - - - + HPLC, LC-MS/MS 

11 Quercetin-dihexose  17.6 267s, 350 + 625 + - - - - (El-Mousallamy et 

al., 1991; Lin et al., 

2009) 

12 Unknown 18.4 278 + 561 - - - + - HPLC, LC-MS/MS 

13 Unknown 20.3 290, 323 + 407 - - -  + HPLC, LC-MS/MS 
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Peak 

number 

Identity Mean Rt UV-Vis spec* 

(γmax) 

ABTS ESI- AD AR AI AP AV Reference (s) 

14 Myricetin-galloyl-

rhamnose 

20.3 265, 291, 352 + 615 - - - + - (Lee et al., 2006; Lee 

et al., 2000; Lin et 

al., 2009) 

15 Flavonoid diglycoside 20.5 266s, 291, 350 + 609 + - - - - Std 

16 Unknown 22.3 289, 320 + 303 - - - - + HPLC, LC-MS/MS 

17 Rutin 23.5 266s, 354 + 609 + - + + + Std 

18 Myricetrin 25.6 266s, 355 + 463 - - + - - Std 

19 Quercetin glucoside 27.2 268s, 300s, 347 + 463 + - - - - HPLC, LC-MS/MS 

20 Unknown 29.9 253, 289, 348 + 447 - - - + - HPLC, LC-MS/MS 

21 Rhamnetin diglycoside 30.2 266s, 355 + 623 - - + - - (El-Mousallamy et 

al., 1991) 

22 Unknown 30.7 269s, 335 + 523 + - - - - HPLC, LC-MS/MS 

23 Morin pentoside 32.3 268s, 347 + 433 + - - - - HPLC, LC-MS/MS 

24 Unknown 32.7 298, 332s + 331 - - - - + HPLC, LC-MS/MS 

25 Unknown 38.5 286, 332s + 375 - - - - + HPLC, LC-MS/MS 

26 Unknown 41.8 257, 298, 352 + 345 - - - - + HPLC, LC-MS/MS 

27 Quercetin 43.1 266s, 373 + 301 - - - - + Std 

28 Luteolin 43.1 266s, 350 + 285 + - + - - Std 



313 
 

Peak 

number 

Identity Mean Rt UV-Vis spec* 

(γmax) 

ABTS ESI- AD AR AI AP AV Reference (s) 

29 Flavonol aglycone 46.1 266s, 294, 356 + 315 - - - - + HPLC, LC-MS/MS 

30 Naringenin 48.4 289, 333 - 271 - - - - + Std 

31 Apigenin 51.2 290s, 332 + 269 - - - +  Std 

32 Unknown 51.9 297, 326 + 279 - - - - + HPLC, LC-MS/MS 

33 Unknown 52.3 298, 347 - 277 - - - - + HPLC, LC-MS/MS 

34 Rhamnetin 54.1  266s, 372 + 315 - - - - + Std 

35 Rhamnetin isomer 54.5  266s, 373 + 315 - - - - + Std 

36 Flavonoid aglycone 54.9 268s,296s, 354 + 299 - - - - + HPLC, LC-MS/MS 

37 Unknown 55.4 268s,296s, 354 - 329 - - - - + HPLC, LC-MS/MS 

38 Unknown 57.2 294s, 325 + NI - - - - + HPLC, LC-MS/MS 

39 Unknown 57.9  291, 325 + NI - - - - + HPLC, LC- MS/MS 

40 Unknown 58.5  291, 326 + NI - - - - + HPLC, LC- MS/MS 

41 Unknown 58.7  291, 325 + NI - - - - + HPLC, LC- MS/MS 

42 Unknown 59.9 309 + NI - - - - + HPLC, LC- MS/MS 

43 Unknown 60.1 292, 323 - 291 - - - - + HPLC, LC- MS/MS 

44 Unknown 60.6 292, 324 - 291 - - - - + HPLC, LC- MS/MS 

45 Unknown 61.7 305 - NI - - - - + HPLC, LC- MS/MS 

Std=Standard 
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Figure A2: High performance liquid chromatography-diode array ditector-2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium 

salt (HPLC-DAD-ABTS•+) chromatograms of A. deanei (A), A. implexa (B), A. pycnantha (C) and A. verniciflua (D) dichloromethane extract. 
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Chromatogram detected at 280 nm and reversed chromatogram for ABTS•+ scavenging activity detected at 414 nm. No Phenolic compound was 

identified from A. doratoxylon. 

 

Table A4: Phenolic and and 2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium salt (ABTS) profile of water extracts of 

five Acacia species 

Peak 

number 

Identity Mean 

Rt 

UV-Vis 

spec* 

(γmax) 

ABTS ESI- AD AR AI AP AV Reference (s) 

1 Catechin-glucoside 4.8 270 + 451 + - - - - UV, LC-MS/MS 

2 Catechin  7.0 278 + 289 + - + - - Std 

3 Eriodictyol hexoside 1 7.1 292, 337s + 449 - + - - - HPLC, LC-MS/MS 

4 Epicatechin 11.3 276 + 289 - - + + + Std 

5 Eriodictyol hexoside2 12.6 292, 337s + 449 - +  - - HPLC, LC-MS/MS 

6 Unknown 14.9 269s, 349 + 771 + - - - - HPLC, LC-MS/MS 

7 Unknown 15.2 267s, 353 + NI - + - - - HPLC, LC-MS/MS 

8 Quercetin-dihexose  18.5 267s, 349 + 625 + - - - - (El-Mousallamy et al., 

1991; Lin et al., 2009) 

9 Rutin  23.5 264s, 354 + 609 - + + + - Std 

10 Rhamnetin- 31.2 266s, 353 + 623 - + + - - (El-Mousallamy et al., 
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diglycoside 1991) 

Std= Standard 
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Figure A3: High performance liquid chromatography-diode array ditector-2,2′-azinobis(3-ethylbenzothiazoline-6-sulfonic acid) diammonium 

salt (HPLC-DAD-ABTS•+) chromatograms of A. deanei (A), A. doratoxylon (B), A. implexa (C),  A. pycnantha (D) and A. verniciflua (E) water 

extracts. Chromatogram detected at 280 nm and reversed chromatogram for ABTS•+ scavenging activity detected at 414 nm. 


