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Abstract 

Leptospirosis is caused by the bacterium Leptospira interrogans. Even though leptospirosis 

is a treatable disease, fatal human cases continue to be reported in Fiji where the following 

Leptospira interrogans serovars have been implicated in outbreaks: L. interrogans serovar 

Australis, L. interrogans serovar Bulgarica, L. interrogans serovar Canicola, L. interrogans 

serovar Copenhageni, L. interrogans serovar Cynopteri and L. interrogans serovar Hardjo.  

Most victims are farmers and rural dwellers who acquire the infection after a heavy rainfall or 

flooding.  

The use of plants as remedies for common ailments such as flu-like illness, headaches and 

coughs are a common practice in Fiji.  In the Pacific region, there is little documentation on 

ethnobotanical practices. This research aimed to first survey the literature on these practices 

in the Pacific Islands, to establish perception versus reality in both the general use of 

traditional herbal medicines and specifically their use to treat the symptoms of leptospirosis.  

Secondly, the potential anti-leptospiral properties of leaves of selected Fijian plants were 

screened for bioactive antimicrobial compounds.  Plant selection was based on previous 

reports of antimicrobial properties, easy accessibility in Fiji; and commonly used as herbal 

remedies in Fiji. Ten promising plants with their species and local Fijian names include: 

Cananga odorata Hook. F. & Thomson (Mokosoi); Carica papaya L. (Weleti); Citrus limon 

(L.) Burm. f. (Moli karokaro); Colocasia esculenta (L.) Schott (Dalo); Euodia hortensis J. R. 

Forst. & G. Forst. (Uci); Ipomoea batatas (L.) Lam. (Kumala); Merremia peltata (L.) 

Merr.  (Wadamu); Mikania micrantha Kunth (Wabosucu); Polyscias fruticosa (Danidani); 

and Plumeria rubra L. (Bua). 

Ethnobotanical surveys from this study indicated that Pacific Islanders continue to use plants 

as herbal remedies for common ailments, including some symptoms of leptospirosis, with a 

variety of preparation and application methods.  

The in vitro minimum inhibition concentration (MIC) of the ethanol, acetone and water 

extracts of the ten selected plants showed varying degrees of antileptospiral activity against 

four L. interrogans serovars (serovar Australis was non-viable).  The average MIC (MIC 

average) values observed for the ethanol and acetone extracts for the four viable serovars ranged 

from 0.02 to >10.0 mg/mL; and for the water extracts from 2.50 to >10.0 mg/mL. Three plants 



 

xxi 

showed high potency against L. interrogans serovar Canicola with the lowest observed 

MICaverage values of 0.02 mg/mL for Euodia hortensis (Uci) and Mikania micrantha 

(Wabosucu) and 0.16 mg/mL for Merremia peltata (Wadamu). 

GC-MS analysis of the various phytochemicals present in the plant extracts were performed. 

Several compounds were identified as promising antimicrobial compounds that may play a 

role in the most potent antileptospiral activities of the extracts. The three (3) most abundant 

of those identified are stigmasterol in M. micrantha, sitosterol in M. peltata, and obtusifoliol 

in E. hortensis. 

 



 

1 

Chapter 1 Introduction 

1.1 The Pacific Islands of Fiji 

The Oceania region of the world is centered in the tropical Pacific Island nations which 

comprises four main ethnogeographic groupings: Melanesia, Micronesia,  Polynesia, and 

Australasia (Douglas & Ballard, 2008). Fiji is part of Melanesia (Figure 1.1), an 

archipelago made up of 332 islands located in the South Pacific Ocean, with about 110 

inhabited islands (Douglas & Ballard, 2008). Most people in Fiji live on the two main 

islands of Viti Levu in the central division of Fiji and Vanua Levu in the northern part of 

the island nation (Waqavonovono, 2018).  Figure 1.2 shows the location of the islands of 

Viti Levu and Vanua Levu among other smaller islands in Fiji. 

Fiji’s population was estimated at 884,887 based on the 2017 Fiji census reported by the 

Fiji Bureau of Statistics in January 2018 (Waqavonovono, 2018). The report stated that 

the population was comprised mostly of 54% native Fijians, 38% Indo-Fijians (those of 

Indian origin), 1% Rotumans (who are natives of Rotuma Island located in the northern 

part of Fiji), and 7% of other ethnic groups. About 55.9% of the population lived in the 

urban areas (Waqavonovono, 2018).  

According to the United Nations Food and Agriculture Organization (FAO) about 55.5% 

of Fiji is forested and home to about 1,518 species of vascular plants, of which 50.1% are 

endemic (Butler, 2010). 
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Figure 1.1 The location of the Fiji Islands in the Pacific Ocean 

Source: https://en.wikipedia.org/wiki/Oceania#cite_note-forei-5 - September 12, 2020. 
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Figure 1.2 Map of the Fiji Islands 

Source: http://www.ezilon.com/maps/oceania/fiji-physical-maps.htm - June 27, 2016.
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1.2 Medicinal plants and ethnobotanical practices in Fiji 

According to a worldwide review by the World Health Organization (WHO) on the legal 

status of traditional medicine and complementary/alternative medicine, about 60 – 80% 

of Fiji’s population use traditional medicine (Cummings et al., 2001). According to the 

report, an average Fijian household uses about US$200 worth of medicinal plants 

annually, which equates to about US$75 million annually if these traditional medicines 

were replaced by allopathic medicines. Cummings et al (2001) further adds that Fijians 

in the rural areas are the primary users of traditional medicine. The popularity of 

traditional medicines is increasing in urban areas. Traditional medicine practitioners are 

often consulted before visiting allopathic medical providers. Many medical providers also 

practice traditional medicine.  

Surveys conducted by the Women's Association for Natural Medicinal Therapy (a non-

governmental organization that promotes traditional medicine) in 13 out of the 14 

provinces in Fiji (Chen, 2001), revealed that the local people believed in western 

medicine. However, villagers often turn to traditional medicine first because they are 

effective and cost efficient. These surveys further concluded that many people, including 

medical providers, use traditional medicine but are hesitant to publicly claim its use 

because some have associated traditional medicine with witchcraft (Cummings et al., 

2001). Furthermore, Cummings et al (2001) reported on the legal status of traditional 

medicine and complementary/alternative medicine which indicated that most students of 

traditional medicine receive their training through oral instruction from established 

practitioners and there is no formal training curriculum and efforts to engage more in 

medicinal plant research have been hindered by lack of scholarships for postgraduate 

research students. 

Several researchers, preparers of Fijian traditional medicines and individuals with general 

interest in medicinal plants in Fiji have listed the various plants used in Fiji as medicines 

for common ailments, as well as the plant parts used and their preparation methods. A 

publication titled “Fijian Medicinal Plants” documents several plants in Fiji such as ferns 

and flowering plants, that have been found to have therapeutic effects on several types of 

ailments (Cambie & Ash, 1994). The publication also provides the botanical and Fijian 

names of the plants, their medicinal uses, and a description of their chemical composition.  

Twenty-six plants found in Namosi Village on the island of Viti Levu in Fiji were reported 

with their Namosi vernacular names with the description of their medicinal use, plant 
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parts used and their preparation methods (Weiner, 1970). Wound healing herbs in Fiji 

have also been described (Sotheeswaran & Sotheeswaran, 1999), as well as medicinal 

plants that grow along the seashore in most of Fiji’s coastal areas (Stone, 2016). 

The WHO publication titled, “Medicinal Plants in the South Pacific” also documents a 

variety of medicinal plants in Fiji, together with their botanical and Fijian names, as well 

as names used in other Pacific Islands countries, their medicinal use, parts of plants used 

and their chemical constituents (WHO, 1998). Colloquial accounts also document the use 

of medicinal plants.  Preparers of Fijian herbal remedies have shared their knowledge of 

medicinal plants and their therapeutic uses. A gentleman from the province of Ra on the 

island of Viti Levu in the western part of Fiji who prepares medicinal plants for remedies, 

describes in a YouTube video in the Fijian vernacular the importance of these plants in 

his life and how he helps individuals, whether friends or family members, who approach 

him for herbal remedies of ailments they often present with (Tokalau, 2016). 

Ethnobotanical practices of both the indigenous Fijian population and the Indo -Fijians 

are commonly practiced in Fiji. In the late 19th and early 20th century indentured labourers 

from India were brought to Fiji to work in the sugar plantations (Lal, 1980). Some of 

these emigrants were traditional healers who brought their extent of knowledge and skills 

of traditional medicinal practices of plant species and plant materials used for herbal 

remedies, and their parallel uses in India of the various plant species (Singh, 1986).  

‘Wainimate’, is a publication on medicinal plants used in Fiji as herbal remedies for 

ailments that was compiled by some Fijian natives (Tupua et al., 1992). The publication 

is in the native language and lists 126 types of ailments. The Fijian name of the plants 

that can be used as the remedy for each ailment, the plant part(s) used, the descriptive 

method of preparation and method of application are discussed in that publication. The 

various types of ailments documented ranged from skin diseases and several types of 

infections to various other types of symptomatic conditions. The parts of the plant used 

included the leaves, fruits, stem, bark, and roots, and in some cases, there would be a 

combination of more than one type of plant and parts of plants . The documented 

preparation methods of the medicinal plant’s preparation included decoction, infusion, 

maceration, poultice, baths or leaves chewed to drink the juice or use the chewed leaves 

as a poultice (Tupua et al., 1992). 
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1.3 Leptospirosis in Fiji  

Leptospira interrogans is a bacterium that causes leptospirosis and several documented 

outbreaks of the disease have been reported in Fiji, mostly after a rainy season and floods 

(Qounadovu, 2015). The National Notifiable Disease Surveillance System (NNDSS) of 

the Fiji Ministry of Health reported an increased number of leptospirosis cases and 

admissions between 2003 and 2018. During the 15-year span, 2,224 cases of leptospirosis 

cases were reported with 60% of these cases having hospital admissions (Rokovutoro, 

2020).  

About twenty people die every year from the disease and was identified as one of the four 

priority climate-sensitive diseases of major public health concern in Fiji (Lau et al., 2016). 

In another report, 420 laboratory-confirmed leptospirosis cases and 42 deaths from 

leptospirosis have been reported each year in Fiji between 2012 and 2014 (Gopal, 2015). 

Fiji’s Ministry of Health reported that leptospirosis has occurred in Fiji since the 1970s 

(Reid, 2013). The incidence of the disease has increased since that time which may be 

due to the improvement in the laboratory facilities available in Fiji for its detection. In 

2011, leptospirosis was reported to infect 12 people per 100,000 population and the 

incidence increased to 62.5 to 100 people per 100,000 population in 2012 (Reid, 2013). 

In this same study, it was reported that 525 confirmed cases of leptospirosis, with 52 

deaths, occurred after the rainy and flooding season from March to April 2012. Most 

cases were from the western division of Viti Levu, with Fijian males being mostly 

affected. Reid (2013) also compared the occurrence of several L. interrogans serovars in 

humans and in dogs in Fiji.  The most predominant serovar was L. interrogans serovar 

Canicola accounting for 60% human infections and 46% infections in dogs, followed by 

L. interrogans serovar Copenhageni (35% infections in humans and 20% in dogs), L. 

interrogans serovar Australis (20% infections in humans and 40% in dogs), L. 

interrogans serovar Ballum (20% infections in humans and 13% in dogs), L. interrogans 

serovar Hardjo (10%) infections occurred only in humans, and L. interrogans serovar 

Bulgarica about 5% infection in humans and 7% in dogs.  

Except for serovar Ballum, all other Leptospira serovars indicated above, as well as L. 

interrogans serovar Cynopteri, were identified in positive Leptospira serological tests by 

the Fiji Scientific Center for Communicable Disease Control at the Mataika House, Suva, 

Fiji, thus, being implicated in leptospirosis infections in Fiji. The major serovars were 

reported by (Vakacegu, 2010). 
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A seroprevalence study conducted on specimens from suspected leptospirosis patients 

between 2012 and 2013 implicated two new serovars, Pohnpei and Ballum (Lau et al., 

2016). Serovar Pohnpei was the dominant serovar out of the six serovars identified that 

was present in the western, central, and northern regions of Fiji; as well as all age groups 

with predominance in the 0 to 9 years age group (Lau et al., 2016). 

In July of 2015 there were 3 fatal cases of leptospirosis in the Northern division of Fiji 

(Rawalai, 2015). In September of the same year, 148 cases were confirmed in the 

Northern division and most of those affected showed symptoms of high fever, muscle and 

joint pains of the thighs and lower limbs, red eyes, feeling unwell with jaundice of the 

eyes or palms of the hands, concentrated urine, rash and unexplained bleeding (Silaitoga, 

2015). 

In late February 2016, tropical cyclone Winston ravaged Fiji resulting in an aftermath of 

leptospirosis outbreaks a few months later (Bolatagici, 2016). Three cases were 

confirmed at Qelekuro Village in Tailevu in early April of that year. By the end of the 

same month, a total of 166 leptospirosis cases was being recorded by Fiji’s Ministry of 

Health (Vuibau, 2016). In July of the same year, 3 deaths and 20 other confirmed cases 

were reported in the western division of Ba (Koroi, 2016). 

The Fiji Sun newspaper ninety-eight cases of leptospirosis with four deaths in early 2019 

(Kumar, 2019). Majority of the cases were between the 19- and 29-years age group.  

Human leptospirosis in Fiji has risk factors and drivers that are complex with multiple 

factors involved. Environmental factors play important roles. Continual severe weather 

changes, heavy rainfall leading to flooding due to global climate change, population  

growth leading to increased livestock farming, and increases in poverty and urbanization 

are potential risk factors and drivers that enhance the transmission of zoonotic diseases 

including leptospirosis in Fiji and elsewhere with similar settings (Lau et al., 2016). 

 

1.4 Research objectives 

This multifaceted research uses a qualitative and quantitative approach. It aims to capture 

information qualitatively through a survey to supplement the current literature on the 

ethnobotanical practices in selected Pacific Island countries. At the same time, it 

compares the perception versus the reality of the use of traditional herbal medicines to 

treat ailments or diseases in the Pacific. It also aimed to capture information relating to 
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the use of traditional herbal medicines for the treatment of common symptoms of 

leptospirosis, including flu-like illness, fever, headaches, skin rashes, bleeding, and in 

more severe cases jaundice due to hepatitis. 

Quantitatively, the research attempted to investigate the anti-leptospiral properties of 

leaves of selected plants in Fiji and their active antimicrobial compounds that contribute 

to their bioactivity. The criteria of selection of these plants for this research are as follows: 

documentation in the literature as having antimicrobial properties; are easily accessible 

in the environment around Fiji; and are commonly used in Fiji as herbal remedies for 

common ailments. The selected plants with their botanical and local Fijian names include: 

Cananga odorata (Lam.) Hook. F. & Thomson (Makosoi); Carica papaya L. (Weleti); 

Citrus limon (L.) Burm. f. (Moli karokaro); Colocasia esculenta (L.) Schott (Dalo); 

Euodia hortensis J. R. Forst. & G. Forst. (Uci); Ipomoea batatas (L.) Lam. (Kumala); 

Merremia peltata (L.) Merr.  (Wadamu); Mikania micrantha Kunth (Wabosucu); 

Polyscias fruticosa (L.) Harms. (Danidani); and Plumeria rubra L. (Bua).  

The ten selected medicinal plants for this study will be tested against the following 

Leptospira interrogans serovars: L. interrogans serovar Australis, L. interrogans serovar 

Bulgarica, L. interrogans serovar Canicola, L. interrogans serovar Copenhageni, and L. 

interrogans serovar Hardjo.   

The early symptoms of human leptospirosis are often mistaken for influenza-like illness, 

chikungunya (Nhan, Bonnieux, Rovery, Jean-Jacques, & Musso, 2016) or dengue fever 

(Noor et al., 2012); (Sharp et al., 2016). Therefore, leptospirosis is often misdiagnosed. 

Even though leptospirosis is a treatable infection, fatal cases continue to occur in Fiji. The 

anti-leptospiral properties by these plants may indicate their potential for the remedy of 

early symptoms of leptospirosis, while medical or hospital care is being sought.  
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Chapter 2 Literature Review 

2.1 The genus Leptospira 

Leptospires are tightly coiled spirochaetes, about twenty micrometres long, with pointed 

ends, with one or both ends usually bent into a distinctive hook (Figure 2.1) (Levett, 

2001). They are thin 0.1 micrometers by 8 to 20 micrometers in length, highly motile, 

slow-growing spirochetes with a helical shape that are easily distinguished from other 

non-spirochaetal bacteria (Slamti, de Pedro, Guichet, & Picardeau, 2011). 

 

Figure 2.1 Electron micrograph of L. interrogans 

Photo credit: Janice Haney Carr  

Source: Centers for Disease Control's Public Health Image Library Image #1220 

http://phil.cdc.gov/phil/details.asp?pid=1220 
 

Leptospire bacteria are of the genus Leptospira, the order Leptospirales and of family 

Leptospiraceae. An overview of the classification the Leptospira species is shown in 

Table 2.1. Figure 2.2, illustrating twenty-one species categorized into three main 

subgroups based on phylogenetic analysis of full-length 16S rRNA sequences, DNA 

hybridization, pathogenicity, virulence, and in vitro growth characteristics. Group I 

pathogens includes nine species L. kirschneri, L. interrogans, L. noguchii, L. 

borgpetersenii, L. alexanderi, L. weilli, L. santarosai, L. kmteyi and L. alstoni that are 

highly pathogenic and have been implicated as the main agents that progress leptospirosis. 

Group II (or intermediate pathogens) includes L. licerasiae, L. wolffi, L. broomii, L. 

inadal, and L. fainei. The non-pathogenic group includes eight Leptospira species. The 

most virulent species are in Group I (Lehmann, Matthias, Vinetz, & Fouts, 2014).  

http://phil.cdc.gov/phil/home.asp
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However, Bharti et al.(Bharti et al., 2003) lists seventeen Leptospira species classified 

based on DNA relatedness that is defined as being at least 70% DNA-related, and whose 

related DNA sequences contain at most 5% unpaired bases (divergence) (Table 2-1). 

Dikken and Kmety (Dikken & Kmety, 1978) argue this classification coexists with the 

older serological classification in which antisera are used to establish antigenic 

relatedness between isolates. Leptospiral strains are commonly referred to as serovars. 

 

 

Figure 2.2 Phylogenetic tree of the 21 recognized Leptospira species based on the 

16S rRNA sequencing. 

A – The common ancestral lineage for the non-pathogenic, Group I and Group II pathogenic Leptospira. 
B - A lineage splits resulting in a speciation event where a single ancestral lineage gives rise to two or 
more daughter lineages. 

C - A clade is a grouping that includes a common ancestor and all the descendants (living and extinct) of 
that ancestor. Group I and Group II pathogenic Leptospira has a shared history of Clade C. 

D – Common ancestor of Group I and Group II pathogenic Leptospira. 
E – Common ancestor of Group I pathogenic Leptospira. 
F - Common ancestor of Group II pathogenic Leptospira. 

G - Common ancestor of the non-pathogenic Leptospira. 
H – The root of the tree representing the ancestral lineage, and the tips of the branches represent the 
descendants of that ancestor. As one moves from the root to the tips, one is moving forward in time. The 

degree of virulence increases when moving forward in time from the common ancestor (D) to the 
descendants, Group I and II Leptospira pathogens. 

 
Source: Lehmann et al. (2014)  

A 
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Table 2-1 Overview of the classification of Leptospira species. 

Species Serovar Reference strain Serogroup 

Pathogens 

L. interrogans Australis Ballico Australis 

Bratislava  Jez Bratislava  Australis 

Bataviae  Van Tienen  Bataviae 

Canicola  Hond Utrecht IV  Canicola 

Hebdomadis  Hebdomadis  Hebdomadis 

Icterohaemorrhagiae  RGA  Icterohaemorrhagiae 

Copenhageni  M 20  Icterohaemorrhagiae 

Lai  Lai Icterohaemorrhagiae 

Pomona  Pomona Pomona 

Pyrogenes  Salinem  Pyrogenes 

Hardjo  Hardjoprajitno  Sejroe 

L. alexanderi  Manhao3  L 60  Manhao 

L. fainei  Hurstbridge BUT 6 Hurstbridge 

L. inadai  Lyme  10  Lyme 

L. kirschneri  Bim 1051 Autumanalis 

 Cynopteri  3522 C  Cynopteri 

 Grippotyphosa  Moskva V  Grippotyphosa 

 Mozdok  5621  Pomona 

 Panama  CZ 214K  Panama 

L. meyeri  Semaranga  Veldrat  Semaranga 

  Semaranga 173  

L. borgpetersenii Ballum  Mus 127  Ballum 

Castellonis  Castellon 3  Ballum 

Javanica  Veldrat  Javanica 

Bataviae 46 

Sejroe  M 84  Sejroe 

Tarassovi  Perepilitsin  Tarassovi 

L. weillii  Celledoni  Celledoni  Celledoni 

L. noguchii  Fortbragg  Fort Bragg  Autumnalis 

L. santarosai  Brasiliensis  An 776  Bataviae 
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Species Serovar Reference strain Serogroup 

Georgia  LT 117  Mini 

Genomospecies 1  Pingchang  80-412  Ranarum 

Genomospecies 4  Hualin  LT 11-33  Icterohaemorrhagiae 

Genomospecies 5  Saopaulo  Sao Paulo  Semaranga 

Saprophytes 

Genomospecies 3  Holland  Waz Holland 

(P438) 

Holland 

L. biflexa  Patoc  Patoc I Semaranga 

L. wolbachii  Codice  CDC 

 
Source: Bharti et al. (2003) 

 

2.2 Leptospira interrogans and its serovars  

Leptospirosis was first discovered by Weil, a professor of medicine at Heidelberg, 

Germany in 1886, and was first named as Weil’s disease (Alston & Brown, 1937). This 

was found to be caused by Leptospira interrogans, serovar Icterohaemorrhagiae or 

Copenhageni. In 1907 it was named by Stimson as Spirocheta interrogans after they were 

noticed in silver-stained preparations of liver from a patient believed to have died of 

yellow fever of unrecognized viral origins (Sellards, 1940). Later in 1918, a researcher 

Noguchi proposed the name ‘Leptospira’ (thin spirals) after some detailed microscopical 

and cultural examinations of the organism (Noguchi, 1928). 

L. interrogans is a member of Group 1 pathogens (Figure 2.2) that are the most virulent 

and most highly pathogenic of the Leptospira species. L. interrogans (as well as other 

species) are divided into numerous serovars, defined by agglutination after cross-

absorption with homologous antigen (Johnson & Faine, 1984). When the test is repeated 

and is found that more than 10% of the homologous titer remains in at least one of the 

two antisera, then the two strains are of different serovars. Serogroups are groupings of 

the antigenically related serovars that have no taxonomic standing, and have been useful 

for epidemiological studies (Levett, 2001). Some serovars have been found in multiple 

species (Kmety & Dikken, 1993). 

L. interrogans has about 24 serogroups and approximately 250 serovars. Variations in the 

expression of surface-exposed highly immunogenic lipopolysaccharide (LPS) in the outer 
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membrane of the Leptospira bacteria determine the antigenic diversity among the 

numerous serovars or group structures, thus accounting for the hundreds of known 

leptospiral serovars. Those serovars containing overlapping antigenic determinants are 

classified into larger serogroups (Evangelista & Coburn, 2010). 

An epidemiological study conducted in Fiji between 2012 and 2013 revealed the  

dominance of serovar Pohnpei over the other serovars, with 55 to 85% positivity in the 

microagglutination test (MAT) among 199 leptospira-positive human serum samples 

from the six test regions in Fiji representing the western, central, and northern parts of the 

country (Lau et al., 2016). This serovar was originally isolated from rodents and pigs in 

Pohnpei, Federated States of Micronesia (Colt et al., 2014). 

The forthcoming sections discuss the four L. interrogans serovars discussed in this study. 

As this thesis is about leptospirosis in Fiji and the potential Fijian herbal remedies of the 

disease, more emphasis is on the Australian statistics of the disease since there is not 

much information on leptospirosis in Fiji. Even though leptospirosis were also reported 

in other Pacific Islands, L. interrogans serovar Australis was the only serovar implicated 

to have caused the disease in Raiatea and the Marquesas Islands, Vanuatu and Palau, Fiji 

(Victoriano et al., 2009), New Caledonia (Berlioz-Arthaud, Mérien, & Baranton, 2007), 

Wallis and Futuna (Massenet, Yvon, Couteaux, & Goarant, 2015), Hawaii (Katz, 

Buchholz, Kialani Hinson, Park, & Effler, 2011), and American Samoa (Lau, Skelly, 

Smythe, Craig, & Weinstein, 2012).  

2.2.1 Serovar Australis 

In a 2012 to 2013 study conducted in Fiji where 199 specimens from suspected 

leptospirosis patients were tested (Table 2-2), serovar Australis was the fourth most 

prevalent serovar, with 3 to 10% seropositivity in the microagglutination tests (MAT) 

(Lau et al., 2016).   

Serovar Australis has been implicated in worldwide cases of human leptospirosis, and is 

one of the two dominant serogroups associated with outbreaks in the Pacific Islands of 

Raiatea and the Marquesas Islands, and sporadic cases in Vanuatu, Palau, Fiji (Victoriano 

et al., 2009), the French Polynesian islands of New Caledonia (Berlioz-Arthaud et al., 

2007) and, Wallis and Futuna (Massenet et al., 2015), Hawaii (Katz et al., 2011) and 

American Samoa (Lau et al., 2012).  
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Leptospirosis was first reported in Australia in 1933 in Ingham, Queensland. It was not 

detected until the early 1950s in the seven other states and territories of Australia. There 

were several Leptospira serovars that were first isolated in Australia, and one of them was 

serovar Australis (Slack, Symonds, Dohnt, & Smythe, 2006). 

L. interrogans serovar Australis is associated with cane cutter’s disease in Australia. Rats 

and small marsupials are the main carriers of the disease. This serovar is commonly found 

in the Northern Territory and Western Australia. Between 2005 and 2014 about 8% to 

16% of the total human leptospirosis notifications (Table 2.2) were confirmed as serovar 

Australis in Australia ("Serovar Australis ", 2014). 

2.2.2 Serovar Bulgarica 

Serovar Bulgarica has been implicated human leptospirosis infections in Fiji as indicated 

by Vakacegu (personal communication, March 18, 2010). There is limited information 

on the association of this serovar with human leptospirosis cases in other Pacific Islands. 

Between 2005 and 2014, 0.0 to 1.1% (Table 2-3) of the total human leptospirosis cases 

reported by the Leptospirosis Reference Laboratory, Forensic and Scientific Services, 

Health Support Queensland ("Serovar Bulgarica," 2014). The report implicated the spread 

of human leptospirosis cases associated with serovar Bulgarica to be spread by rodents. 

Such cases were reported from the southern Queensland area with sporadic cases in New 

South Wales. Little research has been conducted on this serovar in Australia. The 

incidence of Serovar Bulgarica is negligibly low in Australia, with very occasional cases 

being reported.  

2.2.3 Serovar Canicola 

The leptospirosis epidemiological study conducted in six regions in Fiji by Lau et al 

(2016) between 2012 and 2013 confirmed serovar Canicola to be the third most 

commonly occurring serovar with, 3 to 15% seropositivity in the MAT (Table 2-2). 

Serovar Canicola has also been associated with leptospirosis cases in American Samoa 

(Lau et al., 2012). Vakacegu (personal communication, March 18, 2010) argues that 

serovar Canicola was earlier reported by the Fiji Communicable Scientific Services, 

Mataika House of having very low titres in the serology test methods used. In Australia, 

serovar Canicola is commonly found in the coastal areas of Northern North Queensland 

from Cardwell to Cape York ("Serovar Canicola," 2014). The serovar’s common carriers 

are rainforest animals such as rats and bandicoots. Serovar Canicola group has a very low 

incidence in Australia with less than five cases detected annually. About 0 to 2.2% of the 
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total human leptospirosis cases reported in Australia between 2005 and 2014 (Table 2-3) 

were associated with serovar Canicola ("Serovar Canicola," 2014). 

 

2.2.4 Serovar Copenhageni 

The classic “Weil’s Disease” can be caused by serovar Copenhageni. The 

epidemiological study in Fiji between 2012 and 2013 confirmed serovar Copenhageni as 

being the second most occurring serovar with 5 to 15% seropositivity in the MAT (Table 

2-2) (Lau et al., 2016). Serovar Copenhageni was also indicated by Vakacegu (personal 

communication, March 18, 2010) as one of the three leptospiral serovars showing high 

antibody titres among patients tested.  

Its normal hosts are black or brown rats, but it has also been suspected that Australian 

rodents and small marsupials may be carriers too. The serovar is widespread throughout 

Australia, with numbers of reported cases throughout the year ("Serovar Copenhageni," 

2014). Between 2005 and 2014, 0 to 2.9% of the total human leptospirosis cases in 

Australia (Table 2-3) were associated with Copenhageni ("Serovar Copenhageni," 2014). 

 

Table 2-2 Overview of the seroprevalence of L. interrogans in Fiji between 2012 

and 2013. 

L. interrogans serovar Microagglutination Test (MAT) 

% Seropositivity 

Australis 3 - 10% 

Ballum 1 - 8% 

Canicola 3 - 15% 

Copenhageni 5 – 15 % 

Hardjo 1 - 2% 

Pohnpei 55 - 85% 

Source: Lau et al. (2016) 

 

2.2.5 Serovar Hardjo 

The epidemiological study in Fiji between 2012 and 2013 confirmed serovar Hardjo as 

the sixth and the lowest occurring serovar with 1 to 2% seropositivity in the MAT  

(Table 2-2) (Lau et al., 2016).  Serovar Hardo was indicated by Vakacegu (personal 
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communication, March 18, 2010) as one of the three top leptospiral serovars showing 

high antibody titres among patients’ specimens tested. This serovar can be found in most 

parts of Australia and is a globally occurring organism. Cattle, (both dairy and meat-

producing) are the main carriers of this organism. It has the highest occurrence rate in 

Australia, with about 7.7 to 20.8 % of the total human leptospirosis cases reported (Table 

2-3) ("Serovar Hardjo," 2014).  

 

Table 2-3 Summary of the occurrence of L. interrogans serovars in Australia 

between 2005 and 2014. 

L. interrogans serovar Notifications 2005-2014 Leptospirosis notifications % 

Australis 145 7.8 – 15.9% 

Bulgarica 6 0 – 1.1% 

Canicola 9 0 – 2.2% 

Copenhageni 18 0 – 2.9% 

Hardjo 175 7.7 – 20.8% 

 
Source: Leptospirosis Reference Laboratory, Queensland Health, Brisbane, Australia. 
https://www.health.qld.gov.au/qhcss/lepto. Retrieved February 16, 2017. 

 

2.3 The epidemiology of leptospirosis 

Leptospirosis mainly affects the impoverished populations of the developing countries 

in tropical regions of the world (Picardeau, 2015). The burden of the disease is 

significant worldwide, due to the inadequacy of a timely diagnosis of the disease. This 

is one of the limitations of surveillance systems in low-income tropical countries. It has 

affected the awareness of the disease among the medical community. Picardeau 

(Picardeau, 2015) further adds that there are over one million severe cases of 

leptospirosis annually, with about 60,000 deaths.  

Leptospirosis is an occupational disease where farmers, veterinarians and abattoir 

workers are professionally exposed to Leptospira-infected animals such as cattle or pigs. 

It is also considered to be a recreational disease as freshwater-related sports are a potential 

risk in summer and throughout the year in tropical countries where the disease is endemic 

(Mohammed, Nozha, Hakim, Abdelaziz, & Rekia, 2011). 

Climate change, flooding, population growth, urbanization, poverty, and agricultural and 

livestock farming have been considered as risk factors attributing to the enhancement of 
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human leptospirosis in the tropical developing countries (Lau et al., 2016). In the tropical 

developing countries where leptospirosis is endemic, the co-existence of leptospirosis 

with other illness such as zika infection (Neaterour et al., 2017), dengue (Sharp et al., 

2016) and chikungunya (Nhan et al., 2016) have been reported. 

 

2.4 Outbreaks of leptospirosis in other Pacific Islands 

In the tropical and sub-tropical islands of the Oceanic region in the South Pacific Ocean, 

about 35 million people inhabit these islands, with about a third of the population being 

distributed among the three ethnogeographic regions of Melanesia, Polynesia and 

Micronesia (Kline, McCarthy, Pearson, Loukas, & Hotez, 2013). They further add that 

the other two-thirds live in Australia and New Zealand. The Melanesian region has the 

highest number of inhabitants, with Papua New Guinea having the highest population. 

Most people in Papua New Guinea, Fiji and the Solomon Islands live below the poverty 

line defined by the World Bank as US$1.25 per day (Kline et al., 2013). 

The environmental conditions in the Pacific Islands are highly favourable for 

transmission of leptospirosis, a neglected zoonosis with highest incidence in the tropics, 

and Oceania in particular (Guernier, Goarant, Benschop, & Lau, 2018). However, cases 

have been reported in some Pacific Islands. Guernier et al (2018) reviewed leptospirosis 

articles published between January 1947 and June 2017. The review confirmed the 

emergence and outbreaks of leptospirosis in the Pacific Islands, but the epidemiology and 

drivers of transmission of human and animal leptospirosis are poorly documented, 

especially in the more isolated and less developed islands.  Papua New Guinea has the 

highest population in the Pacific (with most living under the poverty line) and with 

documented incidence of leptospirosis in livestock (Wai’in, Robertson, Fenwick, Smythe, 

& Reid, 2006). There is limited information available on the incidence of human 

leptospirosis in that country even though the disease occurrence dates back to the 1970s 

(Victoriano et al., 2009). 

A few studies have documented the incidence of leptospirosis in the Pacific Islands, 

including Fiji (Lau et al., 2012); (Reid, 2013); French Polynesia (Guernier et al., 2017); 

(Tubiana et al., 2013), Vanuatu, American Samoa, Northern Mariana Islands and Palau 

(Victoriano et al., 2009). Several cases were also reported in the Federated States of 

Micronesia (Colt et al., 2014). 
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2.5 Transmission, pathogenesis, clinical features, and treatment of 

leptospirosis 

2.5.1 The transmission of leptospirosis 

The transmission of human leptospirosis results from direct or indirect contact with urine 

of infected mammalian reservoirs, including rodents or wild and domestic animals. 

Leptospires localize in the nephritic tubules and are shed in the urine of these animals 

(Senior, 2010).  

Leptospires enter the body via cuts or abrasions in the skin or through mucous membranes 

of the eyes, nose, or throat through ingestion. Alternatively, it can enter the body via 

contact with leptospire-contaminated water. Rats serve as the major carriers in most 

human leptospirosis incidences, excreting high concentrations of leptospires (107 

organisms per mL) months after their initial infections (Evangelista & Coburn, 2010). 

Humans are considered as incidental hosts, suffering from acute but sometimes fatal 

infections, and yet do not constitute a carrier state required for transmission of the 

pathogen (Adler & de la Pena Moctezuma, 2010); (Evangelista & Coburn, 2010). Figure 

2.3 shows an overview of the transmission of Leptospira to humans and the cycle of the 

leptospiral infection. 

2.5.2 The pathogenesis of leptospirosis 

The mechanism of leptospiral pathogenesis is not well understood and identifying genes 

related to the pathogenesis and the knowledge of the mechanisms of the organism’s 

adaptation to the mammalian host is still unclear. However, recently published research 

revealed significant information that may provide a comprehensive roadmap for 

understanding the pathogenesis of leptospirosis, and its adaptation to the mammalian 

host, that relate to the changes in the genomic features of the pathogenic Leptospira (Fouts 

et al., 2016).  

The comparative analysis of genomes of pathogenic and saprophytic Leptospira has 

allowed more than 900 genes (Adler, Lo, Seemann, & Murray, 2011); (Lehmann et al., 

2014). These genes, unique to either either Leptospira interrogans or Leptospira 

borgpetersenii, potentially encode virulence-associated proteins.  Several features 

attributing to the pathogenicity of pathogenic Leptospira have been identified by Fouts et 

al (Fouts et al., 2016). The seven unique features include: (1) the key adaptation feature 

of infectious Leptospira to mammals (such as pathogen-specific porphyrin metabolism 

and the biosynthesis of sialic acid), (2) the discovery of a carbohydrate that allows these 
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organisms to hide within the body so as to avoid destruction but allows disease 

progression, (3) the ability of the infectious Leptospira to synthesize cobalamin (B12), 

from a simple amino acid precursor (non-infectious Leptospira are unable to do this), and 

cobalamin being demonstrated as a bacterial virulence factor, (4) the presence of novel 

virulence-related genes/gene families of proteins (Virulence Modifying (VM) (PF07598 

paralogs) and pathogen-specific adhesins, (5) the discovery of novel, pathogen-specific 

protein modification and secretion mechanisms, (6) the demonstration of infectious 

Leptospira-specific signal-responsive gene expression relating to the motility and the 

chemotaxis systems of the organism, and (7) the discovery of the CRISPR-Cas (a 

molecular immune system that confers resistance to foreign genetic elements and 

provides a form of acquired immunity for the organism). CRISPR-Cas is a genetic 

machinery found only in pathogenic Leptospira (Group I), but not in the intermediate 

(Group II pathogens) or the non-infectious groups of the genus, which is thought to 

contribute to the acceleration of the leptospirosis infection in humans.  

Leptospiral lipoproteins and bacterial outer membrane proteins (OMP) are major 

components of the outer membrane of leptospires that play important roles in the 

pathogenesis of leptospirosis (Pinne & Haake, 2013). The modification in the 

biosynthesis of lipid A, the membrane lipid anchor of lipopolysaccharide (LPS) in 

Leptospira interrogans, also plays an important role in temperature adaptation and 

virulence in the animal infection model (Eshghi, Henderson, Trent, & Picardeaua, 2015). 

Other molecules suggested by Gonçalves-de-Albuquerque et al (Goncalves-de-

Albuquerque et al., 2012) are believed to also play a part in the pathogenicity of 

Leptospira include potential toxins such as hemolysins, cytotoxins, endotoxins and the 

Na/KATPase, a target for specific fatty acids of host origin and for bacterial components 

such as the glycolipoprotein fraction (GLP).  

The virulence of L. interrogans are characterized by various features including but not 

limited to the mobility and ability of the bacteria to attach and invade tissues being 

facilitated by the involvement of some LPS (Eshghi et al., 2015) and adhesins (Fouts et 

al., 2016); the presence of toxins and toxin factors (Goncalves-de-Albuquerque et al., 

2012); the presence of a high-temperature protein G that makes the organism insensitive 

to high temperatures (King et al., 2014); and the Leptospira-induced macrophage death 

due the elevation of calcium ions induced by the infection causing host cell death (Zhao 

et al., 2013). 
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2.5.3 The clinical features of leptospirosis 

The clinical progress of human leptospirosis is biphasic (Bal, 2005). The acute or 

septicaemic phase that lasts for about a week, followed by the immune phase. 

Demonstration of leptospiral infection can be confirmed through the presence of excreted 

leptospires in urine during the acute/septicaemic phase and antibodies in serum during 

the immune phase (Levett, 2001). 

Human leptospirosis ranges from a mild illness that may suggest a viral infection such as 

dengue fever or influenza, to a multi-systemic syndrome with unique features (Bal, 2005). 

It is characterized by sudden onset of non-specific symptoms such as fever of 38 to 40°C; 

rigours, headache, retroorbital pain, photophobia, conjunctival suffusion, dry cough, 

nausea and vomiting, diarrhoea and myalgia localized to the calf and lumbar areas 

(Gompf, 2016). 

The incubation phase from exposure to onset of symptoms averages from 7 to 12 days, 

but it can be as short as 3 days to as long as a month (Haake & Levett, 2015). After the 

leptospires are being transmitted into the human body, spirochaetes begin to circulate in 

the bloodstream and may be detected in multiple organs by the third day of infection 

(Levett, 2001). The leptospire burden in blood and tissues may reach up to 106 – 107 per 

mL/g in patients (Ko, Goarant, & Picardeau, 2009). 

Bal (Bal, 2005) suggests that a high index of suspicion for the disease be maintained 

especially in endemic areas, and clinicians need to be aware of the possibility of 

leptospirosis, even if the illness presents with unusual features. 
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Figure 2.3 The transmission of Leptospira to humans and the cycle of the leptospiral infection 

A - Leptospiral pathogens can infect mammals (wild, domestic and livestock animals). 

B – Inter transmission of the leptospiral pathogens between these mammals and rodents is possible. 
C - Rodents are asymptomatic carriers of leptospiral pathogens. 

D - Mammalian species excrete leptospiral pathogens in their urine that are excreted into the environmental surface water or soi l contaminating them. 
E – Humans can be exposed and infected through the transmission of the leptospiral pathogens in the infected urine of rodents.  
F – Humans can be exposed and infected through the transmission of the leptospiral pathogens in the environ mental surface water or soil contaminated with the urine of infected 

mammals (wild, domestic and livestock animals). 
G – Humans infected with leptospiral pathogens can suffer from uveitis (inflammation of the eye), meningitis (inflammation of the meninges of the brain), myocarditis (inflammation 
of the heart muscle), pulmonary haemorrhage syndrome (blood leakage from blood vessels of the lungs), and hepatic and renal d ysfunctions (abnormal functions of the liver and 

kidneys). 

Source: Ko, Goarant, & Picardeau, 2009  
http://www.nature.com/nrmicro/journal/v7/n10/fig_tab/nrmicro2208_F2.html - February 17, 2017.
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2.5.4 The treatment of leptospirosis 

The general management of leptospirosis includes providing symptomatic and supportive 

therapy, depending on the severity of the signs and symptoms. Antimicrobial therapy has 

been used to treat both mild and severe leptospirosis; however, it is unnecessary for mild 

leptospirosis since the symptoms are often self-limiting and, in most cases, resolve 

without medical attention (Devishree, 2015), 2015). However, severe leptospirosis 

involving renal, hepatic, hematologic and central nervous system complications (Gompf, 

2016) and pulmonary involvement (Papa, Theoharidou, & Antoniadis, 2009) may be too 

late to treat, thus, causing deaths. 

The administration of oral antibiotics can shorten the course of illness as well as reducing 

and shortening urinary excretion of leptospires (Levett, 2001). During a leptospirosis 

epidemic, prophylaxis may include antibiotic treatment using doxycycline, ampicillin or 

amoxicillin, azithromycin or clarithromycin and fluoroquinolones such as ciprofloxacin 

or levofloxacin (Gompf, 2016). She adds that treatment of leptospirosis that require 

hospitalization for treating the severe form of the disease may include one of the 

following administered intravenously: penicillin G, thirdgeneration cephalosporins 

(cefotaxime and ceftriaxone), ampicillin or amoxicillin (secondline agents) or 

erythromycin (in penicillinallergic pregnant women). Supportive therapy and careful 

management of patients with severe cases of leptospirosis may also be required if there 

are renal, hepatic, hematologic and central nervous system complications. If the disease 

complication progresses to renal failure, hemodialysis or peritoneal dialysis may be 

required to prolong life (Gompf, 2016).  

Furthermore, the treatment of leptospirosis without the use of drugs has been reported in 

China, with the use of Chinese dietary counselling, auricular acupuncture with apex ear 

bloodletting, and orientation regarding external factors (heat, dryness, dampness, cold 

and wind) (Huang, 2020). This paper included a single case report of leptospirosis but 

there was no comment as to whether the treatment affected the patient’s level of 

leptospires in her blood. 

Leptospirosis primarily affects the impoverished populations of developing countries in 

tropical regions of the world (Picardeau, 2015) (Section 2.3). This descriptor fits much of 

the population in the Pacific Island nations. Thus, the focus of this study is on the potential 

of herbal extracts for the treatment of symptoms of leptospirosis in the Pacific Islands. 

Therefore, we have placed a greater emphasis on the Pacific Islands and their medicinal 
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plants rather than detailing how each country in the world affected with leptospirosis, 

treats the disease.  Furthermore, the literature cited reports several plants with anti-

leptospiral properties (see below, Section 2.9). However, only some of the plants were 

reported as being used to treat patients infected with leptospirosis. The patients thus 

treated showed relief from the symptoms but the effects on the organism in vivo remain 

unknown. At least one of the plant extracts, from Eclipta alba, reported destructive effects 

on specific pathogenic Leptospira species (Divya, Chellakkannu, Saravanan, & Saradhai, 

2013). 

The intention of this study was to determine if there were Fijian plants being used as a 

remedy to treat the symptoms but not necessarily of leptospirosis itself (Section 3.3.9); 

and whether any of the ten plants included in this study has/have anti-leptospiral activity 

(Chapter 4.0). However, determining if the plants under investigation in this study may 

be able to be used to treat leptospirosis in humans is beyond the parameters of this study, 

and is a potential topic for future in vitro and in vivo investigations. 

 

2.6 Laboratory methods for the confirmation of leptospires or Leptospira 

infections 

Leptospirosis infections or the presence of leptospires in clinical specimens can be 

confirmed with laboratory methods including microscopic demonstration using dark 

ground microscopy (Vijayachari, Sugunan, Umapathi, & Sehgal, 2001) as shown in 

Figure 2.4. Other laboratory tests include antigen detection (Ahmad, Shah, & Ahmad, 

2005), serological methods (Levett, 2003); (Schreier, Doungchawee, Chadsuthi, 

Triampo, & Triampo, 2013), leptospire isolation (Levett, 2001); (Wuthiekanun et al., 

2013) and molecular analysis (Liu, Lawrence, Austina, Ainsworth, & Pace, 2006). 

Common specimens usually submitted for laboratory analyses may include affected organ 

tissues for culture, blood for blood culture and serological tests, cerebrospinal fluid (CSF) 

and urine for molecular test methods. As for any other clinical specimen for laboratory 

analysis, timely submission of specimens for culture and molecular diagnosis as early in 

the evolution of the disease as possible timing of specimen collection also determines the 

values of the results obtained (Khaki, 2016). 

There are screening tests available for the presumptive diagnosis of leptospirosis. One is 

testing the patient’s serum to detect Leptospira immunoglobulin M (IgM) and 

immunoglobulin G (IgG) antibodies using the enzymelinked immunoabsorbent assay 

(ELISA) (Schreier et al., 2013). A recently developed rapid latex agglutination test (LAT) 
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has been standardized for the detection of antileptospiral antibodies in  serum samples 

from suspected cases of leptospirosis (Shekatkar, Acharya, Harish, & Parija, 2010). A 

few rapid diagnostic test (RDT) kits have been evaluated and the findings reveal useful 

information that contributes to the early diagnosis of leptospirosis in the field or at point-

of-care testing (Goris et al., 2013). 

Several laboratory methods are available for the confirmation of leptospirosis infection. 

The microscopic agglutination test (MAT) is the standard reference method for the 

serological diagnosis of leptospirosis (Ahmad et al., 2005). The sensitivity of MAT also 

predicts the infecting Leptospira serovar (Levett, 2003). A serological test with a single 

leptospiral antibody titre ≥1:200 dilution, or a fourfold rise in serum leptospiral antibody 

titer of a serum drawn between the first and fourth week of illness is a confirmatory test 

for leptospirosis infection (Gompf, 2016). Other confirmatory tests are the polymerase 

chain reaction (PCR) test of blood, urine, CSF, tissue, and culture of leptospires from 

body fluids or tissue (Gompf, 2016; Levett, 2001). Culture is also the criterion standard 

that requires specific culture and enrichment media and several weeks of incubation, 

therefore, is usually a reference laboratory test (Gompf, 2016). The use of filter paper 

absorbed with the patient’s serum sample and tested using molecular test methods has 

also been described (Musso et al., 2014). 

 

Other general laboratory tests can be performed to help with the doctor’s diagnosis of 

leptospirosis including, hematology tests (erythrocyte sedimentation rate or ESR and 

white cell and platelet count), biochemistry tests (liver function tests, bilirubin, alkaline 

phosphatase, amylase, and renal function tests), urinalysis; and in some cases, the analysis 

of the cerebrospinal fluid (CSF). These are all non-specific tests that only suggest 

suspected infection and specific laboratory tests are required to confirm leptospirosis 

(Toyokawa, Ohnishi, & Koizumi, 2011). 
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Figure 2.4 Leptospira microscopic agglutination test (MAT), seen through dark-

ground microscopy at low power 

Source: Merck Veterinary Manual 
http://www.merckvetmanual.com/mvm/generalized_conditions/leptospirosis/overview_

of_leptospirosis.html - February 20, 2017. 
 
 

2.6.1 Culture and antimicrobial susceptibility testing of Leptospira species 

2.6.1.1 Culture for Leptospira species 

Leptospires are fastidious organisms that can only grow in a selective enriched fluid or 

semi-solid Ellinghausen-McCullough-Johnson-Harris (EMJH) medium with over a week 

of incubation at 29oC - 30oC before growth can be detected (Ellinghausen Jr, 1973); 

(Ellinghausen Jr & Painter, 1976). Advances in scientific research have facilitated the 

development of a newly formulated solid media called Leptospira Vanaporn 

Wuthiekanun (LVW) that enables the rapid growth, isolation of single colonies as shown 

in Figure 2.5, and simple antimicrobial susceptibility testing for Leptospira species 

(Wuthiekanun et al., 2013).  
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Figure 2.5 The appearance of the colonies of Leptospira interrogans serovar 

Pyrogenes strain NR-20157 on LVW agar. 

The plates were drop-inoculated with 10 μL of bacterial inoculum at an approximate 
concentration of 105 (A), 104 (B), 103 (C) and 102 (D) colony forming units (CFU)/mL 
and incubated up to 28 days.  
 

Source: Wuthiekanun et al. (2013) 
 
 
Leptospira isolates are generally maintained at room temperature in liquid or semisolid 

EMJH medium, with frequent subcultures and transfer into fresh medium every three to 

twelve weeks. The presence of live leptospires can be demonstrated using dark-ground 

microscopy (DGM). Continuous subculture and incubation of the leptospires to sustain 

their preservation is very labour-intensive and exposes the culture to high chances of 

contamination. However, the new Leptospira Vanaporn Wuthiekanun (LVW) solid 

medium has proven its capability of maintaining pathogenic Leptospira isolates at room 

temperature for up to twelve months. The advantages of having a Leptospira LVW solid 

media would mean the non-requirement for isolate subcultures and the visual 

confirmation of organism presence through bacterial colonial growth on the solid medium 

(Wuthiekanun et al., 2014). If long-term preservation is needed, liquid nitrogen freezing 

is the method of choice (Philip, Garba, & Neela, 2018); (Rossetti & Auteri, 2008). 
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2.6.1.2 Antimicrobial susceptibility testing of Leptospira species 

Antimicrobial susceptibility testing is not routinely performed due to the long incubation 

time required and the difficulty in quantifying growth accurately. Furthermore, standard 

microbiological laboratory safety procedures are required when working with leptospires 

in a biosafety level two laboratory facilities (Musso & La Scola, 2013). Whilst there is no 

standard method for assessing in vitro antimicrobial agents for anti-leptospiral activity, 

two primary methods have been described: the broth microdilution technique that 

produces results of the minimal inhibitory concentration (MIC) and the broth 

microdilution technique that produces results of the minimal bacteriocidal concentration 

(MBC). The broth microdilution is more rapid than the traditional broth macrodilution 

method. However, such methods are very laborious and not cost effective (Murray & 

Hospenthal, 2004a). 

When performing the broth microdilution techniques, the resazurin dye (an oxidation-

reduction indicator) is used for the evaluation of cell growth viability and is readily 

visualised as it becomes pink and fluorescent when there is cell growth, yet it remains 

blue when cells are non-viable (Chitra, 2013). 

A wide range of bacterial pathogens have simple, inexpensive, and effective methods for 

their cultural isolation and antimicrobial susceptibility on solid agar with results available 

within 24 to 48 hours.  However, this is not the case for Leptospira cells even though they 

are present in blood during the first week of illness (Levett, 2001). Leptospira bacteria 

are fastidious microorganisms that do not grow readily in standard laboratory media but 

require semisolid or liquid media to grow, considerable expertise of laboratory scientists 

to handle them and takes several weeks to months before the organism is isolated 

(Wuthiekanun et al., 2007). The lack of simple antimicrobial susceptibility testing 

methods for Leptospira makes antimicrobial therapy invariably empirical 

(Suputtamongkol et al., 2004). Even though macrodilution and microdilution techniques 

are available for in vitro antimicrobial susceptibility testing, they are laborious and time-

consuming methods for use in routine diagnostic microbiology laboratories (Harris et al., 

2011). Furthermore, there is absence of standard methods for Leptospira antimicrobial 

susceptibility testing (Murray & Hospenthal, 2004a); (Wuthiekanun et al., 2015) and no 

known attempts to produce such standards being made by standards institutions such as 

the Clinical Laboratory Standards Institute (CLSI) or the European Committee on 

Antimicrobial Susceptibility Testing (EUCAST).  
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With all the challenges encountered in the growth of Leptospira bacteria and the broth 

dilution technique for the determination of the anti-leptospiral activity of antimicrobial 

agents, advances in scientific research have revealed that the newly developed LVW solid 

media has proven its capability to be used for the antimicrobial susceptibility testing for 

Leptospira using the disk diffusion method. This method is easy to perform and is also a 

useful initial screening test for the epidemiological surveillance of antimicrobial 

resistance in Leptopsira, the E-test (Wuthiekanun et al., 2015). 

The epsilometer test (E-test) Figure 2.6, is a method of determination of antimicrobial 

resistance that was developed to provide a direct quantification of antimicrobial 

susceptibility of microorganisms.  It is a quantitative method that applies both the dilution 

of antibiotic and diffusion of antibiotic into the medium (Acharya, 2015). The results of 

the E-test performed on the LVW medium was seen to be like the minimum inhibitory 

concentration (MIC) values obtained using the microbroth dilution method as seen in 

Figure 2.6 (Wuthiekanun et al., 2013).  

 

Figure 2.6 Penicillin G E-test for L. interrogans serovar Autumnalis strain NR-

20161 on the LVW agar plate 

A - Leptospira Vanaporn Wuthiekanun (LVW) solid plate medium inoculated with L. interrogans serovar 
Autumnalis strain NR-20161. 

B - Epsilometer test (E-test) strip impregnated with continuous and exponential gradient of antibiotic 
concentration in a numeric scale on one side of the strip. 
C - Symmetrical zone of bacterial growth inhibition ellipse along the E-test strip. 

D – L. interrogans serovar Autumnalis strain NR-20161 growth on the medium. 
E - The minimum inhibitory concentration (MIC) quantification value of Penicillin G at the ellipse edge 
that intersects the E-test strip that serovar Autumnalis strain NR-20161is susceptible to.  

Source: Wuthiekanun et al. (2013) 
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2.7 The use of plants for medicinal purposes 

Since ancient times, medicinal plants have been used for healing purposes by people on 

all continents of the earth. These are applied as poultices, decoctions (which is possibly 

the most common method), tinctures, smokes, and infusions of thousands of indigenous 

plants. There is an estimated 220,000 to 420,000 species of plants on Earth (Scotland & 

Wortley, 2003); (Waldchen, Rzanny, Seeland, & Mader, 2018). More than 53,000 species 

have been reported to be used as herbal medicines, and a number of these are facing the 

threat of extinction due to overexploitation (Pan et al., 2014). The use of herbs as 

complementary and alternative medicine has increased dramatically.  

According to the World Health Organization (WHO), approximately over 85 - 90% of 

the world’s population rely on traditional medicine that use natural products, for their 

primary healthcare needs (Ahn, Qin, & Bana, 2018); (Burton et al., 2013). With the 

emergence of multiple drug resistant strains of microorganisms due the indiscriminate 

use of antibiotics to treat infectious diseases, there has been a more renewed generated 

interest in the use of herbal medicines (Kaur & Arora, 2009).  

About 70 – 95% of the population in Africa, Asia, Latin American and the Middle East 

still use traditional medicine (TM) for primary healthcare. In 2009, the number of visits 

to traditional medicine health facilities in China was 907 million (Ahn et al., 2018). The 

Chinese government in December 2016, announced their aim to integrate traditional 

Chinese Medicine (TCM) into their healthcare system by 2020 (Allkin, 2017). 

Furthermore, it is believed that about a hundred million people use complementary or 

herbal medicine in the European Union (EU) alone with up to 90% of the population in 

some other countries using herbal medicines. For example, in 2012, the global sales of 

Chinese herbal medicines reached US$83 billion, which was 20% more than in 2011 

(Rinaldi & Shetty, 2015). It is expected that the sale of herbal supplements and remedies 

in the global market would reach US$115 billion by 2020, with Europe being the largest 

and the Asia Pacific as the expected fastest growing markets (Rinaldi & Shetty, 2015). 

Rinaldi and Shetty (2015) further argue that it is believed women are the main consumers 

largely due to an emphasis on healthy living and concerns over the side-effects of 

synthetic drugs. 

Medicinal plants are the richest natural resource of traditional medicine, modern 

medicines, nutraceuticals, food supplements, folk medicines, pharmaceuticals, and 

chemical constituents of synthetic drugs. Between 1981 and 2014, a total of 1,562 new 
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chemical entities (NCE) was discovered. NCEs include biological macromolecules, 

unaltered natural products, botanical medicines of defined composition, natural product 

derivatives, natural product pharmacophore based synthetic products, mimics of natural 

products, vaccines, and purely synthetic drugs.  The discovery reported 73% of the NCEs 

found were natural products and their derivatives (including unaltered, altered, inspired, 

mimics, natural products synthetics, biologics and botanicals mixtures) and only 27 % of 

the drugs were purely of synthetic origin (Wangchuk, 2018).  

These bioactive compounds in plants serve as alternative, effective, cheap, and safe 

medicines for the treatment of microbial infections (Pandey & Kumar, 2013). 

Phytoconstituents are natural bioactive compounds found in plants that work with 

nutrients and fibres, forming an integrated part of the defence system against various 

diseases and stress conditions.  

Phytochemicals are divided into two basic groups, namely the primary and secondary 

constituents that are based on their functions in plant metabolism. The primary 

constituents are sugars, amino acid, proteins, and chlorophyll, while the secondary 

constituents include alkaloids, terpenoids, saponins, phenolic compounds, flavonoids, 

tannins, and many other classes of compounds. The most important bioactive compounds 

are flavonoids, alkaloids, glycosides, tannins, phenolic compounds (Indrakumar, Selvi, 

Gomathi, & Karpagam, 2012) and terpenoids (Prakash, 2017). 

 

2.8 The ten selected Fijian medicinal plants 

The plants selected for this study were chosen based on their previously reported 

antimicrobial properties, their availability to the local populations, and their common use 

in Fiji as herbal remedies for common ailments. They are listed, with botanical, common 

English and Fijian names in Table 2-4. Their antimicrobial properties, traditional 

medicinal uses, and bioactive constituents are described and discussed below. 
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Table 2-4 The ten (10) plants chosen for this study. 

Botanical name English name/s Fijian name/s 

Cananga odorata (Lam.) Hook. F. & Thomson Ylang ylang mokosoi 

(makosoi) 

Carica papaya L. Paw paw weleti (maoli) 

Citrus limon (L.) Burm. f. Lemon moli karokaro 

Colocasia esculenta (L.) Schott Taro dalo 

Euodia hortensis J. R. Forst. & G. Forst. Lacy lady, gold 

nugget shrub 

uci 

Ipomoea batatas (L.) Lam. Sweet potato kumala 

Merremia peltata (L.) Merr.  Merremia wadamu 

Mikania micrantha Kunth H. B. & K. Bitter vine, mile-

a-minute vine 

wabosucu 

Plumeria rubra L. Frangipani bua (bua ni 

vavalagi) 

Polyscias fruticosa (L.) Harms Ming aralia, 

Pokok teh (tea 

tree) 

danidani 

 

 

2.8.1 Cananga odorata (Lam.) Hook. F. & Thoms. (Mokosoi) 

Cananga odorata is of the family Annonaceae and is commonly called ylang-ylang in 

English (Tan et al., 2015). It is called ‘mokosoi’ or ‘makosoi’ in Fijian and is a tree about 

20 meters tall with yellow fragrant flowers as seen in Figure 2.7 . The tree is native to 

Indonesia and Malaysia and is also found widely throughout the South Pacific (WHO, 

1998), and in the Philippines, some islands of the Indian Ocean (such as Comoro, Nossi 

Be, and Madagascar islands), China, India, Africa, and America (Tan et al., 2015).  



 

32 

 

Figure 2.7 Leaves and flowers of C. odorata (Mokosoi) 

Photo credit: V. Uluiviti 

2.8.1.1 Antimicrobial properties and traditional medicinal uses of C. 

odorata 

Diffèrent parts of the plant are known to possess bioactive effects including antifungal, 

insect repellent, hypotensive, antipruritic, antibacterial, antiyeast and amoebicidal 

activities. It has also been used in Fiji to treat non-communicable diseases such as 

hypertension and heart problems, where fluid from the decoction of the bark scrapings is 

consumed (Tupua et al., 1992). 

The plant also has antibiofilm, anti-inflammatory, antivector, antidiabetic and 

antimelanogenesis activities (Tan et al., 2015). The dried flowers of C. odorata have been 

used as antimalaria drugs in Vietnam (Nguyen-Pouplin et al., 2007), while the flowers 

and bark have been used to treat pneumonia and stomachache by the local communities 

and traditional healers from Northern Mariana Islands (Nandwani, Calvo, Tenorio, Calvo, 

& Manglona, 2008). The leaves are believed relieve itchiness by direct topical application 

and for the treatment of dandruff in India and islanders of the Indian Ocean (Jain & 

Srivastava, 2005). In the Cook Islands, the ylang-ylang oil has been used to treat 

headaches, eye inflammation, and gout (Holdsworth, 1990). A decoction of the inner bark 
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is believed by traditional healers in Papua New Guinea to treat gout (Holdsworth, 1980). 

C. odorata has also been reported to treat non-communicable diseases (Tan et al., 2015).  

2.8.1.2 The phytochemical constituents of C. odorata 

The chemical constituents of C. odorata include essential oils, sesquiterpenoids, 

isoquinoline alkaloids, lignans, aromatic compounds (benzyl alcohol, phenols, benzoic 

and salicylic acid esters), lipids and cyanogenic material (WHO, 1998). Other studies 

performed on the chemical composition of the C. odorata flower, leaves and fruit have 

reported numerous types of compounds including monoterpenes present in the plant such 

as different other types of monoterpenes, sesquiterpenes and aliphatic  compounds (Tan 

et al., 2015). An additional four types of antimicrobial compounds have been reported to 

be present in the leaves of C. odorata, including the two steroidal compounds β-sitosterol 

and stigmasterol, and two alkaloids: liriodenine and lysicamine (Husain, Jamal, & Jalili, 

2012). The structures of these compounds are illustrated in Figure 2.8.  

 

 

β-Sitosterol C29H50O 

 

 

Stigmasterol C29H48O 

 

 

Lysicamine C18H13NO3 

 

 

Liriodenine C17H9NO3 

Figure 2.8 Structures of β-sitosterol, stigmasterol, lysicamine and liriodenine  

Redrawn from: RSC (ChemSpider) http://www.chemspider.com/Default.aspx 

or PubChem: https://pubchem.ncbi.nlm.nih.gov/ 

Table 2-5 lists the phytochemical constituents present in C. odorata leaves and the 

bioactive properties the leaves have been reported to possess. Structures of the other 

classes of compounds found in the leaves of C. odorata appear in Figure 2.9.
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Table 2-5 Phytochemical constituents and bioactive properties for C. odorata. 

Class Phytochemical constituents References 

Monoterpenoids Bornyl acetate, Camphene, Canangone, 1,8-Cineole, p-Cymene, Geraniol, Limonene, Linalool, 

Linalyl acetate, Myrcene, (E)-β-Ocimene, (Z)-β-Ocimene, α-Phellandrene, β-Phellandrene, α-Pinene, 

β-Pinene, Sabinene, α-Terpinene, β-Terpinene, Terpinen-4-ol, α-Terpineol, Terpinolene, α-Thujene 

Han, 1998 

Tan et al., 2015 

Sesquiterpenes α-Amorphene, Aromadendrene, Bicyclogermacrene, β-Bourbonene, α-Bulnesene, α-Cadinol, t-Cadinol, 
β-Caryophyllene, Caryophyllene oxide, α-Copaene, β-Copaene, α-Cubebene, β-Cubebene, β-Elemene, 

(E,E)-Farnesal, (E,Z)-Farnesal, (E,E)-Farnesol, Germacrene D, Globulol, α-Gurjunene, α-Humulene, 

α-Muurolene, Spathulenol, Viridiflorol, α-Ylangene 

Tan et al., 2015 

Triterpenoids β-sitosterol, stigmasterol Husain, Jamal, & Jalili, 2012 

Alkaloids (-)-anaxagoreine, (-)-anonaine, (-)-asimilobine, canangine, cleistopholine N-trans-feruloyltyramine, 

liriodenine, lyscamine, (+)-N-acetylnornuciferine, (-)-nornuciferine, (+)-nornuciferine, (+)-reticuline, 

(-)-ushinsunine, (+)-ushinsunine-β-N-oxide 

Husain, Jamal, & Jalili, 2012 

Han, 1998 

Aliphatic and 

other compounds 
canangaionoside, canangone, trans-cinnamic acid, (E)-Hex-2-enal, (E)-Hex-2-enol, (Z)-Hex-3-enol, 

n-Hexanol, iso-siphonodin 

Tan et al., 2015 

   

 Bioactivities  References 

 Antimicrobial  

 antibacterial, amoebicidal, antifungal, antiyeast  Tupua et al., 1992 

 antimalaria, anti-pneumonia Tan et al., 2015 

 Other bioactivities  

 insect repellent, weak hypotensive, antipruritic Tupua et al., 1992 

 Bioactivities  References 

 Other bioactivities  

 antibiofilm, anti-inflammatory, antivector, antidiabetic, antimelanogenic, antidandruff, treats 

stomachache, eye inflammation and gout 

Tan et al., 2015 
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Figure 2.9 Terpenoids, alkaloids and other compounds in leaves of C. odorata 

 

Linear monoterpenes 

 

-myrcene 

 

(Z)-β-Ocimene 

 

(E)-β-Ocimene 

Functionalised linear monoterpenoids 

 
Geraniol 

 

Linalool 

 

Linalyl acetate 
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Figure 2.9 continued 

Monocyclic monoterpenes 

 
(±)-Limonene 

 
Terpinolene 

 
(+)-Terpinen-4-ol 

 
(±)--terpineol 

 
-Terpinene 

 
-Terpinene 

 
(±)--Phellandrene 

 
(±)--Phellandrene 

 
p-Cymene 

Figure 2.9 continued overleaf 
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Figure 2.9 continued 

Bicyclic monoterpenes 

 

bornyl acetate 

 

camphene 

 

-pinene 

 

-pinene 

 

sabinene 

 

-thujene 

Acyclic sesquiterpenoids 

 

(E,E)-farnesal = (2E,6E)-farnesal 

 

(Z,E)-farnesal = (2Z,6E)-farnesal 

 

(E,E)-farnesol = (2E,6E)-farnesol 

Figure 2.9 continued overleaf 
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Figure 2.9 continued 
Monocyclic sesquiterpenoids 

 
(-)--elemene 

 
germacrene D 

 
-humulene (= -caryophyllene) 

Bicyclic sesquiterpenoids 

 
-amorphene (= -cadinene) 

 
(-)--cadinol 

 
-cadinol (= epi--cadinol) 

 
(-)--caryophyllene 

 
(-)-caryophyllene oxide 

 
(+)--bulnesene 

 
bicyclogermacrene 

 
(-)--muurolene 
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Figure 2.9 continued 

Tricyclic sesquiterpenoids 

 
(+)-aromadendrene 

 
(-)--bourbonene 

 
(-)--copaene 

 
-copaene 

 
-cubebene 

 
-cubebene 

 
(-)-globulol 

 
(-)--gurjunene 

 
(+)-spathulenol 

 
(+)-viridiflorol 

 
-ylangene  
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Figure 2.9 continued 
Alkaloids (mainly benzylisoquinolines) 

 
(-)-anaxagoreine 

 
(-)-anonaine 

 
(-)-asimilobine 

 
cleistopholine  

 
N-trans-feruloyltyramine 

 
N-acetylnornuciferine 

 
(-)-nornuciferine 

 
(+)-nornuciferine 

Figure 2.9 continued overleaf 
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Figure 2.9 continued 

Alkaloids (mainly benzylisoquinolines) 

 
(+)-reticuline 

  
(-)-ushinsunine 

 
(+)-ushinsunine--N-oxide 

 
sampangine 

  

Figure 2.9 continued overleaf 
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Figure 2.9 concluded 

Aliphatic and other compounds 

 
(+)-(S,S)-canangone 

 

canangaionoside 

 

trans-cinnamic acid 

 

iso-sophonodin 

 
n-hexanol 

 

E-hex-2-enal 

 

E-hex-2-enol 

 

Z-hex-3-enol 

 

All structures redrawn from:  

RSC (ChemSpider) http://www.chemspider.com/Default.aspx 

Or Chemical Book http://www.chemicalbook.com 

Or PubChem http://pubchem.ncbi.nlm.nih.gov 
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2.8.2 Carica papaya L. (Weleti) 

Carica papaya is of the family Caricaceae. It is a tree that grows to about 8 meters high 

and is commonly known as ‘pawpaw’ or papaya. It is commonly called ‘weleti’ in Fijian, 

which other places around Fiji it is referred to as ‘maoli’. C. papaya is a flowering plant 

that bears large fruits (Figure 2.10) that are yellow orange in colour when ripe as seen on 

Figure 2-10. It is native to countries of Central America but is widely planted throughout 

the South Pacific and other tropical areas (WHO, 1998).  

2.8.2.1 Antimicrobial properties and traditional medicinal uses of C. 

papaya. 

The leaf and fruit of  C. papaya has been found to possess anticoagulant, embryotoxic, 

insecticidal, oxytocic, amoebicidal, antibacterial, anti-hepatotoxic, antioxidant, anti-

inflammatory, anti-clastogenic, anti-yeast, anti-ascariasis, and anticonvulsant properties 

(WHO, 1998); (Yogiraj, Goyal, Chauhan, Goyal, & Vyas, 2014). Other studies of leaf 

extracts have also confirmed bioactive properties such as anti-cancer (Nguyen et al., 

2015), antimalarial (Kovendan et al., 2012), anti-fungal (Baskaran, Ratha bai, Velu, & 

Kumaran, 2012), antiviral for the treatment of dengue fever (Ahmad et al., 2011); 

(Yogiraj et al., 2014), as well as antioxidant activity (Santana et al., 2019); (Vuong et al., 

2013). The pulp, leaves and seeds have been reported to have anti-hypertensive, 

hypoglycaemic, and hypolipidemic properties, that may contribute to the prevention and 

treatment of obesity and associated metabolic disorders (Santana et al., 2019). 

 

Figure 2.10 The C. papaya (Weleti) tree  

Source: 

http://www.missouribotanicalgarden.org/PlantFinder/PlantFinderDetails.aspx?kemperco

de=d374 - September 29, 2020. 
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In Fiji, all parts of the plants are used for several types of ailments, including bioactivity 

against non-communicable diseases as listed in Table 2-6. The leaves are cut into pieces 

and prepared as a decoction for the treatment of fatigue and asthma, while some 

traditional healers often prepare a combined decoction of the stem and leaves to treat the 

ailment (Cambie & Ash, 1994); (Tupua et al., 1992). Some plant parts (not specified) are 

also used as a remedy for stomach problems (WHO, 1998) and many infantile complaints, 

such as uses as a laxative and a diuretic (Cambie & Ash, 1994). 

 

2.8.2.2 The phytochemical constituents of C. papaya. 

The leaves of C. papaya contain the enzyme papain (a phytokinase), malic acid, calcium 

maleate, and alkaloids including carpaine and pseudocarpaine, choline, nicotine, cotinine, 

myosmine and some other unidentified alkaloids. The leaves also contain the glycoside 

carposide, in addition to multiple polysaccharides and citrates (Cambie & Ash, 1994). 

Recent studies have also revealed the presence of flavonoids including fisetin, 

kaempferol, luteolin, scutellarein, tetrahydroxyflavone, quercetin, morin, viscidulin I, 

kaempferol β-D-glucopyranoside, luteolin β-D-glucopyranoside, myricetin 3-O-

rhamnoside, rutin, manghaslin, nicotiflorin, clitorin, quercetin 7-galactoside and 

myricetin 7-rhamnoside, luteolin 3,7-diglucoside (Nugroho, Heryani, Choi, & Park, 

2017). The latter nine compounds have been reported to have remarkable anticancer 

properties (Nguyen et al., 2015). Vitamins such as ascorbic acid, thiamine and riboflavin 

have also been reported (Ayoola & Adeyeye, 2010), while other compounds recently 

discovered in the leaf juice of C. papaya L. include several antioxidants and 

anticoagulants as reported by Akhila & Vijayalaksmi (Akhila & Vijayalakshmi, 2015) 

(2015).  

A summarized list of the phytochemical compounds found in the leaves of C. papaya is 

in Table 2-6. Figure 2.11 shows the chemical structures of the alkaloids, flavonoids and 

vitamins found in the leaves of C. papaya as listed. 
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Table 2-6 Phytochemical constituents and bioactive properties for C. papaya. 

Class Phytochemical constituents References 

Alkaloids Papain, Carpaine, Pseudocarpaine, Choline, Cotinine, Nicotine,  Cambie & Ash, 1994 

Flavonoids  

(including glycosides) 

Fisetin, Kaempferol, Kaempferol β-D glucopyranoside, Luteolin, Luteolin β-D-

glucopyranoside, Morin, Myricetin 3-O rhamnoside, Scutellarein, Tetrahydroxyflavone (?), 

Quercetin, Viscidulin I, Rutin, Deoxykaempferol, Deoxyquercetin, Manghaslin, Nicotiflorin, 

Clitorin, Quercetin 7-galactoside, Myricetin 7-rhamnoside, Luteolin 7,3’-diglucoside 

Nguyen et al., 2015  

Nugroho et al., 2017 

Vitamins Ascorbic acid, Thiamine, Riboflavin, Tocopherol, Folic acid Ayoola & Adeyeye, 2010 

Amino acids Cysteine, Homocysteine, Cysteine sulphoxide, Glutamic acid, Phenylalanine Akhila & Vijayalakshmi, 2015 

Phenolics and 

aliphatics 

p-Coumaric acid, p-Coumaroyl alcohol, Coumaroylquinic acid, Coumarin, Dicoumarol, 

Dimethoxyphenol, Umbelliferone, Caffeic acid, Caffeoyl alcohol, Methyl nonyl ketone, Malic 

acid, Calcium maleate, -Cryptoxanthin 

Akhila & Vijayalakshmi, 2015 

 

 Bioactivities  References 

 Antimicrobial  

 amoebicidal, antibacterial, anti-yeast, anti-ascariasis Han, 1998 

 anti-fungal Kovendan et al., 2012 

 antimalarial Baskaran et al., 2012 

 antiviral Ahmad et al., 2011 

 Other bioactivities  

 embryotoxic, insecticidal, oxytocic, anti-hepatotoxic, anti-inflammatory, anti-clastogenic, 

anticonvulsant 

Han, 1998 

 anti-cancer Nguyen et al., 2015 

 antioxidant Vuong et al., 2013 

 treats fatigue, asthma, infantile complaints and acts as a laxative and diuretic Cambie & Ash, 1994 
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Figure 2.11 Structures of phytochemicals identified in C. papaya. 

Alkaloids 

 
papain 

 
carpaine 

 
pseudocarpaine 

 
myosmine 

 
nicotine 

 
(-)-cotinine 

 
choline 

Figure 2.11 continued overleaf. 
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Flavonoids 

Flavones 

 

luteolin 

 

scutellarein 

Glycosides of flavones 

 

luteolin-7--D-glucopyranoside 

 

luteolin-7,3’-diglucoside 

Figure 2.11 continued overleaf. 
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Flavonols 

 
fisetin 

 
kaempferol 

 
5-deoxykaempferol 

 
morin 

 
Quercetin 

 
5-deoxyquercetin 

 
viscidulin I 

  

Figure 2.11 continued overleaf. 
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Glycosides of flavonols 

 
kaempferol 3--D-glucopyranoside (amongst others) 

 
myricetin 3-O-rhamnoside 

 
myricetin 7-O-rhamnoside 

 
quercetin 7-galactoside 

 

Figure 2.11 continued overleaf. 
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rutin 

 
manghaslin 

 
nicotiflorin 

 
clitorin 

Figure 2.11 continued overleaf. 
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Vitamins 

 
ascorbic acid 

 
folic acid 

 
riboflavin 

 
thiamin 

 
-tocopherol (vitamin E)  

Figure 2.11 continued overleaf. 
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Amino acids 

 
cysteine 

 
cysteine sulphoxide 

 
homocysteine 

 
glutamic acid 

 
phenylalanine 

Phenolics and aliphatics 

 
coumarin 

 
dicoumarol 

 
umbeliferone 

 
5,7-dimethoxycoumarin 

 
caffeic acid 

 
caffeoyl alcohol 

 
p-coumaric acid 

 
p-coumaroyl alcohol  

Figure 2.11 continued overleaf. 
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Phenolics and aliphatics 

 
coumaroylquinic acid 

 

dimethoxyphenol 

 

methyl nonylketone 

 

calcium maleate 

 

malic acid 

 

-cryptoxanthin 

Figure 2.11 concluded. 

Redrawn from PubChem (https://pubchem.ncbi.nlm.nih.gov) & Chem Spider (http://www.chemspider.com).  
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2.8.3 Citrus limon (L.) Burn f. (Moli karokaro) 

Citrus limon is a plant of the family Rutaceae. In Fijian it is commonly called ‘moli 

karokaro’ or lemon in English. It was introduced into Fiji (Cambie & Ash, 1994). The 

plant as seen in Figure 2.12, originated in Asia, possibly in Assam (a region in northeast 

India), northern Burma or China (Curk et al., 2016); (Morton, 1987), and is now grown 

commercially worldwide in tropical, semi-tropical, and warm temperate countries, 

including the Mediterranean region (Curk et al., 2016). It grows to about six metres high 

and has stout spikes (Cambie & Ash, 1994). Lemon fruits have a rough skin that become 

yellow when ripe. Its fresh juice is used for beverages and cooking, as well as a 

preservative due to its antioxidant properties (Morton, 1987). 

 

Figure 2.12 Leaves of C. limon (Moli karokaro) 

Photo credit: V. Uluiviti 

2.8.3.1 Antimicrobial properties and traditional medicinal uses of  

C. limon 

Citrus limon is used for medicinal purposes in Polynesia and in Asia. According to 

Cambie and Ash (1994), all parts of the C. limon tree are used in Fiji as remedy for various 

types of aliments. The leaves are used as an infusion for the relief of headaches, while 

crushed leaves in boiling water are used as a steam bath, or its vapour is inhaled for the 

treatment of headache, fever, and influenza. Prior to childbirth during the early stages of 

labour, a decoction of the leaves combined with ‘Senitoa’ (Hibiscus rosa-sinensis) leaves 

is drunk to ease delivery during childbirth. 
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Furthermore, Cambie and Ash (1994) report that the juice from the leaves is used to treat 

eczyma and filariasis, while the juice of the fruit (lemon) is used to treat tuberculosis. The 

scrapings of the stem of ‘uci’ (Euodia hortensis) mixed with the leaves of C. limon are 

taken as an infusion for the treatment of colds and flu (Tupua et al., 1992). 

The antimicrobial properties of C. limon include antieczyma, antiparasitic (antifilariasis), 

antibacterial (antimycobacterial), antiviral (Cambie & Ash, 1994) and antifungal activity 

(Viuda-Martos, Ruiz-Navajas, Fernández-López, & Pérez-Álvarez, 2008). Antibacterial 

activity of citrus plants against some Gram-positive and Gram-negative bacteria that are 

agents of foodborne infections have been reported (Fisher & Phillips, 2008). Bioactivity 

against other illnesses of non-microbial origin have also been documented, including 

antifatigue (Tupua et al., 1992), anti-inflammatory, antiallergenic, antioxidant, 

anticancer/antitumour and antistress properties (Okwu, 2008), and antidiabetic properties 

(Roy et al., 2012). Scientific researchers have attempted to delve more into the study of 

other parts of the C. limon plant including the pulp and peel (Mathew, Jatawa, & Tiwari, 

2012); the cytotoxic and antimicrobial activity of the C. limon peel, and the antioxidative 

stress and antiurinary lithogenesis of the lemon fruit have been reported (Muthiah, 

Umamaheswari, & Asokkumar, 2012). There is also increased interest in the 

antimicrobial abilities of the citrus essential oils and their potential in the food and 

cosmetic industries (Roy et al., 2012). 

 

2.8.3.2 The phytochemical constituents of C. limon 

A great variety of phytochemicals are synthesized and accumulated by the cells of all citrus plants. 

These include carotenoids, compounds including hydroxy benzoic and hydroxycinnamic acids, 

acetophenones, terpenoids, flavonoids, stilbenes, and condensed tannins (Mathew et al., 2012). 

About forty types of limonoids are present in citrus plants with limonin and nomilin being the 

dominant ones (Gualdani, Cavalluzzi, Lentini, & Habtemariam, 2016; Huang et al., 2018). 

Limonoids have been shown to possess anti-tumour properties (Gualdani et al., 2016; Okwu, 

2008). Even though the names of many compounds are not specifically indicated, the leaves of 

C. limon have been reported to possess alkaloids, flavonoids, saponins, anthraquinones, cardiac 

glycosides, tannins, steroids, terpenes, resins, phenols, and volatile oils (Joel et al., 2016), while 

phenolic compounds such as hydroxybenzoic acids, cinnamic acids and coumarins are also 

present (Cambie & Ash, 1994). Table 2-7 lists the various classes of phytochemical constituents 

found in C. limon and the reported bioactive properties of the plant. Figure 2.13 shows the 

chemical structures of phytochemicals found in the C. limon plant as listed.
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Table 2-7 Phytochemical constituents and bioactive properties for C. limon. 

Class Phytochemical constituents References 

Carotenoids Lutein, Zeaxanthin, Cryptoxanthin, β-Carotene, Lycopene Okwu, 2008 

Flavonoids Hesperidin, Diosmin, Quercetin, Myricetin, Rutin, Tangeritin, Naringin, 

Hydroxyethylrutosides, Neoeriocitrin  

Okwu, 2008 

Cambie & Ash, 1994 

Phenolic compounds Cinnamic acid, 6,7-Dimethoxycoumarin, Xanthoxylin (ambiguous), Phloretin, 
Hydroxybenzoic acid, acetophenones (unspecified), stilbenes (unspecified) 

Cambie & Ash, 1994 

Vitamins Ascorbic acid, Niacin, Retinal, Riboflavin, Thiamin Cambie & Ash, 1994 

Other compounds Phenylpropanoid glycosides (unspecified), Limonin, Nomilin, Glucarates 

(unspecified) 

Gualdani et al., 2016; Okwu, 2008 

 

 

 Bioactivities  References 

 Antimicrobial  

 antifilariasis, antibacterial, antiviral, anti-influenza, antimycobacterial, antieczyma, 

treats colds and flu 

Cambie & Ash, 1994 

Tupua et al., 1992 
Fisher & Phillips, 2008 

 antifungal Viuda-Martos et al., 2008 

 Other bioactivities  

 antifatigue Tupua et al., 1992 

 anti-inflammatory, antiallergenic, antioxidant, anticancer/anti-tumour, anti-stress Gualdani et al., 2016; Okwu, 2008 

Muthiah,Umamaheswari, & Asokkumar, 2012 

 antidiabetic Roy et al., 2012 

 antiurinary lithogenesis, Muthiah, Umamaheswari, & Asokkumar, 2012 

 cytotoxic Mathew, Jatawa, & Tiwari, 2012 
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Figure 2.13 The chemical structures of phytochemicals found in C. limon 

Carotenoids 

 
-carotene 

 
zeaxanthin 

 
lutein 

 
lycopene 
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Figure 2.13 continued. 

Flavonoids 

 

hesperidin 

 

diosmin 

 

tangeretin 

 

naringin 
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Figure 2.13 continued. 

 

neoeriocitrin 

 

hydroxyethylrutosides (one or more bracketed hydroxyethyl groups) 
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Figure 2.13 continued. 

Phenolic compounds (other than flavonoids) 

 

cinnamic acid 

 

6,7-dimethoxycoumarin  

xanthoxylin (?) 

 

xanthoxylin 

 

phloretin 

 

 

Vitamins (for others previously drawn see Figure 2.11) 

 

retinal (all trans)  
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Other compounds 

 

limonin 

 

nomilin 

 

glucaric acid (found as salts) 

Figure 2.13 concluded. 

 

Redrawn from:  

Royal Society of Chemistry (ChemSpider) https://www.chemspider.com 
Chemical Book http://www.chemicalbook.com 
PubChem https://pubchem.ncbi.nlm.nih.gov 
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2.8.4 Colocasia esculenta (L.) Schott (Dalo) 

Colocasia esculenta (L.) Schott is a plant of the family Araceae, and is a perennial plant 

that can grow up to about 150cm high, has drooping heart-shaped leaves and is cultivated 

in wet or dry ground. It has large tuberous roots and is an important root crop, with many 

varieties grown and all parts of the plant are eaten. It is commonly known in Fiji as ‘dalo’ 

while it is often called ‘taro’ in Polynesia (Cambie & Ash, 1994). This plant is believed 

to be native to Indonesia and Malaysia but is widely distributed globally in the tropical 

areas including the Pacific (WHO, 1998). A picture of the plant is shown in Figure 2-14. 

 

Figure 2.14 The C. esculenta (Dalo) plant  

Source: https://www.cabi.org/isc/datasheet/17221 - October 14, 2020. 

2.8.4.1 Antimicrobial properties and traditional medicinal uses of  

C. esculenta 

An ancient crop grown in humid tropical countries, C. esculenta has been used as a 

traditional medicine in countries worldwide where it is cultivated (Reyad-ul-Ferdous et 

al., 2015). It has been shown to have curative properties for various types of ailments 

including asthma, arthritis, diarrhea, internal haemorrhage, neurological disorders, and 

skin disorders (Prajapati, Kalariya, Umbarkar, Parmar, & Sheth, 2011). Studies have 

reported antimicrobial, anticancer (Chakraborty, Deb, Chakraborty, Chatterjee, & 

Abraham, 2015) and antioxidant activities (Sheikh & Tembhre, 2016). Antimicrobial 

properties in C. esculenta have been confirmed in several studies including antiparasitic 

(antihelminthic), antibacterial, antiyeast, and antifungal activities (Kubde, Khadabadi, 

Farooqui, & Deore., 2010), , and as well as antiviral properties (Gonçalves et al., 2013). 

Activity against other diseases of non-microbial origin have also been documented 
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including antihepatotoxic, anti-lipidperoxidative, antidiabetic, anti-melanogenic (Reyad-

ul-Ferdous et al., 2015) and antiallergenic activities (Gonçalves et al., 2013). 

In Fiji, the leaves are shredded and a decoction of it is drunk to promote menstruation 

(Cambie & Ash, 1994). Stomach disorders are treated when fluid from the decoction of 

its leaves is combined with the scraped root of ‘yasi yasi’ (Cleistocalyx eugenioides 

(Seem.) Merr. & Perry) is drunk (Spencer, 1966). A decoction of the leaves is combined 

with the leaves of ‘wadamu’ (Merremia peltata (L.) Merrill) is used as a remedy for cysts, 

while the sap of the leaf stalk is used for the treatment of conjunctivitis (Singh, 1981). 

Other parts of the plant are also used alone, or in combination with other plant parts as a 

remedy for a variety of ailments (Cambie & Ash, 1994). It is also documented as a 

treatment for wounds and boils. C. esculenta is also used for medicinal purposes in other 

Pacific Island countries (Cambie & Ash, 1994).  

2.8.4.2 The phytochemical constituents of C. esculenta leaves 

The leaves of C. esculenta have been reported to be a rich source of nutrients including the 

minerals such as calcium, phosphorous and iron, as well as vitamins such as ascorbic acid, 

thiamine, riboflavin, and niacin (Gupta, Kumar, Tomer, Kumar, & Saini, 2019); (Mahajan, 

Chaudhari, & Rageeb, 2015); Reyad-ul-Ferdous et al., 2015). The fresh edible leaves of this plant 

are rich in protein, dietary fibre, and some other nutritionally important minerals (Gupta et al., 

2019; Reyad-ul-Ferdous et al., 2015). Except for flavonoids, all other phytochemicals including 

tannins, saponins, steroids, quinones, cellulose, terpenoids, glycosides and alkaloids were 

reported to be present in the leaf ethyl acetate extracts of C. esculenta (Dhanraj, Kadam, Patil, & 

Mane, 2013). However, other studies have confirmed the presence of flavonoids in C. esculenta 

leaves (Dwivedi, Dwivedi, Patel, Desai, & Meshram, 2016); (Keshav, Sharma, & Mazumdar, 

2019). The presence of a wide range of phytochemical compounds with pharmacological 

properties, including flavonoid glycosides, β-sitosterol, steroids, calcium oxalate, flavones 

(apigenin, luteolin) and anthocyanins has also been reported to be present in C. esculenta leaves 

(Prajapati et al., 2011). The same study also confirmed the presence of eight flavonoid glycosides 

that included orientin, isoorientin, isovitexin, vicenin-2, orientin 7-O-glucoside, isovitexin 

3’-O-glucoside, vitexin X-O-glucoside and luteolin 7-O-glucoside. Table 2-8 provides a 

summarized list of phytochemical compounds found in the leaves of C. esculenta and the reported 

bioactive properties. Unfortunately, these authors presented several incorrect structures and some 

of the nomenclature is unclear. Figure 2.15 gives structures of some the phytochemicals found in 

C. esculenta leaves. 
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Table 2-8 Phytochemical constituents and bioactive properties for C. esculenta. 

Class Phytochemical constituents References 

Flavonoids Anthocyanins not specified, Apigenin, Chrysoeriol, Luteolin, Orientin, Isoorientin, 
Isovitexin, Vicenin-2, Orientin 7-O-glucoside, Isovitexin 3’-O-glucoside (a diglucoside), 

Vitexin 4”-O-glucoside (4” diglucoside) Luteolin 7-O-glucoside, Cyanidin 3-O-glucoside 

Keshav et al., 2019 

Dwivedi et al., 2016 

Prajapati et al., 2011 

Vitamins Ascorbic acid, Thiamin, Riboflavin, Niacin Gupta et al., 2019 

Others Calcium oxalate, β-sitosterol Prajapati et al., 2011 

   

 Bioactivities References 

 Antimicrobial  

 antibacterial, antifungal, antiparasitic (antihelminthic), antiyeast Kubde et al., 2010 

 antiviral Gonçalves et al., 2013 

 antidiarrhoea Prajapati et al., 2011 

 Other bioactivities  

 antidiabetic, antihepatotoxic, anti-lipidperoxidative, anti-melanogenic  Reyad-ul-Ferdous et al., 2015 

 antiasthma, anti-arthritis, treats internal hemorrhage, neurological and skin disorders Prajapati et al., 2011 

 antioxidant Sheikh & Tembhre, 2016 

 anticancer Chakraborty et al., 2015 

 antiallergenic Gonçalves et al., 2013 

 treats wounds and boils Cambie & Ash, 1994 
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Figure 2.15 The chemical structures of some phytochemicals found in C. esculenta leaves 

Flavonoids 

Flavones (and glycosides) 
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Figure 2.15 continued. 
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Figure 2.15 concluded. 

Flavonols and Anthocyanins 

  

 

Redrawn from:  
Royal Society of Chemistry (ChemSpider) https://www.chemspider.com 
Chemical Book http://www.chemicalbook.com 
PubChem https://pubchem.ncbi.nlm.nih.gov 
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2.8.5 Euodia hortensis J. R. & G. Forst. (Uci) 

E. hortensis is a plant of the family Rutaceae. It is a shrub to about five metres tall that 

grows all-year round and is commonly found in Fiji. The leaves and flowers give a strong 

fragrance, and the plant is commonly called ‘uci’ in Fijian (Cambie & Ash, 1994). The 

plant also widely grows in the other Pacific Islands and is believed to be native to Papua 

New Guinea (WHO, 1998). A picture of the E. hortensis plant is shown in Figure 2-16. 

 

Figure 2.16 The E. hortensis (Uci) plant 

Photo credit : V. Uluiviti 

 

2.8.5.1 Antimicrobial properties and traditional medicinal uses of  

E. hortensis 

There are many medicinal uses of E. hortensis in Fiji. In most cases, the leaves are the 

main part of the plant used as remedy for several types of ailments. They are of ten 

chewed, and the juice swallowed to treat toothache and stomach aches; crushed to prepare 

a remedial bath; or prepared as an infusion for the reduction of fever (Cambie & Ash, 

1994). Some often have the shredded leaves may be mixed with lemon leaves or used 

alone as a steam bath to treat fever (Spencer, 1966). The leaves are prepared as a decoction 

are drunk to relieve difficulties in parturition (Spencer, 1966). A concoction of the leaves 

and bark, in combination with the leaves of Psychotria archboldiana (walenaqio) and the 

sap from the barks of Casuarina equisetifolia (nokonoko) and Barringtonia species, is 

used for wound treatment (Cambie & Ash, 1994). In the eastern islands of Fiji in the Lau 

group, the leaves of E. hortensis are mixed with the leaves of Phaleria disperma (sinu 
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salusalu) to reduce fevers (Garnock-Jones, 1983). The juice from the squeezed leaves is 

used as a remedy for swollen testicles (Cambie & Ash, 1994). A mixture of the leaves of 

E. hortensis and Aleurites moluccana (L.) Willd. (lauci) are pounded and rubbed on 

breasts to relieve breast pain (Tupua et al., 1992). Other parts of the plant are also used to 

treat several other types of ailments (Cambie & Ash, 1994). The stem of E. hortensis is 

sometimes scraped and mixed with lemon leaves, pounded, or macerated, and the 

squeezed juice of the mixture is dropped into the ears and nose to be sniffed for the relief 

of headache (Tupua et al., 1992). An infusion of C. limon and E. hortensis leaves can also 

be used for a steam bath to relieve flu symptoms of runny nose, fever, and coughs (Tupua 

et al., 1992). A consistent intake of an infusion of the mixture of macerated E. hortensis, 

Centella asiatica Urban (totodro) and Ageratum conyzoides L. (botebotekoro) leaves has 

also been reported to treat dengue fever (Tupua et al., 1992). The plant also has medicinal 

uses in other Pacific Islands such as Tonga (Whistler, 1992b), (Whistler, 1992a), Samoa 

(Whistler, 1992b), (Whistler, 1996), Niue and the Solomon Islands (Cambie & Ash, 

1994); (Whistler, 1992a) and in Papua New Guinea (Rai, Matainaho, Saulei, & 

Ambihaipahar, 2009).  

Limited information is available on the various bioactive properties of E. hortensis. Its 

antimicrobial properties are not well documented. It is used to treat boils, earaches, 

stomachaches and hepatitis in Fiji (Cambie & Ash, 1994) and in Tonga (Huish, Huish, Walker, 

& Shrestha, 2014) due to its antibacterial properties, while its activity against malaria (Rai et 

al., 2009) highlights its antiparasitic (antimalaria) properties. The treatment of dengue fever, 

colds and flu (Tupua et al., 1992) reflects its possible antiviral properties, while its use as a 

remedy for thrush-like conditions indicates possible antiyeast properties of the plant (Huish et 

al., 2014). It has also been reported to treat ailments of non-microbial origin such as epilepsy 

(Dixit, Mittal, & Chauhan, 2015). It has also been shown to inhibit synthesis of prostaglandin 

and is antispasmodic (Rai et al., 2009). Table 2-9 lists the phytochemicals and the bioactive 

properties found in E. hortensis. 

 

2.8.5.2 The phytochemical constituents of E. hortensis 

E. hortensis contain phytochemicals including alkaloids berberine, furoquinoline, acridone, and the 

essential oils including caryophyllene, alpha-copaene, arcurcumene, evodone, menthofuran and 

hortensol (Rai et al., 2009). The leaves main constituents are berberine furoquinoline and acridone 

alkaloids (Cambie & Ash, 1994). Figure 2.17 shows the chemical structures of selected alkaloids 

and terpenoids identified in leaves of E. hortensis. 
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Table 2-9 Phytochemical constituents and bioactive properties for E. hortensis. 

Class Phytochemical constituents References 

Alkaloids Acridone, Berberine, Furoquinoline Rai et al., 2009 

Cambie & Ash, 1994 

Essential oils 

(mono- and sesquiterpenes) 

Caryophyllene, α-Copaene, ar-Curcumene, Evodone, Menthofuran  Rai et al., 2009 

nor-Triterpenoid Hortensol Rai et al., 2009 

 Bioactivities References 

 Antimicrobial  

 antibacterial, antiviral (antidengue, antiflu), antiyeast (anticandida),  
treats boils 

Tupua et al., 1992,  

Cambie & Ash, 1994 

Huish et al., 2014 

 antiparasitic (antimalarial) Rai et al., 2009 

 Other bioactivities  

 antiepileptic 

inhibits synthesis of prostaglandins, 

antispasmodic 

Rai et al., 2009 

 treats swollen testicles Cambie & Ash, 1994 

 treats headaches Tupua et al., 1992 

 treats earaches, stomach aches and hepatitis Cambie & Ash, 1994 

 treats epilepsy Dixit, Mittal, & Chauhan, 2015 
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Figure 2.17 Selected alkaloids and terpenoids identified in leaves of E. hortensis 

Alkaloids 

   

Terpenoids (Monoterpenoids, Sesquiterpenoids) 

   
Figure 2.17 continued overleaf 
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Figure 2.17 concluded 

Terpenoids (Sesquiterpenoids, nor-Triterpenoid) 

   

 

Redrawn from:  
Royal Society of Chemistry (ChemSpider) https://www.chemspider.com 
Chemical Book http://www.chemicalbook.com 
PubChem https://pubchem.ncbi.nlm.nih.gov 
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2.8.6 Ipomoea batatas (L.) Lam. (Kumala) 

Ipomoea batatas, commonly known as sweet potato or ‘Kumala’ in Fijian, is of the family 

Convolvulaceae. Sweet potato is a root crop which is planted throughout the warmer regions 

of the world and is well-distributed in the Pacific islands (Rai et al., 2009). It is a creeping 

vine that is commonly cultivated because of its tubers. It originated in tropical America and 

was introduced into Fiji an unspecified number of years ago. The leaves are often heart-

shaped, as seen in Figure 2.18, but some varieties of the plant may have 3-5-lobed leaves. The 

plant has a purple stem and produces pink flowers. However, during cultivation the plant 

rarely flowers (Cambie & Ash, 1994).    

 

Figure 2.18 The I. batatas (Kumala) plant with 3-lobed leaves 

Photo credit: V. Uluiviti 

  

2.8.6.1 Antimicrobial properties and traditional medicinal uses of  

I. batatas. 

Limited information is available in the literature on the antimicrobial properties of I. batatas, 

but antimicrobial activity of the leaves has been reported in several studies (Ayeleso, 
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Ramachela, & Mukwevho, 2016). The leaves and stem have been found to show antimicrobial 

activity and three unidentified antibiotics have been isolated from the plant (Cambie & Ash, 

1994). Although a study that was conducted revealed negative results on the antimicrobial 

effects of the I. batatas plant (Pochapski et al., 2011), a more recent study conducted to 

investigate the antimicrobial effects of the plant against the Gram negative bacteria 

Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and Salmonella typhi, the 

Gram positive bacteria Staphylococcus aureus, and the fungal species Aspergillus niger and 

Penicillium species revealed that water extracts exhibited high antimicrobial activity by 

inhibiting the growth of all the organisms except E. coli and the Penicillium species at 

different concentrations of the extract (Mbaeyi-Nwaoha & Emejulu, 2013).  

Studies have suggested other non-antimicrobial properties of the plant such as lowering blood 

glucose and hepatic enzymes and anticancer (Ayeleso et al., 2016), antioxidant, antimutagenic 

and antidiabetic activities (Pochapski et al., 2011). Ayeleso et al. (2016) further describe the 

plant having some haematological effects where it may be used as a remedy for anaemia since 

it was seen that sweet potato leaf powder helped increase the packed cell volume, haemoglobin 

levels and red blood cells in mice. 

There are not many medicinal uses of I. batatas is in Fiji. A hot infusion of the leaves is used 

to treat bladder stones, urinary disorders and abdominal pains (Cambie & Ash, 1994). An 

infusion of the mixture of the leaves and the bark of Pometia pinnata (dawa) has been reported 

to cure sterility (Cambie & Ash, 1994). I. batatas has other medicinal uses in Asia and Africa 

where it is used to treat oral health problems (Ashu Agbor & Naidoo, 2015); (Azam et al., 

2014). In the South Pacific country of Papua New Guinea, the leaves are used to relieve 

stomachache, treat eye infections and prevent sores on a baby’s skin (Rai et al., 2009).  

 

2.8.6.2 The phytochemical constituents of I. batatas. 

The literature on the phytochemical constituents of I. batatas is extensive. The plant is a rich 

source of starch, fats and vitamins A, B and C (Cambie & Ash, 1994); (Sun, Mu, Xi, Zhang, 

& Chen, 2014). Flavonoids, terpenoids, tannins, saponins, glycosides, alkaloids, steroids, and 

phenolic acids are the major phytochemicals found in sweet potato  (Mbaeyi-Nwaoha & 

Emejulu, 2013); (Pochapski et al., 2011). There are different varieties based on their skin and 

flesh colours and would likely have different constituents.  
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Ayeleso et al. (2016) reported that beta-carotene is rich in the orange-coloured sweet potato, 

while the purple ones have a higher content of anthocyanin. Indeed, anthocyanins such as 

peonidin and cyanidin are only found in purple-fleshed sweet potato, but not in the white and 

orange varieties.  Luteolin, a flavonoid, is found in orange and purple varieties but is absent 

in the white varieties (Park et al., 2016). Ayeleso et al. (2016) also reported that some common 

flavonoids found in sweet potato include peonidin, cyanidin and luteolin. Additional 

compounds include quinic acid, caffeic acid, chlorogenic acid and saponins. Carotenoids are 

present in high levels in orange-fleshed sweet potato while beta carotene and anthocyanins 

are not detected in the white-fleshed sweet potato but in purple-fleshed ones, that also has 

relatively higher levels of phenolic acids and flavonoids than the other two varieties (Park et 

al., 2016). The leaves of the sweet potato plant are found to be rich in polyphenols (H. Sun et 

al., 2014). Even though tannins, alkaloids, steroids, glycosides, saponins, flavonoids and 

soluble carbohydrates are present in the leaves of the plant, alkaloids are present in higher 

amounts, then flavonoids followed by steroids (Mbaeyi-Nwaoha & Emejulu, 2013). A 

summarized list of phytochemicals found in the I. batatas plant appears in Table 2-10 along 

with the types of bioactive properties exhibited by various phytochemicals present in the plant. 

Figure 2.19 displays some of the chemical structures of selected phytochemicals found in I. 

batatas. 
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Table 2-10 Phytochemical constituents and bioactive properties for I. batatas. 

Class Phytochemical constituents References 

Alkaloids Calystegine A3, Calystegine B1, Calystegine B2, Ipomine A Mbaeyi-Nwaoha & Emejulu, 2013 
Cambie & Ash, 1994 

Carotenoids α-Carotene, β-Carotene, β-Cryptoxanthin, Luteochrome Park et al., 2016 
Cambie & Ash, 1994 

Coumarins Aesculetin, Scopoletin, Umbelliferone Cambie & Ash, 1994 

Essential oil 3-furoic acid, Ipomeanin Cambie & Ash, 1994 

Anthocyanins/ 

anthocyanidins 

Cyanidin, Delphinidin-3-glucoside, Paeonidin, Cyanidin, Rubrobrassicin Ayeleso et al., 2016 

Flavonoids/ 

glycosides 

Astragalin, Kaempferol, Leucoside, Luteolin, Ombuin, Quercetin, Rhamnetin, 
Rhamnocitrin, Tiliroside, Luteolin, Quinic acid, Chlorogenic acid 

Park et al., 2016 
Ayeleso et al., 2016 

Pochapski et al., 2011 

Phenolic acids Chlorogenic acid, Isochlorogenic acid, Caffeic acid, Cinammic acid, 
Hydroxycinammic acid, Hydroxybenzoic acid 

Pochapski et al., 2011 
 

Sesquiterpenoids Abscisic acid, 6-Oxodendrolasin, 6-Hydroxydendrolasin, 9-Oxofarnesol, 
9-Hydroxyfarnesol, Ipomeamarone (Ngaione), 4-Hydroxymyoporone, 

Pochapski et al., 2011 
Cambie & Ash, 1994 

Diterpenoids Gibberellin (unspecified) Pochapski et al., 2011 
Cambie & Ash, 1994 

Triterpenoids Friedelin Pochapski et al., 2011 
Cambie & Ash, 1994 

Sterols Campesterol, Daucosterol, β-Sitosterol, Stigmasterol Pochapski et al., 2011 
Sun et al., 2014 

Vitamins Retinoid (vitamin A), Vitamin B, Ascorbic acid (vitamin C) Cambie & Ash, 1994 

Others Acyl ferulates, Anthraquinones, Hydroxyanthracene derivatives (not specified), 
Deca-12,15-dienoic acid, Ellagic acid, Simonins I-V (glycosides), Sporumine A & B, 

Succinic acid 

Pochapski et al., 2011 
Cambie & Ash, 1994 
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 Bioactivities References 

 Antimicrobial 

 antibacterial, antifungal Mbaeyi-Nwaoha & Emejulu, 2013 

 Other bioactivities  

 anticancer, lowers blood glucose & hepatic enzymes Ayeleso et al., 2016 

 antioxidant, antimutagenic, antidiabetic  Pochapski et al., 2011 

Ayeleso et al., 2016 

 anti-anaemia, antidiabetic, antiulcer 

antihyperlipidemic (lowers low density lipoproteins [LDL]), modulation of 

T-lymphocyte functions that promote lytic activity of natural killer cells and promote 
antibody production 

Ayeleso et al., 2016 

Table 2-10 concluded 
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Figure 2.19 Chemical structures of selected constituents from the leaves of  

I. batatas 

Components from essential oil 

 
 

Alkaloids 

  

 

 

 

Figure 2.19 continued overleaf 
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Figure 2.19 continued. 

Carotenoids 

 

 

 

 

Coumarins 

 

Figure 2.19 continued overleaf. 
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Figure 2.19 continued 

Flavonoids /glycosides 

 

 

 

Figure 2.19 continued overleaf. 
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Figure 2.19 continued 

 

Anthocyanins 

 

Figure 2.19 continued overleaf 
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Figure 2.19 continued 

Sesquiterpenoids 

 

 

 

 

 

Figure 2.19 continued overleaf 
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Figure 2.19 concluded 

Diterpenoids 

 

Triterpenoids 

 

 

 
Redrawn from: RSC (ChemSpider) http://www.chemspider.com 

Chemical Book http://www.chemicalbook.com 

PubChem http://pubchem.ncbi.nlm.nih.gov 
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2.8.7 Merremia peltata (L.) Merrill (Wadamu) 

M. peltata is a common coarse and widely spreading woody vine with smooth, 

rectangular-shaped stems and heart-shaped leaves (Figure 2.20) that bears white flowers 

and is a vigorous climber in the forests of Fiji. It is of the family Convolvulaceae and is 

called ‘Wadamu’ or ‘Wabula’ in Fijian (Cambie & Ash, 1994). The literature does not 

clearly document the native origin of the plant and it is believed to be an invasive plant 

that may be introduced or native in the Pacific (Kirkham, 2005); (Taylor & Kumar, 2016). 

The plant is used as medicine in Indonesia (Alen, Rustini, & Honesty, 2012), in the 

Philippines (Perez, Jose, Aranico, & Madamba, 2015) and in Papua New Guinea (Rai et 

al., 2009). 

 

Figure 2.20 The M. peltata (L.) Merill (Wadamu) whole plant 

Photo credit: V. Uluiviti 
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2.8.7.1 Antimicrobial properties and traditional medicinal uses of M. peltata 

A few antimicrobial activities have been documented for the M. peltata plant. The leaves 

of the plant have been reported to have antimicrobial properties and contains an alkaloid 

called convolamine (Cambie & Ash, 1994). The antibacterial activity of M. peltata has 

been reported against S. aureus and E. coli (Alen et al., 2012) and against S. aureus, 

Bacillus subtilis, E. coli and P. aeruginosa (Perez et al., 2015). The plant has also been 

reported to have antiviral (anti-HIV) activity and cytotoxic effects (Godofredo, 2018), as 

well as anti-parasitic properties (Yohannes et al., 2016). Antibacterial activity of other 

species of Merremia (M. marginata) has also been reported (Elumalai, Ramachandran, 

Thirumalai, & Vinothkumar, 2011). 

The plant has limited medicinal uses in Fiji. The crushed leaves prepared as a tea or mixed 

with the leaves of Macropiper viticense (yaqoyaqona) for the treatment of headache or 

ear pains (Cambie & Ash, 1994). A decoction of the leaves is often used to treat boils, 

scratches, infections, and appendicitis (Singh, 1981), while a drink made from the juice 

of the leaves is for the remedy of hernia and the heated leaves are applied as a poultice 

(Weiner, 1970). The leaves can also be chewed and applied to body swellings (Weiner, 

1970). A decoction of the stem is used to treat backache and the decoction of the roots is 

used to treat stomach muscular rigidity (Singh, 1981). A decoction of the mixture of the 

M peltata leaves and the leaves of Colocasia esculenta (Dalo) is used to treat cysts 

(Spencer, 1966). A mixture of the roots and bark of Euodia hortensis (Uci) is used for the 

treatment of chills and rigour (Singh, 1981). M. peltata has also been reported to treat 

infections in babies (Cambie & Ash, 1994). The diluted sap from the young leaves is also 

used as eye or ear drops (Godofredo, 2018). 

 

2.8.7.2 The phytochemical constituents of M. peltata 

Limited information is available on the phytochemical constituents present in M. peltata. 

A study revealed the presence of alkaloids, flavonoids in abundant quantity and steroids 

as the most abundant phytochemical present in ethanolic leaf extracts of M. peltata (Perez 

et al., 2015). A separate study concluded the presence of terpenoids, steroids, saponins 

and phenolic compounds in the leaf extracts of M. peltata examined (Yohannes et al., 

2016). Neither of these studies specified the identification of the constituents representing 

each class of phytochemical present in the plant. An alkaloid, convolamine (Figure 2.21) 

is reported to be present in the leaves of M. peltata (Cambie & Ash, 1994). Table 2-11 
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provides a summarized list of the classes of phytochemicals found in Merremia peltata 

(L.) Merrill (Wadamu) and the bioactive properties documented for the plant.  

 

Table 2-11 Phytochemical constituents and bioactive properties for M. peltata. 

Class Phytochemical constituents References 

Alkaloids  Convolamine Cambie & Ash, 1994 

Flavonoids 

Terpenoids 

Steroids 

Phenolic compounds 

Saponins 

Not specified Yohannes et al., 2016 

   

Bioactivities References 

Antimicrobial  

antibacterial Godofredo, 2018 

Alen, Rustini, & Honesty, 
2012 

antiviral (anti-HIV), anti-
inflammatory, antimalaria, treats 
ear and eye inflammation 

Godofredo, 2018 

antiparasitic Godofredo, 2018 

Yohannes et al., 2016 

Other bioactivities  

cytotoxic effects Godofredo, 2018 

Yohannes et al., 2016 

facilitates childbirth, used as 
laxative, treats fever, hair loss 

and uterine haemorrhage 

Godofredo, 2018 
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Figure 2.21 Chemical structure of convolamine in M. peltata leaves  

Source: Redrawn from ChemSpider: http://www.chemspider.com 
 

 

 

2.8.8 Mikania micrantha Kunth H. B. & K. (Wabosucu) 

Mikania micrantha is a common, fast growing, climbing, and creeping weed that grows 

widely in Asia and the Pacific, Australia, and South, North and Central America. It is 

commonly known as ‘mile a minute’, or in some places it is called ‘American rope’ or 

‘Chinese creeper’. Its fast growth can smother and cover other plants causing a significant 

reduction in their growth and productivity, especially with crops. This weed can reduce 

light interception by covering the canopy of trees and plants and can hinder the growth of 

younger crops. The water soluble allelochemicals of  M. micrantha improve soil nutrient 

availability (Chen et al., 2009); however, a recent study has that the plant affects the soil 

foodweb and plant-soil nutrient contents in orchards (Sun, Ou, Yu, Li, & Peng, 2019). It 

is commonly known in Fijian as ‘Wabosucu’ and is of the family Asteraceae. The leaves 

of the plant are triangular in shape and bears dainty, creamy-white flowers (Cambie & 

Ash, 1994). Figure 2.22 shows the picture of the leaves of the M. micrantha plant. 
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Figure 2.22 M. micrantha (Wabosucu) leaves 

 

Photo credit: V. Uluiviti 

 

 

2.8.8.1 Antimicrobial properties and traditional uses of M. micrantha 

Many bioactive properties have been reported for M. micrantha. The leaves show 

antimicrobial activity and are positive for alkaloids (Cambie & Ash, 1994). Methanol leaf 

extracts exhibit antihelmintic reaction against adult earthworms (Pheritima posthuman) 

as well as antioxidant properties (Dev, Hossain, & Islam, 2015). Leaf extracts also show 

antibacterial activity towards some soil bacteria and inhibit the germination of some 

fungal spores (Li, Li, Li, Wang, & Cao, 2013). In another study, leaf extracts of M. 

micrantha were tested on some other soil bacterial and fungal pathogens (Yan et al., 

2013). The results showed a remarkably higher fungistasis activity as compared to the 

stem extracts with the chloroform extracts showing the highest fungistasis activity. The 

same results were observed for the bacteriostasis assays, reflecting the plant’s 

antibacterial activity (Yan et al., 2013). Other studies have also confirmed the 

antibacterial activities of M. micrantha (Facey, Peart, & Porter, 2010); (Pérez-Amador, 

Ocotero, Balcazar, & Jiménez, 2010). The activity of M. micrantha against some human 



 

89 

fungal pathogens (Epidermophyton floccosum var. nigricans, Microsporum canis, 

Microsporum gypseum and Trichophyton rubrum) exhibited excellent antidermatophytic 

activity and antiinflammatory properties. Thus, it is an excellent candidate for the 

potential development of antidermatophytoses medications (Jyothilakshmi, Jyothis, & 

Latha, 2015) . 

There are several medicinal uses of M. micrantha in Fiji. The leaves of the plant are the 

most common part of the plant used as remedy for skin irritations and for soothing pain 

of bees, wasps and other insect stings (Parham, 1943). To stop a bleeding wound, leaves 

are often chewed and placed directly on the wound to enhance clotting (Spencer, 1966); 

(Tupua et al., 1992). Another method is to rub a handful of leaves in the palm of the hands 

until juice is produced, which is then squeezed on the cuts. The softened and moist leaves 

are used to cover the cut as a poultice and then bandaged. Leaves are sometimes heated 

over a fire placed as a poultice on boils in the armpit, while the vapour of cooked leaves 

is used to help remove fish barbs. The plant is also used for the treatment of stomachache, 

high blood pressure and diabetes when the crushed leaves are mixed with water and the 

fluid consumed (Singh, 1981); (Tupua et al., 1992). A decoction of M. micrantha leaves 

with the roots of Ageratum conyzoides L. (botebotekoro) has been used for the treatment 

of backache, headache, and vaginal bleeding (Cambie & Ash, 1994). A decoction of the 

leaves is mixed with the leaves of Centella asiatica (totodro) and ‘botebotekoro’ is 

filtered and the fluid consumed to control excessive menstrual bleeding and high blood 

pressure (Cambie & Ash, 1994; Tupua et al., 1992). The leaves of M. micrantha and 

leaves of another plant ‘tabuturu’ (botanical name unavailable) have been used to trigger 

and hasten birth for mothers who have gone over the normal term of pregnancy (Cambie 

& Ash, 1994). The shoots of the plant are believed to have anticancer effects (Cambie & 

Ash, 1994). The leaves of the plant, used alone or mixed with the leaves of the guava 

(Psidium guajava L.) tree, consumed as a strong concentrated infusion for the treatment 

of adult diarrhoea (Tupua et al., 1992). It has also been used as a treatment for colds and 

flu when leaves are pounded and an infusion is prepared and consumed (Tupua et al., 

1992). This plant has been considered a pain killer (an anodyne), an anticoagulant, helps 

the clotting of blood and has antibacterial activity against Staphylococcus aureus and 

beta-hemolytic Streptococcus Group A (Facey et al., 2010) and Bacillus cereus (Li et al., 

2013). M. micrantha also has medicinal uses in the Pacific Islands of Samoa and Niue 

(Whistler, 1992a). 
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2.8.8.2 The phytochemical constituents of M. micrantha 

Alkaloids, flavonoids, reducing sugars, saponins, phenolic compounds and tannins, 

amino acids and proteins have been reported to be present in the M. micrantha (Dev et 

al., 2015). Another study reported the presence of phenolic compounds, flavonoids, 

alkaloids and terpenes and their derivatives (Guangyan, Fenglan, Baoming, Liying, & 

Shaolin, 2007).  

The plant also contains the sesquiterpene lactone mikanolide and its derivatives (Facey et 

al., 2010; Li et al., 2013), all of which have been reported to have antibacterial activity. 

The presence of α, β-unsaturated lactones is believed to contribute to the antibacterial 

activity through the inhibition of the bacterial enzyme MurA (required for the 

biosynthesis of peptidoglycan), thus, disruption of the bacterial membrane (Facey et al., 

2010). A recent study has reported the presence of two new germacrane sesquiterpenoids 

compounds (hydroxymikaperiplocolide A and hydroxymikaperiplocolide B) in M. 

mirantha leaves that also possess antibacterial properties (Ma et al., 2020). Mikanolide, 

its derivative dihydromikanolide, and the triterpene lupene are also believed to also 

contribute to the plant’s anticancer activity (Cambie & Ash, 1994; (da Silva, Owiti, & 

Barbosa, 2018). About twenty-seven terpenoid constituents and higher terpenoids, 

including (-)-kaur-16-en-19-oic acid, (-)-kauren-16-beta-ol, taraxasterol, together with 

essential oils, coumarins, and the steroids beta-sitosterol and stigmasterol, have also been 

identified in the plant (WHO, 1998).  

A study revealed that leaf extracts of this plant contain a complex mixture consisting of 

halohydrocarbons (57.4%), sesquiterpenes (6.9%), amines (0.9%), sterols (1.5%), esters 

(12.7%) and carboxylic acids (7.8%). The major chemical constituent in the leaf extract 

were 1-(4-chlorophenyl)-2-hydroxyethanone (57.4%). Six other compounds identified as 

deoxymikanolide, scandenolide, dihydroscandenolide, mikanolide, dihydromikanolide, 

and m-methoxy benzoic acid have also been isolated from leaves of M. micrantha. 

Deoxymikanolide, scandenolide, and dihydroscandenolide were reported as new 

compounds. Researchers have been interested in the compound mikanolide because of its 

antimicrobial, antitumor, cytotoxic, and phytotoxic activities (da Silva et al., 2018). The 

compound 1-(4-chlorophenyl)-2-hydroxyethanone has not been documented in earlier 

literature to be present in M. micrantha and whether the compound has antimicrobial 

properties is unclear (Li et al., 2013). Table 2-12 provides a summary of the 

phytochemical constituents present in M. micrantha and the reported bioactivity of the 

plant. Figure 2.23 provides chemical structures for some of the compounds listed. 
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Table 2-12 Phytochemical constituents and bioactive properties of M. micrantha. 

Class Phytochemical constituents References 

Alkaloids 2-Butanamine and other non-specified alkaloids Dev et al., 2015 
Guangyan et al., 2007 

Cambie & Ash, 1994 
Flavonoids Mikanin, Eupalitin, Eupafolin, 3,4’,5,7-Tetrahydroxy-6-methoxyflavone 

3-O-β-D-glucopyranoside, Luteolin 

Dev et al., 2015 

Guangyan et al., 2007 

Phenolics Coumarin, Vanillic acid, Resorcinol, Caffeic acid, p-Hydroxybenzaldehyde,  
3,5-Di-O-caffeoylquinic acid n-butyl ester, 
3,4-Di-O-caffeoylquinic acid n-butyl ester 

Dev et al., 2015 
Guangyan et al., 2007 

Monoterpenoids Carveol, p-Cymene-2-ol, Geraniol, Limonene, Linalool, Menthol, Myrcene, Ocimene, 
α-Phellandrene, α-, β-Pinene, Sabinene, α-, β-, γ-Terpinene, Terpinene-4-ol, α-Thujene, 
Verbenone 

Cambie & Ash, 1994 
Guangyan et al., 2007 

Sesquiterpenoids 1,9-Aristoladiene, Aromadendrene, allo-aromadendrene, β-, γ-Bisabolene, Bisabolol, 

α-, β-, γ-, δ-Cadinene, α-, δ-Cadinol, α-, β-Copaene, α-Copaene-8-ol, 
α-, β-Caryophyllene, iso-Caryophyllene, Curcumene, ar-Curcumene, α-, β-Cubebene, 
Cubenol, Elemene, α-, β-Farnesene, Germacrene, α-Guaiene, β-Himachalene, 
2,3-epoxy-1-hydroxy-4,9-Germacradiene-12,8:15,6-diolide, α-Humulene, 

Longipinene, Mikanokryptin, α-, γ-Muurolene, Nerolidol, α, β-Zingiberene  

Facey et al., 2010 

Guangyan et al., 2007 
Cambie & Ash, 1994 

Sesquiterpene 

lactones 

Mikanolide, Deoxymikanolide, Dihydromikanolide, Scandenolide, 

Anhydroscandenolide, Dihydroscandenolide 

Li et al., 2013 

 

Diterpenoids 3,7,11,15-Tetramethyl-2-hexadecen-1-ol (phytol) 
(-)-kaur-16-en-18-oic acid 
(-)-kaur-16-en-18-ol 

Guangyan et al., 2007 
Cambie & Ash, 1994 

Triterpenoids Taraxasterol Guangyan et al., 2007 
Han, 1998 

Table 2-12 continued overleaf… 
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Class Phytochemical constituents References 

Sterols β Sitosterol, Stigmasterol Li, Shen, et al., 2013 
Guangyan et al., 2007 

Han, 1998 

Other compounds 3-Hexen-1-ol, Isobutyl acetate, m-methoxy benzoic acid Li, Shen, et al., 2013 

   

 Bioactivities References 

 Antimicrobial 

 antiparasitic (antihelminthic) Dev, Hossain, & Islam, 2015 

 antibacterial Li, Li, Li, Wang, & Cao, 2013  
Li, Shen, et al., 2013 

Facey, Peart, & Porter, 2010  
Perez-Amador, 2010 
Cambie & Ash, 1994 

 antifungal (antidemartophyte), anti-inflammatory Jyothilakshmi, Jyothis, & Latha, 
2015 

Li, Li, Li, Wang, & Cao, 2013  
Li, Shen, et al., 2013 

 antidiarrhoeal Cambie & Ash, 1994 

 antiviral, treats cold & flu Tupua et al., 1992 

 Other bioactivities  

 antioxidant  Dev, Hossain, & Islam, 2015 

 anticoagulant, antidiabetic, anticancer, Cambie & Ash, 1994 
 treats skin irritations & for soothing pain of bees, wasps and other insect stings, lowers 

blood pressure, treats backache, headache & stomachache, pain reliever 

Cambie & Ash, 1994 

Table 2-12 concluded. 
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Figure 2.23 Selected constituents found in M. micranthra. 

Flavonoids 

 
eupafolin 

 
eupalitin 

 
mikanin 

 

Phenolics 

 
resorcinol 

 
p-hydroxybenzaldehyde 

 
vanillic acid 

Figure 2.23 continued overleaf 
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Figure 2.23 continued 

Phenolics 

 
caffeic acid 

 
3,4-dicaffeoylquinic acid, n-butyl ester (R4 = caffeoyl, R3 = H) 
3,5-dicaffeoylquinic acid, n-butyl ester (R3 = caffeoyl, R4 = H) 

Monoterpenoids 

 

2-cymenol (= carvacrol) 

 

carveol 

 

(-)-menthol 

 

verbenone 

Figure 2.23 continued overleaf 
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Figure 2.23 continued 

Sesquiterpenoids 

 

-farnesene 

 

(E)--farnesene 

 

(±)-nerolidol (references did not stipulate). 

 

1,9-aristoladiene 

 

cubenol 

 

-cadinene (= -cadinene?) 

 

-cadinene 

 

-cadinene 

 

cadinol 

Figure 2.23 continued overleaf 
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Figure 2.23 continued 

Sesquiterpenoids 

 

-copaene-8-ol 

 

-muurolene 

 

iso-caryophyllene 

 

(+) germacrene A  

(The references cited are ambiguous) 

 

-guaiene 

 

(-)-allo-aromadendrene 

Figure 2.23 continued overleaf 
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Figure 2.23 continued 

Sesquiterpenoids 

 

-himachalene 

 

(+)-longipinene  

(references don’t stipulate further) 

 

(R)--bisabolene  

(references don’t state configuration or rotation) 

 

(Z)−-bisabolene 

 

(-)--bisabolol 

 

ar-curcumene (= curcumene) 

 

(-)-zingiberene 

 

(-)--elemene  

Figure 2.23 continued overleaf 
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Figure 2.23 continued 

Sesquiterpene lactones 

 
mikanokryptin 

 
mikanolide 

 
deoxymikanolide 

 
dihydromikanolide 

 
scandenolide 

 
dihydroscandenolide 

 
anhydroscandenolide 

 
2,3-epoxy-1-hydroxy-4,9-germacradiene-12,8:15,6-diolide 

Figure 2.23 continued overleaf 
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Figure 2.23 continued 

Diterpenoids & triterpenods 

 
kaur-16-en-18-ol 

 
kaur-16-en-18-oic acid 

 
phytol 

 
taraxasterol 

Figure 2.23 concluded 

Redrawn from ChemSpider: https://www.chemspider.com and PubChem: https://pubchem.ncbi.nlm.nih.gov  
 

https://www.chemspider.com/
https://pubchem.ncbi.nlm.nih.gov/
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2.8.9 Plumeria rubra L. (Bua) 

Plumeria rubra is of the family Apocynaceae. It is called ‘Bua’ or ‘Bua ni vavalagi’ in 

Fijian and is known to others as ‘Frangipani’. P. rubra is a small tree that grows to about 

seven meters high, with thick branches with long, rectangular-shaped leaves. It produces 

colourful, strongly scented white and yellow flowers, with some producing red flowers 

(Cambie & Ash, 1994). The plant is native to Mexico, Central America, and Venezuela. 

(Choudhary, Kumar, & Singh, 2014) but is now growing widely growing in the tropics 

(WHO, 1998). Figure 2.24 shows a picture of the P. rubra leaves and flowers. 

 

Figure 2.24 P. rubra (Bua) leaves and flowers 

Photo credit: V. Uluiviti 

2.8.9.1 Antimicrobial properties and traditional medicinal uses of  

P. rubra 

It has been reported that the antibiotic compound fulvoplumierin present in this plant 

inhibits the growth of Mycobacterium tuberculosis, and has antifungal, antibacterial, 

antiviral and anti-yeast properties (WHO, 1998). The compound rubrinol, identified in 

the plant was also reported to show antibacterial activity against two Gram-positive 

(Bacillus anthracis and Corynebacterium pseudodiphthericum) and two Gram-negative 

bacteria (Pseudomonas aeruginosa and P. pseudomallei) (Zaheer, Konale, Patel, Khan, 

& Farooqui, 2010). 
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Other studies have also reported the antibacterial properties of the P. rubra leaves 

(Baghel, Mishra, Asha Rani, Sasmal, & Nema 2010); (Jarin, Rahman, & Anwar, 2013); 

(Deshpande & Chaturvedi, 2014); (Choudhary et al., 2014). Other reported antimicrobial 

activities include antiviral (Zaheer et al., 2010), antiparasitic (Dey & Mukherjee, 2015) 

and antifungal properties (Jarin et al., 2013). According to Perez (Perez, 2003), the 

antiviral activity of fulvoplumierin was implicated in the inhibition of the human 

immunodeficiency virus type 1 (HIV) reverse transcriptase; however, a later study 

reported the inhibition of both HIV-1 and HIV-2 (Zaheer et al., 2010). Other antiviral 

effects have also been documented against the Semliki Forest, coxsachie and 

poliomyelitis viruses (Cambie & Ash, 1994). The essential oils of the flowers have also 

shown antibacterial activity that is thought to be caused by the flower compounds, 

carboxylic acids, n-hexadecanoic acid and n-tetradecanoic acid (Liu, Wang, Wei, & Yan, 

2012). Other parts of the plants including the bark, flower, stem, latex, and seeds have 

been reported to have anti-inflammatory properties and have been used as remedies for 

several types of ailments in India and Latin America (Dey & Mukherjee, 2015). Plumeria 

species have also been reported to have properties such as antioxidants, antitumor and 

antinociceptive activity (Devprakash, Tembare, Gurav, Kumar, & Mani, 2012), as well 

as anticholesterol (Rahman et al., 2014). 

There is limited information in the literature on the medicinal uses of P. rubra in Fiji. The 

only one documented study reports that a decoction of the scraped bark is used for the 

treatment of scabies (Cambie & Ash, 1994). It also has medicinal uses in other Pacific 

Islands. It is used to treat conjunctivitis in Samoa (Whistler, 1996), while in the Cook 

Islands the sap or the scraped bark is used to treat a wound from the sting of a stonefish, 

as well as wasps, bees and centipede bites (WHO, 1998). 

 

2.8.9.2 The phytochemical constituents of P. rubra 

Constituents found in P. rubra include include: Triterpenoids such as lupeol and lupeol 

acetate in the latex of the plant (Choudhary, Kumar, & Singh, 2014; Devprakash, Gurav, 

Kumar, & Mani, 2012), while the essential oil of the leaves have been reported to contain 

monoterpenes including geraniol and citronellol (Devprakash et al., 2012), triterpenoid 

rubrinol (Zaheer et al., 2010), flavonoids and phenolic acids (Choudhary, Kumar, & 

Singh, 2014; Deshpande & Chaturvedi, 2014). Table 2-13 lists the various phytochemical 

compounds that have been documented to be present in the P. rubra plant. The related 
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chemical structures of some of these compounds illustrated include alkaloids, selected 

mono- and sesqui-terpenoids, iridoids, flavonoids, selected aromatic alcohols, aldehydes, 

ketones, acids, and esters, selected phenolic aldehydes, ketones, acids and esters  and 

miscellaneous bioactive compounds. Structures of some phytochemicals mentioned in 

Table 2-13 (e.g., the triterpenoid, rubrinol) were unobtainable despite extensive 

searching. 
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Table 2-13 P. rubra - representative constituents and bioactive properties. 

Class Phytochemical constituents References 

Alkaloids Plumerinine  Choudhary, Kumar, & Singh, 2014 

Monoterpenoids Geraniol, Citronellol Devprakash, Gurav, Kumar, & Mani, 2012 

Sesquiterpenoids β-farnesene, trans-farnesol, δ-Cadinene Devprakash, Gurav, Kumar, & Mani, 2012 

Iridoids plumieride (= agoniadin), 15-demethylplumieride, fulvoplumierin, plumericin, 
plumieric acid 

Choudhary, Kumar, & Singh, 2014 
Deshpande & Chaturvedi, 2014 
Devprakash, Gurav, Kumar, & Mani, 2012 

Triterpenoids Lupeol, Lupeol acetate, Amyrin, Taraxasterol, Cycloart-22-en-3-α-25-diol, 
6-α-Hydroxy-3-epi-oleanolic acid, Olean-12-en-3-α,27-diol, Oleanolic acid, 

Rubrinol 

Choudhary, Kumar, & Singh, 2014 
Devprakash, Gurav, Kumar, & Mani, 2012 

Aromatic acids, 

esters and 

related 

compounds 

benzaldehyde, benzoic acid (and methyl ester), benzyl alcohol, benzyl 
benzoate, benzyl cyanide, methyl cinnamate, phenylacetaldehyde, 
β-phenylethanol, 

Choudhary, Kumar, & Singh, 2014 

Phenolic acids 

and esters 

2-hydroxybenzoic acid (salicylic acid), benzyl salicylate, iso-amyl salicylate, 
para-coumaric acid, melilotic acid, syringic acid, vanillic acid 

Choudhary, Kumar, & Singh, 2014 
Deshpande & Chaturvedi, 2014 

Flavonoids kaempferol, quercetin, quercetin glycosides, plumerubroside Choudhary, Kumar, & Singh, 2014 
Deshpande & Chaturvedi, 2014 

Sterols β-sitosterol, stigmasterol Choudhary, Kumar, & Singh, 2014 
Devprakash, Gurav, Kumar, & Mani, 2012 

Others acetoin, bornesitol, ceratonic acid, β-ionol, 2,5-dimethoxy-p-benzoquinone Choudhary, Kumar, & Singh, 2014 

Table 2-13 continued overleaf 
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 Bioactivities References 

 Antimicrobial  

 antibacterial Dey & Mukherjee, 2015 
Choudhary, Kumar, & Singh, 2014 
Deshpande & Chaturvedi, 2014 
Jarin, Rahman, & Anwar, 2013 

Baghel, Mishra, Asha Rani, Sasmal, & Nema 
2010 
Cambie & Ash, 1994 

 antiviral Perez, 2003 
Cambie & Ash, 1994 

 antiparasitic  Dey & Mukherjee, 2015 

 Other bioactivities  

 antifungal Jarin, Rahman, & Anwar, 2013 

 antioxidant, antipyretic, anti-inflammatory, antitumour, antiarthritis, cytotoxic 
activity 

Choudhary, Kumar, & Singh, 2014 
Rahman et al., 2014 
Devprakash, Gurav, Kumar, & Mani, 2012 

 antinociceptive activity (inhibits pain) Devprakash, Gurav, Kumar, & Mani, 2012 

 anti-cholesterol Rahman et al., 2014 

 treats sting of a stonefish, wasps, bees and centipede bites  Han, 1998 

Table 2-13 concluded. 
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Figure 2.25 Selected constituents found in P. rubra 
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Figure 2-25 continued overleaf 
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Iridoids  

  

  

 

Figure 2-25 continued overleaf 
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Flavonols  

 

 

Flavan-3-ols 

 

Figure 2-25 continued overleaf 
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Aromatic alcohols, aldehydes, acids, esters (and a nitrile) 

  

  

  

  

Figure 2-25 continued overleaf 

  



 

109 

Aromatic alcohols, aldehydes, ketones, acids and esters 

  

 
 

  

 

 

Figure 2-25 continued overleaf 
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Assorted aliphatic and aromatic compounds 

  

  

  

 
Figure 2-25 continued overleaf  
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Nor-triterpenoids (often called plant sterols) 

 

 

Triterpenoids identified in P. rubra.  

  

Figure 2-25 continued overleaf 
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Triterpenoids identified in P. rubra.  

  

 

Figure 2-25 concluded 

 
Redrawn from: ChemSpider http://www.chemspider.com and Chemical Book 
http://www.chemicalbook.com 
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2.8.10 Polyscias fruticosa (L.) Harms. (Danidani) 

Polyscias fruticosa is a member of the family Araliaceae and is commonly referred to in 

Fiji as ‘Danidani’. It is a small shrub that grows up to 4 metres tall. The leaves have 

conspicuous toothed margins blades (Figure 2.32) often yellowish green in colour, that 

give a fragrance when crushed (WHO, 1998). This plant is native to Indonesia and has 

been cultivated in Fiji for its yellow ornamental foliage. The roots give a pleasant 

aromatic odour, and the plant tastes like parsley (Cambie & Ash, 1994).  

 
Figure 2.26 The P. fruticosa (Danidani) plant  

Photo credit: V. Uluiviti  

 

2.8.10.1 Antimicrobial properties and traditional medicinal uses of  

P. fruticosa 

Limited information is available on the antimicrobial activity of P. fruticosa. However, 

some have demonstrated the antibacterial activity of ethanol leaf extracts against some 

Gram-positive (Staphylococcus aureus and Bacillis subtilis) and Gram-negative 

(Esherichia coli) bacteria (Bensita, Nilani, & Sandhya, 1999). 

There is limited information documented on the traditional uses of P. fruticosa. Cambie 

and Ash (1994) have described the uses of P. fruticosa as a diuretic, the juice from the 

bark as a remedy for oral yeast infections such as oral thrush, while a cold poultice of the 

bark is used to treat syphylitic sores. Furthermore, Cambie and Ash (1994) have reported 

that a decoction of the leaves of P. fruticosa is used as a remedy for sinusitis, headache, 
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and haemorrhoids, while a mixed decoction of the leaves of P. fruticosa with two other 

plants ‘vini’ and ‘sausaudavui’ (scientific names were unobtainable despite extensive 

searching) is used to treat tonsiltis and migraine (Singh, 1981). The plant’s anti-

inflammatory effect has also been documented to treat several types of non-

communicable diseases such as asthma (Koffuor et al., 2014) and hyperglycaemia (Tran, 

Nguyen, & Nguyen, 2016).  The leaves and roots of P. fruticosa are believed to induce 

the immune system to produce antibodies, opsonins or interferon-like substances for 

developing better defence against diseases (Bensita et al., 1999). 

 

2.8.10.2 The phytochemical constituents of P. fruticosa 

The leaves of P. fruticosa contain saponins, while the leaf oil contains sesquiterpenes and 

some sesquiterpenoid alcohols (Cambie & Ash, 1994). Alkaloids, flavonoids and tannins 

have been reported to be present in P. fruticosa (Varadharajan & Rajalingam, 2011). 

Three saponins were isolated from leaf methanol extracts of the plant viz.,  

(1) 3-O-[β-D-glucopyranosyl-(1→4)-β-D-glucuronopyranosyl] oleanolic acid 28-O-β-D

-glucopyranosyl ester, (2) [6,8],3-O-{β-D-glucopyranosyl-(1→2)-[β-D-glucopyranosyl-

(1→4)]-β-D-glucuronopyranosyl} oleanolic acid 28-O-β-D-glucopyranosyl ester (or 

polyscioside D), and (3) 3-O-{β-D-glucopyranosyl-(1→2)-[β-D-glucopyranosyl-

(1→4)]-β-D-glucuronopyranosyl} oleanolic acid 28-O-β-D-glucopyranosyl-(1→2)-β-

D-galactopyranosyl ester (or polyscioside I). All three compounds exhibit hypoglycaemic 

and antihyperglycemic activity (Hanh, Dang, & Dat, 2016). The first compound is the 

main constituent of the leaf extracts, while the third compound was reported for the first 

time.  Figure 2.27 illustrates the chemical structures of the three saponins. 

The petroleum-ether extracts of the plant have revealed the presence of alkaloids, tannins, 

and flavonoids (Varadharajan & Rajalingam, 2011).  The diuretic properties exhibited by 

P. fruticosa have been attributed to the presence of flavonoids, saponins and organic acids 

(Varadharajan & Rajalingam, 2011). Except for the saponins, the specific identities of the 

alkaloids, tannins, flavonoids, and organic acids have not been specified in the literature. 

Table 2-14 is a collation of phytochemicals reported for P. fruticosa, with some 

compound structures illustrated in Figure 2.27. 
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Table 2-14 Phytochemical constituents and bioactive properties for P. fruticosa. 

Class Phytochemical constituents References 

Saponins 3-O-[β-D-glucopyranosyl-(1→4)-β-D-glucurono pyranosyl] oleanolic acid 

28-O-β-D-glucopyranosyl ester (Saponin 1) 

[6,8],3-O-{β-D-glucopyranosyl-(1→2)-[β-D-gluco-pyranosyl-(1→4)]-β-D-
glucuronopyranosyl} oleanolic acid 28-O-β-D-glucopyranosyl ester  

(Saponin 2 - polyscioside D) 

3-O-{β-D-glucopyranosyl-(1→2)-β-D-glucopyranosyl-(1→4)]-β-D-glucurono

pyranosyl} oleanolic acid 28-O-β-D-glucopyranosyl- 

(1→2)-β-D-galactopyranosyl ester (Saponin 3 - polyscioside I) 

Hanh et al., 2016 

Varadharajan, & Rajalingam, 2011 

Huan et al., 1998 

Alkaloids, Flavonoids, Tannins Present but not specified Varadharajan, & Rajalingam, 2011 

Sesquiterpenes and some 

sesquiterpenoid alcohols 

Present but not specified Cambie and Ash, 1994 

 Bioactivities References 

 Antimicrobial 

 antiyeast, antibacterial, antisyphilis, antitonsilitis, anti-inflammatory Cambie and Ash, 1994 

 antibacterial Bensita, Nilani, & Sandhya, 1999 

Cambie and Ash, 1994 

 Other bioactivities References 

 used as a diuretic Varadharajan, & Rajalingam, 2011 

Cambie and Ash, 1994 

 antimigraine Cambie and Ash, 1994 

 antihyperglycaemic Hanh et al., 2016 

 antiasthma Koffuor et al., 2014 
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Figure 2.27 The chemical structures of the three saponins identified in P. fruticosa  

Source: Redrawn from: Hanh et al, 2016. 
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2.9 Plants exhibiting antileptospiral properties 

The plants discussed in this section are Chinese and Indian herbal medicines reported to have 

antileptospiral activity. Even though the focus of this study is on the Fijian plants, due to the 

presence of the Chinese and Indian communities in Fiji, it may be good to also discuss Chinese 

and Indian plants reported to have antileptospiral activities. With the dominant presence of 

these ethnic groups in Fiji, it is likely that groups of migrants brought some these plants with 

them and have continued to use them as herbal remedies for ailments. Therefore, this warrants 

the need to update the literature on medicinal plants in Fiji used by the indigenous and the 

other ethnic groups. 

Fiji’s population comprises 38% of Indian origin (Waqavonovono, 2018). The Chinese 

represent the oldest and the largest (two-thirds) transnational Asian immigrants in the country 

in 2000 (Mohanty, 2005).  

Even though the plants described in the forthcoming paragraphs have been reported to possess 

the plants antileptospiral activity, none have been described as remedies for symptoms of 

leptospirosis. The Chinese medicinal plants described by Dharmananda (2016 & 2017) have 

been reported to treat leptospirosis but with no description of the symptoms being treated.  

 

2.9.1 Chinese medicinal plants  

Antileptospiral activity of some Chinese herbs has been reported in the Chinese medicine 

literature (Dharmananda, 2016). These plants include Lonicera japonica (shuanghua, often 

called jinyinhua), Scutellaria baicalensis (huangqin) and Forsythia suspensa (lianqiao).  

According to Dharmananda (2016), these plants are combined to produce a formulation called 

Shuanghuanglian (SHL) that was devised in the 1960s to treat infections, one of which is 

leptospirosis. Other Chinese medicinal plants reported to treat leptospirosis include 

Polygonum cuspidatum (huzhang), Houttuynia cordata (yuxingcao) and Artemisia annua 

(qinghao), which is sometimes used in combination with H. cordata (Dharmananda, 2017). 

These herbs have been administered to infected patients resulting in the alleviation of 

symptoms. However, their effects on the Leptospira organism remain unknown.  
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2.9.2 Eclipta alba (L.) Hassk 

E. alba is commonly referred to as ‘false daisy’ in English and ‘bhringoraj’ or ’bhringraj’ in 

India and Bangladesh. The plant spreads on the ground or partly ascends, with its stem and 

small leaves that is considered a weed of ethnomedicinal significance (Rownak, Abdullah, 

Snehali, & Mohammed, 2014). The plant as shown in Figure 2.28, has been used in Ayurvedic 

medicine for more than 1000 years in India (Manvar, Mishra, Kumar, & Pandey, 2012). 

 

 

 

Figure 2.28 The E. alba plant 

Source: http://carebyherbal.blogspot.com/2008/10/eclipta-alba.html. Retrieved February 

20, 2020. 

 

2.9.2.1   Phytochemicals and bioactive properties found in E. alba  

Several phytoconstituents have been reported to be present in E. alba as listed in Table 2-15. 

These include a wide range of antimicrobial compounds including wedelolactone, 

eclalbasaponins, ursolic acid, oleanolic acid, luteolin, and apigenin. The plant extracts and 

individual phytoconstituents have anticancer, hepatoprotective, snake venom neutralizing, 

anti-inflammatory, and antimicrobial properties. Some identified phytoconstituents including 

wedelolactone, ursolic and oleanolic acids, as well as luteolin and apigenin, have been 
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considered as potential new drugs against cancer, arthritis, gastrointestinal disorders, skin 

diseases, and liver disorders (Rownak et al., 2014). It is used in India to treat infective 

hepatitis, liver cirrhosis, liver enlargement and other ailments of the liver and gall bladder and 

has shown to possess anti-hepatitis C activities (Manvar et al., 2012). 

Studies conducted on E. alba have demonstrated antileptospiral activity (Divya et al., 2013); 

(Ramalingam, Pandurangan, Rani Saravanan, & Karthikeyan, 2013); (Mohan, Pandurangan, 

& Ramalingam, 2016). Aqueous extracts of E. alba were effective in causing protein damage 

in L. interrogans serovar Autumnalis (Divya et al., 2013) and the same findings were 

confirmed in a separate study (Ramalingam et al., 2013). The inhibitory effect of E. alba 

extracts against various serogroups of Leptospira reported to be 320 ug/mL while extracts of 

P. amarus was found to be 160 μg/ml (Mohan et al., 2016).  

E. alba is known in Fiji as ‘tamudu’, ‘tumudu’or ‘colulu’ (Cambie & Ash, 1994, p. 96, 270). 

A common weed of ethnomedicinal significance in Bangladesh and India (Rownak et al., 

2014), it was most probably introduced into Fiji by the early Fiji Indian (Indo -Fijians) 

traditional healers who came to Fiji from India in the late 19 th and early 20th century (Singh, 

1986).  Its leaves are often pounded together with those of senikaka (Siegesbeckia orientalis 

L.) to make a poultice for wounds and sores (Parham, 1943). A concoction of the bark of ‘moli 

karokaro’ (Citrus limon), ‘kura’ (Morinda citrifolia) and ‘wali ni qio’ (Pelagodendron 

vitiensis Seem) and the leaves of ‘tamudu’ is used to treat suppurating wounds (Cambie & 

Ash, 1994). 
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Table 2-15 Phytochemicals and bioactive properties found in E. alba. 

Class of compound Phytoconstituents References 

Alkaloids [(20S,25S)-22,26-imino-cholesta-5,22(N)-dien-3β-ol] (verazine), 

[20-epi-3-dehydroxy-3-oxo-5,6-dihydro-4,5-dehydroverazine],  

[(20R)-20-pyridyl-cholesta-5-ene-3β,23-diol] (ecliptalbine),  

[(20R)-4β-hydroxyverazine], [4β-hydroxyverazine], 

[(20R)-25β-hydroxyverazine], [25β-hydroxyverazine] 

Jahan et al., 2014 

Coumestan Wedelolactone, demethylwedelolactone,  

demethylwedelolactone-7-glucoside 

Jahan et al., 2014 

Terpenoids and their 

glycosides 

Eclalbasaponins VII–X (taraxastane triterpene glycosides),  

eclalbasaponins I–VI (oleanane triterpene glycosides),  

ecliptasaponins C and D (triterpenoid glucosides),  

α-amyrin, oleanolic acid, ursolic acid (triterpenoids) 

Jahan et al., 2014 

Saponins Eclalbatin (triterpene saponin), dasyscyphin C Jahan et al., 2014 

Sterol Stigmasterol, daucosterol, stigmasterol-3-O-glucoside Jahan et al., 2014 

Flavonoids Luteolin-7-glucoside, luteolin, apigenin, orobol (isoluteolin) Jahan et al., 2014 

Fatty alcohols Hentriacontanol, heptacosanol Jahan et al., 2014 
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Class of compound Phytoconstituents References 

Volatile oils Heptadecane, 6,10,14-trimethyl-2-pentadecanone, n-hexadecanoic acid, 

pentadecane, eudesma-4(14),11-diene, phytol, octadec-9-enoic ecid, (Z,Z)-

9,12-octadecadienoic acid, (Z)-7,11-dimethyl-3-methylene-1,6,10-

dodecatriene, (Z,Z,Z)-1,5,9,9-tetramethyl-1,4,7-cycloundecatriene 

Jahan et al., 2014 

Thiophene 

derivatives 

α-Terthienylmethanol, 5-hydroxymethyl-(2,2′:5′,2′′)-terthienyl tiglate, 

5-hydroxymethyl-(2,2′:5′,2′′)-terthienyl angelate, 5-hydroxymethyl-

(2,2′:5′,2′′)-terthienyl acetate,  

Jahan et al., 2014 

Polyacetylenic polyacetylenes, polyacetylene substituted thiophenes Jahan et al., 2014 

Phenolic acids 4-Hydroxy benzoic acid, Protocatechuic acid,  Jahan et al., 2014 

   

 Bioactivities References 

 anticancer, hepatoprotective, snake venom neutralizing, anti-inflammatory, 
antimicrobial 

Jahan et al., 2014 

 antileptospiral Mohan, Pandurangan, & 

Ramalingam, 2016 

Divya, Chellakkannu, Saravanan, 
& Saradhai, 2013 

Ramalingam, Pandurangan, Rani 
Saravanan, & Karthikeyan, 2013 

 antihepatitis Manvar, Mishra, Kumar, & 

Pandey, 2012 

Table 2-15 concluded. 
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2.9.3 Phyllanthus amarus Schumach. & Thonn.  

P. amarus is a member of the family Euphorbiaceae, which has approximately 800 

species.  It grows in tropical and subtropical countries of the world. It is found in the 

Philippines, Cuba, Nigeria and several other countries and is considered a weed in India 

(Verma, Sharma, & Garg, 2014). 

P. amarus is not documented in the literature to have a local Fijian name 

 

Figure 2.29 The P. amarus plant  

Source: http://tropical.theferns.info/viewtropical.php?id=Phyllanthus+amarus - February 

20, 2020. 

 

2.9.3.1 Phytochemicals and bioactive properties of P. amarus 

P. amarus has numerous phytochemicals including alkaloids, flavonoids, tannins, lignins, 

polyphenolic compounds and tetracyclic triterpenoids (Verma et al., 2014) that are listed 

in Table 2-16 together with the bioactive properties reported to be exhibited by the plant 

extract. The plant has been used as traditional herbal remedy for several health problems 

including diarrhoea, dysentery, dropsy, jaundice, intermittent fevers, urinogenital 

disorders, scabies, and wounds (Verma et al., 2014). It is also used for the treatment of 

kidney problems, urinary bladder disturbances, pain, gonorrhoea, diabetes, and chronic 

dysentery (Verma et al., 2014). P. amarus has been reported to exhibit antileptospiral 
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properties (Chandan, Umesha, & Balamurugan, 2012); Divya et al., 2013; Ramalingam 

et al., 2013; and Verma et al., 2014).  

When comparing the effect of P. amarus and E. alba on the destruction of the proteins in 

the L. interrogans serovar Autumnalis, research revealed that P. amarus was more 

effective in damaging the proteins in the L. interrogans serovar Autumnalis as compared 

to the effect of E. alba on the organism (Ramalingam et al., 2013). The same finding has 

been confirmed in a most recent study (Mohan et al., 2016). 
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Table 2-16 Phytochemicals and bioactive properties found in P. amarus. 

Class of compound Phytoconstituents References 

Alkaloids Epibubbialine, Isobubbialine,  Verma, Sharma, & Garg, 2014 

Flavonoids Rutin (quercetin-3-O-glucopyranoside) Verma, Sharma, & Garg, 2014 

Lignans Isolintetralin, Niranthin, 5-Demethoxy-niranthin, Methylenedioxyniranthin,  

Nirtetralin, Phyllanthin Hypophyllanthin, Phyltetralin  

Verma, Sharma, & Garg, 2014 

Ellagitannins Amariin (1-galloyl-2,3-dehydrohexahydroxydiphenyl glucose), Amarulone, 
Corilagin, Elaeocarpusin, Geraniin, Geraniinic acid, Phyllanthusiin D 
(1-O-galloyl-2,4-dehydrohexahydroxy-diphenoyl-glucopyranose), Repandusinic 
acid, Repandusinic acid A 

Verma, Sharma, & Garg, 2014 

Gallotannins 1,6-Digalloylglucopyranoside Verma, Sharma, & Garg, 2014 

Volatile oil Linalool, Phytol Verma, Sharma, & Garg, 2014 

Triterpenoid 2Z,6Z,10Z,14E,18E,22E-farnesylfarnesol Verma, Sharma, & Garg, 2014 

 Bioactivities References 

 antidiabetes, treats kidney problems, urinary bladder disturbances, chronic surgery, 
dropsy, jaundice, urinogenital disorders, a pain reliever 

Verma, Sharma, & Garg, 2014 

 antidysentery, treats gonorrhea, antidiarrhoea, antifever, treats scabies and wounds Verma, Sharma, & Garg, 2014 

 antileptospiral Mohan et al., 2016 

Verma, Sharma, & Garg, 2014 

Divya et al., 2013 

Ramalingam et al., 2013 

Chandan et al., 2012 
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2.9.4 Adhatoda vasica L. 

A. vasica, also known as Malabar nut (Figure 2.30), is a shrub that grows in India and is 

used as an herbal medicine among the indigenous in India. The reviewed literature does 

not document Adhatoda vasica to be growing in Fiji.  However, an update of the literature 

on medicinal plants in Fiji is warranted to ascertain the plant’s non-existent in Fiji. 

 

Figure 2.30 The A. vasica (Malabar nut) plant  

Source: http://www.herbcyclopedia.com/index.php/item/adhatoda-vasica-malabar-nut - 

February 24, 2020. 

 

2.9.4.1 Phytochemicals and bioactive properties found in A. vasica 

The leaves of A. vasica have been reported to possess saponins, oils and fats, phytosterol, 

phenolic compounds, tannins, carbohydrate, alkaloids, flavonoids, and proteins (Rao, 

Munjal, Patnayak, Karthik, & Kumar, 2013). The alkaloids vasicinone, vasicine and 

vasicine acetate are present in A. vasica leaves (Figure 2.31).  Their presence has also 

been confirmed by (Duraipandiyan et al., 2015) and in a recent study by (Panigrahi, 

Gantait, & Patel, 2017).  
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Figure 2.31 Some representative antileptospiral active alkaloids from A. vasica  

 

The leaves of A. vasica are used as a traditional remedy for several types of ailments 

including malarial fever, chronic fever, intrinsic hemorrhage, cough, asthma, leprosy, 

skin diseases and piles (Duraipandiyan et al., 2015). Leaves of A. vasica extracted with 

water, benzene, ethanol, and methanol exhibit antileptospiral activity against L. 

interrogans serovar Louisiana (Nelson, Chairman, Singh, Padmalatha, & Hepsibah, 

2013). Methanol and ethanol extracts exhibited antileptospiral activity by inhibition of 

the motility of L. interrogans at high concentrations of 10 – 1000 mg/mL. Ethanol extracts 

were able to control the growth of L. interrogans in all concentrations tested from 0.1 – 

1000 mg/mL. The findings of this study revealed that A. vasica extracts damaged the 

inclusion body which reduced the motility of L. interrogans serovar Louisiana, resulting in the 
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loss of virulence of the organism (Nelson et al., 2013). The plant has also demonstrated other 

bioactive properties including antibacterial (Shukla, Ahirwal, Bajpai, Huh, & Han, 2017); 

activity against certain Gram-positive and Gram-negative bacteria (Duraipandiyan et al., 

2015), antiparasitic and antiviral activities (Thanigaivel et al., 2012). Table 2-17 provides 

a summary of the phytochemicals found in A. vasica and the various bioactive properties 

reportedly exhibited by the plant.  

 

Table 2-17 Phytochemicals and bioactive properties found in A. vasica. 

Chemical class Phytochemical compounds References 

Alkaloids 

(Quinazoline) 

Adhatodine 

Vasicine, Vasicinol, Vascinone 
(extraction artifact?) 

Vasicol 

N-oxides of vasicine (?) 

Deoxyvasicine  

Oxyvasicinine malonate (?) 

Panigrahi, Gantait, & Patel, 
2017 

Rao et al., 2013 

Flavonoids Not specified Rao et al., 2013 

Essential oils unspecified ketones, terpenes, 
phenolic ethers 

Rao et al., 2013 

Saponins Not specified Rao et al., 2013 

Other Vitamin C, unspecified steroids, 
fatty acids 

Rao et al., 2013 

   

Bioactivities References 

antibacterial, antimalaria Duraipandiyan et al., 2015 

antilisteria Shukla et al., 2017 

antileptospiral Nelson et al., 2013 

antiviral, antiparasitic Thanigaivel et al., 2012 

treats chronic fever, intrinsic 
hemorrhage, cough, and asthma, 
antioxidant, anticancer, 

cytotoxicity 

Duraipandiyan et al., 2015 
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2.9.5 Garcinia mangostana L. 

A picture of the G. mangostana tree (Figure 2.32) with its fruits in Figure 2.33 . The fruit 

of this tree has been reported to exhibit antileptosiral activity against L. biflexa serovar 

Patoc and L. interrogans serovars Autumnalis, Bataviae, Javanica and Saigon (Seesom et 

al., 2013). G. mangostana is commonly known as mangosteen, a tree cultivated in the 

tropical rainforests of some Southeastern Asian countries such as Malaysia, Indonesia, 

and Thailand. G. mangostana is not documented to exist in Fiji, however, G. 

pseudoguttifera which is of the same family, Clusiaceae, does grow in Fiji and is locally 

known as ‘bulu’ or ‘buluwai’. Extracts from its leaves are mixed with coconut oil to 

relieve pain in the limbs and to provide a body oil for suckling and small infants (Cambie 

& Ash, 1994, p. 121). The possibility that G. pseudoguttifera may also possess 

antileptospiral properties would be worth investigating. 

 

Figure 2.32 Garcinia mangostana (mangosteen) tree 

Source: https://en.wikipedia.org/wiki/Mangosteen#/media/File:Pokok_manggis.jpg – 

October 24, 2020. 
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Figure 2.33 Mangosteen fruit 

Source: http://www.fruitsinfo.com/Mangosteen-Exotic-fruits.php#Mangosteen-February 
23, 2020. 

 

Xanthones are secondary metabolites found in some higher plant families, lichen, and 

fungi (Peres & Nagem, 1997). They were discovered as the bioactive plant compounds 

exhibiting effects against Leptospira and producing synergistic effects with antibiotics 

(Mekseepralard et al., 2013). Xanthones, extracted from the mangosteen fruit using ethyl 

acetate followed by ethanol were identified as garcinone C and ɣ- mangostin (Seesom et 

al., 2013). Their chemical structures shown in Figure 2.34.  These compounds have MIC 

values greater than penicillin. Thus, they are less active than the antibiotic.  Interestingly, 

the combination of ɣ- mangostin with penicillin G generated a synergistic effect which 

enhanced the treatment of leptospirosis (Seesom et al., 2013).  

 

 

 

Figure 2.34 Chemical structures of Xanthones-garcinone C and ɣ -mangostin 

Source: Redrawn from ChemSpider http://www.chemspider.com 
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2.9.6 Piper betle L. 

 

Figure 2.35 Leaves of Piper betle L.  

Source: https://www.amazon.com/Betel-leaf-Plant-Piper/dp/B01LXSRLWI - February 

23, 2020. 

 

The leaves of Piper betle L. (Figure 2.35) have been reported to possess antileptospiral 

activity (Nagarajan, Jothiraj, Asirwatham, Kalimuthu, & Alagappan, 2014) against 10 

Leptospira serovars with MIC ranging from 17 to 500 ug/mL. The chloroform extracts of 

the leaves have effect on serovars Australis and Patoc, where membrane disruption 

occurred as shown by the increased uptake of propidium iodide by leptospira cells when 

exposed to chloroform extract. The plant has been reported to be extensively used in 

traditional herbal remedies in India, China, Taiwan, Thailand, and many other countries 

(Dwivedi & Tripathi, 2014). It possesses various pharmacological properties such as 

antimicrobial, antioxidant, antimutagenic, anticarcinogenic, and anti-inflammatory 

(Nagarajan et al., 2014).  

The plant has been shown to have antibacterial activity against Gram-positive and 

negative bacterial pathogens (Kaveti, Tan, Sarnnia., Kuan, & Baig, 2011), as well as 

against several food pathogens (Hoque et al., 2011). A recent study has reported P. betle 

to be effective against some common Gram-positive and Gram-negative multidrug 

resistant bacteria (Valle, Cabrera, Puzon, & Rivera, 2016). The plant (betel oil) has 
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antibacterial, antiyeast and antifungal properties (Caburian & Osi, 2010). Phytochemical 

analysis of the extracts of P. betle leaves has revealed the presence of various bioactive 

compounds including alkaloids, fatty acids, phenolic compounds, alcoholic compounds, 

flavonoids, terpenes, coumaran and organic acids (Foo, Salleh, & Mamat, 2015). 

The P. betle plant of the family Piperaceae, grows in Fiji and is used by the Indian 

population in Fiji for medicinal purposes (Cambie & Ash, 1994).  Two other plant species 

of the same family, P. insectifugum C. DC. Ex Seem. (Waqawa) and P. methysticum 

Forst. F. (Yaqona/Kava) also exist in Fiji (Cambie & Ash, 1994). P. insectifugum is used 

to cure wounds inflicted by wild animals (Cambie & Ash, 1994). It was also reported to 

be used a hair shampoo by Fijians in the ancient days to destroy head lice (Parham, 1943).  

The roots of P. methysticum is a popular beverage throughout Fiji (Cambie & Ash, 1994). 

It is also used to treat flu-like illness (coughs, cold and sore throat) and filariasis (Weiner, 

1970), as a diuretic (Parham, 1943), and kidney and bladder troubles (Cambie & Ash, 

1994). The possibility that these plants may also possess antileptospiral properties is 

worth investigating. 

 

2.9.7 Glyptopetalum calocarpum (Kurz.) Prain. 

 

 

Figure 2.36 Leaves of G. calocarpum (Kurz.) Prain 

Source: https://www.gbif.org/species/3792625 - February 23, 2020 
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Chander, Kumar, Shriram, & Vijayachari (2015) reported G. calocarpum (Figure 2.36) 

as an endemic plant of the Andaman and Nicobar Islands, one of the seven union 

territories of India, a group of islands situated at the juncture of the Bay of Bengal and 

Andaman Sea. Leaves of the plant are used by the Nicobarese tribes as a traditional herbal 

remedy for fever, body ache, joint pains, and body swelling  (Chander, Srivani, Babu, & 

Vijayachari, 2014). Furthermore, a study demonstrated that two out of six phytochemicals 

isolated from the plant (lupenone and stigmasterol, structures shown in Figure 2.37) 

possess antimicrobial activity. 

The plant is not documented in the current literature as growing in Fiji; however, it would 

be interesting to know if it does exist in Fiji based on updated literature on Fijian 

medicinal plants. Numerous attempts to obtain a clearer picture of the leaves of G. 

calocarpum through online searches were futile. 

 

  

 

Figure 2.37 Selected antimicrobial compounds found in G. calocarpum 

Redrawn from: RSC (ChemSpider) http://www.chemspider.com 
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2.9.8 Boesenbergia rotunda (L.) Mansf. 

B. rotunda is a ginger species of the family Zingiberaceae that grows widely in Asian 

countries such as Malaysia, Thailand, Indonesia, India, and China, where it is commonly 

used as a food ingredient and an herbal remedy for rheumatism, muscle pain, febrifuge, 

gout, gastrointestinal disorders, flatulence, carminative, stomachache, dyspepsia, and 

peptic ulcer (Eng-Chong et al., 2012 ). The fresh roots (rhizomes) are used as a remedy 

for inflammatory diseases, such as dental caries, dermatitis, dry cough and cold, tooth and 

gum diseases, swelling, wounds, diarrhoea, and dysentery, and as a diuretic (Chander et 

al., 2016). The plant has antioxidant and anticancer properties (Jing, Mohamed, Rahmat, 

& Bakar, 2010). It is also commonly referred to locally as Chinese keys or Fingerroot in 

English, “Temu Kunci” in Malay and Krachai or Krachai-Dang in Thailand (Eng-Chong 

et al., 2012 ). Figure 2.38 shows an image of the B. rotunda plant. 

B. rotunda is not reported in the literature to grow in Fiji. However, five plants of the 

family Zingiberaceae do grow in Fiji and are used for medicinal purposes (Cambie & 

Ash, 1994). The plants with their local names include Alpinia vitiensis Seem. 

(Cevuga/Nacea/Vudivudi), Curcuma longa L. (Cago/Rerega/Avea) or Haldi (in Hindi), 

Elettaria cardamomum (L.) Maton (Cardamom), Geanthus cevuga (Seem.) Loesener 

(Cevuga/Cevuga damu) and Zingiber zerumbet (L.) Sm. (Cagolaya/Drove/Layalaya).  

The possibility that these plants may also possess antileptospiral properties is worth 

investigating. 

 

Figure 2.38 The B. rotunda plant 

Source: https://www.hindawi.com/journals/ecam/2012/473637/fig1/ - February 23, 2020 
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Crude methanol extracts of the leaves of B. rotunda have antileptospiral properties against 

24 strains of pathogenic Leptospira species with MIC ranging from 62.5 to 125 ug/mL. 

The analysis led to the identification of 25 compounds in the extract (Chander, Kumar, 

Lall, Raj, & Vijayachari, 2016).  

Other antimicrobial properties of B. rotunda have been reported including antibacterial, 

antiviral, antiparasitic and antifungal activities (Eng-Chong et al., 2012). The plant has 

demonstrated activity against beta-lactam-resistant staphylococci, as well as producing 

synergistic activity with beta-lactams (cloxacillin) to disrupt the bacterial cell wall 

(Teethaisong, Pimchan, Srisawat, Hobbs, & Eumkeb, 2018). The phytochemical 

compounds showing activity against the dengue virus include three flavanones, 

pinostrobin, pinocembrin, and alpinetin; and three chalcones, pinostrobin chalcone, 

pinocembrin chalcone, and cardamonin (Eng-Chong et al., 2012). Figure 2.39 shows 

chemical structures for the flavones and chalcones found in B. rotunda. 

 

Flavanones 

 
Chalcones 

 

Figure 2.39 Structures of the flavanones and chalcones found in B. rotunda 

Source: Redrawn from: RSC (ChemSpider) http://www.chemspider.com 
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Chapter 3 A Survey on the Ethnobotanical Practices in some 

Pacific Island Countries 

3.1 Introduction 

Ethnobotany is the study of a region's plants and their practical uses through the 

traditional knowledge of a local culture and people. An ethnobotanist thus strives to 

document the local customs involving the practical uses of local flora for many aspects 

of life, such as plants as medicines, foods, and clothing. The knowledge and 

understanding of the usefulness of a specific plant may vary from one ethnic population 

to another (Ogbole, Gbolade, & Ajaiyeoba, 2010). Ethnomedicine, on the other hand, is 

the study of traditional medicines derived from plants or animals, and their uses by the 

different ethnic groups. In the past decades, there has been an increased interest in the 

field of ethnopharmacology, where medicinal plants have been considered both as 

potential antimicrobial crude drugs as well as a source for natural compounds acting as 

new anti-infection agents (Rıos & Recio, 2005).  

The use of traditional and complementary medicine (T&CM) has increased dramatically 

since 1999 as evident in the increased number (25 to 98) of member states of the World 

Health Organization (WHO) having a national policy on T&CM (WHO, 2019). The 

number almost doubled between 1999 and 2005 and the same trend was seen between 

2005 and 2018. A total of 98 countries, more than 50% of the 194 member states, had a 

national policy on T&CM by 2018 (WHO, 2019). About 65 – 80% of the world’s 

population rely on traditional herbal medicines for their primary healthcare needs (Kaur 

& Arora, 2009).  

Ethnobotanical study of the medicinal plants in the Pacific Islands is not well 

documented, despite the numerous uses of plants as herbal remedies for ailments among 

the Pacific Island communities. Early accounts of Western explorers into the remote 

Oceania region have confirmed ethnobotanical practices in the Pacific Island  

communities in Melanesia, Micronesia, and Polynesia (Merlin, 2000), that serve as an 

invaluable source of baseline information about the ethnobotany of the region at a time 

before and not long after the first European contact. Other publications have provided 

information on the types of medicinal plants used in the South Pacific islands (WHO, 

1998), Fiji (Cambie & Ash, 1994; (Jorim et al., 2012); (Koch et al., 2015); Singh, 1986; 

Tupua et al., 1992; Weiner, 1970) and in Rotuma, a Polynesian island of Fiji 

(MacClatchey, 1996). The traditional use of herbs as medicines have also been 
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documented in several Polynesian Islands (Whistler, 1992a), including Samoa (Castro, 

2001); Whistler, 1996), American Samoa (Krosch, 2010) and Tonga (Whistler, 1992b).  

In the Melanesian country of Papua New Guinea, the eastern highlands have a rich 

tradition of medicinal plant use, however, rapid modernization has caused the loss of 

independent language traditions, resulting in the loss of peoples’ knowledge of plants and 

their uses (Jorim et al., 2012; Koch et al., 2015).  

Defilipps (Defilipps, Maina, & Pray, 1988), Maina and Pray (1988) reported early 

research findings by a Japanese researcher (Masayoshi Okabe) between 1941 and 1943 

on the use of plants as traditional remedies for diseases in the Micronesian island 

countries of Palau and Yap. Recent studies have further confirmed the wide use of plants 

as traditional herbal remedies for diseases among Palauans (Graz, Kitalong, & Yano, 

2015); (Kitalong et al., 2011); (Kitalong, 2014). 

The ethnobotanical survey discussed in this chapter is to gauge the extent and use of 

ethnobotanical practices in the Pacific Island regions. This survey was entirely self -

funded by the principal researcher of this study. For cost-effectiveness, American Samoa, 

Palau, and Yap, were included because the additional survey regions were often travelled 

by the principal researcher for work purposes.  

Fiji being part of the survey, as well as the study of the ten Fijian plants, was due to the 

Fijian ethnicity of the principal researcher, her knowledge of Fijian medicinal plants used 

as general herbal remedies for ailments, and the knowledge that Fiji residents have often 

been reported to be afflicted with leptospirosis.  

The idea for the survey was not totally driven by the local health authorities or 

communities but by the principal researcher to gauge the extent and use of ethnobotanical 

practices in these four Pacific Island communities. The willingness of the potential 

participant being approached was the primary key in successfully capturing the required 

survey data. The dissemination of the survey questionnaire to healthcare facilities was 

thought to be an effective mechanism of capturing willing survey participants from rural-

urban dwellings, therefore, there was a high chance of also capturing those survey 

participants, including healthcare professionals, who were interested in the integration of 

herbal medicine in healthcare facilities for the treatment of leptospirosis and other types 

of ailments. 
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3.1.1 Aim of the survey 

The aim of the survey was to help determine the use and effectiveness of traditional herbal 

medicines in selected Pacific Island countries. It aimed to establish the perception versus 

the reality of the use of traditional herbal medicines to treat ailments or diseases in the 

Pacific Island communities. Furthermore, the survey aimed to capture information 

relating to the use of traditional herbal medicines for the treatment of common ailments 

that are also non-specific symptoms of leptospirosis that include flu-like illness, fever, 

headaches, skin rashes, bleeding, and in more severe cases, hepatitis.  

It is to be noted that the results of the survey were not used to guide any further research 

in the thesis, especially in the selection of the ten Fijian plants for their antileptospiral 

activity.  The selection of the ten Fijian plants was based on their reported antimicrobial 

activities available from the literature, easy accessibility in Fiji; and commonly used as 

general herbal remedies for ailments in Fiji as reported in the literature (Cambie & Ash, 

1994). 

3.2 Materials and Methods 

This study was approved by the Charles Sturt University Ethics in Human Research 

Committee (approval protocol number 406/2012/18, approval date 19th December 2012). 

The ethnobotanical survey utilised a structured questionnaire (Appendix 1) that included 

ten questions categorized into three parts:  

Part A was aimed at capturing information on the participant’s demographics includ ing 

age, gender, ethnic group, country of residence and whether it was of a rural or urban 

setting, the highest level of education reached and their occupation.   

Part B focused on the participant’s use of plants as remedies for ailments that comprised 

of seven questions. Questions B1 and B2 respectively questioned the participant’s use of 

plants as remedies for ailments and their belief whether traditional herbal medicines 

worked. B3 questioned the participant’s trust of traditional healers or doctors. Questions 

B4a1 to B4a4 and B4b1 to B4b5 respectively questioned the participant’s possible options 

of actions should he/she feel unwell for more than two days. Question B4c was aimed at 

the use of either or both western and traditional medicines when one is unwell, while 

question B4d focused on the sharing of information with the doctor if an individual also 

uses traditional herbal medicines concurrently with prescribed medications. Question B5 
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sought to capture information on plants and their parts that have been  used by the 

participant as remedies for ailments or disease conditions, their preparation methods, 

application and duration of treatment, and whether the treatment was effective. Question 

B6 aimed at acquiring information on the participant’s knowledge of  plants and their 

parts, their preparation methods, application, and duration of treatment used to treat some 

common non-specific symptoms of leptospirosis that included flu-like illness, fever, 

headache, skin rashes, bleeding (nose, cuts, menstrual or others) and hepatitis. Question 

B7 surveyed the participant’s source of knowledge and the information possessed by the 

participant on medicinal plants used as remedies for ailments. 

Part C consisted of four questions that aimed at capturing the participant’s views on 

traditional herbal medicines versus prescribed medicinal drugs. Questions C1 to C4 

respectively aimed at capturing the participant’s views on the following: side effects on 

the combination of traditional herbal medicines and prescribed medicinal drugs; whether 

combining herbal or traditional medicines with prescribed drugs resulted in either of the 

medicines being ineffective; whether combining herbal traditional medicines with 

prescribed medications from the doctor could in a better treatment outcome; and herbal 

medicines being used as an alternative complementary treatment in a healthcare facility.  

Statistical data analysis of the survey responses was analysed using the Statistical Package 

for the Social Sciences (SPSS) version 16. Prior to data entry, each questionnaire was 

checked for blank fields or inconsistencies that were resolved. 

3.2.1 Study regions 

The areas of study included four (4) Pacific Island countries representing the three (3) 

ethnogeographic regions of the Pacific, American Samoa in the Polynesian region; Fiji in 

the Melanesian region; and the Micronesia group of islands of Yap, Federated States of 

Micronesia, and Palau.  

The study sites were healthcare facilities in these Pacific Island countries that included 

Lyndon B Johnson Tropical Medical Center and the Department of Health in American 

Samoa; the Colonial War Memorial Hospital, Makoi Health Centre, Nausori Health 

Centre, Mokani Health Centre, and Wanibokasi Health Centre in Fiji; the Belau National 

Hospital in Palau; and the Yap State Hospital in Yap, Federated States of Micronesia. 

Survey participants were healthcare workers, patients, or relatives and/or friends of 

patients that were randomly encountered by the trained interviewers. 
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Approvals to conduct the survey at each healthcare facility were obtained, including other 

required approvals from in-country institutions. 

3.2.2 Informed consent 

Each research participant was provided an ‘Information Statement’ that provided an 

overview and purpose of the survey to be conducted and any clarification regarding the 

interview requested by the participant was verbally explained by the interviewer. An 

informed consent was verbally obtained from all participants before conducting the 

interview. Any person under the age of eighteen was excluded from the survey and any 

information or personal details gathered during the survey about the research participant 

remained confidential.  

3.2.3 Administration of questionnaire 

One hundred (100) structured questionnaires were administered for the survey with each 

selected Pacific Island country being allocated twenty-five (25) each.  

Responses were obtained either through a face-to-face interview or self-completion of the 

questionnaire based on the consented participant’s preference. For those who preferred 

self-completion of the questionnaire, the return of the completed questionnaire was 

physically delivered by the participant or personally picked up by the interviewer or 

transmitted by the participant through electronic communication to the interviewer.  

The interviewers included the principal researcher, her relatives, friends, and work 

colleagues who volunteered to facilitate the interview after receiving specific instructions 

from the principal researcher on the facilitation of the interview. 

3.2.4 Identification of medicinal plants by the survey participants 

The plants verbally identified by the survey participants were only known by their 

common vernacular names.  There was no formal identification of these plants using a 

botanist. The botanical names of these plants were obtained through further search and 

review using reference sources such as Cambie & Ash (1994) for the Fiji plants; 

American Samoa Community College (Land Grant Department), and the Palau Bureau 

of Cultural and Historical Preservation for the Palau plants.  The Institute of Pacific 

Islands Forestry Pacific Island Ecosystems at Risk (PIER) database (USDA, 2018) were 

also sought for the botanical names of plants from the four island countries.  
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Unfortunately, no other resource was available for the botanical names of some of the 

identified Yap plants but through the PIER database. 

3.2.5 Ethical issues relating to the ethnobotanical survey 

The International Society for Ethnobiology (ISE) developed some of the highest 

standards in research ethics in the form of its Code of Ethics that provide the description 

of six important principles of any ethnographic research (Caruso et al., 2015). These six 

principles are summarized as: (1) recognition of rights of the communities involved in 

the research; (2) free, prior and informed consent of the communities involved in the 

research prior to starting any research activity;  (3) active participation of the communities 

in the research design and activities; (4) trust and disclosure of information to the 

communities participating in the research as they must fully understand the ultimate goal 

of the research and how it will be used; (5) the consideration of individual privacy, 

confidentiality, and anonymity as people’s interview responses should never be reported 

without the latter’s specific consent; and (6) the reciprocity, equitable benefit-sharing, 

and active support where researchers are to seek to embrace the principle of ‘do no harm’, 

properly sharing of the benefits from the research in a way that respects community 

customs and decision-making processes, always acknowledging the support and 

participation of community members in research processes, and researchers to find ways 

of ensuring that they give something back to the communities and individuals they have 

worked with, in a form chosen by community members according to their customary 

decision-making processes.   

This project was able to fulfil the second to the fifth principles of the ISE standards for 

the research Code of Ethics for the Pacific Island nations of American Samoa, Fiji, Palau, 

and Yap. These standards were fulfilled by obtaining the informed consent from each 

survey participant prior to the interview through the provision of the ‘Information 

Statement’ that also contained information on the ultimate goal of the research and how 

it will be used (principles 2 and 4), the participation of the local members of the 

community in the interview process of the survey participants (principle 3), and the 

concealment of the names of the participants being interviewed but the capture o f their 

demographic information (principle 5).  

In fulfilling the first principle relating to the recognition of rights of the communities 

involved in the research, there was absence of institutions that specifically focused on 

protection of indigenous rights, cultural knowledge, and traditional resources in each of 
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the four island nations. Despite the presence of the Palau Institutional Review Board 

(IRB), an institution in Palau that regulates medical and scientific research conducted in 

Palau on human subjects and other related purposes (Remengesau Jr., 2018), and the Fiji 

National Health Research Committee that oversees research involving human subjects in 

Fiji, elements of ethics approval did not adequately address protection of indigenous 

rights, cultural knowledge, and traditional resources. 

The sharing of a copy of this thesis (when approved by the Charles Sturt University) with 

the relevant institutions in Fiji, American Samoa, Palau, and Yap would be a way of 

partially fulfilling the sixth principle of the ISE standards for the research Code of Ethics 

relating to the sharing of the research findings.  

 

3.3 Results and Discussion 

3.3.1 Demography of survey respondents 

A total of ninety-eight (98) out of hundred (100) responses were received for the survey. 

The ethnic distribution of survey respondents included 96% (n=94) indigenous [American 

Samoans (n=24), Fijians (n=25), Palauans (n=23), Yapese (n=22] and 4% (n=4) from 

other ethnic groups as illustrated in Figure 3.1.  

Across the four Pacific Island countries, more females participated in the survey from 

each island nation, with the largest number from American Samoa (n=20) as compared 

to Fiji (n=18), Palau (n=16) and Yap (n=13) (Figure 3.2).  

Most of the respondents in all ethnic groups were in the 30 – 49 years of age group. 

Majority and the same number (n=12) of Fijians and Palauans were between 40 – 49 years 

old as compared to the other ethnic groups (Figure 3.3). More survey respondents from 

American Samoa as compared to the other ethnic groups were in the 21 – 29 years age 

group (n=5) and substantially more (n=9) were in the 30 – 39 years age group. Most 

Yapese respondents were in the 50 – 59 years age group (n=8). 

Most survey respondents lived in rural areas, with the highest number among the 

American Samoa respondents (n=22), then Yapese (n=19) and Palauans (n=14), while 

most respondents in Fiji (n=18) lived in urban areas (Figure 3.4).  

Many of the survey respondents in American Samoa (n=18), Palau (n=10) and Yap 

(n=12) had college education, while most reached university level of education in Fiji 

(n=12) (Figure 3.5). In the US-affiliated Pacific Island countries of American Samoa, 
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Palau and Yap, a two-year college education leading to an associate degree is the highest 

tertiary education level one can reach in these islands. However, in Fiji, university 

education leading to a bachelors, masters or doctorate degree are the levels of education 

one can reach.  

Out of the ninety-eight (98) survey respondents, 64% (n=63) were medical/health workers 

including doctors, nurses, allied health staff and administrative health/medical support 

staff; 36% (n=35) were non-health/medical workers including office/administrative, 

field/outdoor, patient, and retired/domestic duties/unemployed (Table 3-1). Many of the 

survey respondents in each ethnic group were medical or health workers at the survey 

sites with most being American Samoa (n=18) followed by Yap (n=15), Palau (14) and 

Fiji (14) (Figure 3.6). 

 

 

Figure 3.1 Ethnic distribution of survey respondents  
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Figure 3.2 Gender distribution of survey respondents  

 

 

Figure 3.3 Age distribution of survey respondents  
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Figure 3.4 Distribution of residential settings of survey respondents  

 

 

Figure 3.5 Education level of survey respondents  
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Table 3-1 Occupations of survey respondents. 

Health/medical professionals Number 

(%) 

Non-health/medical 

professionals/Others 

Number 

(%) 

Doctors 12 Office/administrative 

workers 

16 

Nurses/nursing staff 22 Field/outdoor workers 5 

Allied health staff (laboratory 

technologists/technicians, 

pharmacists, epidemiologist) 

15 Patient 1 

Health/medical administrative 

support staff 

14 Retired/domestic 

duties/unemployed 

13 

Total 63 

(64%) 

Total 35 

(36%) 

 

 

Figure 3.6 Categories of occupations in each ethnic group  
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3.3.2 Participants’ usage of medicinal plants as remedies for ailments 

Eighty percent (n=79) of the ninety-eight (98) survey respondents use plants as medicines 

for ailments with the usage being most popular among Fijians (n=23) and Yapese (n=21)  

(Figure 3.7). Most users were females across all ethnic groups (Figure 3.8).  Most 

respondents indicated in this survey to be users of herbal medicines were women; this 

was because the men approached, preferred not to be interviewed because of their little 

knowledge of herbal medicines, and often depended on their wives, mothers, or 

grandmothers in matters of health. A few men were reluctant to be interviewed without 

any explanation provided. 

Previous studies conducted worldwide in countries such as Sweden (Stjernberg, 

Berglund, & Halling, 2006), the United Kingdom (Vickers, Jolly, & Greenfield, 2006); 

the United States (Rashrash, Schommer, & Brown, 2017); in Cambodia, Thailand and 

Vietnam (Peltzer, Pengpid, Puckpinyo, Yi, & Anh, 2016) and countries in the African 

region such as the Congo (Lulebo et al., 2017) and Ghana (Aziato & Antwi, 2016), have 

revealed similar finding with females being prominent users of herbal medicines. 

Mollaoğlu and Aciyurt Mollaoğlu and Aciyurt (2013) (2013) suggest the reason women 

are greater users than men, as well as being majority respondents of such type of surveys 

on herbal medicines than men, are because women have been more involved in self -care 

and self-treatment, which are major factors involved in the use of complementary and 

alternative medicine (CAM) and any medicine for that matter. 

In Australia, about half a million women between 40 and 65 years of age use herbal and 

alternative therapy for menopause (Davey, 2015). Although there were some negative 

perceptions of herbal medicines, motivations for their use were highlighted by women 

who were participants in a United Kingdom study and included perceived advantages of 

herbal medicines, as well as beliefs about the disadvantages of conventional health care 

and medicines. The majority expressed that part of their motivation for using herbal 

medicine was due to it being more natural or holistic, or that they did not involve 

chemicals (Vickers et al., 2006). The motivation to use herbal medicines due to patient 

dissatisfaction with conventional healthcare system has also been evident in Australia 

(Adams, Sibbritt, & Lui, 2011) and in Nigeria where the treatment of malaria with 

orthodox medicine has been ineffective (Ladele & Bisi-Amosun, 2014). 

Common users of plants as medicines were in the 30 – 49 age group, with most American 

Samoans (n=9) in the 30 – 39 years of age, while the same number of users (n=12) was 
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evident among respondents in Fiji and Palau in the 40 – 49 years age group. More Yapese 

users (n=8) were in the 50 – 59 years of age range (Figure 3.9).  

It is evident in this survey finding that there were lower numbers of old age users of herbal 

medicines, especially over the 40 – 49 age brackets. This agrees with previous studies 

that have documented the probability of decreased use of herbal medicines with 

increasing age (Stjernberg et al., 2006). However, this is in contrast with the higher usage 

seen among older patients in Cambodia, Thailand, and Vietnam (Peltzer et al., 2016), as 

well as a study in Nigeria that reported the common use of traditional medicine among 

the aged (Ladele & Bisi-Amosun, 2014).  This is thought to be due to the aged being less 

amenable towards change as compared to youths. Also, the deep and ancient cultural roots 

of traditional medicine may influence its use by older people who are usually entrenched 

in their social system (Ladele & Bisi-Amosun, 2014). 

Survey participants who attended college and university education tend to  be common 

users of herbal medicines. The majority who attended college were from American 

Samoa, Palau, and Yap, while most users from Fiji had university education (Figure 3.10). 

The majority of herbal medicine users being university-educated in Fiji agree with a 

Turkish study of higher number of users with beyond high school education compared to 

those with only up to high school education (Mollaoğlu & Aciyurt, 2013). This finding 

contrasts with a study in Cambodia (Pearson et al., 2018) and Hong Kong (Chung, Lau, 

Yeoh, & Griffiths, 2009) where the greatest number of users had secondary school and 

up to high school education. Mollaoğlu and Aciyurt (2013) argue that the majority of 

people who use herbal medicines or complementary and alternative medicine (CAM) in 

the Western population have the highest educational level who are better-educated 

patients who behave like ‘cultural creative persons’ in exploring alternative medicines; 

while it is likely that in Asian populations, education and cultural influence are 

intertwined, such that less-educated patients are more culture-bound to the use of CAM.  

This is the most likely the reason for the case in Fiji where most users were university-

educated. 

The usage of herbal remedies for ailments is also evident among the following categories 

of respondents: the employed, retirees, those with domestic duties, patients, as well as the 

unemployed (others). The highest proportion of respondents (78%, n=49) were those with 

health/medical-related occupations (Figure 3.11).  
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Even though this survey shows that the common users of herbal medicines are employed 

and whose quality of  life may be considered ‘good’, a Cambodia study interestingly 

revealed that those study participants who perceived their quality of life as ‘neither poor 

nor good’ were significantly more likely to be herb users compared to those who 

perceived their quality of life as ‘poor or very poor’ (Pearson et al., 2018). In a separate 

study in Ghana where healthcare workers including nurses, doctors and medical herbalist 

were interviewed, most had positive perceptions on the use of herbal medicines (Boateng, 

Danso-Appiah, Turkson, & Tersbol, 2016). 

Most respondents who use plants to treat ailments or diseases lived in rural dwellings in 

American Samoa (n=6), Palau (n=15) and Yap (n=16), while most Fijian users (n=18) 

lived in the urban areas (Figure 3.12). The latter finding of this survey showing that most 

Fijian users lived in the urban areas agrees with an earlier report by WHO in 2001 which 

states in Section 1.2 (Cummings et al., 2001) the increasing popularity of herbal medicine 

users was in the urban areas.  

Differences in traditional herbal medicine use between the rural and urban participants 

are mainly due to the difficulties with accessing certain forms of health care in rural 

settings (Gyasi et al., 2016). A similar situation is seen in Nigeria where the 

ineffectiveness of Western medicine to treat malaria, the most common disease that 

affects the rural dwellers, has resulted in the use of traditional herbal medicine to treat the 

disease (Ladele & Bisi-Amosun, 2014). 

There is a tendency that Fijians dwelling in the urban areas being dominant users of 

traditional herbal medicine. Rural-urban migrants that settled in the urban communities 

had traditional beliefs for treating their ailments (Amoah & Gyasi, 2016). It has also been 

documented those cultural attitudes, personal beliefs and traditions of the people have a 

strong and complex relationship with motivations for traditional medicine use and 

practices which go beyond the sociodemographic determinants such as educational levels 

and professional occupations across all age categories in both urban and rural settings in 

Ghana (Gyasi et al., 2016). In another study, urban dwellers’ main motivation to use 

traditional herbal medicine was their familiarity with self -collected herbs, home-prepared 

herbal medicine, and the fact that illness and traditional knowledge predict plant use 

rather than poverty or a limited access to modern health care where age, gender, 

nationality, rural background, education, employment, income, insurance, and opinion of 

government or doctors had no influence (van Andel & Carvalheiro, 2013). 
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A South African study aimed to investigate the prevalence, facilitators, predictors, and 

types of traditional medicine (TM) used among persons living with HIV/AIDS on 

antiretroviral treatment concluded that individuals were more likely to use TM if they 

were from a rural province, female, older, unmarried, employed, had limited education, 

or were HIV-positive for less than five years (Hughes et al., 2012). In a Tanzania study, 

five major determinants were identified for traditional medicine use that included 

biomedical healthcare delivery, credibility of traditional practices, strong cultural 

identities, individual health status, and disease understanding (Stanifer et al., 2015). This 

study concluded that 42% of the 665 adults surveyed used traditional medicine for 

symptomatic ailments. 

 

 

Figure 3.7 Numbers of users of plants as medicines for ailments in each ethnic 

group 
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Figure 3.8 Gender breakdown of users of plants as remedies for ailments  

 

 

 

Figure 3.9 Age distribution of users of plants as remedies for ailments  
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Figure 3.10 Education level of respondents who use plants as remedies for ailments  
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Figure 3.12 Residential settings of respondents who use plants as remedies for 

ailments  
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Health workers influenced by psychological impacts of COVID-19 outbreak 

consequently causing reduction in sleep quality as stress increased, leading to depression 

and suicidal behaviour, considered the use of traditional herbal medicines to help improve 

physical and mental health conditions (Shahrajabian, Sun, Soleymani, & Cheng, 2021). 

In contrast, attending healthcare providers in Sierra Leone had negative perception and 

low level of knowledge about T&CM that influenced their personal and professional use 

of it when attending and treating a considerable number of Ebola survivors using 

traditional and complementary medicine (T&CM) (James et al., 2020).  

 

 

 

Figure 3.13 Ethnic distribution of respondents who believe in traditional herbal 
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Figure 3.14 Gender distribution of respondents who believe in traditional herbal 

medicines  
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Figure 3.16 Occupations of respondents who believe in traditional herbal medicines 

 

3.3.4 The trust level between doctors and traditional healers 

Ten or more respondents in all ethnic groups indicated their ‘trust’ for doctors and traditional 

healers (Figure 3.17 and Figure 3.18 respectively), which were higher numbers as opposed to 

the lesser numbers who indicated that they ‘trust more’ or ‘trust most’. A higher number of 

Fijian respondents as compared to the other ethnic groups indicated that they trusted both 

doctors (n=14) and traditional healers (n=16). Some respondents in all ethnic groups were 

unsure or did not answer the question.  Overall, there seems to be a general equal trust seen 

between doctors and traditional healers in all the four island nations.  The factor(s) contributing 

to this seemingly equal level of trust between doctors and traditional healers is/are not clear.  

Formally trained doctors in sub-Saharan Africa have finally begun to consider traditional 

healers as potential allies in the battle to prevent the spread of HIV/AIDS (Liverpool et al., 

2004). They further added that by recognizing that the longstanding trust and credibility of 

these healers in the black communities can facilitate change in sexual behaviour, and such 

innovative and effective approaches of including utilization of traditional healers, can play 

a vital role in sub-Saharan Africa's HIV/AIDS prevention and control programs that have 

had limited success, and where most individuals seek traditional healers as the only option 

to meet their healthcare needs.  The same perspective of the importance of involving 

traditional healers in the management of the HIV/AIDS epidemic in Africa have been 

confirmed by other studies (Mills et al., 2006); (Moshabela et al., 2017). 
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Figure 3.17 Level of trust of respondents for doctors  

 

 

Figure 3.18 Level of trust of respondents for traditional healers  
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3.3.5 Use of traditional herbal medicines versus doctor’s visitation if unwell 

Most American Samoans (n=14) disagreed that they would use traditional medicines and 

not visit the doctor if unwell. Very few respondents in the other ethnic groups agreed they 

would do so, although most did not answer the question or were unsure (Figure 3.19).  

Most responses to the question whether respondents would use herbal medicine first 

before visiting the doctor if they were unwell, received unsure or unanswered responses. 

The reasons for the unsure or answered questions were not clear despite even though the 

question was quite straightforward. 

However, several respondents among all ethnic groups indicated that they would do so, 

while most American Samoans (n=10) disagreed (Figure 3.20).  

In a 2005 Thematic Household Survey (THS) of the Hong Kong population (n = 18,087) 

conducted face-to-face by the Hong Kong Administrative Region Government of China, 

80.23% only visited western medicine (WM) doctors, 3.17% consulted traditional 

Chinese medicine (TCM) practitioners solely, and 16.60% used both type of services 

(double consulters) (Chung et al., 2009). Furthermore, Chung et al (2009) elaborated that 

amongst the TCM service users, middle aged, non-communicable disease (NCD) patients 

were more likely to choose both TCM and WM outpatient services, while older people 

without NCD are more likely to use TCM as their main form of care, but the size of this 

population group is small. Chung et al (2009) also noted in the study that middle aged 

(45-60 years) NCD patients, and the NCD free "young old" group (60-75 years) were 

most likely to double consult. On the other hand, the relationship between age and use of 

TCM as an alternative to WM was linear regardless of NCD status and the NCD free 

segment of the population was more inclined to use TCM alone as they become older.  
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Figure 3.19 Usage of traditional medicine and not visit the doctor if unwell  

 

 

Figure 3.20 Ethnic distribution of respondents that use herbal medicine before 

doctor's visitation if unwell  
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the urban-dwelling Fijian respondents (Figure 3.21). The reason(s) for the unanswered 

questions is/are unclear.  Overall, 15 out of 66 (22%) surveyed participants who live in 

the rural setting as compared to the 10 out of 32 (38%) participants living in the urban 

area indicated they will use herbal medicine first before visiting the doctor. 

The higher number of rural dwellers using herbal medicine first before visiting the doctors 

relates to the finding of this study (Section 3.3.2) where Fijian users of herbal medicines 

are urban dwellers and was also reported by Cummings et al (2001).  The five major 

determinants identified for traditional medicine users in Tanzania (Hughes et al., 2012), 

the sociodemographic determinants of traditional medicine use in both rural and urban 

dwellings highlighted by Gyasi et al (2016), the ineffectiveness of Western medicine 

services to treat malaria (Ladela & Bisi-Amosun, 2014), the limited success of HIV/AIDS 

prevention and control programs in sub-Saharan Africa (Liverpool et al., 2012) confirm 

and clarify some reasons both rural and urban dwellers would seek to use traditional 

herbal medicine before visiting the doctor if unwell. 

 

Figure 3.21 Ethnic distribution of respondents that use herbal medicine before 

doctor's visitation if unwell  
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As summarized in Figure 3.22, most American Samoans (n=7) who attended college 

education disagreed that they would use traditional herbal medicine before visiting the 

doctor if unwell. A lesser number who attended college education in American Samoan 

(n=5), and the same number in Palau and Yap (n=4) agreed that they would do so. Most 

university-educated Fiji respondents (n=4) also agreed that they would use traditional 

herbal medicine before visiting the doctor if unwell. Among all ethnic groups most were 

unsure or did not answer the question. The higher number of tertiary-educated participants 

in Palau, Yap and Fiji indicating they would use traditional herbal medicine before 

visiting the doctor if unwell correlates with the finding in Section 3.3.3 of those believing 

in the effectiveness of traditional herbal medicine. These findings agree with the argument 

by Mollaoğlu and Aciyurt (2013) that better educated patients/persons (beyond high 

school education) are ‘cultural creative’ and would likely explore alternative medicines. 

Based on the five major determinants (biomedical healthcare delivery, credibility of 

traditional practices, strong cultural identities, individual health status, disease 

understanding) for traditional medicine users identified in by Stanifer et al (2015), it is 

most highly likely that a tertiary-educated individual, who is well informed, can reason 

and make an informed consent of using traditional herbal medicines before visiting the 

doctor if unwell.  

 
Figure 3.22 Education level of respondents who use herbal medicine before 

doctor's visitation if unwell. 
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The same number of Fiji and Yap respondents (n=19) indicated that if they were unwell, 

they would visit the doctor before using traditional medicine. Only four (4) respondents 

from American Samoa disagreed, while several respondents in all other ethnic groups 

were unsure or did not answer the question (Figure 3.23). Overall, 63 out of 99 (63%) 

participants indicated they would visit the doctor first before using traditional herbal 

medicine.  This finding, however, conflicts with findings in Section 3.3.3 and the reasons 

are unclear. For future ethnobotanical surveys it is imperative that samples of categories 

and intensities of the illness types are provided to help structure the questions, thus, assist 

the thought process of the participants, that may capture more clarity on the reasons for 

the non-correlation of findings in the earlier findings of this section relating to a person 

being unwell and the choice and/or decision made of using traditional herbal medicines 

versus visiting the doctor. 

The option of whether respondents would not use traditional medicine at all if they were 

unwell, most American Samoans interviewed (n=15) disagreed, while a significant 

number of Fijians (n=24), Palauans (n-23) and Yapese (n=22) were unsure or did not 

answer the question (Figure 3.24). The reason(s) for the unanswered questions is/are 

unclear.   

 

Figure 3.23 Ethnic distribution of respondents that would visit doctor first before 

use of traditional medicine if unwell  
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Figure 3.24 Ethnic distribution of respondents that would use traditional medicine 

if unwell  
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Figure 3.25 Continual use of herbal medicine and not visit doctor if unwell for 

more than two days. 
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Even though less respondents in all ethnic groups indicated that they will continue to use 

herbal medicine before visiting the doctor if unwell for more than two days, most of the 

American Samoans (n=7) disagreed, whereas a significant number of Fijians (n=19), 

Palauans (n=18) and Yapese (n=19) were unsure of their responses or did not answer the 

question (Figure 3.26). The reason(s) for the unanswered questions is/are unclear.  

As earlier discussed, the questions relating to the use of traditional herbal medicines 

versus visiting the doctors if an individual is unwell should be further refined and piloted 

in the target population to prevent any type of confusion that may arise. Providing samples 

of categories and intensities of the illness types would help structure the questions, thus, 

assist with the thought process of the participants, therefore, facilitating the capture of the 

information needed.  

 

 

Figure 3.26 Continual use of herbal medicine before visiting doctor if unwell for 

more than two days  
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Palauans (n=20) and Yapese (n=17) respondents were unsure or did not respond to the 

question (Figure 3.27). 

The reason(s) for the unanswered questions is/are unclear. As suggested earlier, this 

question should be further refined and piloted in the target population to prevent any type 

of confusion that may arise. A provision of samples of categories and intensities of the 

illness types would help structure the questions, therefore, assisting with the thought 

process of the participants, thus, facilitating the capture of the information needed.  

 

 

Figure 3.27 Cessation of use of herbal medicine and visit doctor if unwell for more 

than two days  
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Figure 3.28 Doctor's visitation before use of herbal medicine if unwell for more 

than two days  
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Questions in this section should provide samples of categories and intensities of the illness 

types that would help structure the questions, therefore, assisting with the thought process 

of the participants, at the same time facilitating the capture of the information needed.  

 

Figure 3.29 Non-use of traditional medicine if unwell for more than two days  
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continues to be reported. Examples include Jamaica (Delgoda, Younger, Barrett, 

Braithwaite, & Davis, 2010); (Picking, Younger, Mitchell, & Delgoda, 2011), China 

(Lee, Chen, Huang, Lee, & Tsai, 2020), Taiwan (B. Wang et al., 2014) and recently in 

Korea during the COVID-19 pandemic (Ang, Song, Lee, & Lee, 2020). The concurrent 

use of prescription drugs and herbal medicinal products (HMPs) has been reported to be 

substantial among older adults, with prevalence varying widely between 5.3 and 88.3% 

(Agbabiaka, Wider, Watson, & Goodman, 2017).  

The combined use of traditional and complementary and alternative medicines (TCAM) 

and conventional cancer treatment among cancer patients in less developed countries was 

common and reporting on the concomitant use of TCAM for cancer care was noted (Hill, 

Mills, Li, & Smith, 2019). The main purpose of combining Chinese herbal medicine with 

systemic cancer treatment is to alleviate the treatment-related adverse effects, the 

combination may possibly result in the potential risk of drug–herb interactions (Wang et 

al., 2014). The combination of Western and traditional Chinese medicine (TCM) therapy 

may have a favourable effect on the prognosis of breast cancer patients (Lee et al., 2020).  

The same significant effects of the combined therapy of herbal medicine with Western 

medicine was evident in treating COVID-19 patients in Korea in the recent pandemic 

(Ang et al., 2020). 

 

Figure 3.30 Combined use of prescribed medications and herbal medicine  
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Most respondents from Yap (n=21), Palau (n=12), Fiji (n=12) and American Samoa (n=9) 

would let their doctor know of their combined use of herbal medicines and prescribed 

medications. A few disagreements were noted among the American Samoa and Fiji 

respondents, with several others who were unsure or did not answer the question   

(Figure 3.31). The reason(s) for the unanswered questions is/are unclear.  Overall, 53 out 

of 98 (54%) respondents stated they will let the doctor know of the traditional herbal 

medicines they were using, 4% indicated they would not share it with the doctor while 

the remaining 42% were either not sure of how to respond or did not respond at all.  

Good communication and patient-doctor relationship enhanced by good attitude towards 

herbal medicine use, good doctor’s interpersonal and communication skills, effective 

intrapersonal patient trust of doctors regarding satisfaction towards healthcare services, 

and gender differences regarding disclosure often facilitate the disclosure of traditional 

and complementary medicine (T&CM) use to the doctor, however, a lot more studies 

need to be conducted from both the patient and doctor’s perspectives relating to this area 

(Kelak, Cheah, & Safii, 2018).  

A study at a tertiary medical centre in Jerusalem, Israel reported majority of patients using 

non-vitamin, non-mineral (NVNM) supplements shared this information with their 

primary-care physicians, but little disclosure of this practice to hospital staff that was 

thought to be due to a perceived negative attitude of medical professionals to 

complementary medicine, and a lack of awareness by hospital staff regarding such 

practices (Samuels et al., 2012). The majority (81.9%, 195/238) of breast cancer patients 

who were traditional and complementary medicine users did not disclose use to their 

healthcare professionals and the main reasons for nondisclosure included lack of inquiry 

by clinicians (79.6%, 117/147) and fear of disapproval and/or rebuke (11.6%, 17/147) 

(Mwaka, Mangi, & Okuku, 2019).  

 

 



 

169 

 

Figure 3.31 Let doctor know of combined use of prescribed medications and herbal 

medicine  
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duration of treatment, in most cases, is when the symptoms clear. Otherwise, treatment 

duration could span from 1 day to over a month. Most respondents confirmed that the 

herbal remedy used was effective. As seen in Figure 3.32, leaves were commonly used 

followed by roots as the next most frequently used, the bark and fruit, flowers, and seeds. 

The most popular preparation method being leaves squeezed and the juice extracted and 

consumed, followed by cold water infusion, decoction, and chewed leaves with the juice 

being ingested. Roots, barks, and fruits are commonly grated or scraped and infused with 

warm water which is then consumed.  

 

Figure 3.32 Plant parts and preparation methods reported by Fijian survey 

respondents. 
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Morinda citrifolia L. (Kura or Noni), was the next most commonly (6 times) referenced 

plant used as an herbal remedy for some ailments where leaves and fruits are used. A 

decoction of the Kura leaves was used to treat swellings/boils and bleeding cuts. 

Decoction of the Kura fruit or infusion of its grated/scraped fruit with warm water has 

been used to treat coughing/wheezing, vomiting/nausea, and generally all types of 

diseases. The other frequently mentioned herbal medicines in descending order included 

Zingiber zerumbet (L.) Sm. (Cagolaya/Wild Ginger), Centella asiatica (Totodro), C. 

papaya, Ageratum conyzoides L. (Botebotekoro), Psidium guajava (Quwawa/Guava), 

Zingiber officinale (Ginger) and Bidens pilosa L. (Batimadramadra).  

Sixteen (16) Palauan respondents identified a total of thirteen (13) plants used as remedies 

for several types of ailments (Table 3-2). The scientific names of two out of the thirteen 

plants were unable to be obtained. Out of the thirteen plants indicated, P. guajava was the 

most common remedy for diarrhea. Leaves were mainly chewed, and the juice ingested, 

or prepared as a decoction. The duration of the treatment would be from 1 to 7 days until 

the symptoms had cleared. The second most common plant indicated was M. citrifolia 

(mentioned 4 times) used to treat diabetes, oral thrush, and diarrhoea. M. citrifolia fruits 

and leaves were often prepared as a decoction where the fluid is consumed for 1 to 7 days 

or until the symptoms cleared. Another plant, Phaleria nisidai Kaneh. (Delakar), was 

mentioned five times by the Palauan respondents as a remedy for several types of ailments 

including coughing and wheezing, bleeding cut, flu, high blood pressure, and it may 

generally be used for treatment for all types of diseases. The leaves of this plant are 

commonly prepared as a decoction and the fluid ingested for 1 to 7 days until the 

symptoms clear. Other plants indicated included C. limon for diabetes and sore throat, 

Aloe vera (L). Burm. f. (Aloe) for burns and hair loss, C. papaya for worm infection, 

Callophyllum inophyllum (Btaches) for asthma, Syzygium samarangense (Blume) Nerr. 

And Perry (Rebokel) for post-partum disorder and Premna serratifolia (Chosm) for 

bleeding cut. Most of the Palauan respondents confirmed that the herbal remedies used 

were effective.  

Eleven (11) Yapese identified thirteen (13) plants used as remedies for several types of 

ailments (Table 3-3). Out of the ten respondents that did not respond, two indicated their 

reluctance to share their knowledge on traditional herbal medicine, stating that it was a 

confidential matter that cannot be shared. Leaves were the most common plant parts used 

prepared mainly as a decoction and the fluid ingested until the symptoms clear. Out of 
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the thirteen plants indicated, M. citrifolia was the most commonly (6 times) mentioned 

plant used. A decoction of the leaves, fruit and bark was used to treat injury and high 

blood pressure, while the pounded form is extracted with cold water and the fluid ingested 

for 1 to 7 days was to treat all diseases. The juice extracted from the pounded leaves, fruit 

or bark is ingested to treat diabetes, while the pounded material is used as a poultice for 

diabetic wounds. Other familiar plants were indicated by the respondents including, 

Cymbopogon citratus (Lemon grass), A. vera, Cocos nucifera L. (coconut), fern (type of 

fern not specified), and Citrus aurantifolia (Christm.) Swingle, orth. var. (Lime). Several 

other plants known in their local Yapese names could not be verified with their 

scientific/botanical names despite numerous online searches and local queries with the 

local community in Yap. All Yapese respondents confirmed that the herbal remedies used 

were effective. 

Seventeen (17) American Samoan respondents identified thirteen (13) plants used as 

remedy for several ailments (Table 3-4). Leaves were the most common plant parts, and 

they are prepared as an infusion with cold water and ingested. Alternatively, the leaves 

are squeezed, and its extracted juice consumed. The duration of treatment generally from 

1 to 7 days, until the symptoms clear. Out of the thirteen plants indicated, Cordyline 

fruticosa was the most common plant mentioned (7 times). Its leaves are commonly 

moistened with water and massaged or rubbed for a few minutes on the head to relieve 

headaches. Other familiar plants mentioned included Annona muricata that is used for all 

types of  diseases.  Morinda citrifolia, Spondias dulcis, Psychotria insularum, Carica 

papaya and Gardenia taitensis are used to treat headaches and fever.  Allium sativum L. 

(garlic) are eaten for high cholesterol conditions, Mangifera indica L. (mango) to relieve 

coughs or wheezing, Psidium guajava (guava) for the treatment of toothaches and Carica 

papaya to treat diarrhoea.  Most American Samoa respondents indicated that the herbal 

remedies were effective. 

Squeezing and decoction of the leaves (the most common part of the plant used) for the 

traditional preparation of herbal medicine was a common practice noted in Fiji, Palau, 

Yap, and American Samoa.  The mixture of two or more plants and/or parts was also 

noted in Fiji, Palau, and Yap. This method of preparation of the leaves and the mixture of 

two or more plants and/or parts was also reported in several other countries, to name a 

few, Bangladesh (Kadir, Bin, Setu, Mostafa, & Mia, 2014), Uganda (Lamorde et al., 

2010), Philippines (Morilla & Demayo, 2019), Ethiopia (Moges & Moges, 2019), 
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Morocco (Mustapha et al., 2012) and Iraq (Ahmed, 2016). The practice of herb-herb 

combinations has been used in Chinese medicine practice for thousands of years, 

however, there is lack of scientific evidence of their therapeutic benefits (Che, Wang, 

Chow, & Lam, 2013). 

3.3.9 Plants used as remedy for some common symptoms of leptospirosis 

Refer to Appendix 3 for Table 3-1 to Table 3-5 referenced in this section. 

The early symptoms of leptospirosis often mimic dengue fever or flu-like illnesses and 

are characterized by sudden onset of non-specific symptoms such as fever, rigours, 

headache, retroorbital pain, photophobia, conjunctival suffusion, dry cough, nausea and 

vomiting, diarrhoea and myalgia muscle pain mainly localized to the calf and lumbar 

areas (Gompf, 2016). A number of these common symptoms were presented in the 

questionnaire (Part B question 6) to capture the respondents’ responses on herbal 

remedies used for such ailments. 

In addition to the twenty-seven previously identified medicinal plants by Fijian 

respondents as remedies for various types of ailments (Table 3 -1), eighteen (18) 

additional plants and plant parts have been indicated with their preparation and 

application methods and the duration of treatment (Table 3-1), as remedies for some 

common symptoms of leptospirosis including as flu-like illness, fever, headache, skin 

rashes and in severe cases, hepatitis. A summary of these additional plants identified by 

respondents in all ethnic groups is summarized in Table 3-5. Leaves of these plants are 

the most common plant parts used to prepare either as a decoction or as an infusion, with 

treatment duration lasting from 1 to 7 days, or until symptoms have cleared. 

The botanical names of some plants were unable to be confirmed due to its absence from 

the reference text Cambie and Ash, 1994 and from online resources. Arif et al., (Arif et 

al., 2010) explained that assigning known and unknown plant taxa were previously 

possible with only phenotypic methods that were quite laborious to perform for a wide 

diversity of plant species. However, in the past years, molecular characterization tools 

and techniques have been developed to answer many new evolutionary and taxonomic 

questions, and are useful to detect genetic differences, thus, providing a molecular 

diversity analysis of plant species (Arif et al., 2010). 

Few plants listed in Table 3-5 were popular remedies for several ailments. For example, 

to treat flu-like illness and fever, Fijian respondents commonly used Centella asiatica 
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(Totodro), Ageratum conyzoide (Botebotekoro), E. hortensis (Uci), Ocimum basilicum L. 

(Tomole) and C. limon (Molikarokaro). For headaches, C. asiatica and M. micrantha 

(Wabosucu) were popular remedies, while skin rashes were usually treated with  

A. conyzoide and E. hortensis, and C. limon. A. conyzoide and M. micrantha are 

commonly used to treat bleeding from cuts and nose. 

The Palauan respondents indicated an additional fifteen (15) plants used as remedy for 

some common symptoms of leptospirosis (Table 3-5), in addition to the thirteen (13) 

medicinal plants previously identified (Table 3-2). The scientific names of two out of the 

additional fifteen plants (Table 3-5) were unable to be obtained. Leaves are the most 

common plant part used and are commonly prepared as a hot infusion and its juice 

consumed. The treatment is commonly taken until symptoms clear, or from 1 to 7 days 

(Table 3-2). Delalakar also known as Phaleria nisidai Kaneh. was indicated by most 

Palauan respondents to treat several symptoms including flu-like illness, fever, 

headaches, hepatitis, and menstrual bleeding (for pain and better flow). This plant was 

previously reported as a remedy for the same type of flu-like symptoms among Palauans 

(Kitalong, 2014). In combination with Scaevola taccada (Gaertn.) Roxb. (Kirrai), 

Cassytha filiformis L. (Kukiut) and Vitex trifolia L. (Klsechedui), it is used as remedy for 

hepatitis. It is also used in combination with Terminalia catappa (Miich), Korango and 

Susiich (botanical names for the latter two plants were unable to be obtained) to treat 

menstrual bleeding for better flow (Table 3-5). A summary of the plants used as herbal 

remedies for common symptoms of leptospirosis named by Palau respondents are listed 

in Table 3-5. 

Ten (10) more plants were identified by the Yap respondents as remedies for some 

common symptoms of leptospirosis (Table 3-5). Thirteen medicinal plants have been 

previously identified (Table 3-3). Leaves are the most common plant part used that are 

most frequently prepared as an infusion and/or as a decoction. The juice is also consumed. 

The treatment duration often continues until the symptoms clear, or for 1 to 7 days. 

Morinda citrifolia has been commonly used in Yap as a remedy for flu-like illness, fever, 

headache, skin rashes and nose bleeding. Fern and goob are other medicinal plants 

commonly used to treat flu-like illness and fever (Table 3-3), however, their scientific 

names were unable to be obtained. A summary of the plants used as herbal remedies for 

the common symptoms of leptospirosis referred to by Yapese respondents are listed in 

Table 3-5. 
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American Samoa respondents indicated an additional (4) medicinal plants for treatment 

of some common symptoms of leptospirosis (Table 3-4). This is an addition to the 

fourteen (14) medicinal plants previously identified. Leaves of these plants are the most 

common plant parts used.  They are prepared as a cold-water decoction, with the juice 

also consumed.  The leaves may also be moistened with water and massaged or rubbed 

to the affected body part. The duration of treatment usually continues until the symptoms 

clear. Cordyline fruticosa and Morinda citrifolia are popular plants used among American 

Samoan respondents as remedies for flu-like illness, fever, and headache (Table 3-4). 

Table 3-5 lists the plants referred to by respondents in all four island countries as herbal 

remedies for common symptoms of leptospirosis. 

The analysis of Table 3-5 on the herbal remedy of the common symptoms of leptospirosis 

in the four countries confirmed E. hortensis, M. citrifolia, Cocos nucifera, Psidium 

guajava and M. micrantha were common plants used in two or more countries for some 

symptoms of leptospirosis.  

E. hortensis was indicated by survey respondents as a remedy for flu-like illness in Fiji 

and American Samoa. Cambie and Ash (1994) and Spencer (1966) have previously 

reported the use of E. hortensis to treat and/or reduce fever in Fiji. M. citrifolia was noted 

to treat fever in Palau, Yap, and American Samoa, is a remedy for headache in Yap and 

American Samoa and is used to treat skin rash in Fiji and Yap. M. citrifolia has been used 

by Polynesians as remedy for various types of ailments for over 2000 years and is reported 

to have a broad range of therapeutic effects that also include antibacterial, antiviral, and 

anti-inflammatory (Wang et al., 2002). This plant has also been reported to treat fever in 

some unspecified island countries in the South Pacific (WHO, 1998). C. nucifera is a 

common treatment for fever in Palau and Yap. In Nigeria, C. nucifera oil mixed with 

grinded Aframomum melegueta K. Schum. rhizome is used to treat a child’s migraine 

headache and fever, or the C. nucifera fruit chaff is boiled with the P. amarus leaves to 

treat a child’s head pain (Borokini & Clement, 2013). P. guajava is used to treat skin rash 

in Fiji and American Samoa.  In Papua New Guinea, Samoa, Tonga, Niue, Futuna and 

Tahiti, P. guajava is used to treat itchy rashes caused by scabies (G. Gupta, Chahal, & 

Arora, 2011). M. micrantha is a common remedy for bleeding cuts in Fiji and American 

Samoa. This remedy for bleeding cuts has been previously reported by Tupua et al (1992) 

and Spencer (1966). 
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3.3.10 Sources of information about plants used as medicines 

Some respondents offered to indicate their sources of information about plants being used 

as medicines, as posed in the questionnaire (Part B - 7) with the following number of 

responses: Fijians (17), Palauans (15), Yapese (22) and American Samoans (11). 

There was variation in the sources of information (Figure 3.33) that included family 

members, friends, grandparents or older people, village elders or their ancestors, 

traditional healers, and the internet. Most Fijian respondents (56%) acquired their 

knowledge from their grandparents or older people, while most Palauans (53%), Yapese 

(36%) and American Samoans (36%) obtained their knowledge from other family 

members. 

The most common sources of information indicated by the Fiji respondents included 

grandparents/older people, grandmother, and older people (20%), and traditional healer, 

grandparents, family, friends, and the internet (20%). Family members and village 

elders/ancestors (13%) were common sources of information among the Palauan 

respondents. The Yapese respondents commonly obtained their knowledge about plants 

as medicines from family members and friends (27%) and their grandparents or older 

people (18%). Family members and traditional healers (18%) were the most common 

source of knowledge or information on medicinal plants among the American Samoa 

respondents. Overall, family members were the common source of information or 

knowledge about herbal medicinal plants in all the four island countries. 

Family members being the most common source of information for herbal medicine use 

was also reported in a study in Israel where 34% of 740 patients visiting 25 randomly 

family medicine practices who were enrolled in the Israeli Health Insurance 

System indicated that a family/friend/neighbour was the source of information for natural 

drugs (Giveon, Liberman, Klang, & Kahan, 2004). The same finding was highlighted in 

a study conducted at a Ghana herbal clinic. That study revealed that sources of 

information about plants used as medicines have mostly been obtained through 

recommendations from friends, family, and the media, who have convinced the users of 

its effectiveness, thereby, facilitating the initiation of its use by users. The study also 

showed that initiation of herbal medicine use, effectiveness of the herbal medicine, 

individual preferences, ineffective western medicine, and integration of spirituality in 

herbal medicine facilitated the use of herbal medicine among the study participants 

(Aziato & Antwi, 2016). Similar findings were seen in Cambodia, Thailand and Vietnam 
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studies that documented health care professionals, in addition to family members and 

friends, were the three main sources of influence or awareness for the use of traditional 

herbal medicines (Peltzer et al., 2016). The same trend was noted among Australian 

women who are often recommended by their doctors to use herbal and alternative 

treatment for menopause therapy (Davey, 2015). 

 

Figure 3.33 Sources of information about plants being used as medicine indicated 

by survey respondents.  

 

3.3.11 Views on the use of traditional herbal medicines versus prescribed 

medicinal drugs 

Part C, questions 1 to 4 of the survey questionnaire attempted to capture the respondents’ 

views on the use of traditional herbal medicines versus prescribed medicinal drugs. All 

survey respondents (98) provided their views on these questions, with twenty-four (24) 

each from Fijians, Palauans and Yapese and twenty-six (26) from American Samoans. 

There was no information available in the literature about the perspective of the combined 
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and/or the negative effects, if any, of their combined use with Western medicine is 

unknown. 

The traditional Chinese medicine (TCM) is a major form of ancient medicine in Asia and 

its use is prevalent in almost all ethnic Chinese societies and Chinese patients are expected 

to have a different perspective on TCM compared with complementary and alternative 

medicine (CAM) patients from the West since there are several important differences 

between TCM and CAM (V. C. Chung et al., 2012). In view of the differences between 

TCM and CAM, Chung et al (2012) argue that it is prudent to suggest that well-designed 

multidisciplinary studies are needed to advance our understanding on how CAM and 

TCM are perceived by people of different cultures and ethnicity. Chung et al (2012) 

further add that future research could focus on how TCM is perceived by non -Chinese 

populations and how other traditional medicines are being perceived by their native 

populations. 

Even though the use of natural drugs is extensive in Israel, patients’ knowledge of their 

potential adverse effects is poor (Giveon et al., 2004).  For the effort to better monitor and 

evaluate the use of herbal or complementary medicine, Giveon et al (2004) suggest that 

public education of this should be implemented in healthcare facilities with the inclusion 

of requirements such as reporting usage to the family physician by incorporating 

questions on the use of complementary medicine or natural drugs as an integral part of 

the history taking by primary care physicians.  A study in Nigeria suggested that to 

forestall drug-herb interaction among pregnant women, there was an urgent need for 

health care practitioners and other health care givers to be aware of the practice of the 

combined use of herbal medicines with conventional drugs and make efforts in obtaining 

information about herb use during ante-natal care (Fakeye, Adisa, & Musa, 2009). 

 

3.3.11.1  Q1: As far as you know, can combining herbal or traditional 

medicines with drugs from the doctor lead to side effects? 

Respondents’ views were sought on whether the combined use of traditional herbal 

medicines with prescribed drugs from the doctor can lead to side effects and are 

summarized in Figure 3.34. In comparison to the other ethnic groups, most Palauans 

(38%) and Fijians (33%) agreed that side effects can occur.  Approximately the same 

number of Fijians (29%) also disagreed. A higher proportion of Yapese (54%) and 

American Samoans (39%) respondents indicated that there may be side effects. More 
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American Samoans (31%) compared to the other ethnic groups did not respond to this 

question. Overall, the findings of this study reveal that a significant proportion of survey 

respondents in all four island countries agree that there are or may be some side effects 

of the combined use of traditional herbal medicines with Western medicines. 

The existence of some opinion among the survey respondents in Fiji, Palau, Yap, and 

American Samoa that the combinational use of herbal or traditional medicines and 

Western medicines has some side effects is reflected in the study findings in Nigeria 

(Fakeye et al., 2009). The study revealed 57% did not support combining herbal 

medicines with conventional drugs, 33% respondents believed herbal medicines possess 

no adverse effects while 30% believed adverse/side effects of some herbal medicines 

could be dangerous.  The study in Israel by Giveon et al (2004) revealed 64% usually use 

natural and conventional drugs simultaneously while 84% never did so.  In this same 

Israel study, 56% indicated that natural drugs produce no side effects because they are 

natural, 22% think that they are mild and are unimportant and 22% indicated that like 

other drugs they also have side effects.  The response noted in the Israel study (Giveon et 

al., 2004) that natural drugs ‘are natural’, have no chemicals (Vickers et al., 2006) and do 

not cause any side-effects is argued by Giveon et al (2004) as potentially dangerous 

because some hazardous ingredients are found in natural drugs (Smet, 2012).  

 

3.3.11.2  Q2: As far as you know, can combining herbal or traditional 

medicines with drugs from the doctor result in either of the 

medicines not being effective? 

The question on whether the combined usage of herbal or traditional medicines with drugs 

from the doctor could render both medicines ineffective was posed to the respondents. As 

summarized on Figure 3-35, most Palauans (33%) and about the same percentage (25%) 

of Fijians and Yapese agreed that this could occur. A higher proportion of Fijians (33%) 

compared to the other ethnic groups disagreed. Most American Samoans (42%) and 33% 

of Fijians and Yapese indicated that such an outcome may occur. More Palauans (33%) 

and American Samoans (31%), compared to the other two ethnic groups, did not know 

how to respond to this question, although it seemed straight forward. Overall, a significant 

number of survey respondents in all four island countries had some opinion that combined 

usage of herbal or traditional medicines with Western medicines could render both 

medicines ineffective.   
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Studies have reported adverse effects of herb-drug interactions (Agbabiaka et al., 2017; 

(Bush et al., 2007); (Izzo & Ernst, 2009); (El Khoury, Ramadan, & Zeeni, 2016). 

However, none of the studies seem to capture and document the study participants’ views 

of whether adverse effects of herb-drug interactions could render both medicines 

ineffective. The poor and limited understanding of herb -drug interactions by herbal 

medicine users argued by Giveon et al (2004) warrants the need for the multidisciplinary 

approach of the healthcare system as suggested by Chung et al (2012) and El Khoury et 

al (2016) to fully understand the potential hazards and benefits of both types of therapies 

where patients’ are being encouraged on the disclosure of the use of alternative medicine 

as part of the visit histories (Chung et al., 2012; El Khoury et al., 2016). 

 

3.3.11.3  Q3: As far as you know, can combining herbal traditional medicines 

with drugs from the doctor result in a better treatment outcome? 

Responses on the question on whether the combination of herbal traditional medicines 

with drugs from the doctor can result in a better treatment outcome are summarized in 

Figure 3-36. The highest percentage (54%) of agreements were among the Fijian 

respondents. Similarly, the highest proportion of Yapese (58%), followed by Palauans 

(46%) and American Samoans (42%) indicated that such an outcome may occur. A high 

proportion of American Samoans (23%) did not know how to respond to this question. 

The significant number of respondents who were unsure or did not know how to respond 

to the questions posed, and those that indicated the ‘maybe’ responses, reflects the limited 

information the respondents possess on the possible side effects of the combined use of 

traditional herbal medicines and prescribed conventional medications. Their motivation 

to use herbal remedy for ailments is solely based on the belief that it works in relieving 

the symptoms experienced. However, they lack information on the physiological impact 

of the herb in one’s body, especially if the individual is also on prescribed medications 

from the doctor. A study in the United Kingdom revealed several women involved in the 

study were not aware of interactions that may occur between herbal remedies and 

prescribed or over the counter medicines (Vickers et al., 2006).  

Several publications and reports have been published on the interactions that may occur 

between conventional and herbal medicines that may cause adverse side effects. Some 

common herbal medicines such as garlic, ginseng, ginkgo and several other have been 

reported to react with certain drugs (Chen et al., 2011). To name a few herbal-drug 
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reactions, garlic has been reported to increase the clotting time and international 

normalized ratio (INR) of warfarin; ginseng was reported to decrease the blood levels of 

warfarin; and ginkgo has been reported to increase blood pressure when combined with 

thiazide diuretics (Chen et al., 2011). The drug herb, St. John’s Wort contains the 

phytochemicals hypericin and hyperforin that are responsible for antidepressant effect 

that will enhance the effects of any prescribed antidepressants (Vollmer & Rosenson, 

2004). It has a two-fold effect when taken with prescribed antidepressants and may lead 

to a potential lethal overdose (Musgrave, 2014).  

A report on research presented by the Clinical Oncology Society of Australia documented 

that cancer patients were most interested in fish oil, turmeric, coenzyme Q10, milk thistle, 

green tea, ginger, lactobacillus, licorice, astragalus and reishi mushroom as 

complementary treatments. All these additional treatments have predicted or known drug 

interactions when taken with evidence-based cancer treatments (Davey, 2014), even 

though these products may increase the effects of chemotherapy. However, they may also 

put the patient at increased risks of toxicity, or decrease the efficacy of chemotherapy, as 

some products that contain high levels of antioxidants may interfere with both 

chemotherapy and radiation therapy (Davey, 2014).  

Reports on adverse incidents associated with herbal remedies are reported far less often 

than those associated with pharmaceuticals, which may be because herbal medicines are 

unrecognized or underreported (Booker, 2017).  

Some women in a United Kingdom study experienced adverse effects but did not report 

such incidents as they believed it was of low importance (Vickers et al., 2006). In the 

United Kingdom, between 2006 and 2008, 284 reports on herbal medicine incidents were 

documented as compared to the 26,129 pharmaceutical incidents of the same period 

(Booker, 2017).  

Researchers at the University of Adelaide, Australia reviewed the findings from 52 

studies of herbal medicines and toxicology published in the Medical Journal of Australia 

between 2015 and 2016. The lead author of the review, Dr. Roger Byard commented that 

toxic side effects of herbal medicines used in traditional societies have typically not been 

reported and this is often cited in favour of their safety. He further added that the lack of 

systematic observation has meant that even serious adverse reactions, such as the kidney 

failure and liver damage caused by some plant species, have gone un-recognized until 

recently (Byard, Musgrave, Maker, & Bunce, 2017).  
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There is a need for more research on the effectiveness and safety in humans and animals, 

what and whom the compound can treat, and the dose, frequency, and duration of 

treatment. There is also a need to standardize which processes are important in facilitating 

the availability of reliable evidence of herbal therapies to the consumers (Walters, 2014). 

 

3.3.11.4  Q4: What is your view on herbal medicines being used as an 

alternative complementary treatment in a healthcare facility? 

The respondents’ views on herbal medicines being used as an alternative complementary 

treatment in healthcare facilities was also sought. Figure 3-37 shows a significant 

percentage of Fijian respondents (42%) and American Samoans (31%) who agreed that 

herbal medicines be allowed to be used as an alternative complementary treatment in 

healthcare facilities. In contrast, some respondents from all ethnic groups, mostly Yapese 

respondents (42%), highlighted conditional allowances such as with proof that it works. 

Yapese (32%), Palauan (25%) as well as Fijian (17%) respondents indicated that herbal 

medicines be allowed to be used as an alternative complementary treatment in healthcare 

facilities because it works. Some Yapese (5%) indicated that herbal medicines should be 

allowed to be used as alternative complementary treatment in healthcare facilities because 

it has fewer side effects, while some other Yapese (8%) indicated that it should be allowed 

and have doctors and traditional healers work together for its implementation. 

The World Health Organization (WHO) in 1978 officially promoted traditional medicine 

in developing countries and there has been increasing interests among developing 

countries in integrating traditional medicine into their healthcare systems, whereby 

policies focus on coexistence rather than integration (Chi, 1994). In Africa and Asia, 80% 

of the population still use traditional herbal remedies rather than conventional medicines 

for their ailments (Shetty, 2010). In the 3rd South African Nurses Conference, 2016, the 

importance of integration of traditional medicines into the healthcare system was 

highlighted and discussed. This is related to most of the population that visit the 

traditional healers before they go to a western doctor/health facility. It was suggested that 

these traditional healers can be used to assist in dealing with inadequacies that occur in  

the health system. Such inadequacies are due to financial limitations leading to limited 

material and human resources, the not readily available and unaffordable modern 

healthcare services, hence, the reliance of the public on traditional medicine use (Tsiane, 

2016).  
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Several countries have attempted to integrate traditional medicine into their healthcare 

systems. Such examples include countries in the African region in Ghana at the Kumasi 

Hospital (Agyei-Baffour et al., 2017); the central American country of Nicaragua (Carrie, 

Mackey, & Laird, 2015); the northern American country of Guatemala (Hitziger et al., 

2017); the Caribbean Island country of Trinidad (Clement et al., 2016); Bhutan 

(Wangchuk & Tashi., 2016); and Cambodia, Thailand and Vietnam (Peltzer et al., 2016). 

The recommendation to begin the process of integration at the grass roots level and with 

the training of physicians and practitioners may be an effective way of approaching the 

concept of integration (Chi, 1994). Chi (1994) further argued that a successful, integrated 

health care system would efficiently facilitate more use of domestic medical resources 

and enhance self-sufficiency in health development for resource poor countries. 

Some respondents in this survey suggested the collaborative partnership is needed 

between doctors and traditional healers in facilitating the effective and successful 

integration of traditional herbal medicines in healthcare systems.  This agrees with other 

survey findings in China (Chi, 1994), Cambodia (Pearson et al., 2018), and Africa 

(Tsiane, 2016). A study in South Africa among HIV-infected patients suggested a need 

to review communication practices between healthcare providers and patients regarding 

African traditional medicines. Such a review is to establish the various levels of 

acceptance of traditional, complementary, and alternative therapies by biomedical health 

care workers in HIV public sector practice (Nlooto, 2015). Integrating herbal medicine 

into a healthcare facility has different perceptions by healthcare care professionals and is 

understood differently by different stakeholders, based on a Ghana study (Boateng et al., 

2016).  There is a need for further research into this phenomenon as suggested by Nlooto 

(2015). 
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Figure 3.34 Respondents' views on combined use of traditional herbal medicines 

with prescribed doctor's medicines can lead to side effects 

 

 

Figure 3.35 Respondents' views on combined use of traditional herbal medicines 

with prescribed doctor's medicines can result in either medicine being ineffective  
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Figure 3.36 Respondents' views on combined use of traditional herbal medicines 

with prescribed doctor's medicines can result in a better treatment outcome  
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Figure 3.37 Various respondents' views on herbal medicines used as an alternative complementary treatment in healthcare facilities 
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3.4 Conclusion 

The outcome of the ethnobotanical surveys conducted in the four Pacific Island countries of 

American Samoa, Fiji, Palau, and Yap affirm that traditional herbal medicines have continued 

to be used in our various Pacific Island countries as remedies for common ailments.  

Most of the survey respondents in all ethnic groups were between 30 and 49 years of age. 

Mostly females responded to the survey who also indicated to be users of herbal medicines. 

A significant proportion of survey respondents with college or university education believed 

in the effectiveness of traditional herbal medicines. Most respondents in all ethnic groups 

trusted both doctors and traditional healers, however, most indicated that they would use 

herbal medicines at first before visiting the doctor if they were unwell.  

The survey findings revealed the herbal remedies used for the common symptoms of 

leptospirosis. across the four countries were derived from Euodia hortensis, Morinda 

citrifolia, Cocos nucifera, Psidium guajava and Mikiania micrantha. Leaves are the common 

part of the plants used and commonly prepared as decoction, infusion and/or ingestion of the 

juice of chewed leaves. The duration of use of these herbal remedies are until the symptoms 

clear. 

The common source of information or knowledge about herbal medicinal plants indicated by 

the survey respondents in all the four island countries was family members 

A significant proportion of the survey respondents in all four island countries agree that there 

are or may be some side effects of the combined use of traditional herbal medicines with 

Western medicines.  Most believe that combined usage of herbal or traditional medicines with 

Western medicines could also render both medicines ineffective. 
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Chapter 4 Screening for antileptospiral activity in crude extracts 

of ten selected medicinal plants in Fiji 

4.1 Introduction 

The study of bioactive constituents and properties of medicinal plants is a start of the process 

of drug development. The basic processes involved with plant extraction include washing, air-

drying of plant materials or freeze-drying, and cutting to obtain a homogeneous sample to 

improve the kinetics of extraction, at the same time increasing the contact of sample surface 

with the solvent system and extraction in the solvent system of choice. Proper implementation 

of these steps prevents loss, distortion, or destruction of potential active constituents of the 

plant during the extract preparation (Azwanida, 2015); (Sasidharan, Chen, Saravanan, 

Sundram, & Latha, 2011). The different solvent systems available to extract bioactive 

compounds from plants include polar solvents such as methanol or ethanol for the extraction 

of hydrophilic compounds, whilst ethylacetate is better for the extraction of lipophilic 

compounds and hexane is preferred to remove chlorophylls (Sasidharan et al., 2011). 

Several extraction methods are available, such as maceration and Soxhlet extraction that are 

commonly used at small research or manufacturing laboratories. The more modern extraction 

methods now available include microwave-assisted extraction (MAE), ultrasound-assisted 

extraction (UAE) and supercritical fluid extraction (SFE) that are aimed to increase extraction 

yield at a lower cost. There are continued efforts to modify and further enhance these methods 

for better yields. Prior to extraction, the method of choice needs to be carefully evaluated 

(Azwanida, 2015).  

Numerous studies have documented the antileptospiral properties of several plants as 

described in Chapter 2. However, there is currently no standard method to evaluate the 

antileptospiral activity of plant extracts or their derived compounds. In vitro antimicrobial 

susceptibility studies of Leptospira species against several antimicrobials have been 

previously demonstrated (Hospenthal & Murray, 2003); (Murray & Hospenthal, 2004b) using 

broth microdilution and macrodilution techniques where the minimum inhibitory 

concentration (MIC) and the minimum bactericidal concentration (MBC) of the antibiotics 

were evaluated. A broth microdilution technique using commercially available growth 

indicator alamarBlue has proven to be a more streamlined method for efficiently producing 

MIC results of antimicrobials tested against Leptospira species (Murray & Hospenthal, 
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2004b). Antileptospiral studies of plant extracts using the broth microdilution method and 

alamarBlue have been described (Seesom et al., 2013). 

The MIC demonstrates the lowest level of antimicrobial agent that inhibits growth and is used 

to evaluate the efficacy of the antimicrobial through the measurement of the effect of 

decreasing concentrations of the antimicrobial agent over a defined period . The MBC 

complements the MIC test by demonstrating the lowest level of antimicrobial agent that 

causes microbial death. It is a tool that can simultaneously evaluate multiple antimicrobial 

agents for potency and formulation problems where the active ingredient exists in combination 

with other ingredients (Goins, 2017). 

 

4.1.1 Aim of the study 

The aim of this study is to screen ten selected plants in Fiji for their antileptospiral activity 

and determine the in vitro minimum inhibition concentration (MIC) of their ethanol, acetone, 

and water extracts against five L. interrogans serovars (Australis, Bulgarica, Canicola, 

Copenhaheni and Hardjo).  

The selected plants are: Cananga odorata Hook. F. & Thomson (Mokosoi); Carica papaya 

L. (Weleti); Citrus limon (L.) Burm. f. (Moli karokaro); Colocasia esculenta (L.) Schott 

(Dalo); Euodia hortensis J. R. Forst. & G. Forst. (Uci); Ipomoea batatas (L.) Lam. (Kumala); 

Merremia peltata (L.) Merr.  (Wadamu); Mikania micrantha Kunth (Wabosucu); Polyscias 

fruticosa (Danidani); and Plumeria rubra L. (Bua). 

 

4.2 Materials and Methods 

4.2.1 Sites for the different phases of this study 

The solvent extraction phase of this study was conducted at the Institute of Applied Sciences, 

University of the South Pacific (USP), Suva, Fiji. The screening of the crude plant extracts 

for antileptospiral activities and other qualitative phytochemical analyses were performed at 

the CSU School of Biomedical Sciences research laboratory, Wagga Wagga, NSW. 
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4.2.2 Collection of leaves and confirmation of plant identification 

Volunteers assisted with the collection of the leaves needed for this research . Leaves of the 

ten selected medicinal plants were examined to exclude any visual defects and plucked from 

branches or stem of the plants from various locations in the Suva, Koronivia and Nausori areas 

in Fiji. The ten selected plants with their botanical and Fijian vernacular names included are 

Cananga odorata (mokosoi) VU01; Carica papaya (weleti) VU02; Citrus limon (moli 

karokaro) VU03; Colocasia esculenta (dalo) VU04; Euodia hortensis (uci) VU05; Iopomoea 

batatas (kumala) VU06; Merremia peltata (wadamu) VU07; Mikania micrantha (wabosucu) 

VU08; Plumeria rubra (bua) VU09 and Polyscias fruticosa (danidani) VU10. The identity of 

each plant leaf was verified by the curator at the South Pacific Regional Herbarium and 

Biodiversity Centre, Institute of Applied Sciences, University of the South Pacific (USP), 

Suva, Fiji.  Samples of the leaves of each plant were lodged with the curator of the herbarium 

who confirmed the identity of each. Voucher specimen numbers are VU01, VU02… VU10 as 

above. 

4.2.3 Chemicals and equipment for solvent extraction 

The following chemicals were used in the solvent extraction and were provided by the Institute 

of Applied Science laboratory, USP: Ethanol, technical grade, 99%; Acetone, technical grade, 

95%; and distilled water.  All the chemicals were purchased from Gremm Chemicals (Fiji) 

Private Limited, Suva, Fiji. All other laboratory consumables and equipment were provided 

by the Institute of Applied Science laboratory, USP. 

 

4.2.4 Pre-extraction preparation of leaves 

The leaves were washed thoroughly in tap water followed by a final rinse with distilled water. 

The leaves were subsequently air dried in-house overnight. Because ten plants were included 

in this study, leaves were collected one plant at a time to prevent overcrowding of leaves 

during air and incubator drying. Leaves were later referred to the Institute of Applied Sciences 

laboratory, USP where they were further dried in the 37oC incubator for 3 to 4 days. Parched 

leaves were manually crumbled into plastic zip-lock bags, labelled, and stored at room 

temperature awaiting solvent extraction. Prior to solvent extraction, the crumbled leaves were 

ground into a fine powder using an electric blender and re-stored in the plastic zip-lock bags.  
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4.2.5 Preparation of crude leaf extracts 

Crude leaf extracts were prepared using the combination of the cold percolation methods 

previously desribed by Durainpandiyan, Ayyanar, & Ignacimuthu (2006) and Rojas, Ochoa, 

Ocampo, & Munoz (2006). For each plant, 3 x 100 g portions of the parched, fine-powdered, 

leaves were weighed. Using round-bottom flasks, 100 g portions of the parched, fine-

powdered, leaves was soaked in 500 mL ethanol, another in 500 mL acetone and the other in 

900 mL distilled water. All mixtures were soaked for 72 hours with intermittent shaking. On 

the third day, the mixtures were agitated at 200 rpm for an hour for complete dissolution of 

the extracted material. The extracts for each plant were filtered using Whatman # 1 filter paper 

into labelled glass vials and were left to dry at air-dry at 20oC – 23oC room temperature. The 

filtered plant extracts were stored in the 4oC refrigerator to await shipment to the Charles Sturt 

University (CSU) School of Biomedical Science research laboratory, Wagga Wagga, New 

South Wales for the in vitro determination of antileptospiral activity and other qualitative 

phytochemical analyses. 

4.3 Preparation of culture media and bacterial inoculum for the microdilution 

assay 

4.3.1 Leprospira culture media, reagents, control bacterial strains and other 

laboratory consumables 

The Leptospira medium base Ellinghausen-McCullough-Johnson-Harris (EMJH) (BD Difco) 

and the Leptospira Enrichment EMJH (BD Difco) were purchased from Oxoid Australia Pty 

Ltd, 20 Dalgleish Street, Thebarton, South Australia 5031. 

Sodium pyruvate, an additional growth supplement that enhances the growth of leptospires 

(Johnson, Walby, Henry, & Auran, 1973), was provided by the Leptospirosis Reference 

Laboratory, Coopers Plains, Queensland, Australia. 

Five selected control Leptospira interrogans serovars used in this reserach were purchased 

from the Leptospirosis Reference Laboratory, Coopers Plains, Queensland, Australia . These 

included included serovar Australis strain Ballico, serovar Bulgarica strain Nicolaevo, serovar 

Canicola strain Hond Utrecht IV, serovar Copenhageni strain M20 and serovar Hardjo strain 

Hardjoprajitno. 
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Penicillin G (benzylpenicillin sodium) powder for injections (5,000,000 units), manufactured 

by Harbin Pharmaceutical Group Company Limited, China, was obtained f rom the Belau 

National Hospital Pharmacy, Palau and was used as the antibiotic control (negative control 2) 

for the microdilution assay of the leaf extracts. 

The dimethylsulphoxide (DMSO) and aqueous Tween 80 for the preparation of the stock 

solution of the leaf extracts for the MIC assay and the alamarBlue powder (growth indicator) 

were obtained from the Charles Sturt University (CSU) School of Pharmacy teaching 

laboratory that were purchased from Sigma-Aldrich, North Ryde BC NSW Australia. 

The sterile microtitration plates with 96 U-bottom wells for the microdilution assay of the leaf 

extracts were provided by the Guam Department of Health Public Health Laboratory, Guam. 

The 96 U-bottom wells were products of Thermo Fisher Scientific, USA that were purchased 

through Modern Laboratory Services, 4300 Stine Road Suite #209, Bakersfield, CA. 

All other laboratory consumables and equipment were provided by the CSU School of 

Biomedical Science research laboratory and the School of Pharmacy teaching labo ratory, 

Wagga Wagga, NSW. 

 

4.3.2 Preparation of culture medium 

The Leptospira culture medium was prepared using the manufacturer’s instructions whereby  

2.3 g of the Ellinghausen-McCullough-Johnson-Harris (EMJH) dehydrated media was 

dissolved in 900 mL of distilled water and mixed well. Sodium pyruvate (0.09 g) was 

dissolved in the mixture, which was then sterilized in the autoclave at 121°C for 15 minutes 

at 100 kPa (15 psi) pressure. The sterilized EMJH medium base was cooled to room 

temperature before the addition of 100 mL of Leptospira Enrichment EMJH solution and was 

mixed thoroughly. Volumes of 50 mL of the sterilized culture media were aseptically 

dispensed into sterile bottles and 10 mL into sterile tubes. A second batch of 900 mL of the 

EMJH medium base and four 250 mL bottles of distilled water were also prepared and 

autcolaved. All sterile media and distilled water were stored at 4oC cold room for five days to 

await further use. 

Positive and negative control checks of the prepared EMJH media and distilled water were 

performed and incubated aerobically at 30oC for 7 to 14 days. Sterility checks (negative 



 

193 

control) to ensure no contamination had occurred with the prepared EMJH media and distilled 

water were performed by incubating uninoculated bottles of the EMJH media and distilled 

water at 30oC for 24 hours. The next day, the media were checked for turbidity as signs of 

bacterial contamination. Positive control checks to ensure leptospire growth was well 

supported by the EMJH media were peformed by inoculating and incubating known cultures 

of five different L. interrogans serovars each into five different 10mL EMJH media tubes. 

The temperature of the 30oC incubator was monitored daily to ensure the required temperature 

was maintained. 

The presence and absence of leptosires in the EMJH media were confirmed by examining wet 

mount preparations of the positive and negative controls using dark ground microscopy 

(DGM). The five positive controls were later subcultured to yield more positive leptospire 

organisms for later use. 

 

4.3.3 Preparation of bacterial inoculum 

Five tubes containing 10 mL of two-day old cultures of each of the five L. interrogans 

serovars, received from the Leptospirosis Reference Laboratory, were incubated aerobically 

at 30oC for 7 to 14 days. To yield more bacterial organisms for later use, the cultures were 

further sub-cultured into 50 mL EMJH media. 

From Day 7 to 10, the cultures were examined daily and leptospire organisms counted using 

the Neubauer counting chamber under DGM. Cultures showing an inoculum density of 

approximately 2 x 106 leptospire/mL (Murray & Hospenthal, 2004a) were used for the 

minimum inhibitory concentration (MIC) assays of the leaf extracts. 

 

4.3.4 Preparation of leaf extracts, reagents, controls, and microdilution plates 

for the MIC assays 

Stock solutions of each leaf extract were prepared by weighing 100 mg of the dried extract 

and dissolving it in 2 mL DMSO, 3 mL distilled water and 2 drops (about 0.032 mL) Tween 

80 resulting in a final extract concentration of approximately 20 mg/mL. The mixtures were 

further solubilised using an ultrasonic water bath to ensure the vial contents were completely 

homogenized. The solution was aseptically filtered into sterile glass vials using sterile 
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syringes through 0.22 µm pore size filters immediately before the microdilution assay. There 

was concern for the viability of the bacteria being in contact the DMSO solutions of the 

extracts, since DMSO itself has antibacterial activity. A paper dealing with the Crown Gall 

Tumour Assay (Ferrigni et al., 1982) introduced the use of DMSO as a universal solvent for 

testing plant extracts for anticancer activity. They found that Agrobacterium tumefaciens was 

unaffected by exposure to solutions of 50% DMSO. It was on that basis that we used DMSO 

+ Tween-80 as solvent made to volume with water. 

The controls used in this study included the negative control (EMJH media + sterile distilled 

water); positive control (penicillin G) and solvent blank (DMSO + Tween 80 + sterile distilled 

water). 

For the positive control (antibiotic control), penicillin G powder was prepared immediately 

before use by reconstituting in 3.6 mL of sterile distilled water to a make a concentration of 

1,000,000 IU/mL (stock solution). The working solution was prepared by diluting the stock 

solution to a concentration of 1,000 IU of penicillin G/mL (1 mg of drug/mL) with sterile 

distilled water. 

A separate 96-well microtiter plate was used for the solvent blank, DMSO+water (negative 

control) and response to penicillin G (positive control) as shown in Figure 4.1.  Most serovars 

responded as expected. The negative controls turned pink/violet when Alamar blue was added, 

indicating actively metabolising bacteria. Whereas the positive control demonstrated cell kill 

for all serovars. As can be seen, serovar Australis was not very robust in this series of 

experiments. The penicillin G certainly demonstrated kill (Alamar blue remained dark blue), 

but the solvent blank was a darker purple colour, indicative of less metabolic activity and 

therefore a greater susceptibility to the DMSO+water blank. 
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Figure 4.1 Microtitration plates of control wells for all L. interrogans serovars 

-N: Negative control wells, DMSO+water (pink), +P: Positive control wells, penicillin (dark blue) 

 

Three 96-well U-bottom microtiter plates were used for each of L. interrogans serovar.  The 

microtiter plates were labelled with rows 1 to 12.  Rows 1 to 10 represented each of the test 

plant extracts (Figure 4-2). Row 11 was negative control (DMSO+water) and row 12, a second 

negative control (EMHJ). Row 13 was the positive control (penicillin). For example, the 

acetone extracts vs serovar Australis are shown in Appendix 4 Figure 1. Each assay was 

performed separately in triplicate. 

For the water extracts, only seven (7) plant extracts were tested due to the misplacement of I. 

batatas, M. peltata and P. fruticosa extracts at the Institute of Applied Science laboratory, 

USP during the freeze-drying process. The growth indicator alamarBlue was prepared on the 

day of use by dissolving 270 mg of alamarBlue powder in 40 mL of sterile distilled water 

(Mihailović et al., 2011). 
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4.4 Evaluation of the MIC of the leaf extracts against the five selected 

Leptospira serovars 

The antileptospiral properties of the ten selected medicinal plants in Fiji were determined by 

evaluating the MIC of the leaf extracts against five L. interrogans serovars using the broth 

microdilution (or microtitration) technique.  

The microdilution of the leaf extracts was performed by making serial two-fold dilutions of 

each plant extract using EMJH media, with concentrations ranging from 10 – 0.005 mg/mL. 

Using a micropipette, 100 µL EMJH medium was delivered to all wells from rows 1 to 12. 

This was followed by the addition of 100 µL of leaf extract (sterile stock solution containing 

20 mg/mL) to well 1 only of rows 1 to 10. The same volume of the positive control (antibiotic 

control - penicillin G) was added to well 1 only of row 12. Row 11 is the negative control 

containing DMSO+water. With the use of an 8-channel multichannel pipette, contents of well 

1 of rows 1 to 10 were mixed five to six times and 100 µL of the diluted sample was transferred 

to well 2. The dilutions (diluent used was EMJH and distilled water) continued to well 12 

when the final 100 µL of the diluted sample was discarded. A single channel pipette was used 

to add 100 µL of the positive control (penicillin G working solution) to row 12 well that was 

subsequently followed by titrations. A volume of 100 µL of the L. interrogans serovar was 

added to all wells, resulting in a final well volume of 200 µL. On separate microtiter plate 

positive and negative controls were also tested. Each assay was performed separately in 

triplicate. 

Each microtiter plate was covered with aluminium foil and incubated aerobically at 30oC for 

5 days. On Day 3, 20 µL of the growth indicator alamarBlue was added to all wells, re-covered 

with aluminium foil, and further incubated for 2 days. On Day 5, all microtiter plates were 

examined for a blue to pink colour change and the minimum inhibitory concentration (MIC), 

the lowest concentration of the leaf extract that inhibited leptospire growth (blue colour), was 

recorded. Wells with leptospire growth showed a pink colour change as seen with the negative 

control wells (DMSO+Water and EMJH media) in Appendix 4 Figure 2 and Appendix 4 

Figure 5. 

 



 

197 

4.5 Results 

4.5.1 The antileptospiral activity exhibited by the plant extracts 

All plant extracts exhibited antileptospiral activity against all the L. interrogans serovars 

tested, except for serovar Australis (Table 4-1 to Table 4-5). This serovar did not show any 

activity of blue to pink colour change in all wells including the controls (Appendix 4 Figure 

1). The most probable explanation is the non-viability of serovar Australis under the 

conditions of the experiment whereby the fastidious nature of the organism may have not 

easily allowed for the small volume of culture material being used, that a larger a volume may 

have been required. The viability of all the other serovars was observed by a blue to pink 

colour change as demonstrated by a selection of plates showing the ethanol, acetone, and 

aqueous extracts versus serovars (Appendix 4 Figures 2, 5 and 7).  

The MIC values (mg/mL) for each test run, for each serovar, are tabulated in Table 4-1 to 

Table 4-5. In addition, Table 4-6 collates the average MIC values (mg/mL) of the leaf extracts 

against the four L. interrogans serovars which demonstrated activity. It provides a summary 

of ranges of the average MIC values (mg/mL) for the plant extracts against the four L. 

interrogans serovars (Bulgarica, Canicola, Copenhageni, Hardjo). 

All plant extracts produced varying degrees of antileptospiral activity with average MIC 

values (MICaverage) ranging from >10.0 to 0.02 mg/mL (Table 4.1). The growth of the viable 

serovars was inhibited in concentrations of penicillin G (negative control 2 - antibiotic control) 

ranging from 0.50 to 0.002 mg/mL. Serovars Bulgarica, Canicola and Copenhageni were 

susceptible to the lowest concentrations of the ethanol extracts of E. hortensis, and acetone 

extracts of M. micrantha with MICaverage values between 0.02 - 0.04 mg/mL, as highlighted in 

green in Table 4.1. MICaverage values between 1.0 – 0.10 mg/mL exhibited by the plants against 

the serovars are highlighted in yellow.  

MICaverage values for the ethanol extracts ranged from >10 to <0.02 mg/mL (Table 4.1). Five 

(50%) of the ethanol extracts (C. limon, E. hortensis, I. batatas, M. peltata and M. micrantha) 

produced MICaverage values below 1.0 mg/mL ranging from 0.83 to 0.02 mg/mL, with the 

lowest MICaverage value of 0.02 mg/mL noted with the E. hortensis extract against serovar 

Canicola.  
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Acetone extracts produced MICaverage values ranging between >10 and 0.02 mg/mL (Table 

4.1). Seven (70%) of the acetone extracts (C. limon, E. hortensis, I. batatas, M. peltata, M. 

micrantha, P. rubra and P. fruticosa) exhibited MICaverage values below 1.0 mg/mL ranging 

from 0.83 to 0.02 mg/mL, with the lowest MICaverage value of 0.02 mg/mL noted with the M. 

micrantha extract against serovar Canicola.  

Only one out of the seven (14%) water extracts of C. odorata exhibited antileptospiral activity 

with MICaverage values of 0.23 mg/mL (Table 4.1). 
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Table 4-1 MIC values of plant extracts against L. interrogans serovar Bulgarica 

  Acetone extract (mg/mL) Ethanol extract (mg/mL) Water extract (mg/mL) 

Botanical 

name 

Fijian 

name 
1 2 3 MICav Std. 

dev. 
1 2 3 MICav. Std. 

dev. 
1 2 3 MICav. Std. 

dev. 

Cananga 

odorata 
Mokosoi 5.0 5.0 5.0 5.0 0 5.0 5.0 5.0 5.0 0 10.0 10.0 10.0 10.0 0 

Carica 

papaya 

Weleti 5.0 5.0 2.5 4.17 1.18 2.5 5.0 5.0 4.17 1.18 5.0 5.0 5.0 5.0 0 

Citrus 

limon 

Moli 

karokaro 

1.25 1.25 1.25 1.25 0 1.25 1.25 1.25 1.25 0 2.5 0.625 2.5 1.88 0.88 

Colocasia 

esculenta 

Dalo 5.0 5.0 5.0 5.0 0 5.0 5.0 5.0 5.0 0 2.5 1.25 2.5 2.08 0.59 

Euodia 

hortensis 
Uci 2.5 5.0 2.5 3.33 1.18 0.0195 0.0391 0.0391 0.03 0.009 5.0 5.0 5.0 5.0 0 

Ipomoea 

batatas 
Kumala 2.5 2.5 2.5 2.5 0 1.25 1.25 1.25 1.25 0 NA* NA* NA* NA* NA* 

Merremia 

peltata 
Wadamu 0.3125 0.3125 0.625 0.42 0.15 0.3125 0.625 0.3125 0.42 0.15 NA* NA* NA* NA* NA* 

Mikania 

micrantha 
Wabosucu 0.0391 0.0781 0.0391 0.03 0.02 0.1563 0.1563 0.1563 0.16 0 1.25 1.25 1.25 1.25 0 

Plumeria 

rubra 
Bua 5.0 5.0 5.0 5.0 0 5.0 5.0 5.0 5.0 0 5.0 10.0 10.0 8.33 2.36 

Polyscias 

fruticosa 

Danidani 2.5 2.5 2.5 2.5 0 2.5 2.5 2.5 2.50 0 NA* NA* NA* NA* NA* 

NA* = Not available (extract misplaced at USP laboratory)       *Std. dev. = Standard deviation. 

The shaded cells refer to the 4 most potent for each extract ≤ 5.0 mg/mL: 1st (yellow), 2nd (blue), 3rd (green) and 4th (orange). Equal potencies are 
included. 
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Table 4-2 MIC values of plant extracts against L. interrogans serovar Canicola 

  Acetone extract (mg/mL) Ethanol extract (mg/mL) Water extract (mg/mL) 

Botanical 

name 

Fijian 

name 
1 2 3 MICav. Std. 

dev. 
1 2 3 MICav. Std. 

dev. 
1 2 3 MICav. Std. 

dev. 

Cananga 

odorata 
Mokosoi 1.25 1.25 2.5 1.67 0.59 2.5 2.5 5.0 3.33 1.18 0.3125 0.3125 0.0781 0.23 0.11 

Carica 

papaya 

Weleti 0.0391 0.0391 0.1563 0.24 0.55 2.5 5.0 5.0 4.17 1 1.25 0.625 2.5 1.46 0.78 

Citrus 

limon 

Moli 

karokaro 

0.1563 0.3125 0.3125 0.26 0.07 0.1563 0.3125 0.1563 0.21 18 1.25 1.25 1.25 1.25 0 

Colocasia 

esculenta 

Dalo 2.5 0.625 2.5 1.86 0 2.5 2.5 2.5 2.50 0.07 2.5 2.5 2.5 2.50 0 

Euodia 

hortensis 
Uci 1.25 1.25 1.25 1.25 0.88 0.0098 0.0391 0.0098 0.02 0 1.25 1.25 0.625 1.04 0.29 

Ipomoea 

batatas 
Kumala 0.625 1.25 0.625 0.83 0.07 0.625 1.25 0.625 0.83 0.01 NA* NA* NA* NA* NA* 

Merremia 

peltata 
Wadamu 0.1563 0.3125 0.1563 0.21 0 0.1563 0.1563 0.1563 0.16 0.30 NA* NA* NA* NA* NA* 

Mikania 

micrantha 
Wabosucu 0.0195 0.0195 0.0195 0.02 0 0.0781 0.1563 0.0781 0.10 0 2.5 2.5 2.5 2.50 0 

Plumeria 

rubra 
Bua 0.625 0.3125 0.3125 0.42 0.15 1.25 0.625 1.25 1.04 0.04 2.5 2.5 2.5 2.50 0 

Polyscias 

fruticosa 

Danidani 0.625 0.625 1.25 0.83 0.29 1.25 1.25 1.25 1.25 0.30 NA* NA* NA* NA* NA* 

NA* = Not available (extract misplaced at USP laboratory)            *Std. dev. = Standard deviation 

The shaded cells refer to the 4 most potent for each extract ≤ 5.0 mg/mL: 1 st (yellow), 2nd (blue), 3rd (green) and 4th (orange). Equal potencies are 
included. 
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Table 4-3 MIC values of plant extracts against L. interrogans serovar Copenhageni 

  Acetone extract (mg/mL) Ethanol extract (mg/mL) Water extract (mg/mL) 

Botanical 

name 

Fijian 

name 

1 2 3 MICav. Std. 

dev. 

1 2 3 MICav. Std. 

dev. 

1 2 3 MICav. Std. 

dev. 

Cananga 

odorata 
Mokosoi 2.5 2.5 2.5 2.50 0 5.0 5.0 5.0 5.0 0 5.0 5.0 2.5 4.17 1.18 

Carica 

papaya 
Weleti 1.25 1.25 1.25 1.25 0 2.5 2.5 2.5 2.5 0 2.5 2.5 2.5 2.50 0 

Citrus 

limon 

Moli 

karokaro 
0.625 0.625 0.625 0.63 0 1.25 1.25 1.25 1.25 0 2.5 2.5 2.5 2.50 0 

Colocasia 

esculenta 
Dalo 2.5 2.5 2.5 2.5 0 2.5 2.5 5.0 3.33 1.79 1.25 1.25 1.25 1.25 0 

Euodia 

hortensis 
Uci 2.5 2.5 2.5 2.5 0 0.0391 0.0391 0.0391 0.04 0 5.0 5.0 2.5 4.17 1.18 

Ipomoea 

batatas 

Kumala 1.25 1.25 1.25 1.25 0 0.625 0.625 1.25 0.83 0.30 NA* NA* NA* NA* NA* 

Merremia 

peltata 

Wadamu 0.1563 0.3125 0.3125 0.26 0.07 0.3125 0.3125 0.3125 0.31 0 NA* NA* NA* NA* NA* 

Mikania 

micrantha 

Wabosucu 0.0195 0.0391 0.0391 0.03 0.01 0.1563 0.1563 0.1563 0.16 0 2.5 2.5 2.5 2.5 0 

Plumeria 

rubra 
Bua 2.5 2.5 2.5 2.5 0 2.5 2.5 5.0 3.33 1.18 2.5 5.0 5.0 4.17 1.18 

Polyscias 

fruticosa 
Danidani 1.25 1.25 2.5 1.67 0.59 2.5 2.5 2.5 2.50 0 NA* NA* NA* NA* NA* 

NA* = Not available (extract misplaced at USP laboratory)        *Std. dev. = Standard deviation 

The shaded cells refer to the 4 most potent for each extract ≤ 5.0 mg/mL: 1 st (yellow), 2nd (blue), 3rd (green) and 4th (orange). Equal potencies are 
included. 
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Table 4-4 MIC values of plant extracts against L. interrogans serovar Hardjo 

  Acetone extract (mg/mL) Ethanol extract (mg/mL) Water extract (mg/mL) 

Botanical 

name 

Fijian 

name 

1 2 3 MICav. Std. 

dev. 

1 2 3 MICav. Std. 

dev. 

1 2 3 MICav. Std. 

dev. 

Cananga 

odorata 

Mokosoi >10.0 >10.0 >10.0 >10 0 >10.0 >10.0 >10.0 >10 0 2.5 2.5 5.0 3.33 1.18 

Carica 

papaya 
Weleti >10.0 >10.0 >10.0 >10 0 >10.0 >10.0 >10.0 >10 0 10.0 10.0 10.0 10.0 0 

Citrus 

limon 

Moli 

karokaro 
5.0 5.0 5.0 5.0 0 5.0 5.0 5.0 5.0 0 2.5 2.5 5.0 3.33 0 

Colocasia 

esculenta 
Dalo >10.0 >10.0 >10.0 >10 0 2.5 2.5 5.0 3.33 1.18 2.5 2.5 5.0 3.33 0 

Euodia 

hortensis 
Uci >10.0 >10.0 >10.0 >10 0 2.5 2.5 2.5 2.50 0 >10.0 >10.0 >10.0 >10.0 0 

Ipomoea 

batatas 
Kumala 2.5 5.0 5.0 4.17 1.18 5.0 5.0 5.0 5.0 0 NA* NA* NA* NA* NA* 

Merremia 

peltata 

Wadamu >10.0 >10.0 >10.0 >10 0 >10.0 >10.0 >10.0 >10 0 NA* NA* NA* NA* NA* 

Mikania 

micrantha 

Wabosucu 2.5 2.5 2.5 2.50 0 5.0 5.0 5.0 5.0 0 10.0 10.0 10.0 10.0 0 

Plumeria 

rubra 

Bua >10.0 >10.0 Missed 

extract 

>10 0 2.5 2.5 5.0 3.33 0 10.0 10.0 10.0 10.0 0 

Polyscias 

fruticosa 
Danidani >10.0 >10.0 >10.0 >10 0 >10.0 >10.0 >10.0 >10 0 NA* NA* NA* NA* NA* 

NA* = Not available (extract misplaced at USP laboratory)     *Std. dev. = Standard deviation 

The shaded cells refer to the 4 most potent for each extract ≤ 5.0 mg/mL: 1st (yellow), 2nd (blue), 3rd (green) and 4th (orange). Equal potencies are 
included. 
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Table 4-5 MIC values of plant extracts against L. interrogans serovar Australis 

 Acetone extract (mg/mL) Ethanol extract (mg/mL) Water extract (mg/mL) 

Botanical 

name 

Fijian 

name 
1 2 3 MICav. 1 2 3 MICav. 1 2 3 MICav. 

Cananga 

odorata 
Mokosoi  

 

 

 

 

All microtitration wells remained blue, with various shades of blue to light violet colour. 

No clear differentiation of colour to indicate the concentrations at which L. interrogans serovar Australis was 
inhibited in its growth. 

Carica 

papaya 

Weleti 

Citrus 

limon 

Moli 

karokaro 

Colocasia 

esculenta 

Dalo 

Euodia 

hortensis 
Uci 

Ipomoea 

batatas 
Kumala 

Merremia 

peltata 
Wadamu 

Mikania 

micrantha 
Wabosucu 

Plumeria 

rubra 
Bua 

Polyscias 

fruticosa 

Danidani 
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Table 4-6 Average MIC (mg/mL) of leaf extracts against five L. interrogans serovars by microdilution technique. 

Serovars Australis Bulgarica Canicola Copenhageni Hardjo 

Plant name E A W E A W E A W E A W E A W 

1. Cananga 
odorata 

   5.0 5.0 10.0 3.33 1.67 0.23 5.0 2.50 4.17 >10.0 >10.0 3.33 

2. Carica papaya    4.17 4.17 5.0 4.17 0.24 1.46 2.50 1.25 2.50 10.0 >10.0 10.0 

3. Citrus limon    1.25 1.25 1.88 0.21 0.26 1.25 1.25 0.63 2.50 5.0 5.0 3.33 

4. Colocasia 
esculenta 

   5.0 5.0 2.08 2.50 1.88 2.50 3.33 2.50 1.25 3.33 10.0 3.33 

5. Euodia 
hortensis 

   0.03 3.33 5.0 0.02 1.25 1.04 0.04 2.50 4.17 2.50 10.0 >10.0 

6. Ipomoea 
batatas 

   1.25 2.50 NA 0.83 0.83 NA 0.83 1.25 NA 5.0 4.17 NA 

7. Merremia 
peltata 

   0.42 0.42 NA 0.16 0.21 NA 0.31 0.26 NA 10.0 10.0 NA 

8. Mikania 
micrantha 

   0.16 0.03 1.25 0.10 0.02 2.50 0.16 0.03 2.50 5.0 2.50 10.0 

9. Plumeria rubra    5.0 5.0 8.33 1.04 0.42 2.50 3.33 2.50 4.17 3.33 10.0 >10.0 

10. Polyscias 

fruticosa 

   2.50 2.50 NA 1.25 0.83 NA 2.5 1.67 NA 10.0 10.0 NA 

11. Negative control 

(DMSO+water) 

   
Pink Pink Pink Pink Pink Pink Pink Pink Pink Pink Pink Pink 

12. Positive control 

[penicillin G 

(mg/mL)] 

               

 Growth inhibited for all concentrations of penicillin G (0.5 – 0.002 mg/mL) 

Key E – ethanol extract; A – Acetone extract; W- Water extract; NA- Not available (extract misplaced at USP laboratory); green highlight - MICav < 0.1mg/mL; yellow highlight - 
MICav values from 0.1 – 0.9 mg/mL; Pink colour – Denotes growth of serovar; Blue colour – Denotes inhibition of serovar growth at Penicillin G concentrations of 0.50 – 0.002 
mg/mL 
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4.5.2 The responses of the L. interrogans serovars to the plant extracts 

Each of the serovars is reported in turn in the sections below. 

4.5.2.1 Australis 

As stated earlier, no indication of activity against serovar Australis was observed for all 

extracts. The negative control that should have exhibited growth of the organisms by a 

pink colour change (Appendix 4 Figure 2), but this did not occur for serovar Australis as 

illustrated in Figure 4.1 and Appendix 4 Figure 1. Therefore, these results for Australia 

cannot be trusted, hence, a repeat of the assay is recommended for future study. A positive 

reaction (indicating no serovar growth) is indicated by the blue colour of the alamarBlue 

growth indicator shown in Appendix 4 Figure 2. The additional positive and negative 

control microdilution plates are shown in Figure 4.1. 

 

4.5.2.2 Bulgarica 

The inhibited growth of serovar Bulgarica was observed for all plant extracts (Table 4-6) 

with MICav values ranging from 5.0 – 0.03 mg/mL for the ethanol extracts and acetone 

extracts, and 10.0 – 1.25 mg/mL for the water extracts tested. Ethanol extracts of three 

plants inhibited the growth of serovar Bulgarica at MICav values below 0.5 mg/mL as 

noted with M. peltata (0.42 mg/mL) and M. micrantha (0.16 mg/mL). The lowest MIC 

was seen with E. hortensis (0.03 mg/mL). Acetone extracts of M. peltata and M. 

micrantha inhibited the growth of this serovar at MICav values below 0.5 mg/mL, 

producing readings of 0.42 mg/mL and 0.03 mg/mL respectively (Table 4-6). None of the 

water extracts tested against serovar Bulgarica produced MICav values below 1.0 mg/mL. 

(Table 4-6). Appendix 4 Figure 2 shows the microtitration plates of the ethanol plant leaf  

extracts against serovar Bulgarica. 

 

4.5.2.3 Canicola 

Serovar Canicola was inhibited by the activity of all extracts (Table 4-6) with MICav 

values ranging from 4.17 to 0.02 mg/mL for ethanol extracts, 1.86 to 0.02 mg/mL for 

acetone extracts and 2.50 to 0.23 mg/mL for the water extracts. Five ethanol extracts 

inhibited growth of serovar Canicola at MICav values below 1.0 mg/mL. These were noted 

for I. batatas (0.83 mg/mL), C. limon (0.21 mg/mL), M. peltata (0.16 mg/mL), M. 

micrantha (0.10 mg/mL), and E. hortensis (0.02 mg/mL). Seven acetone extracts 
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inhibited the growth of this serovar at MICav values below 1.0 mg/mL as evident with I. 

batatas and P. fruticosa at 0.83 mg/mL, P. rubra (0.42 mg/mL), C. limon (0.26 mg/mL), 

C. papaya (0.24 mg/mL), M. peltata (0.21 mg/mL) and M. micrantha (0.02 mg/mL) 

(Table 4-6). The water extract of C. odorata was the only water plant extract that showed 

activity against serovar Canicola with a MICav value of 0.23 mg/mL. The microtitration 

plates of the plant leaf extracts against serovar Canicola are shown in Appendix 4 Figure 

3 (ethanol extracts), Appendix 4 Figure 4 (acetone extracts) and Appendix 4 Figure 5 

(water extracts).  

 

4.5.2.4 Copenhageni 

The inhibition of growth of serovar Copenhageni by all plant extracts was evident with 

MICav values produced from 5.0 to 0.04 mg/mL for ethanol extracts (Table 4-6), 2.50 and 

0.03 mg/mL for acetone extracts and 4.17 to 1.25 mg/mL for the water extracts. Four 

ethanol extracts inhibited growth of this serovar at MICav values below 1.0 mg/mL as 

noted with I. batatas (0.83 mg/mL), M. peltata (0.31 mg/mL), M. micrantha (0.16 

mg/mL) and E hortensis (0.04 mg/mL). MICav values below 1.0 mg/mL were produced 

against serovar Copenhageni were observed in three plants including C. limon (0.63 

mg/mL), M. peltata (0.26 mg/mL) and M. micrantha (0.03 mg/mL). None of the water 

extracts inhibited the growth of this serovar at MICav values to below 1.0 mg/mL. 

 

4.5.2.5 Hardjo 

The growth of serovar Hardjo was inhibited by varying concentrations of the plant 

extracts tested, ranging from >10 to 2.50 mg/mL (Table 4-6). The lowest MICaverage value 

of 2.50 mg/mL was noted with the ethanol extract of E. hortensis (Table 4-6) and acetone 

extract of M. micrantha. The MICs of 3.33 mg/mL were recorded for water extract of C. 

odorata, C. limon and C. esculenta. The microtitration plates for the plant leaf extracts 

against serovar Hardjo are shown in Appendix 4 Figure 6 (ethanol and acetone extracts) 

and Appendix 4 Figure 6 (water extracts). 
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4.6 Discussion  

Leptospires are fastidious bacterial organisms that require critical handling during their 

culture and incubation. Growth of Leptospires is not easily determined by turbidity of the 

broth culture compared to other bacteria such as E. coli, Staphylococcus, or yeast cultures. 

The careful selection of the samples of the medium just beneath the meniscus was crucial 

as this was where the Leptospires were mainly located. Daily checks of the growth density 

between the 7th to the 10th day through examination of wet mount preparations using the 

Dark Ground Microscope (DGM) was a laborious task. Furthermore, the absence of 

standards for plant antimicrobials and their derivatives that could be used to assess or 

compare research findings was a challenge. 

A blue to pink colour change of the alamarBlue growth indicator denotes leptospiral 

growth. The non-viability of serovar Australis organisms is the most probable explanation 

for the outcome of the blue colour in the negative control wells (Appendix 4 Figure 1). A 

quality control sterility check was performed on the EMJH media, and the distilled water 

before it was used to subculture all serovars and used to reconstitute the alamarBlue to 

ensure there was no contamination.  The EMJH medium passed the sterility check. Daily 

monitoring of the 30C incubator temperature was ensured for the optimal growth of the 

Leptospira serovars.  Appendix 4 Figures 2, 5, 6 and 7 further demonstrate, as expected, 

the negative control wells showing a pink colour change for serovars Bulgarica, Canicola, 

Copenhageni and Hardjo. No pink colour change was observed for negative control wells 

for serovar Australis (Appendix 4 Figure 1). The positive controls for serovars Bulgarica, 

Canicola, Copenhageni and Hardjo were blue in colour as was expected. The same cannot 

be deduced for serovar Australis negative controls for reasons explained above.  

Out of the one hundred and eight (108) MICaverage readings observed (Table 4-6), 

approximately 10% (n=11) of acetone extracts, approximately 11% (n=12) of ethanol 

extracts, but none of the water extracts, exhibited MICaverage readings below 1.0 mg/mL. 

Ethanol and acetone plant extracts produced similar but more antibacterial activity than 

water extracts (Padmalochana & Rajan, 2014). 

According to Padmalochana & Rajan (2014), aqueous ethanolic (80% ethanol) plant 

extracts demonstrated more antibacterial activity than either water, or aqueous acetone 

(70% acetone) extracts.  However, (Eloff, 1998) would argue that acetone is the more 

useful as an extraction solvent because it dissolves many hydrophilic and lipophilic 
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components from test plants, is miscible with water, is volatile and has low toxicity to the 

bioassay used. 

More recent studies also indicate that 100% ethanol can be superior to acetone. For 

example, results in an extract of the aerial parts of Limnophila aromatica with the highest 

extraction yield, the total phenolic content and the total flavonoid content were being 

reported for extraction with ethanol (Do et al., 2014). 

Our study has shown mixed results. Sometimes we found ethanol to be superior, 

sometimes acetone. The potent comparative effect of the ethanol extracts of E. hortensis, 

M. peltata and M. micrantha and acetone extracts of M. peltata and M. micrantha (but 

not of E. hortensis), against serovars Bulgarica, Canicola and Copenhageni (Table 4-6) 

were noted. The ethanol extract of E. hortensis showed lower potency against all the 

serovars. Therefore, ethanol appears to be a better solvent for the extraction of E. 

hortensis for antimicrobial activity screening in our assay. Because of these results, we 

examined the ethanol and acetone extracts in more detail (vide infra chapter 5). 

The pure organic solvents we used tended to extract primarily lipophilic compounds 

including a range of phenolic and terpenoid compounds which tend to act more directly 

in our bioassay than the glycosylated metabolites found in aqueous mixtures. In general, 

the glycosylated phenolics and terpenoids, along with alkaloids, need to be modified 

(metabolized) in some way before they exhibit the bioactivity of their aglycone versions. 

This being noted, it should be borne in mind that acetone and ethanol will also extract 

hydrolysable and condensed tannins.  

Leptospires are fastidious bacterial spirochaetes as compared to previous studies of less 

fastidious microbes such as Candida species tested against ethanol, acetone, and water 

extracts by Padmalochana and Rajan (2014) that can be inhibited by 30% alcohol, while 

50% ethanol can completely inhibit the regrowth of Staphylococcus aureus (Peters, Ward, 

Rane, Lee, & Noverra, 2013). Negligible or no antibacterial activities have been reported 

for plant water extracts (Gberikon, Adeoti, & Aondoackaa, 2015). However, aqueous 

extracts of Phyllanthus amarus and Eclipta alba have demonstrated leptospiral inhibitory 

of L. interrogans serovar Autumnalis at the MIC range of 0.005 to 0.64 mg/mL (Mohan 

et al., 2016). 

Although plant extract reactions against serovar Australis were unable to be evaluated, 

all ten plants studied in this research exhibited antileptospiral activity at varying degrees 
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against the other four L. interrogans serovars: Canicola, Bulgarica, Copenhageni and 

Hardjo (Table 4-6).  

Three most prominent plants demonstrated the highest potency at very low plant extract 

concentrations (MICaverage) against some of the L. interrogans serovars tested. These 

plants included E. hortensis, M. micrantha and M. peltata. M. micrantha which showed 

6 out of 12 (50%) of the MICaverage readings between 0.16 and 0.02 mg/mL, while 3 out 

of 12 (25%) of MICaverage readings were displayed by E. hortensis ranging from 0.04 to 

0.02 mg/mL (Table 4-6).  

Significant bioactivity was also noted with M. peltata with 6 out 8 (75%) of its MICaverage 

readings being between 0.42 and 0.16 mg/mL; C. limon with 3 out of 12 (25%) of its 

MICaverage readings within the range of 0.63 and 0.21 mg/mL; and C. papaya and C. 

odorata with 1 out of 12 (8%) of their MICaverage readings at 0.24 and 0.23 mg/mL 

respectively (Table 4-6). Ethanol extracts of E. hortensis produced the lowest and 

narrowest values, with MICs of 0.04 to 0.05 mg/mL against serovar Copenhageni, 0.03 

mg/mL against Bulgarica and 0.02 mg/mL against Canicola. Ethanol extracts of M. 

micrantha produced a wider range of MICaverage values, ranging from 0.16 mg/mL against 

serovars Bulgarica and Copenhageni to 0.10 mg/mL against Canicola (Table 4-6). The 

higher potency of the ethanol extract of E. hortensis and the wider range of antileptospiral 

activity of ethanol extracts of M. micrantha agrees with other studies that have reported 

ethanol extracts showed good antibacterial activity compared with aqueous and acetone 

extracts (Padmalochana and Rajan, 2014; Gberikon et al., 2015). No significant 

difference was noted in the MICaverage values below 1.0 mg/mL produced by the ethanol 

and acetone extracts of M. peltata, C. limon and C. papaya (Table 4-6). 

All plant extracts produced a narrower range of MICaverage values against serovar Canicola 

as compared to serovars Bulgarica, Copenhageni and Hardjo, with acetone extracts, 

ranging from 1.67 to 0.02 mg/mL, ethanol extracts 4.17 to 0.02 mg/mL and water extracts 

from 2.50 – 0.23 mg/mL (Table 4-6).  

Amongst all the serovars, Canicola was inhibited at very low plant extract concentrations 

with 13 out of 27 (48%) MICaverage readings between 0.83 and 0.02 mg/mL (Table 4-6). 

The MIC values of the ethanol and acetone extracts of C. limon, E. hortensis, M. peltata 

and M. micrantha, acetone extract of C. papaya and water extract of C. odorata against 

serovar Canicola were below 0.30 mg/mL. These values were lower than the MIC of 

penicillin G (0.39 mg/mL) tested against serovar Canicola in earlier studies (Murray & 
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Hospenthal, 2004b). The chloroform leaf extracts of Piper betle also inhibited the growth 

of L. interrogans serovars including Australis at MIC of 0.4 to 0.6 mg/mL and Canicola 

at 0.4 mg/mL (Nagarajan et al., 2014). 

Similarly, MICaverage readings below 0.30 mg/mL were exhibited by the ethanol extract 

of E.  hortensis and the ethanol and acetone extracts of both M. peltata and M. micrantha 

(Table 4-6), were lower than the MIC of penicillin G of 0.39 mg/mL tested (Murray & 

Hospenthal, 2004b). The demonstration of the MICs produced in this study by the ethanol 

extracts against leptospires was also seen in an earlier study where ethanol extracts of 

Adhatoda vasica L. were able to control the growth of L. interrogans serovar Louisiana 

in all extract concentrations tested from 0.1 – 1000 mg/mL (Nelson, Chairman, Singh, 

Padmalatha, & Hepsibah, 2013).  

L. interrogans is in Group 1 of Leptospira pathogens that are highly virulent (Figure 2.2) 

and is one of the most infectious Leptospira species. However, the virulence of each 

serovar affecting humans is still poorly understood. However, studies of pathogenicity of 

animal infections have revealed that dogs commonly affected with serovar Canicola often 

develop severe disease when infected with serovar Australis or Grippotyphosa (Lehmann 

et al., 2014). Serovars Copenhageni, Canicola and Australis have been found to be highly 

virulent in hamster models (Evangelista & Coburn, 2010). 

There are limited reports on serovar Bulgarica being tested with antibiotics. Therefore, 

comparing the MICaverage readings produced by the plant extracts was not possible even 

though the growth of this serovar was inhibited at very low plant extract concentrations 

for the ethanol and acetone extracts of M. peltata (0.42, 0.42 mg/mL) and M. micrantha 

(0.16, 0.03 mg/mL) respectively, and the ethanol extract of E.  hortensis (0.03 mg/mL) 

(Table 4-6).  

MICaverage readings produced were at higher plant extract concentrations for serovar 

Hardjo as compared to the reactions of the other four serovars, with 7 out of 27 (26%) of 

the plants showing MICaverage readings ranging from 3.33 to 2.50 mg/mL (Table 4-6). 

Ethanol extracts of C. esculenta, E. hortensis and P. rubra produced MICaverage readings 

of 3.33 mg/mL, 2.50 mg/mL, and 3.33 mg/mL against serovar Hardjo respectively.  

Acetone extract of M. micrantha showed a MICaverage reading of 2.50 mg/mL (Table 4-6), 

while the water extracts of C. odorata, C. limon and C. esculenta all produced MICaverage 

readings of 3.33 mg/mL. These MICaverage readings are in the same range as the MIC of 
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3.13 Units/mL (mg/mL) of per penicillin G evaluated against serovar Hardjo previously 

demonstrated by Murray and Hospenthal (2004). 

The medicinal uses in Fiji of the three prominent plants E. hortensis, M. micrantha and 

M. peltata are described in Chapter 2. They have shown high potency against most L. 

interrogans serovars. 

In Chapter 3, some Fiji ethnobotanical survey respondents also indicated E. hortensis as 

a remedy for flu-like illnesses and fever (Appendix 3 Table 3-1) and skin rashes  

Appendix 3 Table 3-5). E. hortensis leaves have been traditionally used in Tonga as a 

remedy for mouth infection, fungal rash, and boils (Huish et al., 2014), as well as 

headaches (Whistler, 1992a). On the Polynesian island of Futuna, the leaves are also used 

to treat swellings and boils (Whistler, 1992a). In Niue, the leaves are chewed as a remedy 

for toothache and stomach pain (Whistler, 1992a), while the leaves are used in western 

Polynesia to treat supernaturally induced ailments (Whistler, 1996).  

There are several medicinal uses of M. micrantha in Fiji, as previously described by 

Cambie and Ash (1994) and Tupua et al (1992). Those studies reported the same 

responses as some of the Fiji ethnobotanical survey respondents of the use of its leaves 

to treat bleeding noses and cuts, high blood pressure, stomach pain (Appendix 3 Table 3-

1) and headaches (Appendix 3 Table 3-5), as described in Chapter 3. In Samoa and Niue, 

the plant is used to treat itches, soothe bee and wasp stings, stop bleeding (Whistler, 

1992a) and infection (Whistler, 1996). 

As described in Chapter 2, there are not many medicinal uses of M. peltata. However, in 

Fiji, Cambie and Ash (1994) described the use of its leaves mixed with Macropiper 

vitiense A.C. Sm leaves as a remedy for headaches and ear pains; while the leaves are 

used to treat boils, scratches, eye or ear infections, appendicitis; hernia, body swellings 

and infection in babies. A mixture of the leaves of M. peltata with C. esculenta leaves is 

used to treat cysts (Cambie & Ash, 1994). There was no indication of medicinal use for 

M. peltata in the Fiji ethnobotanical survey findings described in Chapter 3. The use of 

the plant in other Pacific Island countries has not been adequately reported. 
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4.7 Conclusion 

The in vitro minimum inhibition concentration (MIC) of the ethanol, acetone, and water 

extracts of the ten selected plants showed varying degrees of antileptospiral activity 

against four L. interrogans serovars (serovar Australis was non-viable).  The average MIC 

(MIC average) values observed for the ethanol and acetone extracts f or the four serovars 

ranged from 0.02 to >10.0 mg/mL and water extracts from 2.50 to >10.0 mg/mL. (Table 

4-7). 

Table 4-7 Summary of ranges of MICav. values (mg/mL) for the plant extracts 

against the four L. interrogans serovars (Bulgarica, Canicola, Copenhageni, 

Hardjo) 

Extract Bulgarica Canicola Copenhageni Hardjo 

Ethanol 0.03 – 5.0 0.02 – 4.17 0.04 – 5.0 2.50 – >10.0 

Acetone 0.03 – 5.0 0.02 – 1.88 0.63 – 2.50 2.50 – >10.0 

Water 1.25 – 10.0 0.23 – 2.50 1.25 – 4.17 3.33 – >10.0 

 

Three plants showed high potency against L. interrogans serovar Canicola with the lowest 

observed MICaverage values of 0.02 mg/mL for Euodia hortensis (Uci) and Mikania 

micrantha (Wabosucu) and 0.16 mg/mL for Merremia peltata (Wadamu). 
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Chapter 5 Constituent analysis of crude plant extracts of the 

10 selected medicinal plants in Fiji 

5.1 Introduction 

Plants are composed of various types of chemical compounds referred to as 

phytochemicals. These phytochemicals are produced by the plants themselves and their 

biological activities play a role in plant growth and for their defensive mechanisms against 

pathogens, predators and competitors (Molyneux, Lee, Gardner, Panter, & James, 2007). 

Crude plant extracts obtained from various types of organic solvent extractions can be 

used to screen for the presence of bioactive compounds (Cowan, 1999) in a variety of 

ways using qualitative and quantitative methods.  

The various bioassay tests that produce qualitative results in antimicrobial screening 

include chemical tests for antimicrobials (Mir, Parihar, Tabasum, & Kumari, 2016), time-

kill test, antimicrobial gradient method, agar diffusion method and broth dilution assays, 

flow cytofluorometric and bioluminescent methods (Balouiri, Sadiki, & Ibnsouda, 2016).  

Quantitative methods may include chromatographic and non-chromatographic methods. 

Non-chromatographic techniques such as immunoassay, using monoclonal antibodies 

(MAbs), phytochemical screening assays, and fourier-transform infrared spectroscopy 

(FTIR) can be used to obtain and facilitate the identification of the bioactive compounds. 

Chromatographic tests include thin-layer chromatography (TLC)–bioautography, column 

chromatography, flash chromatography, Sephadex chromatography and high-

performance liquid chromatography (HPLC) (Sasidharan et al., 2011) and gas 

chromatography–mass spectrometry (GC-MS) (Rukshana, Doss, & Kumari, 2017) are 

used to obtain pure compounds. The separation of plant extracts that exist as a 

combination of various types of bioactive compounds with different polarities remains a 

big challenge for the process of identification and characterization of the individual 

phytochemical constituent. Therefore, it is a common practice in the isolation of these 

bioactive compounds that several different separation methods are used (Sasidharan et 

al., 2011).  

This chapter aims to discuss the methods and findings of the qualitative and quantitative 

analysis of the crude plant extracts of the ten selected medicinal plants in Fiji. The 

qualitative screening for antimicrobial compounds in these plant extracts used chemical 

test methods, while the semi-quantitative analysis of the plant extracts used TLC and GC-

MS techniques. 
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GC-MS was chosen as this was the only method available at the CSU research lab at the 

time of this study. It was chosen over LC-MS for the following reasons: sample 

preparation for GC-MS over LC-MS is simpler, and there is no need to prepare mobile 

phases (i.e. mixtures of solvents which have to be filtered and degassed. Overall, GC-MS 

is quicker and cheaper. Although GC-MS is limited by considerations of the volatility of 

compounds in the analytes, time constraints and equipment availability was the driving 

decision to choose GC-MS. Also, there was interest in the volatile and semi-volatile 

compounds that are known to have anti-microbial activity. Based on our initial results 

obtained for the ethanol and acetone extracts, it was believed that GC-MS was an 

appropriate method to use given the time and instrument availability constraints. From a 

‘therapeutic’ point of view there is more interest in the volatile and semi-volatile 

compounds that are known to have anti-microbial activity. 

Certainly, liquid chromatography–mass spectrometry (LC-MS) may have been a better 

selection as it would detect flavonoids, tannins etc (the higher as well as mid polarity 

compounds) which have known antibacterial properties.  However, LC-MS required more 

time in the laboratory than was available to the principal researcher. 

 

5.2 Materials and Methods 

5.2.1 Chemical tests for presence of antimicrobial compounds 

The qualitative screening for antimicrobial compounds of the plant extracts used chemical 

test methods described in previous studies by Kaur and Aurora (2009) and Shalini (2012). 

About 100 mg of the dissolved extracts were individually screened for the presence of 

alkaloids, flavonoids, tannins and saponins. 

All chemicals used in the screening of phytochemical in the plant extracts were available 

in the CSU School of Pharmacy that were purchased from Sigma-Aldrich, North Ryde 

BC NSW Australia. 

 

5.2.1.1 Screening for alkaloids 

Alkaloid screening followed the procedure previously used by Shalini (2012) that was 

slightly modified to use the plant extract and not the dried leaf sample. Each plant extract 

was screened for alkaloids using the Wagner’s reagent provided by the CSU Pharmacy 

Laboratory that contained 2 g of iodine and 6 g of potassium iodide in 100 mL of distilled 
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water. Three drops of the Wagner’s reagent were added slowly down the side of the tube 

containing 2 mL of the dissolved plant extract. The formation of a reddish-brown 

precipitate was observed, which indicates a positive alkaloid test. 

 

5.2.1.2 Screening for flavonoids 

The method used to screen for flavonoids was used in a previous study by Kaur and 

Aurora (2009). This method was slightly modified to use the dissolved plant extracts. A 

volume of 1 mL of the individual plant extracts was heated with 10 ml of ethyl acetate 

over in the water bath at 40 to 50°C for 5 minutes. This was followed by the addition of 

1 mL of diluted 10% ammonia to the heated mixture. A formation of a yellow colouration 

to the mixture confirms a positive test for flavonoids. 

5.2.1.3 Screening for tannins 

Tannin screening followed the method previously used by Kaur and Aurora (2009).  This 

method was slightly modified to use the dissolved plant extracts. A volume of 100 mL of 

the plant extracts was individually added to 20 mL volumes of distilled water, followed 

by the addition of 3 drops of 5% ferric chloride (FeCl3). The development of a brownish-

green or blue-black colour was an indication of the presence of tannins. 

5.2.1.4 Screening for saponins 

Saponins screening followed the method previously used by Kaur and Aurora (2009) that 

was slightly modified for using dissolved plant extracts. A volume of 1 mL of each 

dissolved plant extract was added to 10 mL of distilled water and the mixture was boiled 

for 15 minutes. The heated mixture was cooled followed by some vigorous shaking for 

about 1 to 2 minutes. The presence of saponins was confirmed by froth formation.  

5.2.1.5 Thin layer chromatography 

TLC plates (Merck, Silica gel 60G, aluminium) were loaded with 10 μL of 20 mg/mL 

(200 μg) plant leaf extracts using a semi-automated applicator Linomat-IV (Figure 5.1) 

for applying the plant extracts (acetone and ethanol) onto the plates. A pencil mark was 

drawn at approximately 13 cm from the base of the plate to allow uniform development. 

The TLC plates (10) were developed in saturated developing tanks containing the TLC 

solvents of a mixture of ethyl acetate (81 mL), methanol (10.9 mL) and water (8.1 mL) 

as seen in Figure 5.2. Samples of the loaded plant ethanol extracts on developed 

chromatogram is shown in Figure 5-3, while Figures 5-4 and 5-5 are showing pictures of 
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the respective developed chromatograms of acetone and ethanol leaf extracts  after the 

visualisation reagent (anisealdehyde/acetic acid/sulphuric acid) was added. 

 
Figure 5.1 Semi-automated applicator for loading plant extracts onto the TLC 

plate  

 

 

 

Figure 5.2 Development of TLC plates using solvent mixtures  
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The developed TLC plates were later dried at room temperature overnight followed by 

spraying with one of the five L. interrogans serovars with an inoculum density of 2 x 106 

leptospire / mL. The fifteen sprayed TLC plates were then incubated at 30oC under humid 

condition for 5 days. On the third day, the bioautograms were sprayed with alamarBlue 

and were further incubated at 30oC under humid conditions for another 2 days. On the 

fifth day of incubation, the TLC plates were examined for the appearance of zones of 

inhibition (clear white zones) against a blue background and under the UV light. The 

presence of clear white zones against a purple background on the TLC plate would 

indicate antimicrobial activity of the sample.  

 

Figure 5.3 A developed TLC plate with the ethanol plant extracts immediately 

after development  

Plant leaf extracts key:  

1. Cananga odorata  2. Carica papaya  
3. Citrus limon  4. Colocassia esculenta  
5. Euodia hortensis  6. Ipomoea batatas  

7. Merremia peltata  8. Mikania micrantha 
9. Plumeria rubra  10. Polyscias fruticosa 
Point A: Loading point where 10 μL of 20 mg/mL (200 μg) of leaf extracts were applied on the TLC plate 

(Silica gel 60G stationary phase). 
Point B: The 13 cm mark from the base of the plate to allow uniform development of the chromatogram. 

Point A → Point B: Distance travelled by the various phytochemical compounds in the leaf extracts using 
the eluent (mobile phase) that is of a mixture of ethyl acetate (81 mL), methanol (10.9 mL) and water (8.1 
mL). 
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Figure 5.4 A developed TLC plate of the ten acetone plant extracts (post 

visualisation reagent) 

Point A: Origin, where 10 μL of 20 mg/mL (200 μg) of acetone leaf extracts were applied on the TLC plate 
(Silica gel 60G stationary phase). 
Point B: The 13 cm mark from the base of the plate to allow uniform development of the chromatogram. 

Point A → Point B: Distance travelled by the various phytochemical compounds in the acetone leaf extracts 
using the eluent (mobile phase) that is of a mixture of ethyl acetate (81 mL), methanol (10.9 mL) and water 
(8.1 mL). Visualisation of the compounds employed the anisaldehyde/acetic acid/sulphuric acid reagent. 
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Figure 5.5: A developed TLC plate of the ten ethanol plant extracts (with 

visualisation reagent). 

Point A: Loading point where 10 μL of 20 mg/mL (200 μg) of ethanol leaf extracts were applied on the TLC 
plate (Silica gel 60G stationary phase). 
Point B: The 13 cm mark from the base of the plate to allow uniform development of the chromatogram. 

Point A → Point B: Distance travelled by the various phytochemical compounds in the ethanol leaf extracts 
using the eluent (mobile phase) that is of a mixture of ethyl acetate (81 mL), methanol (10.9 mL) and water 
(8.1 mL). Visualisation of the compounds employed the anisaldehyde/acetic acid/sulphuric acid reagent. 

 

5.2.2 Gas chromatography - mass spectrometry (GC-MS) instrumentation 

and conditions 

GC analysis was performed on a Hewlett-Packard 5890 Series II instrument and the MS 

Hewlett-Packard 5971A Mass Selective Detector with electron ionization (EI) spectra 

using electrons being accelerated to produce electron energy of 70eV. Cool, on-column 

injection of samples as dichloromethane solutions was performed using the He carrier gas 

with programmed pressure control. Inlet pressure was set to 172 kPa at 50°C with vacuum 

compensation on. The flow rate was 0.7 mI/mm and the column used was a J&W 

Scientific DB-5 (5% phenyl methylsilicone), 36 mm x 0.18 mm, 0.4 p film thickness 

bonded phase capillary. The initial temperature was either 35°C or 50°C (1 mm), the final 

temperature was 310°C (35 mm) and the ramp rate was 8 °C/min.  
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5.2.2.1 Mass spectral data analysis 

The software packages, Agilent G1701EA GC/MSD Chemstation Revision E.02.00 and 

Automated Mass Spectral Deconvolution and Identification System (AMDIS) were used 

for the GC-MS data acquisition and analysis of the plant extracts. 

 

5.3 Results and Discussion 

5.3.1 Screening for alkaloids, flavonoids, tannins and saponins 

 In this study, most ethanol leaf extracts showed the presence of alkaloids, flavonoids, 

tannins and saponins. Previous studies have indicated that ethanolic plant extracts with 

high antibacterial activity correlated with the presence of high amounts of alkaloids, 

tannins and saponins (Padmalochana & Rajan, 2014). Gberikon et al., (2015) have shown 

that ethanol extracts of plant material gave strong antibacterial activity as compared to 

aqueous extracts that did not show any antibacterial activity on test bacterial organisms. 

In consideration of this characteristic of ethanolic extracts and the high MIC values 

produced by the water extracts in the antileptospiral study described in Chapter 4, this 

study opted to examine the presence of alkaloids, flavonoids, tannins and saponins only 

in the ethanol extracts of the ten plants selected for this study as tabulated in Table 5.1. 

 

Table 5-1 Alkaloids, flavonoids, tannins and saponins screening of ethanolic plant 

extracts. 

Plant name Alkaloids Flavonoids Tannins Saponins 

Cananga odorata o + + + 

Carica papaya + + ++ + 

Citrus limon + + ++ + 

Colocassia esculenta o ++ ++ + 

Euodia hortensis ++ + + ++ 

Ipomoea batatas o + + + 

Merremia peltata + + + + 

Mikania micrantha +++ ++ + ++ 

Plumeria rubra o + o o 

Polyscias fruticosa + o o + 

 
Key: o = Negative; + = Weak positive; ++ = Positive; +++ = Strong positive 
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Table 5.1 summarises the positive alkaloid screening test results for ethanol extracts of 

C. papaya, C. limon, E. hortensis, M. peltata, M. micrantha and P. fruticosa. These test 

results agree with previous studies that showed the presence of alkaloids in C. papaya 

(Ikeyi, Ogbonna, & Eze, 2013), C. limon (Okwu, 2008), E. hortensis (Rai et al., 2009), 

M. peltata (Perez et al., 2015), M. micrantha (Dev et al., 2015) and petroleum ether 

extracts of P. fruticosa (Varadharajan & Rajalingam, 2011). Even though the alkaloid 

screening test was negative for C. odorata, C. esculenta, I. batatas and P. rubra, previous 

studies have reported presence of alkaloids in these plants.  The use of a single assay in 

this study may not be sensitive and specific enough to detect alkaloids in these plant 

extracts.  Therefore, it would have been ideal to have employed two or three more 

methods for a more definitive result. 

In the C. odorata, methanolic extracts of the seeds (Tan et al., 2015) and leaves 

(Indrakumar et al., 2012) and ethyl acetate extracts of the leaves (Husain et al., 2012) 

have been reported to contain alkaloids. Methanolic leaf extracts of C. esculenta were 

subjected to four different alkaloid screening tests all revealed the presence of alkaloids 

(P. Dwivedi et al., 2016). A possible reason for the negative results of the alkaloid test in 

this study may be due to the age of the Wagner’s reagents (iodine and potassium) used to 

test the ethanol extracts of C. esculenta. It would have been ideal to further screen for 

alkaloids using the other chemical tests described by Dwivedi et al., (2016) than u sing 

Wagner’s test alone, as used in this study. In a separate study, dried powdered leaves, and 

ethanol extracts of I. batatas leaves tested positive for alkaloids by mixing the ethanol 

extracts or dried powdered leaves at a specific concentration of formaldehyde and 

sulphuric acid that was allowed to stand for three hours and the absorbance measured at 

568 nm (Mbaeyi-Nwaoha & Emejulu, 2013). Methanol extracts of P. rubra leaves tested 

positive for alkaloids using Hager’s test in another study (Sibi, Awasthi, Dhananjaya, 

Mallesha, & Ravikumar, 2012). 

Except for P. fruticosa, all other ethanol leaf extracts tested positive for flavonoids, 

despite previous studies that documented the presence of flavonoids in petroleum ether 

extracts of the plant (Varadharajan & Rajalingam, 2011). The positive flavonoid test 

results obtained from this study (Table 5-1) correlate with previous studies that reported 

the presence of flavonoids in the other nine plant extracts. Flavonoids have been 

previously reported in methanolic leaf extracts of C. odorata (Indrakumar et al., 2012); 
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aqueous leaf extracts (Akhila & Vijayalakshmi, 2015) and ethanol leaf extracts (Ikeyi et 

al., 2013) of C. papaya; the ethanolic and hot water extracts of lemon peels rather than 

leaves of C. limon (Pandey, Kaushik, & Tiwari, 2011). Although no flavonoids were 

detected in ethyl acetate extracts of C. esculenta (Dhanraj et al., 2013), other studies have 

shown flavonoids in the leaves (Reyad-ul-Ferdous et al., 2015). Previous studies have 

also documented the presence of flavonoids in dried powdered leaves of I. batatas 

(Mbaeyi-Nwaoha & Emejulu, 2013); ethanolic leaf extracts of M. peltata (Perez et al., 

2015); methanolic leaf extracts of M. micrantha (Dev et al., 2015) and ethanolic leaf 

extracts (Sibi et al., 2012); as well as the butanol-acetic acid-water extracts of the flowers 

(Deshpande & Chaturvedi, 2014) of P. rubra. Limited information was available on the 

phytochemistry of E. hortensis, particularly the flavonoid content of the plant. 

As shown in Table 5-1, except for ethanol extracts of M. peltata, P. rubra and P. fruticosa, 

all other ethanol extracts of the plants revealed the presence of tannins even though 

previous studies have reported the presence of tannins in ethanolic leaf extracts of 

P. rubra (Ramproshad, Afroz, Mondal, Khan, & Ahmed, 2012) and petroleum ether 

extracts of P. fruticosa (Varadharajan & Rajalingam, 2011). The absence of tannins in 

M. peltata in this study agrees with a previous study, although they were found in another 

species of Merremia (Perez et al., 2015). Previous studies have described tannins in 

methanolic leaf extracts of C. odorata (Indrakumar et al., 2012); powdered leaves of 

C. papaya (Ikeyi et al., 2013); ethanolic and water extracts of C. limon peels rather than 

leaves (Pandey, Kaushik, & Tiwari, 2011); chloroform and methanolic extracts of C. 

esculenta (Dwivedi et al., 2016); powdered leaves of I. batatas (Mbaeyi-Nwaoha & 

Emejulu, 2013) and methanol extracts of M. micrantha (Dev et al., 2015). No literature 

was found on the content of tannins in E. hortensis. 

All leaf extracts except for P. rubra tested positive for saponins as summarised in Table 

5-1. The positive saponin tests correlate with previous findings of saponins in C. odorata 

(Indrakumar et al., 2012), C. papaya (Ikeyi et al., 2013), C. limon (Okwu, 2008), C. 

esculenta (Dhanraj et al., 2013), I. batatas (Mbaeyi-Nwaoha & Emejulu, 2013), M. 

micrantha (Dev et al., 2015) and P. fruticosa (Huan et al., 1998). Even though this study 

found saponins in M. peltata others have not (Perez et al., 2015). This study finding of 

the absence of saponins in P. rubra agrees with a previously reported finding (Sibi et al., 

2012).  
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The variation in the level of phytochemical content in a plant is influenced by several 

factors such as the altitudes of where the plants grow: the higher the altitude, the higher 

the content of phytochemicals (phenols, flavonoids, saponins, terpenoids and alkaloids) 

(Gulzar, Nawchoo, Yaqoob, & Hassan, 2017), environmental factors such as geography, 

climate, soil type, sun exposure, grazing stress, seasonal changes (Kumar, Yadav, Yadav, 

& Yadav, 2017) and stage of plant development and maturity (Khan, Nema, Kharya, & 

Khanam, 2009). Other studies suggested that postharvest handling, such as storage 

duration, light exposure, insect and pathogenic attack and temperature during storage 

influence the phytochemical content of medicinal plants (Böttcher, Günther, & Kabelitz, 

2003), and prolonged storage of plant extracts reduces phytochemical content (Raya et 

al., 2015). 

The presence of alkaloids, flavonoids, tannins and saponins in most of the plant extracts 

relate to the plants’ various degrees of antileptospiral activity, especially with the strong 

presence of alkaloids in M. micrantha that correlates with the high potency of its ethanol 

extracts against L. interorgans serovars Bulgarica, Canicola and Copenhageni as described in 

Chapter 4. 

Because water is the most common medium used for the consumption or use of medicinal 

plants as evident in the ethnobotanical survey findings described in Chapter 3, it would 

be ideal that future research studies focus on the use of cold and hot water extracted leaves 

to test for antileptospiral activity of the leaves, since they are the most common part of 

the plants used for herbal remedy.  

Leaves do not require further manipulation such as pounding of the stem or scraping of 

the bark, but simple decoction or chewing to consume the juice. Furthermore, mixing 

leaves of one or more plants is also a common practice in the use of ethnobotanical  

medicines also evident in the survey findings described in Chapter 3 . Therefore, testing 

synergistic antileptospiral activity of a mixture of different leaves of the test plants would 

be interesting to study, especially against L. interrogans serovar Hardjo that had 

antileptospiral activity in higher leaf extract concentrations as described in Chapter 4. 

Examining the antileptospiral activity of mixtures of hot water-extracted C. limon leaves 

and peels versus their individual reactions against leptosires is also worth exploring.  
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Since E. hortensis, M. micrantha and M. peltata are seen to be prominent plants 

displaying antileptospiral activity and water being the common medium used to  consume 

medicinal plants as remedy for ailments, examining the potency of the potential 

combinations of three and two leaf water extracts of the plants would be of in terest. 

5.3.2 Bioautography of plant extracts using TLC 

TLC was effective in separating the components of the plant extracts. An example of a 

plate viewed under UV serves to illustrate this (Figure 5.6). Even though TLC has been 

confirmed by previous studies to have the potential to identify antimicrobial components 

of plant extracts (Eloff, Katerere, & McGaw, 2008). After spraying with alamarBlue, 

there were no clearly visible white opaque zones on the TLC plates against any of the 

Leptospira serovars tested. The presence of white opaque zones confirms antimicrobial 

activity as that would be seen on a TLC plate sprayed with tetrazolium salts (Kagan & 

Flythe, 2014). Because of the unfavourable outcome of the TLC analysis of the plant leaf 

extracts using alamarBlue, no further tests were pursued. A repeat of the bioautography 

of the leaf extracts against the Leptospira serovars tested by spraying the TLC plates with 

tetrazolium salts dyes would have been useful to document whether TLC was also a useful 

method for the bioautography of the leaf extracts against the Leptospira bacteria. None 

of the literature cited has reported the use of TLC for the bioautography of plant extracts 

against the Leptospira bacteria. The chromogenic detection reagent, p-

iodonitrotetrazolium violet, has been reported as the most suitable detection reagent for 

such type of assays (Dewanjeea, Gangopadhyayb, Bhattacharyaa, Khanra, & Dua, 2015); 

Kagan & Flythe, 2014). Therefore, it should have been used, since the alamarBlue dye 

was unsuccessful. The possible causes for the unfavourable outcome of the TLC analysis 

in this study maybe due primarily to the unsuitable chromogenic reagent used and the too 

acidic or too alkaline solvents that remain on the TLC plate even after long drying time 

may possibly inhibit bacterial growth (Valgas, Souza, Smânia, & Smânia Jr, 2007). 

It would also have been worthwhile to have experimented with the bioautography of a 

mixture of two or more plant extracts that may have produced a positive outcome through 

the potential synergistic effect on the extracts towards the serovar tested.  
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Figure 5.6 A chromatogram of ethanol plant extracts seen under UV light  

(Merck Silica gel 60G, F254, aluminium plate. Mobile phase ethyl acetate (81 mL), 

methanol (10.9 mL) and water (8.1 mL) 

5.3.3 GC-MS data analysis of leaf extracts 

We used GC-MS to identify lipophilic (and more volatile) compounds that potentially 

account for the antimicrobial activities observed for the extracts. The acetone and ethanol 

extracts demonstrated greater in vitro anti-leptospiral activity than the water extracts. 

Accordingly, we limited ourselves to the ethanol and acetone extracts.   

The chemical profile of the extracts is summarised in the list of tentatively identified 

compounds detected in the plant extracts contained in Appendix 5 Table 1. Upon review 

of the GC-MS analysis of the plant extracts, a total of ninety-three (93) compounds were 

identified, as listed in Appendix 5 Table 2. The bioactivities for these compounds appear 

in Appendix 5 Table 3. 
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In comparison to other plant extracts, twenty-eight (28) compounds were identified in the 

ethanol extracts of C. limon, and thirty-one (31) compounds identified in the acetone 

extract of P. fruticosa (Table 5-2). 

Seventeen (17) out of the ninety-three (93) compounds tentatively identified were found 

to be predominant that is, present in five to ten plants as outlined in Appendix 5 Table 2. 

Tocopherol, stigmasterol, tetracosane, and hexacosane were identified in all the plants. 

Heptacosane was found in nine of the plants, while phytol and heneicosane were present 

in eight plants. Octacosane, heptadecane, and squalene were identif ied in seven plants. 

Triacontane, campesterol, pentacosane, β-sitosterol, tetrateracontane was found in six 

plants and gamma-sitosterol, hentriacontane and eicosane were each present in five 

plants. The remaining minor compounds were identified only in one to four of the ten 

plants. 

The alkanes are ubiquitous and generally considered to be of little medicinal or 

therapeutic interest. They are constituents that occur primarily in the leaf waxy coating 

and form a physical barrier to organisms that potentially cause infection of the plants. In 

general, we have discounted them as compounds of special interest.  

Table 5-2 Number of compounds identified in the GC-MS analysis for each leaf 

extract. 

Plant name (Local Fijian Name) Ethanol Extract Acetone extract 

Cananga odorata (Mokosoi) 17 13 

Carica papaya (Weleti) 20 14 

Citrus limon (Moli karokaro) 28 18 

Colocassia esculenta (Dalo) 17 17 

Euodia hortensis (Uci) 24 27 

Ipomoea batatas (Kumala) 19 20 

Merremia peltata (Wadamu) 19 12 

Mikania micrantha (Wabosucu) 22 17 

Plumeria rubra (Bua) 13 28 

Polyscias fruticosa (Danidani) 22 31 
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Table 5.3 lists the three most prominent compounds (highest Area%) identified in the 

GC-MS analysis for each plant extract. These are potentially those which may be 

contributing to the antileptospiral activity of the plant leaf extracts, either as  single 

compounds or in combination with stigmasterol or other compounds. 

 

Table 5-3 Three compounds identified in each plant extract having the greatest 

area % of the chromatogram. 

Plant 
name 

Ethanol extract Acetone extract 

Compound Area 

% 

Compound Area 

% 

Cananga 

odorata 
-Sitosterol 

Heneicosane 

Stigmasterol 

4.27 

2.58 

1.27 

Campesterol 

Hexacosane 

Stigmasterol 

8.16 

7.29 

6.07 

Carica 

papaya 

Vitamin E 

-Sitosterol (Clionasterol) 

Stigmasterol 

15.89 

14.71 

4.78 

Vitamin E 

-Sitosterol 

Stigmasterol 

20.89 

20.77 

7.05 

Citrus 
limon 

-Sitosterol 
Heneicosane 

Stigmasterol 

14.05 
6.44 

5.43 

-Sitosterol 
Caryophyllene 

Hentriacontane 

16.74 
13.74 

11.17 

Colocassia 
esculenta 

-Sitosterol 
Vitamin E 

Campesterol 

13.29 
10.17 

4.15 

-Sitosterol 
Vitamin E 

2-Methyloctacosane 

9.63 
7.62 

6.52 

Euodia 

hortensis 

Obtusifoliol 

Cyperene 

-Sitosterol (Clionasterol) 

21.02 

17.65 
6.01 

Obtusifoliol 

-Maaliene 

-Sitosterol (Clionasterol) 

15.11 

11.92 
7.15 

Ipomoea 

batatas 

Phytol 

-Sitosterol 

-Fernenol 

17.77 

15.10 
11.48 

Phytol 

-Sitosterol 

Octadecane, 2-methyl 

13.40 

9.67 
6.59 

Merremia 

peltata 
-Sitosterol 

Tetracosane 

Stigmasterol 

16.53 

6.26 

2.67 

-Sitosterol 

Hexacosane 

Stigmasterol 

27.37 

9.94 

5.67 

Mikania 

micrantha  

A’-Neogammacer-22(29)-en-3-

ol, acetate 

Stigmasterol 

Lupeyl acetate 

22.21 

 

12.87 

10.48 

Stigmasterol 

-Cubebene 

Heneicosane 

18.35 

12.27 

5.66 

Plumeria 

rubra  

Urs-12-en-24-oic acid, 3-oxo-, 

methyl ester, (+)- 

Ethyl linolenate 

-Sitosterol (Clionasterol) 

13.39 

 

11.77 
6.70 

Lupeol 

-Amyrenyl acetate 

Tetracosane 

13.78 

12.46 

4.65 

Polyscias 

fruticosa  

Hexacosane 

Stigmasta-7,16-dien-3-ol, 

(3,5)-Stigmasterol 

7.14 

6.45 
5.72 

Linolenic acid 

Stigmasterol 

(3,5)-Stigmasta-7,16-

dien-3-ol,  

18.31 

6.35 
 

3.85 

 

Further review of Table 5.3 shows the phytosterols such as sitosterol present in eight of 

the plants, stigmasterol present in six of the plants, and the triterpenoid obtusifoliol being 

present only in E. hortensis in both acetone and ethanol extracts. Sitosterol (Figure 5.10b) 

is present in one or both ethanol and acetone extracts of the eight plants tested. It is present 
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in both solvent extracts for each of C. papaya, C. limon, C. esculenta, E. hortensis, I. 

batatas and M. peltata, but was identified only in the ethanol extracts of C. odorata and 

P. rubra. Obtusifoliol (Figure 5.12) is found in both types of extracts of E. hortensis. The 

diterpenoid alcohol, phytol, was identified in both types of extracts of I. batatas. 

Stigmasterol (Figure 5.10a) was identified in both extracts of C. odorata, C. papaya, M. 

peltata, M. micrantha and P. fruticosa and only in the ethanol extract of  C. limon. The 

compound A’-neogammacer-22(29)-en-3-ol acetate (Figure 5.13) was prominent only in 

the ethanol extract of M. micrantha. This triterpenoid bears close structural similarity to 

β-sitosterol.  

   

Figure 5.7 Chemical structure of Urs-12-en-24-oic acid, 3-oxo-, methyl ester, (+)- 

found with high area percentage in ethanol extract of P. rubra  

Source: ChemSpider https://www.chemspider.com 

The compounds Urs-12-en-24-oic acid, 3-oxo-, methyl ester, (+)-, a tritepenoid, (Figure 

5.7) and ethyl linolenate (a fatty acid ester) (Figure 5.8a) were more prominent 

compounds than sitosterol in the ethanol extract of P. rubra, while lupeol (Figure 5.8b), 

a triterpenoid, was the most prominent compound in the acetone extract of P. rubra. Urs-

12-en-24-oic acid, 3-oxo-, methyl ester, (+)- and has been earlier reported to have 

potential antimicrobial activity (Chenniappan, Sankaranarayanan, & Arjunan, 2020). The 

antiparasitic and antibacterial activity of ethyl linolenate has been reviously reported 

(Adnan et al., 2019). Lupenone has been previously reported to have antileptospiral 

activity (Chander et al., 2014); (Rodriguez, Pabon, & Rodriguez, 2021). Linolenic acid 

(Figure 5.9) was the most prominent compound found in the acetone extract of P. 

fruticosa as compared to the compounds in the ethanol extract of the plant. Its association 

with antimicrobial activity has not been reported. Obviously, just because a compound is 

a major constituent does not mean it is part of the biological activity of the extract in 

question. 

https://www.chemspider.com/
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C20H34O2 

a) Ethyl linolenate 

 
C30H50O 

b) Lupeol 

 

Figure 5.8 Chemical structures of compounds with high area % in ethanol extract 

ethyl linolenate (a) and acetone extract lupeol (b) of P. rubra  

Source: ChemSpider https://www.chemspider.com 

 

  

C18H30 
Linolenic acid 

 

Figure 5.9 Structure of linolenic acid  

Source: ChemSpider https://www.chemspider.com 

 

Sterols have been a topic of great interest for researchers for many decades due to their 

essential physiological roles in eukaryotic organisms as they regulate biological processes 

and sustain the domain structure of cell membranes and are often referred to as membrane 

reinforcers (Dufourc, 2008). Sterol biosynthesis in plants produce a wide variety of sterols 

https://www.chemspider.com/
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(or phytosterols) such as campesterol, stigmasterol and β-sitosterol that make up the 

predominant molecules of the sterol profile in plants (Benveniste, 2004). 

Stigmasterol (Figure 5.10) and lupenone (Figure 5.11) are compounds previously 

reported to have exhibited activity against L. borgpetersenii serovar Poi and L. 

interrogans serovar Canicola with a MIC reading of as low as 100 – 200 µg/mL (0.1 – 

0.2 mg/mL) (Chander et al., 2015); as well as against other Gram positive and Gram 

negative bacteria (Chander et al., 2014).  

Even though lupenone (Figure 5.11) was not identified in any of the plants extracts but 

lupeol in P. rubra (acetone extract), stigmasterol was the most prominent in M. micrantha 

as compared to the other plants with the highest area percentage of 18.  4% in acetone 

extracts and 12.9% in the ethanol extract (Table 5.3). The compound was found in smaller 

amounts in the other six test plants that showed its presence. 

 

 

Figure 5.10 Structures of stigmasterol and -sitosterol 

 

Stigmasterol is present in many medicinal plants including Eclipta alba (described in 

Chapter 2, section 2.9.2), a plant reported to have antileptospiral properties. The 

antileptospiral activity of stigmasterol and lupenone reported in earlier studies described 

minimum inhibitory concentrations in the range of 100–200 μg/mL against pathogenic 

leptospiral strains belonging to 10 serovars.  The same study also reported the range of 

minimum bactericidal concentrations between 400–800 μg/mL (Chander et al., 2015). 

Stigmasterol, in this study, was found to have a greater area percentage in the acetone 

extract than the ethanol extract of M. micrantha. This may be the most probable 

explanation for the higher potency of the acetone extracts against serovars Bulgarica, 
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Canicola and Copenhageni compared to the activity of the ethanol extract against these 

serovars.  

Stigmasterol, also known as stigmasterin or Wulzen anti-stiffness factor, is used in the 

pharmaceutical industry for numerous synthetic and semi-synthetic compounds. It acts as 

a precursor for the synthesis of progesterone and as an intermediate in the biosynthesis of 

androgens, estrogens, corticoids and in the synthesis of vitamin D3. Stigmasterol has 

many pharmacological properties including anti-inflammatory effects (Kaur, Chaudhary, 

Jain, & Kishore, 2011).  

In addition to the presence of stigmasterol (area percentage 12.9%) (Table 5.3) in the 

ethanol extract of M. micrantha, A’-neogammacer-22(29)-en-3-ol-acetate (area 

percentage 22.2%), a triterpenoid, was also identified. This compound and β-amyrin 

found in methanolic extracts of Cornus macrophylla - Wall. reported inhibition zone 

diameter of 21.5, 36.3, 25.3 and 23.7 millimeter of inhibition zone diameter, therefore, 

were concluded to be contributing to the plant’s antibacterial activity (Akbar et al., 2020), 

however, its antileptospiral activity has not been previously reported. 

Obtusifoliol (Figure 5.12) is only found in E. hortensis with the highest area percentage 

of 21% with 64% quality (ethanol extracts) and 15% area percentage with 64% quality 

(acetone extracts) (Table 5.3) as compared to other compounds present in the extract. It 

is highly likely that the high potency of E. hortensis against the Leptospira serovars is 

due solely to obtusifoliol. However, whether it is acting alone in its antileptospiral activity 

or in combination with the other dominant compounds listed in Table 5.3 such as 

cyperene, a sesquiterpenoid, (17.7% area percentage) and sitosterol (6% area percentage) 

(ethanol extract), and maaliene (11.9% area percentage) and sitosterol (7.1% area 

percentage) (acetone extract) need to be further investigated.  

The synergistic antibacterial action of β-sitosterol-D-glucopyranoside was reported to 

have the best antimicrobial activity (MIC 6–50 μg/ml) and it worked synergistically with 

most antibiotics, especially with ciprofloxacin (Subramaniam, Keerthiraja, & 

Sivasubramanian, 2014).  

The compound β-sitosterol (Figure 5.10) is present in all the plants except M. micrantha 

(Table 5.4). It is found the most in M. peltata with the highest area percentage of 27.4%, 

92% quality (acetone extract) and 16.5% area percentage of 90% quality (ethanol extract) 

(Table 5.3) in relation to other compounds present in the other plant extracts. Even though 

https://www.sciencedirect.com/topics/pharmacology-toxicology-and-pharmaceutical-science/ciprofloxacin
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it is present in lesser amounts in the other plants (Table 5.4), it may still play a role in the 

antileptospiral activity shown by the plants including M. micrantha. When comparing the 

chemical structures of stigmasterol and β-sitosterol, the compounds are identical except 

for the two additional hydrogens in β-sitosterol. Anti-inflammatory properties of β-

sitosterol have been reported (Strum & Faloon, 2005) and it has been used by European 

doctors for several decades to treat benign prostate enlargement and lower urinary tract 

symptoms. 

Table 5-4 Area percentage of stigmasterol and sitosterol in each plant extract. 

 

Plant name 

Area percentage (%) 

Ethanol extract Acetone extract 

Compounds Stigmasterol -Sitosterol Stigmasterol -Sitosterol 

Cananga odorata  1.3 4.3 6.1 Absent 

Carica papaya  5.4 14.7 7.1 20.8 

Citrus limon  5.4 14.1 Absent 16.7 

Colocassia esculenta  Absent 13.3 Absent 9.6 

Euodia hortensis  Absent 6.01 Absent 7.2 

Ipomoea batatas  Absent 15.1 Absent 9.7 

Merremia peltata  2.7 16.5 5.7 27.4 

Mikania micrantha  12.9 Absent 18.4 Absent 

Plumeria rubra  Absent 6.70 Absent Absent 

Polyscias fruticosa  5.7 Absent 6.4 Absent 

 

 

Figure 5.11 Chemical structure of lupenone reported to have antileptospiral 

activity by Chander et al., 2015  

Source: http://www.chemspider.com/ 

http://www.chemspider.com/
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Figure 5.12 Chemical structure of obtusifoliol (highest area % in ethanol leaf 

extract of E. hortensis and is also found in the acetone extract of the plant)  

Source: http://www.chemspider.com/ 

 

 

Figure 5.13 A’-Neogammacer-22(29)-en-3-ol acetate 

 

5.4 Conclusion  

Three out of the selected ten plants studied exhibited high potency antileptospiral activity 

against L. interrogans serovars Bulgarica, Canicola, Copenhaheni and Hardjo. These are 

M. micrantha, E. hortensis and M. peltata. The presence of three main compounds in 

these three plants are likely to play a role in their antileptospiral properties. The 

compounds identified are: stigmasterol, sitosterol and obtusifoliol. 

Stigmasterol and A’-neogammacer-22(29)-en-3-ol acetate were substantially present in 

M. micrantha. Obtusifoliol and sitosterol were noted in high amounts in E. hortensis. 

Sitosterol and stigmasterol were significantly present in M. peltata. Stigmasterol, A’-

neogammacer-22(29)-en-3-ol acetate and sitosterol have similar chemical structures.  The 

compound, Obtusifoliol, is possibly the first time to be noted having antimicrobial 

properties, particularly its antileptospiral activity.  

http://www.chemspider.com/
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Whether these compounds act alone or in combination with each to produce the high 

potency of the plant extracts against the Leptospira serovars are hypotheses that need to 

be substantiated in future research studies. 
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Chapter 6 Summary and Conclusions 

This thesis aims to contribute to the expansion of the current literature of medicinal plants 

in Fiji that may be potential remedies for leptospirosis, at the same time further 

contributing to the knowledge database of the phytochemical constituents of the tested 

medicinal plants. 

 

6.1 The need for this research 

Whilst leptospirosis exists in Fiji, and is a treatable disease, it has continued to cause 

human deaths in Fiji. However, cases, including fatal ones, have only been reported since 

2012 (Reid, 2013).  Leptospirosis cases may have occurred before 2012. Inadequate 

reporting of infections that often occur after heavy rains and flooding may be due to the 

lack of awareness, or misdiagnosis - as clinical manifestations of leptospirosis often 

mimic viral infections (Bal, 2005); (Nhan et al., 2016), and the lack of laboratory facilities 

to confirm its diagnosis.  

Aftermaths of cyclones in 2016 with heavy rainfall and flooding in Fiji caused outbreaks 

of leptospirosis (Vuibau, 2016) and even deaths (Koroi, 2016). Most victims of the 

disease were farmers and rural dwellers who were reported to have acquired the infection 

after heavy rainfall and flooding and who reside in remote villages and settlements distant 

from healthcare facilities. Having the general awareness of the symptoms of leptospirosis 

and the potential herbal remedies for the disease could assist victims control the clinical 

manifestations of the disease whilst seeking medical attention at the nearest healthcare 

facility. 

 

6.2 The aim of this work 

The aim of this thesis was to investigate the antileptospiral properties of ten selected 

medicinal plants found in Fiji as potential herbal remedy for leptospirosis. There were 

five specific aims for this research, to: 

1. Capture information through a survey to supplement the current literature on the 

enthnobotanical practices in selected Pacific Island countries. 

2. Establish the perception versus the reality of the use of traditional herbal 

medicines to treat ailments or diseases in the Pacific. 
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3. Capture information relating to the use of traditional herbal medicines for the 

treatment of common non-specific symptoms of leptospirosis. 

4. Investigate the antileptospiral properties of leaf extracts of ten selected medicinal 

plants in Fiji that include Cananga odorata (Makosoi), Carica papaya (Weleti), 

Citrus limon (Moli karokaro), Colocasia esculanta (Dalo), Euodia hortensis 

(Uci), Ipomoea batatas (Kumala), Merremia peltata (Wadamu); Mikania 

micrantha (Wabosucu), Polyscias fruticosa (Danidani) and Plumeria rubra 

(Bua). The plants were selected based on the following: documented antimicrobial 

properties; accessible in the environment around Fiji; and commonly used in Fiji 

as herbal remedies for common ailments. 

5. Analyze the antimicrobial compounds of the leaf extracts that possibly contribute 

to the antileptospiral properties of the leaf extracts, whether it is a single 

compound or a combination of compounds that is/are associated with the 

antileptospiral reaction. 

 

6.3 The approach 

The survey aimed to help capture information on the use and effectiveness of traditional 

herbal medicines as well as establish the perception versus their use in the Pacific Island 

communities. The survey utilized a structured questionnaire that was also aimed at 

capturing information relating to the use of traditional herbal medicines for the treatment 

of common ailments that are also non-specific symptoms of leptospirosis and include flu-

like illness, fever, headaches, skin rashes, bleeding, and in more severe cases, hepatitis. 

The in vitro antileptospiral activities of leaf extracts of the ten (10) selected medicinal 

plants in Fiji against the five (5) selected L. interrogans serovars (serovar Australis strain 

Ballico; serovar Bulgarica strain Nicolaevo; serovar Canicola strain Hond Utrecht IV; 

serovar Copenhageni strain M20; and serovar Hardjo strain Hardjoprajitno) were 

investigated by evaluating the MIC values (the lowest concentration of the leaf extract 

that greatly inhibits growth) using the broth microdilution technique with the use of the 

growth indicator, alamarBlue.  

The presence of antimicrobial compounds in the leaf extracts were qualitatively 

determined using chemical test methods for the screening of alkaloids, flavonoids, tannins 

and saponins; while Gas Chromatography-Mass Spectrometry (GC-MS) was used to 

analyse and identify the various antimicrobial compounds present. The outcome of the 
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bioautography of the compounds in the leaf extracts using thin layer chromatography 

(TLC) was unsuccessful. 

6.4 The results of this study, its importance, and shortcomings 

The work described in this thesis expands of the current literature of medicinal plants in 

Fiji and research ten selected medicinal plants’ extracts for the potential remedies for 

leptospirosis.  

As a result of this work, it has been affirmed through the results of the ethnobotanical 

surveys that traditional herbal medicines have been and are still in use in our various 

Pacific Island countries as remedies for common ailments. Leaves of plants are commonly 

used, and the mode of preparation is commonly decoction, infusion and/or ingestion of 

the juice of chewed leaves with the duration of use being when the symptoms clear. 

Even though the initial aim of the ethnobotanical survey was to establish the perception 

versus the reality of the use of traditional herbal medicines to treat ailments or diseases in 

the Pacific Island communities, several limitations were noted during this study that can 

be improved in the future.   

One of the limitations of this study were those questions with a low response rate; the 

respondents being either unsure and only gave a partial answer or did not answer at all. 

There is a possibility the questions were not well understood especially among those 

survey participants who preferred to self -complete the questionnaire. The 

misunderstanding of some questions was mostly avoided among the survey participants 

who were interviewed because the interviewer would have explained the question in 

vernacular.  

For future improvements, it would also have been helpful to note the group of the survey 

participants (self-completion of questionnaire or interviewed) that did not understand or 

answer the question, as well as also note the reasons for not answering the question(s). 

Piloting the questionnaire would have been used as a quality control measure for the 

improvement of the understanding of the questions, as well as improve the way questions 

are asked, therefore, eliminating the biases and confused questions. 

After realizing the remoteness and the diverse geographical locations of the islands of 

American Samoa, Fiji, Palau, and Yap, and since this study involved the investigation of 

medicinal plants in Fiji and their antileptospiral activity, it would have been ideal and less 
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cumbersome to focus the ethnobotanical survey on Fiji alone by conducting the survey in 

the northern, southern, western, and eastern parts of Fiji.  This would have also captured 

a wider perspective of the Fiji the population on the use of medicinal plants as remedies 

for ailments, rather than mostly healthcare workers’ opinions.   

There is lack of previously published literature on medicinal plants and their uses found 

in Fiji, American Samoa, Palau, and Yap.  This consequently affected the retrieval of the 

plants’ botanical names in Palau and Yap as most survey participants indicated the plants’ 

vernacular names. The lack of literature on the use of medicinal plants in Fiji reflects the 

lack of interest and efforts to engage more in medicinal plant research that have been 

hindered by lack of scholarships for postgraduate research students (Cummings et al., 

2001). On the other hand, ethnobotanical studies rely heavily on indigenous and local 

knowledge and there are challenges in bringing evidence from these knowledge systems 

into written scientific studies because unwritten forms of knowledge can be difficult to 

transpose (Albuquerque & Hanazaki, 2009). If the above limitations could be overcome, 

then it would enhance the documentation, expansion of the literature and preservation of 

indigenous knowledge of herbal medicine in Fiji and the Pacific Island communities.  

The absence of institutions to safeguard and protect traditional/cultural knowledge in the 

four islands nations involved in this project highlights the importance of establishing and 

fostering measures and mechanisms that will enhance the protection of intellectual 

property concerning indigenous rights, cultural knowledge, and traditional resources. The 

lack of intellectual property protection regimes is neither adequate nor appropriate for 

protecting cultural knowledge and resources in many indigenous communities as it seems 

that significant control lies at the point of decision about publication and dissemination 

of knowledge to the academic and wider communities (Barret & Bannister, 2000). 

Additionally, access to traditional knowledge of the use of traditional herbal medicine is 

unhindered in the Pacific Islands and, more often than not, made available through the 

age-old principles of goodwill and trust (DaSilva, Murukesan, Nandwani, Taylor, & 

Josekutty, 2004). Furthermore, DaSilva et al (2004) suggest the Pacific Islands is a source 

of some unique traditional healing systems and their vulnerability to the vicissitudes of 

globalization issues such as intellectual property rights, trade and gender are of relevance 

and importance. 

Furthermore, this study updates information on the medicinal plants tested especially their 

antileptospiral properties, which have been added to the information database and 
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literature of Fijian herbal medicines of their potential as herbal remedies. This study has 

also identified M. micrantha (Wabosucu), E. hortensis (Uci) and M. peltata (Wadamu) 

as the three main potentially novel herbal remedies for leptospirosis in Fiji. However, 

more investigations are required to ascertain their efficacy and toxicity in vivo in human 

models. To date there has been no reported case of any Leptospira species becoming 

resistant to the current treatment regime for leptospirosis (WHO, 2001). 

L. interrogans serovar Hardjo is found in this research to be a more fastidious serovar as 

compared to serovars Bulgarica, Canicola and Copenhageni with antileptospiral activity 

noted at higher leaf extract concentrations. It would be interesting to determine if a 

combination of two or all the highly effective M. micrantha, E. hortensis and M. peltata 

extracts would exhibit high potency against serovar Hardjo. 

The use of GC-MS for the chemical profiling of the plant extracts was an appropriate 

method to use for this research given the time and instrument availability constraints at 

the CSU research laboratory.  For future studies to detect flavonoids, tannins etc (the 

higher as well as mid polarity compounds) which have known antibacterial properties, 

the use of LC-MS would be a better selection and is highly recommended. 

6.5  Areas for further research 

This thesis has provided preliminary studies for M. micrantha, E. hortensis and M. peltata 

as novel potential herbal remedies for leptospirosis in Fiji. However, further research 

needs to be conducted. In vivo studies in mouse models and then in humans should be 

conducted to verify the efficacy of M. micrantha, E. hortensis and M. peltata as potential 

herbal remedies for leptospirosis in Fiji.  

Ideally, in studies where plant extracts are screened for therapeutic properties, toxicity 

studies should also be performed in parallel. However, such is beyond the scope of this 

study. The intent of this study was to conduct initial screening of Fijian plant extracts for 

antileptospiral activity and to identify compounds responsible for this activity.  

Future prospective studies should examine the toxicity of the plant extracts and their 

reaction with the mouse cells especially the various organs such as the liver and the 

kidneys that are most likely to be affected by leptospirosis. 

Although we found that aqueous extracts in general did not afford high potency against 

the leptospires examined, it is worth pursuing these extracts. This is because water is the 

most common medium used for the consumption or use of medicinal plants in the Pacific 

Island communities. The medicines are consumed as a decoction or as an infusion, 
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therefore, it would be worthwhile that future research studies focus on the use of cold and 

hot water extracted leaves to test for antileptospiral activity.  

Mixing leaves of one or more plants is also a common practice. Therefore, examining the 

potency of the combination of the leaves of M. micrantha, E. hortensis and M. peltata for 

possible synergistic effects on the leptospires would be of interest, especially against the 

fastidious L. interrogans serovar Hardjo that was only susceptible to higher extract 

concentrations (MICaverage). 

This study has provided additional significant information on the possible antimicrobial 

effect of the compounds sitosterol present in seven of the plant extracts, stigmasterol 

present in six of the plant extracts, and obtusifoliol found only in E. hortensis (Table 5.3). 

Table 4-6 displays the higher potency of M. micrantha demonstrated in the low MIC 

values ranging from 0.03 to 0.16 mg/mL from M. peltata, with MIC values ranging from 

0.16 to 0.42, against the L. interrogans serovars Bulgarica, Canicola and Copenhageni. 

E. hortensis shows the highest potency, MIC values between 0.02 to 0.04 mg/mL against 

the serovars Bulgarica, Canicola and Copenhageni. Between M. micrantha and M. 

peltata, both sitosterol and stigmasterol are present in the latter, while stigmasterol is only 

present in M. micrantha.  For E. hortensis, stigmasterol is absent while sitosterol is 

present with obtusifoliol.  The reasons pertaining to the high potency of M. micrantha 

that is absent of sitosterol is a potential focus area for future research. 

To determine what attributes to the antileptospiral activity exhibited by the other seven 

plants, whether it is a synergistic action between the prominent compounds and those 

with lower in the individual extracts need to be further investigated.  

The three major active identified compounds, viz., stigmasterol, sitosterol and 

obtusifoliol, and whether they act alone or in combination with each to produce the high 

potency of the plant extracts against the Leptospira serovars are hypotheses that need to 

be substantiated for future research studies.  
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Appendix 1. Blank survey questionnaire and raw data of the 

ethnobotanical survey (Excel spreadsheet file)  

A Survey on the Ethnobotanical Practices in some Pacific Islands Countries      
 

Place a tick beside your response 

 

A. Demographics 
 

1. Age: ___________   Male             Female 

 

2. Ethnic group:   American Samoan    Fijian    Palauan  Yapese    Other: 

_____________ 
 

3. Country of residence: ______________________   Residential setting:     Rural   

Urban  

   

4. Highest level of education:  Primary school  High school    College 
  University 

 

5. Occupation: ______________________________________  

 

B.  Use of herbal plants for remedies 

  
1. Do you use plants as medicines for ailments/diseases?  Yes    No ……………. If 

No, go to Question C1.  

 

2. If yes to Q1, do you believe traditional herbal medicines work?  Yes    No 

 
3. Do you trust your doctor or traditional healer? (Please circle)  

Doctors    Don’t trust     Not sure    Trust    Trust more    Trust most    

Traditional healers  Don’t trust     Not sure    Trust    Trust more    Trust 

most    

 
4.  Which would apply to you? 

 

4a. If you feel unwell, which of the following would you do? Check all that apply.  

 4a1  Will use herbal medicine and not visit the doctor 

4a2  Will use herbal medicine first before visiting the doctor 

4a3  Do not use traditional medicines 
4a4  Will visit doctor before using any traditional medicines 

 

4b. If you felt unwell for more than 2 days, what would you do? Check all that apply.  

 4b1  Continue to use herbal medicine and not visit the doctor 

 4b2  Continue to use herbal medicine before visiting the doctor 
 4b3  Will stop using herbal medicine but see the doctor 

4b4  Do not use traditional medicines 

4b5  Will visit doctor before using any traditional medicines 
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4c. If you’re taking your doctor’s medicine, would you continue to use herbal medicines?   Yes      

 No 

 

4d. Will you let the doctor know that you’re also using herbal medicines with prescribed 

medication? 

  Yes       No   Maybe    Not applicable 
 

 

5. Please name some plants you have used, for which disease conditions you have used it 

for and how you have  

prepared it? 
 

Name 

of plant 

Plant 

part 
used 

Preparation How it’s 

applied? 

Duration 

of 
treatment 

Ailment/Disease 

condition 

Was it 

effective? 
Yes or No 

       

       

       

 

 

6. Are there any medicinal plants you know or have used for the treatment of the symptoms 

below? Place a tick beside each that applies and complete the table below. 
 

Symptom Name of 

plant 

Plant 

part 

used 

Preparation How it’s 

applied? 

Duration of 

treatment 

Flu-like illness 

 

     

Fever 

 

     

Headaches 

 

     

Skin rashes 

 

     

Bleeding (nose)  

 

     

Bleeding (cuts) 

 

     

Bleeding (menstrual 

– for pain) 

 

     

Bleeding (menstrual 
– for better flow) 

 

     

Bleeding (others – 
please specify) 

 

     

Hepatitis 
 

     

7. Where do/did you obtain information about plants being used as medicine? 
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C. Traditional herbal medicines versus prescribed medicinal drugs 

 

1. As far as you know, can combining herbal or traditional medicines with drugs from the doctor 

lead to side effects?    Yes    No      Maybe     Don’t know 

 
2. As far as you know, can combining herbal or traditional medicines with drugs from the doctor 

result in either of the medicines not being effective? 

 Yes      No     Maybe     Don’t know 

 

3. As far as you know, can combining herbal traditional medicines with drugs from the doctor 
result in a better treatment outcome?  Yes      No     Maybe     Don’t know 

 

4. What is your view on herbal medicines being used as an alternative complementary treatment in 

a healthcare facility? 

 
 

 

 

 

 

 
 

 

Thank you for your time in completing this questionnaire!!!..........Your participation was much 

appreciated 
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Appendix 2. Plants referred to in the ethnobotanical survey 

Appendix Tables 2-1 to 2-4 are referred to in the body of the thesis (Section 3.3.8). 

Appendix Table 2-1 The 27 plants referred to in the ethnobotanical survey by Fijian respondents 

# Fijian name 

(common name) 

Botanical name Parts used Preparation How applied? Duration of 

treatment 

Ailment/Disease 

condition 

Effective? 

1 Quwawa (guava) Psidium guajava L. leaves mix with water drink juice NA diarrhoea yes 

 
    leaves pound/mix with water drink juice 1-2 days diarrhoea yes 

 
    leaves chewed swallow juice  Until 

symptoms clear 
diarrhoea yes 

2 Wabosucu  

(mile-a-minute) 

Mikania micrantha 

Kunth 

leaves squeeze juice put on wound 1-2 days bleeding cut yes 

      leaves squeeze juice put on wound few days bleeding cut yes 

      leaves mix with water drink juice when needed high blood 

pressure 

yes 

      leaves mix with water drink juice 1-7 days stomachache yes 

      leaves squeeze juice put on wound Until symptoms 

clear 

bleeding cut yes 

      leaves rub on palm of hand put on wound Until symptoms 
clear 

bleeding cut yes 

      leaves squeeze juice put on wound Until symptoms 

clear 

bleeding cut yes 

      leaves squeeze juice on wound Until symptoms 
clear 

bleeding cut yes 

Appendix Table 2-1 continued overleaf 
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# Fijian name 
(common name) 

Botanical name Parts used Preparation How applied? Duration of 
treatment 

Ailment/Disease 
condition 

Effective? 

3 Kura (noni) Morinda citrifolia L. fruit grate/scrape, add 
warm water & squeeze 

juice 

drink juice 1-2 days cough/wheezing yes 

 
    fruit boil with water drink juice daily all diseases yes 

 
    leaves boil with water drink juice 1-7 days swelling/boils yes 

 
    leaves pound on wound 1-7 days bleeding cut yes 

 
    leaves boil with water apply on body 

part 
NA swelling/boils yes 

 
    fruit boil with water drink juice daily vomiting & 

nausea 
yes 

4 Deniose (Sidratusa) Sida rhombifolia L. leaves chewed on wound Until symptoms 
clear 

swelling/boils yes 

5 Seremaia (Soursop) Annona muricata L. leaves mix with water drink juice when needed high blood 
pressure 

yes 

6 Dogo  Bruguiera gymnorhiza 
(L.) Lam. 

Fruit grate/scrape, add 
warm water & squeeze 

juice 

drink juice 1-7 days diabetes yes 

Appendix Table 2-1 continued overleaf 
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# Fijian name 
(common name) 

Botanical name Parts used Preparation How applied? Duration of 
treatment 

Ailment/Disease 
condition 

Effective? 

7 Cagolaya  
(wild ginger) 

Zingiber zerumbet (L.) 
Smith 

roots grate/scrape, add 
warm water & squeeze 

juice 

drink juice Until symptoms 
clear 

fever & flu yes 

 
  

 
roots grate/scrape, add 

warm water & squeeze 
juice 

drink juice 1-7 days sore throat yes 

 
  roots grate/scrape, add 

warm water & squeeze 
juice 

drink juice once a month fever & flu yes 

 
  roots grate/scrape, add 

warm water & squeeze 

juice 

drink juice Until symptoms 
clear 

diarrhoea yes 

8 Totodro (centella, 
gotu kola) 

Centella asiatica (L.) 
Urban 

leaves squeeze juice drink juice Until symptoms 
clear 

fever yes 

 
    leaves squeeze juice drink juice Until symptoms 

clear 
diarrhoea yes 

 
    leaves squeeze juice drink juice Until symptoms 

clear 
fever & body pain yes 

 
    leaves chewed swallow juice Until symptoms 

clear 
abdominal pain yes 

9 Botebotekoro 
(tropical whiteweed) 

Ageratum conyzoides L. leaves squeeze juice drink juice Until symptoms 
clear 

fever yes 

      leaves squeeze juice drink juice 1-7 days diabetes yes 

      leaves mix with water drink juice NA high blood 

pressure 

yes 

10 Batimadramadra 

(Z'herbe Zuedruite) 

Bidens pilosa L. leaves squeeze juice drink juice > 1 month fever & flu yes 

 
    leaves squeeze juice drink juice Until symptoms 

clear 

fever yes 

Appendix Table 2-1 continued overleaf 
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# Fijian name 
(common name) 

Botanical name Parts used Preparation How applied? Duration of 
treatment 

Ailment/Disease 
condition 

Effective? 

11 Weleti  
(Pawpaw, Papaya) 

Carica papaya L. leaves boil with water drink juice daily all diseases yes 

 
    stem scrape & squeeze juice apply on body 

part 
NA wounds/cut yes 

 
    flowers boil with water drink juice daily diabetes don't know 

 
    leaves boil with water drink juice daily all diseases yes 

12 Ginger Zingiber officinale 

Roscoe 
 

fruit grate/scrape, add 
warm water & squeeze 

juice 

drink juice NA cough/wheezing yes 

 
    roots squeeze juice drink juice when needed cough/wheezing yes 

      roots pound & squeeze 
water 

put on wound Until symptoms 
clear 

diabetic wound yes 

13 Tavola  
(tropical almond) 

Terminalia catappa L. leaves pound & squeeze juice drink juice Until symptoms 
clear 

fever & flu yes 

14 Vulokakadamu 
(simple leaf chaste 

tree) 

Vitex trifolia L. leaves mix with water drink juice 1-7 days flu yes 

15 Koka (bishop's 
wood) 

Bischofia javanica 
Blume 

bark pound & mix with 
water 

drink juice once a month fever & flu not sure 

16 Wi (golden apple) Spondias dulcis - Sol. ex 

Parkinson 

bark grate/scrape, add 
warm water & squeeze 

juice 

drink juice once a month fever & flu yes 

17 Denimana  Dalbergia candenatensis 
(Dennst.) Prain 

leaves pound  apply on body 
part 

1-7 days swelling/boils yes 

18 Cogadrogadro 
(shameplant) 

Mimosa pudica L. 

(Laajvanti) 

roots pound & squeeze juice drink juice 1-2 days painful urination yes 

Appendix Table 2-1 continued overleaf 
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# Fijian name 
(common name) 

Botanical name Parts used Preparation How applied? Duration of 
treatment 

Ailment/Disease 
condition 

Effective? 

19 Yaro  Premna 

tahitensis Schauer 

bark pound & mix with 
water 

drink juice 1-7 days hernia  yes 

20 Mayflower, trailing 

arbutus) 

Epigaea repens L. leaves squeeze juice apply on body 

part 

Until symptoms 

clear 

ringworm yes 

21 Bua (frangipani) Plumeria rubra L. bark pound with oil apply on body 

part 

Until symptoms 

clear 

scabies/itches yes 

23 Molikarokaro 

(lemon) 

Citrus limon (L.) 

Osbeck. 

leaves boil with water steam body 1-2 days NA yes 

24 Rokete  

(tabasco pepper) 

Capsicum frutescens L. leaves rub on plam of hand apply on body 

part 

Until symptoms 

clear 

swelling/boils yes 

25 Vativati  Phymatosorus 

nigrescens (Blume) Pic. 

Serm. 
 

leaves mix with water drink juice Until symptoms 

clear 

fever & body pain yes 

26 Tamole (basil) Ocimum basilicum L. leaves pound & mix with 

water 

drink juice 1-2 days sore throat yes 

27 Lali  Scientific species names 

not available 

leaves chewed swallow juice 1-2 days fever & flu yes 

Appendix Table 2-1 concluded. 

 

Source of botanical names of plants: Cambie & Ash, 1994; Encyclopedias of Life website http://eol.org/; Plant Threats to Pacific Ecosystems 

– Common names of PIER plants by language (Fijian) website - http://www.hear.org/pier/commonnames/languages/fijian/ 

 

 

http://eol.org/
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Appendix Table 2-2 The 13 plants referred to in the ethnobotanical survey by Palauan respondents 

# Name of plant Plant part 

used 

Preparation How  

applied? 

Duration of 

treatment 

Ailment/Disease 

condition 

Effective? 

1 Guava leaves Chewed eat  Until symptoms clear diarrhoea yes 

  Pisidium guajava    chewed swallow juice 1-2 days diarrhoea yes 

      boil with water drink boiled water Until symptoms clear diarrhoea yes 

      chewed swallow juice 1-2 days diarrhoea yes 

      pound & mix with water drink 1-7 days diarrhoea yes 

      chewed swallow juice Until symptoms clear diarrhoea yes 

      chewed put on wound few months bleeding cut yes 

      chewed swallow juice Until symptoms clear diarrhoea yes 

      boil with water drink 1-2 days diarrhoea yes 

2 Noni leaves boil with water drink 1-7 days diabetes yes 

  M. citrifolia leaves pound & squeeze juice drink juice Until symptoms clear oral thrush yes 

    fruit & leaves boil with water drink 1-7 days diabetes yes 

    leaves boil with water drink 1-2 days diarrhoea yes 

3 Lemon leaves chewed swallow juice Until symptoms clear diabetes yes 

  C. limon  fruit squeeze juice drink juice 1-7 days sore throat yes 

4 Aloe bark pound put on wound Until symptoms clear burns yes 

 Aloe vera bark pound put on wound Until symptoms clear hair loss yes 

5 Loni leaves mix with hot water inhale Until symptoms clear cough & wheezing yes 

  M. citrifolia    moist with water drink Until symptoms clear diabetes yes 

6 Btaches leaves pound & mix with water drink  1-7 days asthma yes 

  
Calophyllum 
inophyllum L.   pound & mix with water drink daily asthma yes 

Appendix Table 2-2 continued overleaf 
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# Name of plant Plant part 

used 

Preparation How  

applied? 

Duration of 

treatment 

Ailment/Disease 

condition 

Effective? 

7 Delalakar leaves boil with water drink Until symptoms clear cough & wheezing yes  

Phaleria nisidai Kaneh.   boil with water drink Until symptoms clear flu yes  

    boil with water drink 1-7 days bleeding cut yes  

    boil with water drink Until symptoms clear all diseases yes  

    boil with water drink 1-7 days high blood pressure yes 

8 Papaya 
Carica papaya seeds chewed eat daily worm infection yes 

9 Ukelle achedib 

Chamaecrista 
mimosoides (L.) Greene leaves boil with water drink juice 1-7days high blood pressure yes 

10 Esemel akaming 
Scientific name unable to 

be obtained flowers boil with water drink 1-2 days worm infection yes 

11 Rebokel/Rebotel 
Syzygium malaccense (L.) 

Merr. & Perry 
leaves boil with water apply on body part 7-14 days Post-partum yes 

12 Chosm 
Premna serratifolia L. leaves chewed put on wound Until symptoms clear bleeding cut yes 

13 Uak 
Scientific name unable to 

be obtained 

leaves cut pieces, mix with 
coconut oil 

apply on body 
part 

1-2 days swelling/boils yes 

Appendix Table 2-2 concluded 
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Appendix Table 2-3 The 16 plants referred to in the ethnobotanical survey by Yapese respondents 

# Name of plant Plant part used Preparation How applied? Duration of 

treatment 

Ailment/Disease 

condition 

Was it 

effective? 

1 Angel leaves pound inhale 1-7 days injury yes 

  Allophylus 

timoriensis 
(DC.) Blume 

  boil with water steam bath genital area Until symptoms clear urinary tract 

infection 

yes 

      rub on pal m of hand inhale Until symptoms clear flu yes 

2 Noni roots chewed apply on body part Until symptoms clear toothache yes 

  M. citrifolia leaves, fruits, 
roots, bark 

pound & mix with water drink juice 7-14 days all diseases yes 

    fruit pound & squeeze juice drink juice 1-7 days diabetes yes 

    leaves, fruit & 

bark 

pound put on wound 1-7 days diabetic wound yes 

    leaves, fruit & 
bark 

boil with water drink juice 1-7 days high blood 
pressure 

yes 

    leaves, fruits & 

bark 

boil with water drink juice 1-7 days injury yes 

3 Lemon grass leaves boil with water drink juice Until symptoms clear diarrhoea yes 

  Cymbopogon 
citratus Stapf. 

leaves boil with water drink juice Until symptoms clear gout yes 

    leaves boil with water drink juice 1-7 days cough & wheezing yes 

4 Aloe 
Aloe vera  

leaves, fruits & 
bark 

boil with water drink juice 7-14 days body pain yes 

 
  leaves, fruits & 

bark 
boil with water drink juice 7-14 days flu yes 

Appendix Table 2-3 continued overleaf 
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# Name of plant Plant part used Preparation How applied? Duration of 

treatment 

Ailment/Disease 

condition 

Was it 

effective? 

5 Coconut fruit    drink juice Until symptoms clear cough & wheezing yes  
Cocos nucifera 

L.   

fruit grate/scrape, add warm 

water & squeeze juice 

drink juice Until symptoms clear flu yes 

6 Thawel 
Costus 

speciosus  
(J. Koenig) Sm. 
canereed 

stem cut in pieces & mix with 
coconut oil 

massage/rub 1-7 days body pain yes 

7 Reya leaves squeeze juice put on wound few minutes bleeding cut yes 

8 Local apple 
tree 

leaves boil with water bathe with it 7-14 days post-partum yes 

9 Local fern leaves boil with water bathe with it Until symptoms clear wounds/cuts yes 

leaves boil with water drink juice 1-7 days flu yes 

10 Lime 
Citrus 

aurantiifolia 

fruit grate/scrape, add warm 
water & squeeze juice 

drink juice Until symptoms clear flu yes 

11 Arrgobnulay leaves cut in pieces & cook in 
coconut oil 

massage/rub 1-7 days body pain yes 

12 Chichi/ 
Chiichirqol 

Davallia 
solida (Forst.) 
Sw. 

leaves & stem pound apply on body part 7-14 days body pain yes 

13 Kumim 

Averrhoa 
bilimbi L. 

fruit & leaves mix with water drink juice Until symptoms clear gout yes 

14 Yabas leaves chewed swallow juice Until symptoms clear diarrhoea yes 

15 Lele & ragich root & bark pound & mix with water drink juice Until symptoms clear diarrhoea yes 

16 Ganou 
Cordia 

subcordata 
Lam. 

leaves boil with water drink juice 1-7 days anaemia yes 

Appendix Table 2-3 concluded 
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Appendix Table 2-4 The 14 plants referred to in the ethnobotanical survey by American Samoa respondents 

# Name of plant Plant part used Preparation How applied? 
Duration of 
treatment 

Ailment/Disease 
condition 

Effective? 

1 Sasalapa fruit drink eat 1-2 days all diseases don’t know  
Annona muricata 

L.    leaves boil with water drink NA NA NA 

2 Nonu leaves moist with water put on wound 1-2 days ringworm yes  
Morinda 
citrifolia L. leaves moist with water massage/rub few minutes headache & fever yes 

3 Vi bark mix with water drink 1-7 days blocked mucus yes  
Spondias dulcis - 
Sol. ex 
Parkinson  bark mix with water drink 1-7 days diarrhoea yes 

4 Matalafi 

Psychotria 
insularum A. 

Gray leaves drink drink few minutes sore throat yes 

5 Niu 
Cocos nucifera  fruit squeeze juice drink Until symptoms clear diarrhoea yes 

6 Papaya 
Carica papaya  fruit drink eat Until symptoms clear constipation yes  
  leaves moist with water massage/rub few minutes headaches yes  
  leaves moist with water massage/rub 1-2 days headaches yes  
  leaves mix with water massage/rub 1-2 days all diseases yes 

7 Pua samoa 

Gardenia 
taitensis DC. stem mix with water massage/rub few minutes headaches NA 

Appendix Table 2-4 continued overleaf 
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# Name of plant Plant part used Preparation How applied? 
Duration of 

treatment 

Ailment/Disease 

condition 
Effective? 

8 Fuafuasina leaves squeeze juice drink 1-7 days all diseases yes  
Vigna 

marina (Burm.) 
Merr. Merrill, 

E.D. 
leaves mix with water drink 1-2 days all diseases yes 

9 Togotogo 
Centella 
asiatica   

leaves squeeze juice drink 1-7 days all diseases yes 

10  Garlic 

Allium sativum 
L. 

cloves pound eat < 1 hour high cholesterol not sure 

11 Guava 
P. guajava  leaves boil with water gargle few minutes toothache yes 

       
  leaves boil with water put on wound Until symptoms clear wounds/cut yes  
  leaves drink drink juice Until symptoms clear urinary tract infection yes 

12 Mango 

Mangifera indica 
L. bark mix with water drink 1-2 days cough/wheezing yes 

13 Lauti or Ti 

Cordyline 
fruticosa (L.) A. 
Chev. leaves moist with water massage/rub few minutes headaches yes 

Appendix Table 2-4 concluded 
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Appendix 3. Plants referred to as relieving symptoms of leptospirosis by nation. 

These tables (Appendix Table 3-1 - Appendix Table 3-5) are referred to in the body of the thesis (Section 3.3.9). 

Appendix Table 3-1 Plants referred to by Fijian respondents as remedy for common symptoms of leptospirosis 

Symptom Plant 

used 

Fijian name of plant 

(Botanical name) 

Plant part 

used  

Preparation  Application Duration of treatment 

Flu-like illness 1 Totodro 
Centella asiatica (L.) 
Urban 

leaves chewed drink juice 1-2 days 

    
squeeze juice drink juice NA 

    
squeeze juice drink juice NA 

 
2 Molau 

Glochidion concolor 
Müll.Arg 

leaves mix with water drink juice 1-2 days 

       

  3 Botebotekoro 
Ageratum conyzoides L. 

leaves mix with water drink juice 1-7 days 

  
   

squeeze juice drink juice 2x - 3x a day Until symptoms clear 

  4 Uci 

Euodia hortensis J.R. 
Forst & G. Forst. 

leaves mix with hot water steam body 2x - 3x a day Until symptoms clear 

  
   

squeeze juice drink juice NA 

  
   

boil with water steam body 2x - 3x a day Until symptoms clear 

  
   

boil with water inhale 2x - 3x a day Until symptoms clear 

  
   

chewed steam body Until symptoms clear 

Appendix Table 3-1 continued overleaf 
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Symptom Plant 
used 

Fijian name of plant 
(Botanical name) 

Plant part 
used  

Preparation  Application Duration of treatment 

Flu-Like illness (cont.) 5 Kavika (malay apple) 
Syzygium malaccense 
(L.) Merr. & Perry 

leaves  mix with water & squeeze 
juice 

drink juice 2x - 3x a day Until symptoms clear  

  6 Tomole 

Ocimum basilicum L 

leaves  mix with water & squeeze 

juice 

drink juice 2x - 3x a day Until symptoms clear 

  
   

mix with hot water steam body 1-7 days 

  7 Molikarokaro 

Citrus limon (L.) Osbeck 

leaves  mix with water & squeeze 

juice 

drink juice 1-7 days 

   
  

boil with water steam body 2x - 3x a day Until symptoms clear 

    
  

mix with hot water steam body 2x - 3x a day Until symptoms clear 

Fever 1 Batimadramadra 

Bidens pilosa L. 

leaves squeeze juice drink juice 1-2 days 

  
  

  mix with water drink juice 1-7 days 

  
 

    mix with water & squeeze 

juice 

drink juice 1-7 days 

  
 

    squeeze juice drink juice Until symptoms clear 

  
 

    squeeze juice drink juice Until symptoms clear 

  2 Tomole 
Ocimum basilicum L 

leaves squeeze juice drink juice 2x - 3x a day Until symptoms clear 

  
  

  squeeze juice drink juice 2x - 3x a day Until symptoms clear 

  3 Totodro 

Centella asiatica (L.) 
Urban  

leaves squeeze juice drink juice 2x - 3x a day Until symptoms clear 

  4 Lawedrau 
(botanical name ?) 

leaves squeeze juice drink juice NA 

  5 Cevucevu  

Physalis angulata L. 

leaves mix with water drink juice NA 

  6 Uci 

Euodia hortensis J. R. 
Forst. & G. Forst. 

leaves boil with water inhale Until symptoms clear 

Appendix Table 3-1 continued overleaf 
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Symptom Plant 
used 

Fijian name of plant 
(Botanical name) 

Plant part 
used  

Preparation  Application Duration of treatment 

Fever (cont.) 7 Vativati 

Phymatosorus nigrescens 
(Blume) Pic. Serm. 

leaves mix with water & squeeze 

juice 

drink juice 2x - 3x a day Until symptoms clear 

Headaches. 1 Danidani 
Polyscias fruticosa (L.) 

Harms 

leaves squeeze juice inhale 1-2 days 

  
   pound & mix with water drink juice NA 

 
2 Wabosucu 

Mikania micrantha 
Kunth 

leaves mix with water & squeeze 

juice 

drink juice 2x - 3x a day Until symptoms clear 

 
     mix with water drink juice 2x - 3x a day Until symptoms clear 

 3 Madirini (mandarin) 

Citrus reticulata L. 

leaves mix with hot water bathe with it 2x - 3x a day Until symptoms clear 

 
4 Kalabucidamu 

Acalypha wilkesiana 

Mull.Arg 

leaves mix with water & squeeze 
juice 

drink juice 1-7 days 

  5 Totodro 
Centella asiatica (L.) 

Urban 

leaves mix with water drink juice NA 

    
 

  mix with water & squeeze 
juice 

drink juice Until symptoms clear 

Skin rashes 1 Sinusinu  
Phaleria disperma 
(G.Forst.) Baill. 

leaves pound & mix with oil place on 
body part 

7 - 14 days 

  2 Seremaia 

Annona muricata L. 

leaves boil with water bathe with it 2x - 3x a day Until symptoms clear 

  3 Bainicagi  
(botanical name ?) 

leaves pound & mix with water bathe with it NA 

  4 Danidani 
Polyscias fruticosa (L.) 

Harms  

leaves squeeze juice add drop to 
each ear 

few minutes 

Appendix Table 3-1 continued overleaf 
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Symptom Plant 
used 

Fijian name of plant 
(Botanical name) 

Plant part 
used  

Preparation  Application Duration of treatment 

Skin rashes 

(cont’d)  

5 Bua 

Plumeria rubra L. 

bark pound & mix with oil massage/rub Until symptoms clear 

       pound & mix with oil massage/rub Until symptoms clear 

  6 Molikarokaro 
Citrus limon (L.) Burm. 

leaves cut in pieces & mix with 
oil 

massage/rub 2x - 3x a day Until symptoms clear 

  7 Uci 

Euodia hortensis J. R. 
Forst. & G. Forst. 

leaves cut in pieces & mix with 

oil 

massage/rub 2x - 3x a day Until symptoms clear 

  8 Botebotekoro 

Ageratum conyzoides L. 

leaves cut in pieces & mix with 

oil 

massage/rub 2x - 3x a day Until symptoms clear 

  9 Kura 
Morinda citrifolia L. 

fruit cut in pieces & mix with 
oil 

massage/rub 2x - 3x a day Until symptoms clear 

  10 Mayflower 
Epigaea repens L. 

leaves squeeze juice drink juice NA 

 
11 Quwawa 

Psidium guajava L. 

leaves mix with water & squeeze 

juice 

drink juice Until symptoms clear 

Bleeding cuts 1 Wabosucu 
Mikania micrantha 
Kunth 

leaves squeeze juice put on wound Until symptoms clear 

        squeeze juice put on wound few minutes 

        rub in palm of hand put on wound 2x - 3x a day Until symptoms clear 

        rub in palm of hand put on wound few minutes 

        squeeze juice put on wound 2x - 3x a day Until symptoms clear 

        rub in palm of hand put on wound 1-2 days 

  2 Suinikaukamea 
(botanical name ?) 

leaves squeeze juice put on wound NA 

  3 Kaukamea 
Vernonia cinerea (L.) 

Less. 

leaves squeeze juice put on wound NA 

  4 Botebotekoro 

Ageratum conyzoides L. 

leaves squeeze juice put on wound Until symptoms clear 

Appendix Table 3-1 continued overleaf 



 

288 

Symptom Plant 
used 

Fijian name of plant 
(Botanical name) 

Plant part 
used  

Preparation  Application Duration of treatment 

Bleeding – nose 1 Wabosucu 

Mikania micrantha 
Kunth 

leaves squeeze juice put on wound NA 

Hepatitis 1 Lemon grass 
Cymbopogon citratus 

(DC.) Stapf 

roots & 
leaves 

pound & mix with water drink juice NA 

  2 Koka 
Bischofia javanica 

Blume  

stem scrape & mix with warm 
water 

drink juice NA 

  3 Wi 
Spondias dulcis L. 

bark scrape & mix with warm 
water 

drink juice Until symptoms clear 

  4 Yellow coconut 
Cocos nucifera L. 

fruit boil husk with water drink juice 1-7 days 

Bleeding menstrual - 

pain 

1 Seremaia 

Annona muricata L.  

leaves mix with water & squeeze 

juice 

drink juice Until symptoms clear 

  2 Ota damu 
(botanical name ?) 

leaves mix with water drink juice 2x - 3x a day Until symptoms clear 

  3 Ota vula  
(botanical name ?) 

leaves mix with water drink juice 2x - 3x a day Until symptoms clear 

 
4 Senitoa 

Hibiscus rosa-sinensis L. 

leaves  pound & mix with water  drink juice  NA  

  5 Yalu  
(botanical name ?) 

leaves pound & mix with water drink juice NA 

  6 Kalabucidamu 

Acalypha wilkesiana 
Mull. Arg. 

leaves mix with water drink juice 1-7 days 

  
  

  mix with water & squeeze 
juice 

drink juice 2x - 3x a day Until symptoms clear 

Appendix Table 3-1 continued overleaf 
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Symptom Plant 
used 

Fijian name of plant 
(Botanical name) 

Plant part 
used  

Preparation  Application Duration of treatment 

Bleeding menstrual - 

better flow 

1 Cobulabula 

Commelina diffusa 
Burm.f. 

leaves mix with water drink juice 2x - 3x a day Until symptoms clear 

  2 Ota  
(botanical name ?) 

leaves mix with water & squeeze 
juice 

drink juice 2x - 3x a day Until symptoms clear 

  3 Seremaia 

Annona muricata L. 

leaves mix with water & squeeze 

juice 

drink juice Until symptoms clear 

  4 Kalabucidamu 
Acalypha 

wilkesiana Mull.Arg. 

leaves mix with water & squeeze 
juice 

drink juice 2x - 3x a day Until symptoms clear 

    
 

  mix with water drink juice NA 

        mix with water & squeeze 
juice 

drink juice 2x - 3x a day Until symptoms clear 

        squeeze juice drink juice Until symptoms clear 

 
5 Senitoa 

Hibiscus rosa-sinensis L. 
leaves mix with water drink juice 1-7 days 

       mix with water & squeeze 
juice 

drink juice 1-2 days 

  6 Drala 
Erythrina variegata L. 

leaves mix with water drink juice NA 

  7 Kaka  
(botanical name ?) 

leaves mix with water drink juice NA 

  9 Vativati 
Phymatosorus nigrescens 

(Blume) Pic.Serm.  

leaves mix with water & squeeze 
juice 

drink juice 2x - 3x a day Until symptoms clear 

  10 Totodro 
Centella asiatica (L.) 

Urban 

leaves mix with water & squeeze 
juice 

drink juice 2x - 3x a day Until symptoms clear 

Appendix Table 3-1 concluded 
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Appendix Table 3-2 Plants referred to by Palau respondents as remedy for common symptoms of leptospirosis 

Symptom # Plant name Plant part used Preparation Application Duration of treatment 

Flu-like illness 1 Papaya 
Carica papaya L. 

flowers pound & mix with water inhale Until symptoms clear 

  2 Btaches 
Calophyllum inophyllum 

L. 

leaves boil with water drink juice Until symptoms clear 

  3 Kirrai 
Scaevola taccada 
(Gaertn.) Rosb. 

leaves boil with water drink juice 1-7 days 

  4 Klsechedui 

Vitex trifolia L.  
leaves boil with water drink juice 1-7 days 

  5 Delalakar 
Phaleria nisidai Kaneh. 

leaves boil with water drink juice Until symptoms clear 

  
 

    boil with water drink juice 1-7 days 

  6 Lemon 
Citrus limon (L.) Burm. 

leaves chewed inhale Until symptoms clear 

  7 Noni 
Morinda citrifolia L. 

leaves mix with hot water inhale Until symptoms clear 

Fever 1 Noni leaves boil with water drink juice Until symptoms clear 

  2 Coconut 
Cocos nucifera L. 

fruit extract juice drink juice Until symptoms clear 

  3 Delalakar leaves boil with water drink juice 1-7 days 

  4 Kirrai leaves boil with water drink juice 1-7 days 

  5 Klsechedui leaves boil with water drink juice 1-7 days 

  6 Delalakar leaves boil with water drink juice Until symptoms clear 

        boil with water drink juice 1-7 days 

Appendix Table 3-2 continued overleaf 
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Symptom # Plant name Plant part used Preparation Application Duration of treatment 

Headaches 1 Delalakar leaves boil with water drink juice 1-7 days 

  
 

    boil with water drink juice Until symptoms clear 

  2 Kirrai leaves boil with water drink juice 1-7 days 

  3 Klsechedui leaves boil with water drink juice 1-7 days 

  4 Kingkang 
Citrus microcarpa Bunge 

leaves rub in palm of hand inhale Until symptoms clear 

Skin rashes 1 Bsungelaie 

botanical name ? 

leaves boil with coconut oil e11 Until symptoms clear 

  2 Budel & risel 
botanical name ? 

leaves boil with coconut oil massage/rub Until symptoms clear 

  3 Coconut leaves grate flesh, extract juice & 

cook juice 
massage/rub Until symptoms clear 

Bleeding cuts 1 Kelowi 

botanical name ? 
leaves chewed put on wound Until symptoms clear 

Bleeding 

menstrual - pain 
1 Aebeluu & Bosel 

botanical name ? 
leaves extract juice place on body part Until symptoms clear 

  2 Guava 
Pisidium guajava L. 

leaves chewed drink juice 1-7 days 

  3 Chosm 

Premna serratifolia L. 
leaves chewed put on wound Until symptoms clear 

  4 Betel nut 
Areca catechu L. 

leaves chewed put on wound Until symptoms clear 

 5 Banana 

Musa L. 
stem pound/crush place on body part Until symptoms clear 

  6 Delalakar leaves boil with water drink juice Until symptoms clear 

  
 

    boil with water drink juice 1-7 days 

Appendix Table 3-2 continued overleaf 
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Symptom # Plant name Plant part used Preparation Application Duration of treatment 

Bleeding 

menstrual - better 

flow 

1 Delalakar leaves boil with water drink juice 1-7 days 

  leaves boil with water drink juice Until symptoms clear 

 2 Mixture of  

Delalakar 
Miich  
Terminalia catappa L.  

Korango Scientific name 
unable to be obtained 
Susiuuch Scientific name 

unable to be obtained 

leaves boil with water drink juice Until symptoms clear 

Hepatitis 1 Mixture of  
Delalakar  

Kirrai  
Kukiut  
Cassytha filiformis L. 

Klsechedui 

leaves boil with water drink juice Until symptoms clear 

2 Delalakar leaves boil with water drink juice Until symptoms clear 

Appendix Table 3-2 concluded 

 

  



 

293 

Appendix Table 3-3 Plants referred to by Yapese respondents as herbal remedy for common symptoms of leptospirosis  

Symptom # Name of plant Plant part used Preparation Application Duration of treatment 

Flu-like illness 1 Drfath/Arfath 

Syzygium malaccense (L.) 

Merr & L.M. Perry 

leaves boil with water steam body 1-7 days 

  2 Abas 

Psidium guajava L. 
leaves pound/mix - hot water add drops to nasal area 1-7 days 

  3 Lemon grass 
Cymbopogon citratus 

(DC.) Stapf 

leaves mix with hot water wash wound Until symptoms clear 

  4 Gachiyou 
Ixora casei Hance 

leaves boil with water inhale Until symptoms clear 

  5 Lime 

Citrus aurantiifolia 
(Christm.) Swingle 

fruit mix with hot water drink juice Until symptoms clear 

  6 Vian 
Scientific name not 

available 

leaves boil with water drink juice 1-7 days 

  7 Noni 
Morinda citrifolia L. 

leaves & fruits pound/mix with water drink juice 7-14 days 

  8 Ragich 

Calophyllum inophyllum L. 
skin mix with water & 

squeeze juice 

drink juice 1-7 days 

  9 Fern & Goob 
Phymatosorus 

grossus (Langsdorff & 
Fischer) Brownlie 

leaves boil with water drink juice Until symptoms clear 

  10 Noni leaves pound/mix - hot water drink juice Until symptoms clear 

      leaves & fruits chewed drink juice Until symptoms clear 

Appendix Table 3-3 continued overleaf 
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Symptom # Name of plant Plant part used Preparation Application Duration of treatment 

Fever 1 Young coconut 

Cocos nucifera  L 
fruit extract juice drink juice 1-2 days 

  2 Banana 
Musa L. 

stem pound & soak in water bathe with it 1-7 days 

  3 Papaya 

Carica papaya L. 
leaves boil with water drink & bathe with it Until symptoms clear 

  4 Guava 
Psidium guajava L. 

leaves boil with water drink juice Until symptoms clear 

  5 Vian 
Scientific name not 

available 

leaves boil with water drink juice 1-7 days 

  6 Noni 
Morinda citrifolia 

fruit squeeze juice drink juice Until symptoms clear 

  7 Local apple tree  
Scientific name not 

available 

leaves boil with water drink & bathe with it 7-14 days 

  8 Fern & Goob leaves boil with water drink juice Until symptoms clear 

Headaches 1 Angel 
Allophylus timoriensis 

(A.DC.) Blume. 

leaves  pound/crush inhale Until symptoms clear 

  
   

rub in palm of hand inhale 1-7 days 

  
   

rub in palm of hand inhale 1-2 days 

  
   

pound/crush inhale Until symptoms clear 

  2 Yer & Youth 
Scientific name not 

available 

leaves pound/crush inhale Until symptoms clear 

  3 Noni fruit squeeze juice drink juice Until symptoms clear 

  
 

  leaves pound/mix - hot water drink juice Until symptoms clear 

  4 Fern & Goob leaves boil with water drink juice Until symptoms clear 

Appendix Table 3-3 continued overleaf 
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Symptom # Name of plant Plant part used Preparation Application Duration of treatment 

Skin rashes 1 Ranga/Rang 
Bixa Orellana L. 

roots pound & mix with oil massage/rub Until symptoms clear 

  2 Noni leaves & fruits pound & mix with oil massage/rub Until symptoms clear 

  3 Sabow 

Scientific name not 
available 

leaves pound/crush place on body part Until symptoms clear 

  4 Keel 
Terminalia catappa L. and 

T. samoensis 

leaves boil with water bathe with it Until symptoms clear 

  5 Goob/Moeng 
Angiopteris evecta 

(G.Forst.) Hoffm. 

leaves pound/mix - hot water drink & bathe with it Until symptoms clear 

  6 Don't know name bark pound & squeeze juice drink juice Until symptoms clear 

Hepatitis 1 Don't know name leaves pound/mix with water drink juice Until symptoms clear 

  2 Chichi/ Chiichirqol 
Davallia solida (Forst.) Sw. 

leaves boil with water drink juice Until symptoms clear 

Bleeding cuts 1 Bade 
Scientific name not 

available 

leaves pound & mix with water put on wound few minutes 

  2 Betel nut tree/Buw 
Areca catechu (L.) 

bark scrape put on wound 1-2 days 

  3 Wild taro 

Alocasia macrorrhizos (L.) 
G. Don  

leaves squeeze juice put on wound Until symptoms clear 

  4 Biid 
Macaranga carolinensis 

Volkens 

leaves pound/crush put on wound few minutes 

  5 Banana stem squeeze juice put on wound Until symptoms clear 

  6 Coconut bark pound & squeeze juice put on wound few minutes 

Appendix Table 3-3 continued overleaf 
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Symptom # Name of plant Plant part used Preparation Application Duration of treatment 

Bleeding - nose  1 Noni fruit pound/crush inhale Until symptoms clear 

2 Angel leaves pound/crush inhale Until symptoms clear 

Bleeding 

menstrual - pain 
1 Loat leaves boil with water steam genital area 1-7 days 

Bleeding 
menstrual - better 

flow 

1 Local apple tree & 

hibiscus 
leaves & bark boil with water steam genital area 7-14 days 

Appendix Table 3-3 concluded 
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Appendix Table 3-4 Plants referred to by American Samoa respondents as remedy for common symptoms of leptospirosis  

Symptom # Plant name Plant part used Preparation Application Duration of treatment 

Flu-like illness  1 Nonu 
Morinda 
citrifolia L. 

fruit chewed eat 1-2 days 

 
2 Lauusi 

Euodia 
hortensis J. R. 

Forst & G. Forst 

leaves soak with water inhale 1-2 days 

Fever  1 Ti/Lauti 
Cordyline 
fruticosa (L.) A. 

Chev. 

leaves moist with water place on body part Until symptoms clear 

 
2 Nonu leaves mix with water place on body part Until symptoms clear 

 
3 Vaoio 

Scientific name 

unable to be 
obtained 

stem mix with water drink juice Until symptoms clear 

 
4 Fuafuasina 

Vigna marina 

(Burm. f.) Merr. 

leaves mix with water drink juice Until symptoms clear 

 
5 Ti leaves  soak with water place on body part 1-2 days 

    
mix with water massage/rub Until symptoms clear 

    
mix with water massage/rub few hours 

Appendix Table 3-4 continued overleaf 
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Symptom # Plant name Plant part used Preparation Application Duration of treatment 

Headaches 1 Ti leaves moist with water massage/rub Until symptoms clear 

 2 Nonu leaves mix with water place on body part Until symptoms clear 

 3 Lauti leaves mix with water massage/rub 1-2 days 

    moist with water place on body part Until symptoms clear 

Skin rashes 1 Seasea 

Syzygium 
corynocarpum 
(A. Gray) Müll. 

Berol. 

leaves mix with water massage/rub Until symptoms clear 

 
2 Fuafuasina leaves mix with water drink juice 1-2 days 

 
3 Guava 

Psidium 

guajava L. 

leaves boil with water wash wound Until symptoms clear 

Hepatitis 1 Akeake 
Melanthera 
biflora (L.) 

Wild. 

leaves mix with water drink juice 1-2 days 

 
2 Lauakeake 

Melanthera 
biflora (L.) 

Wild. 

leaves mix with water drink juice Until symptoms clear 

Bleeding - cuts 1 Fuesaina 
Mikania 

micrantha 
Kunth 

leaves moist with water put on wound 1-2 days 

  
 

 
moist with water put on wound Until symptoms clear 

Bleeding 
menstrual - better 

flow 

1 Talie 
Terminalia 

catappa 

bark boil with water drink juice 1-7 days 

Appendix Table 3-4 concluded 
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Appendix Table 3-5 Summary of plants used as herbal remedy for common symptoms of leptospirosis referred to by respondents in 

Fiji, Palau, Yap, and American Samoa 

Symptoms Local name of plant     

 Fiji Palau  Yap American Samoa 

Flu-like 

illness 

Centella asiatica, Ageratum 

conyzoides, Glochidion concolor,  

Euodia hortensis 

Carica papaya, Calophyllum 

inophyllum,  

Scaevola taccada, Vitex trifolia, 

Phaleria nisidai 

Syzygium malaccense, Psidium 

guajava, Cymbopogon citratus, 
Ixora casei, Citrus aurantiifolia, 

Vian*, Morinda citrifolia, 

Calophyllum inophyllum, 

Phymatosorus grossus & 

Angiopteris evecta  

Morinda citrifolia, 

Euodia hortensis 

Fever Bidens pilosa, Ocimum basilicum 

Centella asiatica, Lawedrau*, 

Physalis angulate, Euodia hortensis, 

Phymatosorus nigrescens 

Morinda citrifolia, Cocos 
nucifera, Phaleria nisidai, 

Scaevola taccada, Vitex trifolia 

Cocos nucifera, Musa, Carica 
papaya, Psidium guajava, Vian*, 

Morinda citrifolia, Local apple 

tree*, Phymatosorus grossus and 

Angiopteris evecta  

Cordyline fruticosa, 
Morinda citrifolia, 

Vaoio*, Vigna marina 

Headaches Polyscias fruticosa, Mikania 

micrantha, Citrus reticulata, 

Acalypha wilkesiana, Centella 

asiatica   

Phaleria nisidai, Scaevola 

taccada, Vitex trifolia, Citrus 

macrocarpa 

Angel, Yer* & youth*, Morinda 

citrifolia 

Cordyline fruticosa, 

Morinda citrifolia 

Skin rashes Phaleria disperma, Bainicagi*, 

Polyscias fruticosa. Plumeria rubra, 

Citrus limon, 

Euodia hortensis, Ageratum 

conyzoides, Morinda citrifolia, 

Epigea repens, Psidium guajava 

Bsungelaie*, Budel* & Risel*, 

Cocos nucifera 

Bixa orellana, Morinda citrifolia, 

Sabow*, Terminalia catappa or 

T. samoensis, Angiopteris evecta 

Syzgium 

corynocarpum, Vigna 

marina, Psidium 

guajava 

Hepatitis Cymbopogon citratus, Bischofia 

javanica, Spondias dulcis, Cocos 

nucifera 

Phaleria nisidai, Scaevola 

taccada, Cassytha filiformis, 

Vitex trifolia 

Davallia solida  Melanthera biflora 
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Symptoms Local name of plant     

 Fiji Palau  Yap American Samoa 

Bleeding 

(cuts) 

Mikania micrantha, 

Suinikaukaumea*, Vernonia cinerea  

Kelowi* Bade*, Areca catechu, 

Alocasia macrorrhizos, 
Macaranga carolinensis, Cocos 

nucifera, Musa 

Mikania micrantha 

Bleeding – 

menstrual 

(for pain) 

Annona muricata, Ota damu*, Ota 

vula*, Hibiscus rosa-sinensis, Valu*, 

Acalypha wilkesiana  

Aebeluu* & Bosel*, Psidium 

guajava, Premna serratifolia, 

Areca catechu, Musa, Phaleria 

nisidai 

Loat* Morinda citrifolia 

Bleeding – 

menstrual 

(for better 

flow) 

Commelina diffusa , Ota*, Annona 
muricata, Acalypha wilkesiana , 

Hibiscus rosa-sinensis, Erythrina 

variegata , Kaka*, Phymatosorus 

nigrescens, Centella asiatica   

Phaleria nisidai, Terminalia 

catappa, Korango*, Susiuuch* 

Local apple tree*, Hibiscus rosa-

sinensis 

Terminalia catappa 

Total 

number of 

medicinal 

plants 

indicated  

48 

(27 + 18 additional plants) 

28 

(13 + 15 additional plants) 

23 

(13 + 10 additional plants) 

 

18 

(14+ 4 additional 
plants) 

 

Appendix Table 3-5 concluded.  Key: * = unknown botanical name 
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Appendix 4. Photos of minimum inhibitory concentration 

(MIC) results of plant extracts 

The photos in this appendix are discussed in Section 4.5 of the body of the thesis. 

 

Appendix 4 Figure 1 Microtitration plates of the acetone extracts versus serovar 

Australis. 

R1-R10: Each row represents each leaf extract, W#1 – W#12: (leaf extracts) N1: Negative control 1 

(DMSO+water) N2: Negative control 2 (EMJH), P: Positive control (penicillin). The plate shows the blue colour 

of the positive controls (between the yellow lines) that are expected to be pink, indicative of cell-kill (no growth). 
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Appendix 4 Figure 2 Microtitration plates of the plants' ethanol extracts versus serovar 

Bulgarica. 

R7-R10 of 2
nd

 assay run, R1-R10 of 3
rd

 assay run: Each row represents each leaf extract, W#1 – W#12: Well #1 

has 10mg/mL of leaf extract diluted to 0.005 mg/mL in Well #12, P: Positive control (penicillin G 0.50 mg/mL 

diluted to 0.002 mg/mL), N: Negative control (DMSO+water). The blue colour of the positive control wells (P - 

between the yellow lines) indicating no leptospire growth, pink colour of N2 negative control wells indicate 

leptospire growth.  
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Appendix 4 Figure 3 Microtitration plates of the plants' ethanol extracts versus serovar 

Canicola. 

R1-R10 of 1
st
 assay run, R1-R6 of 2

nd
 assay run: Each row represents each leaf extract, W#1 – W#12: Well #1 

has 10mg/mL of leaf extract diluted to 0.005 mg/mL in Well #12. 

 

 



 

304 

 

Appendix 4 Figure 4 Microtitration plates of the plants' acetone extracts versus serovar 

Canicola. 

R1-R10 of 1
st
 assay run, R1-R6 of 2

nd
 assay run: Each row represents each leaf extract, W#1 – W#12: Well #1 

has 10mg/mL of leaf extract diluted to 0.005 mg/mL in Well #12. 
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Appendix 4 Figure 5 Microtitration plates of the plants' water extracts versus serovar 

Canicola. 

R1-R9 of 2
nd

 assay run, R1-R9 of 3
rd

 assay run: Each row represents each leaf extract, W#1 – W#12: Well #1 has 

10mg/mL of leaf extract diluted to 0.005 mg/mL in Well #12, P: Positive control (penicillin G 0.50 mg/mL diluted 

to 0.002 mg/mL), N: Negative control (DMSO+water). The blue colour of the positive control wells (P) indicating 

no leptospire growth, pink colour of negative control wells (N) indicates leptospire growth.  

Note: Misplaced extracts: R6, R7 & R10 
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Appendix 4 Figure 6 Microtitration plates of the plants' ethanol and acetone extracts 

versus serovar Hardjo. 

R5-R10 of 2
nd

 assay run, R1-R8 of 1
st
 assay run: Each row represents each leaf extract, W#1 – W#12: Well #1 

has 10mg/mL of leaf extract diluted to 0.005 mg/mL in Well #12, N2: Negative control (EMJH), P: Positive control 

(penicillin G 0.50 mg/mL diluted to 0.002 mg/mL). The blue colour of the positive control wells (P - between the 

yellow lines) indicating no leptospire growth, pink colour of N2 negative control wells indicate leptospire growth.  
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Appendix 4 Figure 7 Microtitration plates of the plants' water extracts versus serovar 

Hardjo. 

R1-R9 of 2
nd

 assay run, R1-R9 of 3
rd

 assay run: Each row represents each leaf extract, W#1 – W#12: Well #1 has 

10mg/mL of leaf extract diluted to 0.005 mg/mL in Well #12, P: Positive control (penicillin G 0.50 mg/mL diluted 

to 0.002 mg/mL), N: Negative control (DMSO+water). Misplaced extracts: R6, R7 & R10. The blue colour of the 

positive control wells (P - between the yellow lines) indicating no leptospire growth, pink colour of N2 negative 

control wells indicate leptospire growth.  
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Appendix 5. Results of the GC-MS analysis of the acetone and 

ethanolic leaves extracts of the ten plants studied 

Note: The molecular formula for most of the compounds identified were sourced from 

PubChem (https://pubchem.ncbi.nlm.nih.gov/) 

* NOTE: The assignment of the alkanes is problematic and requires a set of standards to identify 

them unambiguously. 

 

Appendix 5 Table 1 Phytochemical compounds detected in the ten plants studied 

1A - C. odorata (Acetone) 

# RT Area 
% 

Compound name Molecular 
Formula 

Quality Class of 
compound 

1 23.28 3.45 Phytol C20H40O 87 Diterpene 

2 26.43 2.90 Tetracosane* C24H50 91 Alkane 

3 27.43 4.14 Heneicosane* C21H44 91 Alkane 

4 28.34 6.22 Tetracosane* C24H50 91 Alkane 

5 29.30 5.65 Tetracosane* C24H50 91 Alkane 

6 30.20 5.66 Octacosane* C28H58 96 Alkane 

7 31.06 7.29 Hexacosane* C26H54 90 Alkane 

8 31.89 4.91 Triacontane* C30H62 97 Alkane 

9 32.70 6.84 Hentriacontane* C31H64 96 Alkane 

10 32.91 5.43 Vitamin E (-tocopherol) C29H50O2 96 Alkylphenol 

11 33.48 3.08 Tetracosane* C24H50 90 Alkane 

12 33.70 8.16 24-methyl-5-Cholestene-3-ol  
(or Campesterol) 

C28H48O 78 Sterol 

13 33.91 6.07 Stigmasterol C29H48O 91 Sterol 

Appendix 5 Table 1 continued overleaf 
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1B - C. odorata (Ethanol) 

# RT  Area 
% 

Compound name Molecular 
Formula 

Quality Class of 
compound 

1 12.81 0.29 2-methoxy-3-(2-propenyl)-phenol C10H12O2 96 Alkylphenol  

2 17.42 9.70 Methyl -d-galactopyranoside 
(artefact) 

C7H14O6 56 Monosaccharide 

3 21.55 0.44 n-Hexadecanoic acid C16H32O2 97 Fatty acid 

4 23.20 0.61 Phytol C20H40O 91 Diterpene 

5 23.58 1.45 α-Linolenic acid C36H60O4 99 Long chain fatty 
acid 

6 23.85 1.45 Ethyl 9,12,15-Octadecatrienoate C20H34O2 96 Long chain fatty 
ester 

7 26.37 0.80 Tetracosane* C24H50 99 Alkane 

8 27.38 1.23 Eicosane* C20H42 98 Alkane 

9 29.25 2.58 Heneicosane* C21H44 97 Alkane 

10 30.15 1.90 Tetracosane* C24H50 99 Alkane 

11 30.23 0.31 Squalene C30H50 76 Triterpene 

12 31.00 2.35 Tetracosane* C24H50 98 Alkane 

13 31.84 1.84 Triacontane* C30H62 97 Alkane 

14 32.83 0.97 Vitamin E (-Tocopherol) C29H50O2 99 Alkylphenol 

15 33.43 1.07 Eicosane* C20H42 96 Alkane 

16 33.82 1.27 Stigmasterol C29H48O 91 Sterol 

17 34.35 4.27 -Sitosterol C29H50O 99 Sterol 

Appendix 5 Table 1 continued overleaf 
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2A - C. papaya (Acetone) 

# RT  Area 
% 

Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 27.43 1.98 Docosane* C22H46  86 Alkane  

2 28.39 2.86 Hexacosane* C26H54  90 Alkane  

3 29.30 3.00 Docosane* C22H46  91 Alkane  

4 30.20 2.73 Hexadecane* C16H34 93 Alkane 

5 30.30 1.67 Supraene (or Squalene) C30H50  91 Triterpene 

6 31.06 3.89 Tetracosane* C24H50 91 Alkane 

7 31.40 4.42 -Tocopherol C27H46O2 96 Aklylphenol 

8 31.89 2.44 Hexacosane* C26H54  91 Alkane 

9 32.28 9.29 Vitamin E (-Tocopherol) C28H48O2  98 Alkylpenol 

10 32.70 3.35 Heptacosane C27H56  91 Alkane 

11 32.91 20.89 Vitamin E (or -Tocopherol) C29H50O2 99 Alkylphenol 

12 33.70 6.34 Campesterol C28H48O 95 Sterol 

13 33.91 7.05 Stigmasterol C29H48O 99 Sterol 

14 34.45 20.77 -Sitosterol C29H50O 95 Sterol 
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2B - C. papaya (Ethanol) 

# RT  Area 
% 

Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 26.43 1.86 Heptadecane* C17H36 90 Alkane 

2 27.43 2.78 Pentacosane* C25H52 93 Alkane 

3 28.39 3.86 Heneicosane* C21H44 91 Alkane 

4 29.30 3.52 Heptacosane* C27H56 96 Alkane 

5 30.20 3.58 Hexacosane* C26H54 94 Alkane 

6 30.30 1.32 Squalene (or Supraene) C30H50 64 Triterpene 

7 31.06 4.20 Hexacosane* C26H54 94 Alkane 

8 31.41 3.36 -Tocopherol C27H46O2 98 Alkylphenol 

9 31.89 3.41 Tetratetracontane* C44H90 91 Hydrocarbon 

10 32.28 6.67 Vitamin E (or -Tocopherol) C28H48O2 94 Tocopherol 

11 32.70 3.35 Heneicosane* C21H44 96 Alkane 

12 32.91 15.89 Vitamin E (or -Tocopherol) C29H50O2 99 Tocopherol 

13 33.48 1.97 Hexacosane* C26H54 97 Alkane 

14 33.70 4.78 Ergost-7-en-3-ol, (3)-  

(or Campesterol) 

C28H48O 95 Sterol 

15 33.91 4.78 Stigmasterol C29H48O 94 Sterol 

16 34.30 1.39 Hentriacontane* C31H64 76 Alkane 

17 34.45 14.71 -Sitosterol (or Clionasterol) C29H50O 95 Sterol 

18 34.58 2.38 6-Isopropenyl-4,8a-dimethyl-
4a,5,6,7,8,8a-hexahydro-1H-napthalen-2-
one (or alpha-Curcumene) 

C15H22 45 Sesquiterpene 

19 35.20 1.99 Tetracosane* C24H50 22 Alkane 

20 35.47 1.73 -Amyrin C30H50O 38 Triterpenoid 
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3A - C. limon (Acetone) 

# RT  Area 
% 

Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 14.05 13.74 Caryophyllene C15H24 99 Sesquiterpene 

2 14.21 3.30 -Bergamotene C15H24 87 Sesquiterpene 

3 15.37 3.29 -Bisabolene C15H24 95 Sesquiterpene 

4 7.64 7.64 Phytol C20H40O 91 Diterpene alcohol 

5 26.42 1.46 Tetracosane* C24H50 93 Alkane 

6 27.43 1.72 Pentacosane* C25H52 91 Alkane 

7 28.34 2.52 Eicosane* C20H42 95 Alkane 

8 29.30 2.31 Triacontane* C30H62 95 Alkane 

9 30.20 2.17 Heptacosane* C27H56 91 Alkane 

10 31.28 2.02 trans-Farnesol C15H26O 38 Sesquiterpene 

alcohol 

11 31.89 2.08 Tetracosane* C24H50 91 Alkane 

12 32.70 11.17 Hentriacontane* C31H64 98 Alkane 

13 32.91 4.14 Vitamin E (or -tocopherol) C29H50O2 98 Alkylphenol 

14 33.48 2.65 Tetracosane* C24H50 90 Alkane 

15 33.69 3.15 5-Cholestene-3-ol, 24-methyl-  
(or Campesterol) 

C28H48O 70 Sterol 

16 33.91 6.05 Stigmasterol C29H48O 95 Sterol 

17 34.30 5.04 Tetratetracontane* C44H90 91 Alkane 

18 34.45 16.74 -Sitosterol C29H50O 95 Sterol 
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3B - C. limon (Ethanol) 

# RT  Area 
% 

Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 14.05 2.57 Caryophyllene C15H24 95 Sesquiterpene 

2 14.21 0.58 -trans-bergamotene C15H24 38 Sesquiterpene 

3 23.28 5.18 Phytol C20H40O 83 Diterpenoid 

4 23.93 0.72 9,12,15-Octadecatrien-1-ol, (Z, Z, Z) – 

(or α-linolenic acid methyl ester) 

C18H32O 68 Fatty acid ester 

5 25.39 0.98 Heptadecane* C17H36 91 Alkane 

6 26.42 2.63 Octacosane* C28H58 91 Alkane 

7 27.42 3.83 Tetracosane* C24H50 91 Alkane 

8 28.38 5.13 Hexacosane* C26H54 91 Alkane 

9 29.30 4.91 Heptacosane* C27H56 96 Alkane 

10 30.19 4.47 Octacosane* C28H58 97 Alkane 

11 31.06 6.37 Tetratetracontane* C44H90 94 Alkane 

12 31.28 1.51 -Pinene C10H16 49 Monoterpene 

13 31.89 4.16 Triacontane* C30H62 95 Alkane 

14 32.70 6.44 Heneicosane* C21H44 96 Alkane 

15 32.91 2.84 -Tocopherol C29H50O2 97 Alkylphenol 

16 33.23 4.17 2-(3,4-dimethoxyphenyl)-5,6,7-

trimethoxy- 4H-1-Benzopyran-4-one 

C20H20O8 80 Flavone 

17 33.48 2.96 2-methylhexacosane* C27H56 91 Alkane 

18 33.69 2.65 24-methyl- 9-5-Cholestene-3-ol  
(or Campesterol) 

C28H48O 60 Sterol 

19 33.91 5.43 Stigmasterol C29H48O 70 Sterol 

20 34.30 2.87 Tetracosane* C24H50 90 Alkane 

21 34.45 14.05 -Sitosterol C29H50O 95 Sterol 

22 34.87 1.29 2-(3,4-dimethoxyphenyl)-3,5,6,7-
tetramethoxy-4H-1-Benzopyran-4-one  

C20H20O8 25 Flavone 

23 35.23 1.06 Eicosane* C20H42 95 Alkane 

27 35.32 1.65 -Amyrin C30H50O 52 Triterpene 

28 36.92 1.52 2,5,5,6,1a-Pentamethyl-cis-1a, 4a,5,6,1a-

hexahydro--chromene 

C14H24O 50 Flavanol 
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4A - C. esculenta (Acetone) 

# RT Area 
% 

Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 26.43 2.79 Tetracosane* C24H50 98 Alkane 

2 27.43 3.97 Heptacosane* C27H56 91 Alkane 

3 28.39 5.54 Hexacosane* C26H54  91 Alkane 

4 29.30 5.51 Tetracosane* C24H50 91 Alkane 

5 30.20 5.08 Octacosane* C28H58 94 Alkane 

6 31.06 6.52 2-Methyloctacosane* C29H60 91 Alkane 

7 31.89 3.71 Docosane, 11-decyl* C32H66 87 Alkane 

8 32.28 2.42 -Tocopherol C28H48O2 97 Alkylphenol 

9 32.70 3.63 Heneicosane, 11-decyl-*  C31H64 91 Alkane 

10 32.91 7.62 Vitamin E (-tocopherol) C29H50O2 99 Tocopherol 

11 33.48 2.25 Heneicosane, 11-decyl C31H64 90 Alkane 

12 33.70 2.88 5-Cholestene-3-ol, 24-methyl-  
(or Campesterol)* 

C28H48O 93 Sterol  

13 33.91 3.01 Stigmasterol C29H48O 89 Sterol 

14 34.30 2.02 Octadecane* C18H38 91 Alkane 

16 34.45 9.63 -Sitosterol C29H50O 92 Sterol 

17 36.93 4.69 Phytol acetate C22H42O2 52 Diterpenoid 
alcohol 
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4B - C. esculenta (Ethanol) 

# RT Area 
% 

Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 23.29 4.23 Phytol C20H40O 83 Diterpene 
alcohol 

2 26.43 2.23 Tetracosane* C24H50 95 Alkane 

3 27.43 3.05 Pentacosane* C25H52 93 Alkane 

4 28.38 4.55 Tetracosane* C24H50 91 Alkane 

5 29.30 4.32 Heptacosane* C27H56 98 Alkane 

6 30.20 3.50 Octacosane* C28H58 90 Alkane 

7 31.05 4.95 Tetratetracontane* C44H90 91 Alkane 

8 31.78 1.98 Androst-5-en-17-one, 3 (acetyloxy)-19-

hydroxy-, (3) –  

C21H30O4 32 Steroid ester 

9 31.89 2.87 Pentacosane* C25H52 90 Alkane 

10 32.28 4.55 -Tocopherol C28H48O2 94 Alkylphenol 

11 32.70 3.03 Heneicosane, 11-(1-ethylpropyl)-* C26H54 87 Alkane 

12 32.91 10.17 -Tocopherol C29H50O2 98 Alkylphenol 

13 33.48 1.81 2-methyltetracosane* C25H52 87 Alkane 

14 33.70 4.15 Campesterol C28H48O 81 Sterol 

15 33.91 4.02 Stigmasterol C29H48O 91 Sterol 

16 34.45 13.29 -Sitosterol C29H50O 95 Sterol 

17 34.59 1.07 Retinoic acid, methyl ester  C21H30O2 95 Fatty acid ester 
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5A – E. hortensis (Acetone) 

# RT Area 

% 

Compound name Molecular 

Formula* 

Quality Class of 

Compound 

2 13.31 1.48 –Cubebene C15H24 95 Sesquiterpene 

3 14.05 0.67 Caryophyllene C15H24 99 Sesquiterpene 

4 14.91 1.16 -Curcumene C15H24 87 Sesquiterpene 

5 14.97 2.54 -Curcumene C15H22 94 Sesquiterpene 

6 23.29 4.83 Phytol C20H40O 91 Diterpene 

7 25.90 0.91 Tricosane* C23H48 94 Alkane 

8 26.43 1.67 Tetracosane* C24H50 96 Alkane 

9 27.43 2.21 Tetracosane* C24H50 91 Alkane 

10 28.38 2.89 Hexacosane* C26H54 94 Alkane 

11 29.30 2.65 Heneicosane* C21H44 98 Alkane 

12 30.20 2.46 Hexacosane* C26H54 94 Alkane 

13 30.30 2.19 Squalene C30H50 91 Triterpene 

14 31.06 2.60 Nonacosane* C29H60 94 Alkane 

15 31.89 2.36 Triacontane* C30H62 95 Alkane 

16 32.70 2.06 Tetratetracontane* C44H90 90 Alkane 

17 32.91 1.38 Vitamin E (-Tocopherol) C29H50O2 97 Alkylphenol 

18 33.48 1.31 Heptadecane* C17H36 83 Alkane 

19 33.91 5.53 Stigmasterol C29H48O 99 Sterol 

20 34.30 1.59 Heptacosane* C27H56 97 Alkane 

21 34.45 7.15 -Sitosterol (or Clionasterol) C29H52O2 99 Sterol 

22 34.74 3.15 Cycloartenol C30H50O 80 Triterpene 

23 34.88 4.24 Lanost-8-en-3-ol, (3)-  C32H54O2 90 Triterpene sterol 

24 35.19 6.20 4,4-dimethyl-androst-5-en-17-ol C21H34O 86 Triterpene sterol 

25 35.66 11.92 1a, 2,3,3a,4,5,6,7b-octahydro-

1,1,3a,7-tetramethyl-[1aR-(1a. 

alpha., 3a, 7b)]-1H-

cyclopropa[a]naphthalene 

(or -Maaliene) 

C15H24 59 Sesquiterpene 

26 35.87 15.11 Obtusifoliol? C30H50O 38? Triterpenoid 

27 36.95 5.75 Fern-7-en-3beta-ol  

(or -Fernenol) 

C30H50O 89 Triterpenoid 
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5B – E. hortensis (Ethanol) 

# RT Area 

% 

Compound name Molecular 

Formula 

Quality Class of 

Compound 

1 13.32 1.12 -Cubebene C15H24 70 Sesquiterpene 

2 14.98 1.13 -Curcumene C15H22 91 Sesquiterpene 

3 23.29 3.76 Phytol C20H40O 91 Diterpene alcohol 

4 25.39 0.63 Hexacosane* C26H54 91 Alkane 

6 26.43 1.52 Tetracosane* C24H50 98 Alkane 

7 27.42 2.18 Hexacosane* C26H54 94 Alkane 

8 28.38 2.71 Hexacosane* C26H54 94 Alkane 

9 29.30 2.62 Heptacosane* C27H56 96 Alkane 

10 30.19 2.46 Hexacosane* C26H54 93 Alkane 

11 30.30 1.83 Squalene C30H50 91 Triterpene 

12 31.05 2.46 Hexacosane* C26H54 93 Alkane 

13 31.89 2.21 11-(1-ethylpropyl)-Heneicosane* C26H54 91 Alkane 

14 32.70 1.78 Hentriacontane* C31H64 97 Alkane 

15 32.91 1.18 Vitamin E (-Tocopherol) C29H50O2 98 Tocopherol 

16 33.48 1.40 Tetracosane* C24H50 90 Alkane 

17 33.90 4.03 Stigmasterol C29H48O 99 Sterol 

18 34.30 1.40 Hexacosane* C26H54 91 Alkane 

19 34.45 6.01 -Sitosterol (or Clionasterol) C29H52O2 99 Sterol 

20 34.87 3.60 Lanost-8-en-3-ol, (3)- (or 

Dihydrolanosterol, Euphenyl acetate) 

C32H54O2 60 Triterpene sterol 

21 35.18 5.15 4,4-dimethyl-androst-5-en-17-ol C21H34O 70 Triterpene sterol 

22 35.46 1.60 2(1H)-
Phenanthrenone,3,4,4a,5,6,7,8,10,10a-

decahydro-1,1,4a,7,7-pentamethyl-,[4aR-

(4a, 4b,10a)]-  
(or Abietadiene) 

C20H32 83 Diterpenoid 
ketone 

23 35.65 17.65 3H-3a,7-Methanoazulene,2,4,5,6,7,8-

hexahydro-1,4,9,9-tetramethyl-[3aR-

(3a, 4, 7)] (or Cyperene) 

C15H24 90 Sesquiterpene 

24 35.86 21.02 Obtusifoliol C30H50O 64 Triterpenoid 
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6A – I. batatas (Acetone) 

# RT Area 
% 

Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 23.28 13.40 Phytol C20H40O 96 Diterpene 

3 25.39 1.63 Heneicosane* C31H64 87 Alkane 

4 26.43 3.57 Tetracosane* C24H50 97 Alkane 

5 27.43 5.16 Heptadecane, 9-octyl-* C25H52 91 Alkane 

6 28.38 6.59 Octadecane, 2-methyl-* C19H40 94 Alkane 

7 29.30 6.41 Heptacosane* C27H56 95 Alkane 

8 30.20 6.32 Hexacosane* C26H54 94 Alkane 

9 30.30 1.84 Squalene C30H50 91 Triterpenes 

10 31.06 6.02 Hexacosane* C26H54 93 Alkane 

11 31.89 5.06 Triacontane* C30H62 96 Alkane 

12 32.70 3.89 Docosane, 9-octyl- C30H62 91 Alkane 

13 33.48 2.82 Nonadecane C19H40 93 Alkane 

14 33.70 1.84 Campesterol C28H48O 89 Sterol 

15 33.91 2.15 Stigmasterol C29H48O 87 Sterol 

16 34.30 1.64 Nonadecane, 9-methyl- C20H42 93 Alkane 

17 34.45 9.67 -Sitosterol C29H50O 93 Sterol 

18 35.73 4.30 12-Oleanen-3-yl acetate, (3)-)  

(-Amyrenyl acetate)  

C32H52O2 83 Triterpenoid 

19 36.24 2.14 Urs-12-en-24-oic acid, 3-oxo-, 
methyl ester, (+)- 

C31H48O3 93 Triterpene 

20 36.39 4.65 1a, 2,3,3a,4,5,6,7b-octahydro-

1,1,3a,7-tetramethyl-[1aR-(1a, 3a, 

7b)]-1H-cyclopropa[a]naphthalene 

(or -Maaliene) 

C15H24 74? Sesquiterpene 
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6B – I. batatas (Ethanol) 

# RT Area % Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 23.29 17.77 Phytol C20H40O 94 Alkane 

2 26.43 1.83 Tetracosane* C24H50 98 Alkane 

3 27.43 3.16 Heneicosane* C21H44 91 Alkane 

4 28.38 4.53 Hexacosane* C26H54 94 Alkane 

5 29.30 4.62 Tetracosane* C24H50 94 Alkane 

6 30.19 4.16 Octacosane* C28H58 94 Alkane 

7 30.30 2.12 Squalene C30H50 90 Triterpene 

8 31.05 4.63 Tetracosane* C24H50 91 Alkane 

9 31.89 3.39 Hexacosane* C26H54 91 Alkane 

10 32.70 3.03 Tetracosane* C24H50 91 Alkane 

11 33.48 2.13 Tetratetracontane* C44H90 87 Alkane 

12 33.70 2.20 Ergost-5-en-3-ol, (3)-  
(or Campesterol) 

C28H48O 49 Sterol 

13 33.91 2.30 Stigmasterol C29H48O 80 Sterol 

14 34.30 1.19 Eicosane* C20H42 86 Alkane 

15 34.45 15.10 -Sitosterol C29H50O 98 Sterol 

16 35.73 5.48 12-Oleanen-3-yl acetate, (3)-  

(or -Amyrenyl acetate) 

C32H52O2 93 Triterpenoid 

17 36.10 1.29 Androstan-6-one, (5)- C19H30O 25 Steroid 

18 36.39 2.20 Lup-20(29)-en-3-ol, acetate, (3)-  
(or lupenyl acetate) 

C32H52O2 32 Triterpenoid 

19 36.56 11.48 Fern-7-en-3-ol  

(or −Fernenol) 

C30H50O 64 Triterpenoid 
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7A – M. peltata (Acetone) 

# RT Area % Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 26.43 4.21 Tetracosane* C24H50 95 Alkane 

2 27.43 5.91 Hexacosane* C26H54 91 Alkane 

3 28.39 8.36 Heneicosane* C44H90 90 Alkane 

4 29.30 7.99 Heptacosane* C27H56 95 Alkane 

5 30.20 6.79 Hexacosane* C26H54  93 Alkane 

6 31.06 9.29 Hexacosane* C26H54  91 Alkane 

7 31.89 6.82 Triacontane* C30H62 97 Alkane 

8 32.70 9.94 Hexacosane* C26H54  90 Alkane 

9 33.48 4.12 Tetratetracontane* C44H90  91 Alkane 

10 33.91 5.67 Stigmasterol C29H48O 83 Sterol 

12 34.45 27.37 -Sitosterol C29H50O 92 Sterol 
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7B – M. peltata (Ethanol) 

# RT Area 
% 

Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 15.55 0.46 Napthalene, 1,2,3,5,6,8a-hexahydro-
4,7-dimethyl-1-(1-methylethyl)-, (1S-

cis)- (or -Cadinene) 

C15H24 90 Sesquiterpene 

2 25.39 0.75 Tritetracontane* C43H88 86 Alkane 

3 26.43 2.44 Heneicosane* C21H44 91 Alkane 

4 27.43 3.74 Pentacosane* C25H52 93 Alkane 

5 28.38 6.26 Tetracosane* C24H50 90 Alkane 

6 29.30 5.59 Heptacosane* C27H56 99 Alkane 

7 30.19 4.96 Tetracosane* C24H50 94 Alkane 

8 30.30 1.46 Hexadeca-2,6,10,14-tetraen-1-ol, 
3,7,11,16-tetramethyl  

(or 2-cis-Geranylgeraniol)? 

C20H34O 64? Triterpenoid 

9 31.05 5.26 Hexacosane* C26H54 91 Alkane 

10 31.89 3.35 Heneicosane, 11-(1-ethylpropyl)-* C26H54 91 Alkane 

11 32.70 6.17 Heneicosane* C21H44 96 Alkane 

12 32.91 1.26 -Tocopherol C29H50O2 93 Vitamin D 

13 33.48 2.46 Tetratetracontane* C44H90 91 Alkane 

14 33.69 1.80 Ergost-5-en-3-ol, (3 beta)-  
(or Campesterol) 

C28H48O 93 Sterol 

15 33.91 2.67 Stigmasterol C29H48O 74 Sterol 

16 34.30 2.95 2-methylhexacosane* C27H56 81 Alkane 

17 34.45 16.53 -Sitosterol C29H50O 90 Sterol 

18 34.69 2.45 Naphthalene, decahydro-4a-methyl-1-
methylene-7-(1-methylethenyl)-, [4aR-

(4a, 7,8a)] (or beta-Selinene)? 

C15H24  45? Sesquiterpene 

19 35.33 2.73 -Amyrin? C30H50O 68? Triterpenoid 
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8A – M. micrantha (Acetone) 

# RT Area 
% 

Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 13.51 12.27 1H-Cyclopenta [1.3] cyclopropa [1,2] 
benzene, octahydro-7-methyl-3-

methylene-4-(1-methyl)-, [3aS-(3a.aS*)]- 

(or -Cubebene) 

C15H24 90 Sesquiterpene 

2 14.05 5.25 Caryophyllene C15H24 93 Sesquiterpene 

3 14.91 2.55 -Muurolene C15H24 93 Sesquiterpene 

4 15.02 4.13 -Cadinene C15H24 86 Sesquiterpene 

5 17.32 2.07 -Copaene C15H24 86 Sesquiterpene 

6 26.43 3.00 Tetracosane* C24H50 98 Alkane 

7 27.43 5.56 Pentacosane* C25H52 89 Alkane 

8 28.38 5.66 Heneicosane* C21H44 91 Alkane 

9 29.30 5.60 Heptacosane* C27H56 99 Alkane 

10 30.19 4.13 Hexacosane* C26H54 93 Alkane 

11 30.30 2.54 Squalene C30H50 91 Triterpene 

12 31.06 4.24 Heptadecane* C17H36 90 Alkane 

13 31.89 3.52 Octacosane* C28H58 91 Alkane 

14 32.70 2.97 Hexacosane* C26H54 90 Alkane 

15 33.91 18.35 Stigmasterol C29H48O 99 Sterol 

16 36.27 5.96 Lupeyl acetate (or Lup-20(29)-en-3-ol, 

acetate, (3)-)? 

C32H52O2 50? Triterpene 

17 37.42 5.03 Spiro [5.5] undec-2-ene, 3,7,7-trimethyl-

11-methylene-, (-)-)  

(or -Chamigrene)? 

C15H24 59? Sesquiterpene 

Appendix 5 Table 1 continued overleaf 
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8B – M. micrantha (Ethanol) 

# RT Area 
% 

Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 12.81 1.82 -Cubebene C15H24 86* Sesquiterpene 

2 13.31 1.07 -Cubebene C15H24 93* Sesquiterpene 

3 14.05 3.24 Caryophyllene C15H24 97 Sesquiterpene 

4 15.25 1.37 1H-Cyclopropa[a]naphthalene, 1a, 2, 3, 
3a, 4, 5, 6, 7, 7a, 7b-octahydro-1,1, 7,7a-

tetramethyl-, [1aR-(1a, 7, 7a, 7b)]-  

(or beta-Maaliene) 

C15H24 86 Sesquiterpene 

5 15.55 1.63 Naphthalene, 1, 2, 3, 5, 6, 8q-hexahydro-
4-7-dimethyl-1-(1-methylethyl)-, (1S-

cis)- (-Cadinene) 

C15H24 93 Sesquiterpene 

6 23.29 3.41 Phytol C20H40O 87 Diterpene 

alcohol 

7 26.43 1.49 2-methyloctacosane* C29H60 91 Alkane 

8 27.41 2.43 2-methyloctacosane* C29H60 91 Alkane 

9 28.38 3.62 Heptadecane, 9-octyl-* C25H52 91 Alkane 

10 29.30 3.29 Heptacosane* C27H56 95 Alkane 

11 30.20 2.95 Eicosane* C20H42 94 Alkane 

12 30.30 7.58 Supraene or Squalene C30H50 98 Triterpene 

13 31.05 3.43 Hexacosane* C26H54 91 Alkane 

14 31.89 2.14 Heptacosane* C27H56 91 Alkane 

15 32.70 2.32 Tetratetracontane* C44H90 74? Alkane 

16 33.48 1.42 Tetracosane* C24H50 87 Alkane 

17 33.90 12.87 Stigmasterol C29H48O 99 Sterol 

18 34.45 3.67 -Sitosterol C29H52O2 70? Sterol 

19 35.32 2.67 Lupeol C30H50O 83 Triterpenoid 

20 35.72 2.11 12-Oleanen-3-yl acetate, (3)-  

(or -Amyrenyl acetate)  

C32H52O2 83 Triterpenoid 

21 36.24 22.21 A’-Neogammacer-22(29)-en-3-ol, 

acetate, (3,21.)- 

C32H52O2 70? Triterpenoid 

22 37.42 10.48 Lupeyl acetate  

(or Lup-20(29)-en-3-ol, acetate, (3)-) 

C32H52O2 74? Triterpeneoid 

Appendix 5 Table 1 continued overleaf 
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9A – P. rubra (Acetone) 

# RT Area 
% 

Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 23.71 0.25 Hexadecanoic acid, methyl ester C17H34O2 98 Fatty acid ester 

2 25.77 0.30 9,12-Octadecadienoic acid (Z,Z)-, 

methyl ester 

C19H34O2 99 Fatty acid ester 

3 25.84 0.58 9.12.15-Octadecatrienoic acid, 
methyl ester, (Z,Z,Z)- 

C24H40O4 99 Fa tty acid ester 

4 25.97 0.93 Phytol C20H40O 99 Diterpenoid 

alcohol 

5 26.97 0.15 Eicosane* C20H42 98 Alkane 

6 28.06 1.06 Octadecane* C18H38 95 Alkane 

7 29.12 2.32 Tetracosane* C24H50 99 Alkane 

8 29.76 0.10 Eicosane* C20H42 95 Alkane 

9 30.13 3.50 Octadecane* C18H38 96 Alkane 

10 30.74 0.38 Pentacosane* C25H52 95 Alkane 

11 30.84 0.34 Tetracosane* C24H50 90 Alkane 

12 31.10 4.37 Hexacosane* C26H54 99 Alkane 

13 31.70 0.29 Tetracosane* C24H50 95 Alkane 

14 31.79 0.31 Eicosane* C20H42 94 Alkane 

15 32.04 4.65 Tetracosane* C24H50 99 Alkane 

16 32.83 1.56 Erucic acid C22H42O2 94 Fatty Acid 

17 32.95 4.56 Tetracosane* C24H50  99 Alkane 

18 32.10 1.93 Squalene C30H50 99 Triterpene 

19 35.86 3.95 Tetracosane* C24H50 99 Alkane 

20 36.35 1.43 Vitamin E  

(or (+)--Tocopherol, O-methyl) 

C29H50O2 89 Alkylphenol 

21 37.09 2.16 Octacosane* C18H38 96 Alkane 

22 38.53 2.16 Eicosane* C20H42 98 Alkane 

23 39.21 1.06 -Sitosterol C29H52O2 92 Sterol 

24 40.08 2.15 -Amyrin C30H50O 96 Triterpenoid 

25 40.22 1.24 Heptacosane* C27H56 96 Alkane 

26 40.93 13.78 Lupeol? C30H50O 64? Triterpenoid 

27 41.58 2.18 12-Oleanen-3-yl acetate, (3)-  

(or -Amyrenyl acetate) 

C32H52O2 95 Triterpenoid 

28 42.55 12.46 12-Oleanen-3-yl acetate, (3)-  

(or -Amyrenyl acetate) 

C32H52O2 91 Triterpenoid 

Appendix 5 Table 1 continued overleaf 
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9B – P. rubra (Ethanol) 

# RT Area % Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 22.01 4.89 Hexadecanoic acid, 2-hydroxy-1-
(hydroxymethyl) ethyl ester)  

(or 2-Palmitoylglycerol) 

C18H36O2 98 Glyceride 

2 23.87 5.55 9,12-Octadecadienoic acid, ethyl ester C20H36O2 99 Fatty acid ester 

3 23.93 11.77 9,12,15-Octadecatrienoic acid, ethyl 

ester, (Z,Z,Z,)- (or 2-Monolinolenin) 

C20H34O2 99 Fatty acid ester 

4 28.34 1.42 Eicosane* C20H42 95 Alkane 

5 29.30 1.01 Eicosane* C20H42 95 Alkane 

6 30.20 1.04 Eicosane* C20H42 98? Alkane 

7 31.05 1.26 Eicosane* C20H42 99* Alkane 

8 32.70 0.85 Eicosane, 9-octyl-* C28H58 43 Alkane 

9 34.45 6.70 -Sitosterol C29H50O 78? Sterol 

10 34.85 4.15 beta-Amyrin C30H50O 97 Triterpenoid 

11 35.22 4.68 Cycloartenol acetate (or 9,19-

Cyclolanost-24-en-3-ol, acetate, (3)-) 

C32H52O2 93 Triterpenoid 

12 35.71 1.60 -Amyrin? C30H50O  41? Triterpenoid 

13 36.23 13.39 Urs-12-en-24-oic acid, 3-oxo-, methyl 

ester, (+)- 

C31H48O3 93 Triterpenoid 

Appendix 5 Table 1 continued overleaf 
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10A – P. fruticosa (Acetone) 

# RT Area 
% 

Compound name Molecular 
Formula 

Quality Class of 
Compound 

1 15.05 1.48 Guaia-9,11-diene C15H24 64 Sesquiterpene 

2 15.13 1.04 -Selinene  C15H24 98 Sesquiterpene 

3 15.25 1.48 -Selinene  C15H24 97 Sesquiterpene 

4 15.59 1.27 7-epi--selinene C15H24 94 Sesquiterpene 

5 17.64 1.44 Aromadendrene oxide-(2) ? C15H24O 55 ? Sesquiterpene 

6 17.99 3.11 Ledene oxide-(II) ? C15H24O 62 ? Sesquiterpene 

7 21.40 10.26 n-Hexdecanoic acid C16H32O2 99 Fatty acid 

8 22.32 3.92 Falcarinol ? C17H24O 62 ? Fatty alcohol 

9 22.26 3.80 Phytol C20H40O 96 Diterpene 

alcohol 

10 23.59 18.31 Linolenic acid  
(or 9,12,15-Octadecatrienoic acid (Z,Z,Z)-) 

C18H30O2 99 Fatty acid 

11 25.37 0.36 Heptadecane* C17H36 83 Alkane 

12  26.40 0.64 Tetracosane* C24H50 99 Alkane 

13  27.40 1.48 Octadecane* C28H58 95 Alkane 

14  27.49 1.20 2-Palmitoylglycerol C19H38O4 91 Glycerides 

15  28.43 2.69 Heptadecane* C17H36 91 Alkane 

16  29.03 0.42 Linoleic acid  
(9,12-Octadecadienoic acid (Z,Z)-) 

C18H32O2 98 Fatty acid 

17  29.17 2.15 2-Linoleoylglycerol C21H38O4 96 Glyceride 

18  29.27 3.76 Tetracosane C24H50 99 Alkane 

19 29.44 0.63 Octadecadienoic acid, 2,3-

dihydroxypropyl ester 

C21H42O4 90 Glyceride 

20  30.17 1.49 Octacosane* C28H58 99 Alkane 

21  30.27 0.38 Squalene C30H50  99 Triterpene 

22 31.03 1.73 Tetracosane* C24H50 98 Alkane 

23  31.37 0.37 -Tocopherol  C27H46O2 99 Tocopherol 

24  31.86 1.37 Triacontane* C30H62 99 Alkane 

25  32.67 2.35 Heneicosane* C21H44 91 Alkane 

26  32.88 0.69 (+)--Tocopherol, O-methyl- C29H50O2 95 Akylphenol 

27  33.45 0.81 Triacontane* C30H62 96 Alkane 

28  33.89 6.35 Stigmasterol C29H48O 99 Sterol 

29  34.39 3.85 Stigmasta-7, 16-dien-3-ol, (3,5)- C29H48O 86 Sterol 

30  35.19 0.87 9,19-Cyclolanost-24-en-3-ol, acetate, (3)-
? 

C32H52O2 78? Triterpenoid 

31  35.57 0.90 -Tocopherol C29H50O2 95 Aklyphenol 

Appendix 5 Table 1 continued overleaf 
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10B – P. fruticosa (Ethanol) 

# RT Area 
% 

Compound name Molecular 
Formula 

Quality Class of Compound 

1 14.89 1.14 Copaene C15H24 89 Sesquiterpene 

2 15.14 3.11 (+)-Eremophilene C15H24 98 Sesquiterpene 

3 15.26 6.19 -Selinene C15H24 98 Sesquiterpene 

4 15.55 0.86 -Cardinene  C15H24 94 Sesquiterpene 

5 15.62 4.00 (-)--Panasinsen C15H24 93 Sesquiterpene 

6  23.30 1.11 Phytol? C20H40O 74? Diterpenoid 

7 25.39 1.39 Tetratetracontane* C44H90 91? Alkane 

8 26.43 3.40 Tetracosane* C24H50 99 Alkane 

9 27.43 5.14 Hexacosane* C26H54 93 Alkane 

10 28.38 7.14 Hexacosane* C26H54 95 Alkane 

11 29.30 6.49 Heptacosane* C27H56 95 Alkane 

12 30.19 6.02 Octacosane* C28H58 95 Alkane 

13 30.30 1.94 Squalene C30H50 90 Triterpene 

14 31.05 6.05 Tetracosane* C24H50 98 Alkane 

15 31.89 5.31 Triacontane* C30H62 97 Alkane 

16 32.70 5.67 Heptacosane* C27H56 91 Alkane 

17 32.91 1.36 d1--Tocopherol C29H50O2 90 Tocopherol 

18 33.48 2.86 Heptacosane, 1-chloro- C27H55Cl 91 Halohydrocarbon 

19 33.90 5.72 Stigmasterol C29H48O 98 Sterol 

20 34.30 1.85 Tetracosane, 11-decyl-* C34H70 83 Alkane 

21 34.41 6.45 Stigmasta-7, 16-dien-3-ol, 

(3,5)- 

C29H48O 86 Sterol 

22 35.23 2.61 Nonacosane* C29H60 76? Alkane 

Appendix 5 Table 1 concluded 
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Appendix 5 Table 2 is a summary of the distribution of the compounds detected by GC-MS in each of the ten plant extracts. 

The plants are identified by the numerals below. 

1. C. odorata 2. C. papaya 3. C. limon 4. C. esculenta 5. E. hortensis 

6. I. batatas 7. M. peltata 8. M. micrantha 9. P. rubra 10. P. fruticosa 

 

Key: A – Acetone    E – Ethanol   Present - √   Absent – x    (?) identity uncertain, including extraction artefacts. 

Appendix 5 Table 2 Distribution of compounds identified in the ten selected plants. 

Legend 

Compounds present in 50 – 100% of the plant extracts 

Minor compounds present in less than 50% of the leaf extracts. 

Compounds present in E. hortensis, M. peltata and M. micrantha (top three plants exhibiting the highest potency against Leptopsira species).  

Major or minor compounds absent from E. hortensis, M. peltata and M. micrantha. 

Major compounds absent from the leaf extracts. 

(Note: There is uncertainty about the occurrence of some of the larger compounds when examining the mass spectra more closely). 

# Name of compound 1A 1E 2A 2E 3A 3E 4A 4E 5A 5E 6A 6E 7A 7E 8A 8E 9A 9E 10A 10E 

1.  Phytol √  √ x x √ √ x √ √ √ √ √ x x x √ √ x √ √ 

2.  Eugenol (Phenol, 2-methoxy-3-(2-propenyl)-) x √ x x x x x x x x x x x x x x x x x x 

3.  Palmitic acid (n-Hexadecanoic acid) x √ x x x x x x x x x x x x x x √ x x x 

4.  -Linolenic acid (9,12,15-Octadecatrienoic acid (Z,Z,Z)-) x √ x x x x x x x x x x x x x x √ x x x 

5.  -Linolenic acid, ethyl ester (Ethyl 9,12,15-
Octadecatrienoate) (artefact?) 

x √ x x x x x x x x x x x x x x √ x x x 

6.  Tetracosane √  √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ √ x √ √ 

7.  Heneicosane √  √ x √ √ √ x x √ x x √ √ √ √ x x x √ x 

8.  Octacosane √  x x x x √ √ √ x x x √ x x √ x √ x √ √ 
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Legend 

Compounds present in 50 – 100% of the plant extracts 

Minor compounds present in less than 50% of the leaf extracts. 

Compounds present in E. hortensis, M. peltata and M. micrantha (top three plants exhibiting the highest potency against Leptopsira species).  

Major or minor compounds absent from E. hortensis, M. peltata and M. micrantha. 

Major compounds absent from the leaf extracts. 

(Note: There is uncertainty about the occurrence of some of the larger compounds when examining the mass spectra more closely). 

# Name of compound 1A 1E 2A 2E 3A 3E 4A 4E 5A 5E 6A 6E 7A 7E 8A 8E 9A 9E 10A 10E 

9.  Hexacosane √  x √ √ x √ √ x √ √ √ √ √ √ √ √ √ x x √ 

10.  Triacontane √  √ x x √ √ x x √ x √ x √ x x x x x √ √ 

11.  Hentriacontane √  √ x √ √ x x x x √ x x x x x x x x x √ 

12.  -Tocopherol (Vitamin E) √  √ √ √ √ √ √ √ √ √ x x √ √ √ √ √ x √ x 

13.  Campesterol (5-cholestene-3-ol, 24-methyl) √  x √ x √ √ √ √ x x √ √ x √ x x x x x x 

14.  Stigmasterol  √  √ √ √ √ √ x √ √ √ √ √ √ √ √ √ x x √ √ 

15.  Docosane x x √ x x x x x x x x x x x x x x x x x 

16.  Pentacosane x x x √ √ x x √ x x x x x √ √ x √ x x x 

17.  -Sitosterol (or Clionasterol) x √ x √ x √ x x √ √ x x x x x √ √ √ x x 

18.  Hexadecane x x √ x x x x x x x x x x x x x x x x x 

19.  Squalene (or Supraene) x √ √ √ x x x x √ √ √ √ x x √ √ √ x √ √ 

20.  -Tocopherol x x √ √ x x x x x x x x x x x x x x x x 



 

330 

Legend 

Compounds present in 50 – 100% of the plant extracts 

Minor compounds present in less than 50% of the leaf extracts. 

Compounds present in E. hortensis, M. peltata and M. micrantha (top three plants exhibiting the highest potency against Leptopsira species).  

Major or minor compounds absent from E. hortensis, M. peltata and M. micrantha. 

Major compounds absent from the leaf extracts. 

(Note: There is uncertainty about the occurrence of some of the larger compounds when examining the mass spectra more closely). 

# Name of compound 1A 1E 2A 2E 3A 3E 4A 4E 5A 5E 6A 6E 7A 7E 8A 8E 9A 9E 10A 10E 

21.  Heptacosane x x √ √ √ √ √ √ √ √ √ x √ √ √ √ √ x x √ 

22.  -Sitosterol x x √ x √ x √ √ x x √ √ √ √ x x x x x x 

23.  Heptadecane x x x √ x √ √ x √ x x x x x √ x x x √ x 

24.  Tetratetracontane x x x √ x √ x x √ x x √ √ √ x √ x x x x 

25.  Ergost-7-en-3-ol, (3) - x x x √ x x x x x x x x x x x x x x x x 

26.  -Tocopherol x x √ √ x x x x x x x x x x x x x x x x 

27.  -Amyrin (?) x x x √ x x x x x x x x x √ x x √ √ x x 

28.  Caryophyllene x x x x √ √ x x √ x x x x x √ √ x x x x 

29.  -Bisabolene x x x x √ x x x x x x x x x x x x x x x 

30.  Eicosane x √ x x √ √ x x x x x √ x x x √ √ √ x x 

31.  Octadecane x x x x √ x √ x x x x x x x x x x x √ x 

32.  2-methylhexacosane x x x x x √ x x x x x x x x x x x x x x 
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Legend 

Compounds present in 50 – 100% of the plant extracts 

Minor compounds present in less than 50% of the leaf extracts. 

Compounds present in E. hortensis, M. peltata and M. micrantha (top three plants exhibiting the highest potency against Leptopsira species).  

Major or minor compounds absent from E. hortensis, M. peltata and M. micrantha. 

Major compounds absent from the leaf extracts. 

(Note: There is uncertainty about the occurrence of some of the larger compounds when examining the mass spectra more closely). 

# Name of compound 1A 1E 2A 2E 3A 3E 4A 4E 5A 5E 6A 6E 7A 7E 8A 8E 9A 9E 10A 10E 

33.  -Amyrin (?) x x x x x √ x x x x x x x x x x x x x x 

34.  Docosane, 11-decyl-? x x x x x x √ x x x x x x x x x x x x x 

35.  Heneicosane, 11-decyl- ? x x x x x x √ x x x x x x x x x x x x x 

36.  Heneicosane, 11-(1-ethylpropyl)-? x x x x x x x √ x √ x x x √ x x x x x x 

37.  2-methyltetracosane x x x x x x x √ x x x x x √ x x x x x x 

38.  Nonadecane x x x x x x x √ x x √ x x x x x x x x x 

39.  Retinoic acid, methyl ester x x x x x x x √ x x x x x x x x x x x x 

40.  –Cubebene x x x x x x x x √ √ x x x x x √ x x x x 

41.  -Curcumene x x x x x x x x √ x x x x x x x x x x x 

42.  -Curcumene x x x x x x x x √ x x x x x x x x x x x 

43.  Tricosane  x x x x x x x x √ x x x x x x x x x x x 

44.  Nonacosane x x x x x x x x √ x x x x x x x x x x √ 
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Legend 

Compounds present in 50 – 100% of the plant extracts 

Minor compounds present in less than 50% of the leaf extracts. 

Compounds present in E. hortensis, M. peltata and M. micrantha (top three plants exhibiting the highest potency against Leptopsira species).  

Major or minor compounds absent from E. hortensis, M. peltata and M. micrantha. 

Major compounds absent from the leaf extracts. 

(Note: There is uncertainty about the occurrence of some of the larger compounds when examining the mass spectra more closely). 

# Name of compound 1A 1E 2A 2E 3A 3E 4A 4E 5A 5E 6A 6E 7A 7E 8A 8E 9A 9E 10A 10E 

45.  Cycloartenol x x x x x x x x √ x x x x x x x x x x x 

46.  Lanost-8-en-3-ol, (3)-? x x x x x x x x √ √ x x x x x x x x x x 

47.  4,4-dimethyl-androst-5-en-17-ol x x x x x x x x √ √ x x x x x x x x x x 

48.  (5)-androstan-6-one x x x x x x x x √ x x √ x x x x x x x x 

49.  -Maaliene x x x x x x x x √ x √ x x x √ √ x x x x 

50.  Obtusifoliol ? x x x x x x x x √ √ x x x x x x x x x x 

51.  Fern-7-en-3-ol ? x x x x x x x x √ x x √ x x x x x x x x 

52.  -Curcumene x x x x x x x x x √ x x x x x x x x x x 

53.  Abietadiene x x x x x x x x x √ x x x x x x x x x x 

54.  Cyperene x x x x x x x x x √ x x x x x x x x x x 

55.  Heptadecane ? x x x x x x x x x x √ x x x x x x x x x 

56.  Heptadecane, 9-octyl- x x x x x x x x x x √ x x x x √ x x x x 
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Legend 

Compounds present in 50 – 100% of the plant extracts 

Minor compounds present in less than 50% of the leaf extracts. 

Compounds present in E. hortensis, M. peltata and M. micrantha (top three plants exhibiting the highest potency against Leptopsira species).  

Major or minor compounds absent from E. hortensis, M. peltata and M. micrantha. 

Major compounds absent from the leaf extracts. 

(Note: There is uncertainty about the occurrence of some of the larger compounds when examining the mass spectra more closely). 

# Name of compound 1A 1E 2A 2E 3A 3E 4A 4E 5A 5E 6A 6E 7A 7E 8A 8E 9A 9E 10A 10E 

57.  Octadecane, 2-methyl-? x x x x x x x x x x √ x x x x x x x x x 

58.  Docosane, 9-octyl- ? x x x x x x x x x x √ x x x x x x x x x 

59.  Nonadecane, 9-methyl-? x x x x x x x x x x √ x x x x x x x x x 

60.  12-Oleanen-3-yl acetate, (3);  

(-Amyrenyl acetate) ? 

x x x x x x x x x x √ √ x x x x √ x x x 

61.  Urs-12-en-24-oic acid, 3-oxo-, methyl ester, (+)-? x x x x x x x x x x √ x x x x x x √ x x 

62.  Lupenyl acetate x x x x x x x x x x x √ x x √ √ x x x x 

63.  Tetracosane, 11-decyl x x x x x x x x x x x x √ x x x x x x x 

64.  -Cadinene x x x x x x x x x x x x x √ x √ x x x x 

65.  Tritetracontane x x x x x x x x x x x x x √ x x x x x x 

66.  -Cubebene x x x x x x x x x x x x x x √ x x x x x 

67.  -Muurolene x x x x x x x x x x x x x x √ x x x x x 

68.  -Cadinene x x x x x x x x x x x x x x √ x x x x x 
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Legend 

Compounds present in 50 – 100% of the plant extracts 

Minor compounds present in less than 50% of the leaf extracts. 

Compounds present in E. hortensis, M. peltata and M. micrantha (top three plants exhibiting the highest potency against Leptopsira species).  

Major or minor compounds absent from E. hortensis, M. peltata and M. micrantha. 

Major compounds absent from the leaf extracts. 

(Note: There is uncertainty about the occurrence of some of the larger compounds when examining the mass spectra more closely). 

# Name of compound 1A 1E 2A 2E 3A 3E 4A 4E 5A 5E 6A 6E 7A 7E 8A 8E 9A 9E 10A 10E 

69.  -Copaene x x x x x x x x x x x x x x √ x x x x x 

70.  Lupeol x x x x x x x x x x x x x x x √ √ x x x 

71.  A’-Neogammacer-22(29)-en-3-ol, acetate, (3,21)- x x x x x x x x x x x x x x x √ x x x x 

72.  Erucic acid x x x x x x x x x x x x x x x x √ x x x 

73.  Hexadecanoic acid, methyl ester  
(or Palmitic acid methyl ester) 

x x x x x x x x x x x x x x x x √ x x x 

74.  9,12-Octadecadienoic acid, ethyl ester (extraction artefact?) x x x x x x x x x x x x x x x x x √ √ x 

75.  9,12, 15-Octadecatrienoic acid, ethyl ester, (Z,Z,Z,)- 
(extraction artefact?) 

x x x x x x x x x x x x x x x x x √ √ x 

76.  Cycloartenol acetate (or 9,19-Cyclolanost-24-en-3-ol, 

acetate, (3)-) 

x x x x x x x x x x x x x x x x x √ √ x 

77.  Guaia-9,11-diene ? x x x x x x x x x x x x x x x x x x √ x 

78.  -Selinene  
(or Eudesma-3,11-diene) 

x x x x x x x x x x x x x x x x x x √ √ 

79.  -Selinene / -Selinene (-Eudesmene) x x x x x x x x x x x x x x x x x x √ √ 

80.  7-epi--Selinene x x x x x x x x x x x x x x x x x x √ x 
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Legend 

Compounds present in 50 – 100% of the plant extracts 

Minor compounds present in less than 50% of the leaf extracts. 

Compounds present in E. hortensis, M. peltata and M. micrantha (top three plants exhibiting the highest potency against Leptopsira species).  

Major or minor compounds absent from E. hortensis, M. peltata and M. micrantha. 

Major compounds absent from the leaf extracts. 

(Note: There is uncertainty about the occurrence of some of the larger compounds when examining the mass spectra more closely). 

# Name of compound 1A 1E 2A 2E 3A 3E 4A 4E 5A 5E 6A 6E 7A 7E 8A 8E 9A 9E 10A 10E 

81.  Aromadendrene oxide-(2) x x x x x x x x x x x x x x x x x x √ x 

82.  Ledene oxide-(11) x x x x x x x x x x x x x x x x x x √ x 

83.  n-Hexadecanoic acid x x x x x x x x x x x x x x x x x x √ x 

84.  Urs-12-en-24-oic acid, 3-oxo-, methyl ester, (+)- x x x x x x x x x x x x x x x x x √ x x 

85.  2-Palmitoylglycerol (Hexadecanoic acid, 2-hydroxy-1-
(hydroxymethyl) ethyl ester) 

x x x x x x x x x x x x x x x x x x √ x 

86.  2-Linoleoylglycerol x x x x x x x x x x x x x x x x x x √ x 

87.  Octadecanoic acid, 2,3-dihydroxypropyl ester (1-
stearoylglycerol) 

x x x x x x x x x x x x x x x x x x √ x 

88.  Stigmasta-7,16-dien-3-ol, (3,5)- ? x x x x x x x x x x x x x x x x x x √ √ 

89.  Copaene x x x x x x x x x x x x x x x x x x x √ 

90.  (-)-Eremophilene / -Selinene (?) x x x x x x x x x x x x x x x √ x x x √ 
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Legend 

Compounds present in 50 – 100% of the plant extracts 

Minor compounds present in less than 50% of the leaf extracts. 

Compounds present in E. hortensis, M. peltata and M. micrantha (top three plants exhibiting the highest potency against Leptopsira species).  

Major or minor compounds absent from E. hortensis, M. peltata and M. micrantha. 

Major compounds absent from the leaf extracts. 

(Note: There is uncertainty about the occurrence of some of the larger compounds when examining the mass spectra more closely). 

# Name of compound 1A 1E 2A 2E 3A 3E 4A 4E 5A 5E 6A 6E 7A 7E 8A 8E 9A 9E 10A 10E 

91.  (-)--Panasinsen x x x x x x x x x x x x x x x x x x x √ 

92.  Heptacosane, 1-chloro- (?) x x x x x x x x x x x x x x x x x x x √ 

93.  Tetracosane, 11-decyl- (?) x x x x x x x x x x x x x x x x x x x √ 

Appendix 5 Table 2 concluded 
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Appendix 5 Table 3 is a collation of the bioactivities of the compounds putatively identified from the leaf extracts of the plants in this study. 

Note: The bioactivities for most of the compounds identified were sourced from PubChem (https://pubchem.ncbi.nlm.nih.gov/). Others were obtained 
from the references indicated. 
 
Appendix 5 Table 3 Bioactivities reported for the compounds found in the ten plants studied. 

Key: 

+++ Present in 100% of the plants 

++   Present in 50 – 90% of the plants 

+     Present in < 50% of the plants 

# Name of compound Class of 

Compound  

Presence in the 

ten plants 

studied  

Bioactivities Reported 

1 Phytol Diterpene ++ Antimicrobial, anti-inflammatory, antimycobacterial, antiproliferative, 

cytotoxic, antinociceptive, antioxidant, anticancer, diuretic. 

2 Phenol, 2-methoxy-3-(2-propenyl)- Alkylphenol + Unknown 

3 Methyl -d-galactopyranoside Monosaccharide + Antibacterial, antiparasitic (antiamoebic), cytotoxic 

5 Palmitic acid (n-Hexadecanoic acid) Fatty acid + Antioxidant, hypocholesterolemic, nematicide, pesticide, lubricant, 

antiandrogenic, flavor, hemolytic, alpha reductase inhibitor 

6 9,12,15-Octadecatrienoic acid (Z,Z,Z)- 

 (or α-Linolenic acid) 

Long chain fatty 

acid 
+ Anti-inflammatory, antimammary carcinogenesis, isoleukotoxin, 

leukotoxin, prevent heart attacks, lower high blood pressure, lower 

cholesterol, and reverse "hardening of the blood vessels" 

(atherosclerosis) 

7 Ethyl 9,12,15-Octadecatrienoate Long chain fatty 

acid 
+ Antidermatitis, antimelanoma 

8 Tetracosane Alkane +++ Anthelminthic, anti-trichomonas, antioxidant, cytotoxicity against 

cancerous cells, antidiarrheal, antibacterial, cardiotonic, laxative, 
removes fatigue, anti-inflammatory, used in peptic ulcer treatment, 

anticorrosive 

Appendix 5 Table 3 continued overleaf. 
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# Name of compound Class of 

Compound  

Presence in the 

ten plants 

studied  

Bioactivities Reported 

9 Heneicosane (or Henicosane) Alkane ++ Antimicrobial, mosquito repellent 

10 Octacosane Alkane ++ Antimicrobial, mosquito repellent 

11 Hexacosane Alkane ++ Anticancer 

12 Triacontane Alkane ++ Antibacterial, antidiabetic, antitumor, anticancer 

13 Hentriacontane Alkane ++ Anti-inflammatory, diuretic 

14 Vitamin E (or /−Tocopherol) Alkylphenol +++ Antioxidant, antiviral against SARS-CoV-2, antiageing, analgesic, 
antidiabetic, anti-inflammatory, antidermatitic, antileukemic, antitumor, 

anticancer, hepatoprotective, hypocholesterolemic 

15 Campesterol (or 5-Cholestene-3-ol, 24-

methyl or Ergost-5-en-3-ol, (3) 

Sterol ++ Antibacterial, anti-inflammatory, antiarthritic, anti-asthmatic, 

hepatoprotective, lipophilic or anti-cholesterol, anticancer 

16 Stigmasterol Sterol +++ Antibacterial, antiviral, antituberculosis, anti-inflammatory, 
antileptospiral, antiplasmodial, antiprotozoal, anti-Trypanosoma, 

antileishmanial, antileptospiral (Chander et al., 2015) 

17 Docosane Alkane + Antibacterial, anticancer 

18 Pentacosane Alkane ++ Anticancer, cytotoxic 

19 -Sitosterol (or Clionasterol) Sterol ++ Antidiabetic, antibacterial (Subramaniam, Keerthiraja, & 

Sivasubramanian, 2014), anti-inflammatory (Strum & Faloon, 2005) 

20 Hexadecane Alkane + Cytotoxic, antitumour, anticancer 

21 Squalene (or Supraene) Triterpene ++ Anti-inflammatory, antimycobacterial, antiplasmodium, 
antiamoebic antibacterial, antioxidant, antitumor, aancer preventive, 

immunostimulant, chemo preventive, lipoxygenaseinhibitor, pesticide 

 

https://pubchem.ncbi.nlm.nih.gov/compound/14985
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# Name of compound Class of 

Compound  

Presence in the 

ten plants 

studied  

Bioactivities Reported 

23 Heptacosane Alkane ++ Antibacterial, antifungal, cytotoxic 

24 -Sitosterol Sterol ++ Antimicrobial, anti-inflammatory, anticancer, antiasthma, antidiabetic, 

hepatoprotective, diuretic 

25 Heptadecane Alkane ++ Antifungal, anti-inflammatory, antioxidant 

26 Tetratetracontane Alkane ++ Hypoglycaemic, antioxidant 

27 Ergost-7-en-3-ol, (3) - Sterol + Antiparasitic (anti-Trypanosoma), anti-rheumatoid arthritis, cytotoxic, 

hepatoprotective 

28 6-Isopropenyl-4,8a-dimethyl-4a,5,6,7,8,8a-
hexahydro-1H-napthalen-2-one  

(or -Curcumene) 

Sesquiterpene + Antimicrobial, antibacterial 

29 -Amyrin Triterpenoid + Anti-inflammatory, cytotoxic, antiedema, antiarthritis, analgesic 

30 Caryophyllene Sesquiterpene + Antibacterial, anti-inflammatory, antifungal, analgesic, cytotoxic, anti-

tumor, sedative 

31 Bicyclo[3.1.1] hept-2-ene, 2,6-diemthyl-6-

(4-methyl-3-pentenyl)- (or -Bergamotene) 

Sesquiterpene + Antibacterial (Anti-Staphylococcus) 

32 -Bisabolene Sesquiterpene + Antimicrobial, antifungal (anti-Aspergillosis) 

33 Eicosane Alkane ++ Antimalarial, antileishmaniasis 

34 trans-Farnesol Sesquiterpene 

alcohol 

+ Antiyeast (anti-Candida), anti-inflammatory, antioxidant, anticancer 

35 Octadecane Alkane + Anti-inflammatory, anticancer, antiedema 

Appendix 5 Table 3 continued overleaf. 

https://pubchem.ncbi.nlm.nih.gov/compound/92139
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# Name of compound Class of 

Compound  

Presence in the 

ten plants 

studied  

Bioactivities Reported 

36 Bicyclo [3.1.1] heptane, 6-methyl-2-
methylene-6-(4-methyl-3-pentenyl)-, [1R-

(1,5,6)] Bicyclo [3.1.1] heptane, 6-
methyl-2-methylene-6-(4-methyl-3-

pentenyl)-, [1R-(1,5,6)]  

(or -trans-bergamotene) 

Sesquiterpene + Antimicrobial, antifungal (anti-Aspergillosis) 

37 9,12,15-Octadecatrien-1-ol, (Z, Z, Z) –  

(or -linolenic acid methyl ester) 

Long chain fatty 

acid ester 
+ Prevents and treats diseases of the heart and blood vessels 

38 4H-1-Benzopyran-4-one, 2-(3,4-
dimethoxyphenyl)-5,6,7-trimethoxy-  

(or 2-(3,4-dimethoxyphenyl)-5,6,7-

trimethoxychromen-4-one) 

Flavone + Antimicrobial, anti-inflammatory, ingredient for food additive/flavours 

39 2-methylhexacosane Alkane + Plant mutant 

40 4H-1-Benzopyran-4-one, 2-(3,4-

dimethoxyphenyl)-3,5,6,7-tetramethoxy- 
Flavone + Antimicrobial, anti-inflammatory, ingredient for food additive/flavours 

41 -Amyrin Triterpenoid + Anti-inflammatory, Analgesic 

42 2,5,5,6 1a-Pentamethyl-cis-1a, 4a, 5, 6, 1a-

hexahydro--chromene 

Carboxyclic ester + Antimicrobial, antioxidant 

43 Docosane, 11-decyl-  

(11-decyldocosane) 

Aliphatic 

hydrocarbon 
+ Anti-Babesia, antioxidant, antitumor,  

44 Heneicosane, 11-(1-ethylpropyl)-  

(or 11-pentan-3-ylhenicosane)   

Aliphatic 

hydrocarbon 
+ Antioxidant, lipophilic 

45 2-methyltetracosane Hydrocarbon + Used in test reagents to quantitatively determine cholesterol in low-

density lipoproteins 

46 Hexadecanoic acid, methyl ester  Palmitic acid + Antimicrobial, antibacteria (anti-Bordetella pertussis), antiyeast (anti-

Candida), antiobesity 

Appendix 5 Table 3 continued overleaf. 
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# Name of compound Class of 

Compound  

Presence in the 

ten plants 

studied  

Bioactivities Reported 

47 Nonadecane Alkane + Antimicrobial, antibacterial, antiparasitic (anti-Leishmania), anticancer, 

cytotoxic effect 

48 Retinoic acid, methyl ester  

(or Methyl retinoate) 
Vitamin A + Antitumour 

49 1-Eicosene (or -Eicosene) Alkene + Anticancer 

50 –Cubebene Sesquiterpene + Anti-inflammatory, antiviral, antioxidant  

51 -Curcumene Sesquiterpene + Antimicrobial, antibacterial 

52 1-(1,5-dimethyl-4-hexenyl)-4-methyl-

benzene (or -Curcumene) 

Sesquiterpene + Antimicrobial, antibacterial 

53 Tricosane  Alkane + Antimicrobial, antibacterial, anticancer 

54 Nonacosane Alkane + Antimicrobial, antibacterial, anticancer, cytotoxic 

55 Cycloartenol Triterpenes + Anti-inflammatory, antiviral (anti-Epstein-Barr virus), antidiabetes, 

cytotoxic 

56 Lanost-8-en-3-ol, (3)-  

(or Dihydrolanosterol, Euphenyl acetate) 

Triterpene sterol + Antibacterial (antituberculosis), anti-Trypanosoma, antiproliferative 

57 4,4-dimethyl-androst-5-en-17-ol Triterpene sterol + Stimulates the immune system, estrogenic activity 

58 (5)-androstan-6-one Steroid + Exhibit different effects on growth of tobacco callus tissue 

59 1a, 2,3,3a,4,5,6,7b-octahydro-1,1,3a,7-

tetramethyl-[1aR-(1a, 3a, 7b)]-1H-

cyclopropa[a]naphthalene 

(or -Maaliene) 

Sesquiterpene + Antimicrobial, antibacterial, anti-inflammatory, antiedema 

anticancer 

Appendix 5 Table 3 continued overleaf. 
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# Name of compound Class of 

Compound  

Presence in the 

ten plants 

studied  

Bioactivities Reported 

60 Obtusifoliol Triterpenoid + Antifungal, anti-Candida, antileishmanial, antitrypanosomal, antiviral 

(anti-Herpes simplex virus), cytotoxic 

61 Fern-7-en-3-ol  

(or alpha-Fernenol) 

Triterpenoid + Cytotoxic, anticancer (renal cancer), antileukaemia 

62 -Curcumene Sesquiterpene + Larvicidal activity against Aedes aegypti 

63 2(1H)-
Phenanthrenone,3,4,4a,5,6,7,8,10,10a-
decahydro-1,1,4a,7,7-pentamethyl-,[4aR-

(4a, 4b,10a   .)]-  

(or Abietadiene) 

Diterpenoid + Antimicrobial, antibacterial (anti-Klebsiella pneumoniae), analgesic 

64 3H-3a,7-Methanoazulene,2,4,5,6,7,8-

hexahydro-1,4,9,9-tetramethyl-[3aR-(3a, 

4, 7)] (or Cyperene) 

Sesquiterpene + Antimicrobial, anti-inflammatory, antioxidant, anti-gastric ulcer, 

antiedema, antinociceptive, anti-Hepatitis B (Xu et al., 2015)(Xu et al., 

2015) 

65 1-Octadecyne Alkyne + Antiasthma 

66 Heptadecane, 9-octyl- Hydrocarbon  + Unknown 

67 Octadecane, 2-methyl- Hydrocarbon  + Unknown 

68 Docosane, 9-octyl- Hydrocarbon  + Anticancer, antileukaemia 

69 Nonadecane, 9-methyl- Hydrocarbon  + Antimicrobial, antibacterial, antiviral (anti-HIV), antimalarial 

antioxidant, cytotoxic effect 

70 12-Oleanen-3-yl acetate, (3)-)  

(-Amyrenyl acetate)  

Triterpenoid + Anticancer 

71 Urs-12-en-24-oic acid, 3-oxo-, methyl ester, 

(+)- 
Triterpenoid + Unknown 

Appendix 5 Table 3 continued overleaf. 

https://pubchem.ncbi.nlm.nih.gov/compound/621134
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# Name of compound Class of 

Compound  

Presence in the 

ten plants 

studied  

Bioactivities Reported 

72 Lupenyl acetate  

(or Lup-20(29)-en-3-ol, acetate, (3)-) 

Triterpene + Anti-inflammatory, antiviral (anti-Dengue & anti-Chikungunya), 

antiparasitic (antielephantisis), anticancer 

73 Napthalene, 1,2,3,5,6,8a-hexahydro-4,7-
dimethyl-1-(1-methylethyl)-, (1S-cis)-  

(or -Cadinene) 

Sesquiterpene + Antimicrobial, antibacterial (anti-Staphylococcus infection), antifungal, 
used as a flavouring agent and an ingredient for cleaning/washing 

products and tobacco production 

74 Tritetracontane Alkane + Antihelminthic, antivirual (Antidengue virus), antifungal, antioxidant, 

75 Hexadeca-2,6,10,14-tetraen-1-ol, 3,7,11,16-

tetramethyl (or 2-cis-Geranylgeraniol) 
Triterpene alcohol + Anticancer, cytotoxic 

76 5-Nonadecane Alkane + Antimicrobial, antibacterial, antiparasitic (anti-Leishmania), anticancer 

77 Naphthalene, decahydro-4a-methyl-1-
methylene-7-(1-methylethenyl)-, [4aR-(4a. 

alpha., 7. alpha.,8a. beta.)] (-Selinene) 

Sesquiterpene + Antimicrobial, antibacterial (antidysentery), insecticidal, antioxidant 

78 1H-Cyclopenta [1.3] cyclopropa [1,2] 
benzene, octahydro-7-methyl-3-methylene-

4-(1-methyl)-, [3aS-(3a.aS*)]-  

(or -Cubebene) 

Sesquiterpene + Anti-inflammatory, antiviral, antioxidant, antiedema  

79 -Muurolene Sesquiterpenoids + Antimicrobial, antiparasitic, antioxidant, antiedema, cytotoxic, 

antirheumatism 

80 1H-Cyclopenta [1.3] cyclopropa [1,2] benzene, 

octahydro-7-methyl-3-methylene-4-(1-methyl)-, 

[3aS-(3a,3b, 4, 7, 7aS*)]-  

(or -Cubebene) 

Sesquiterpene + Anti-inflammatory, antiviral, antioxidant, antiedema 

81 -Copaene Sesquiterpene + Antiproliferative, antioxidant  

Appendix 5 Table 3 continued overleaf. 
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# Name of compound Class of 

Compound  

Presence in the 

ten plants 

studied  

Bioactivities Reported 

82 Spiro [5.5] undec-2-ene, 3,7,7-trimethyl-11-
methylene-, (-)-)  

(or -Chamigrene) 

Sesquiterpene + Antibacterial 

83 Lupeol  Triterpene alcohol + Anti-inflammatory, antiviral, antileptospiral, antimalarial (anti-

Plasmodium falciparum), cytotoxic, antiproliferative,  

antibacterial (Chander et al., 2014; Rodriguez et al., 2021) 

 

84 A’-Neogammacer-22(29)-en-3-ol, acetate, 

(3,21)- 

Triterpenoid ester + Antibacterial (Akbar et al. 2021), antiparasitic (anti-Trypanosoma), 

antihaemorrhagic, antioxidant 

 

85 Erucic acid Fatty Acid, 

Monounsaturated 

+ Antitumour, antilipidosis, antimyocardial lesions 

86 Hexadecanoic acid, methyl ester  

(or Palmitic acid methyl ester) 

Glyceride + Anticancer 

87 9,12-Octadecadienoic acid (Z,Z)-, methyl 

ester  

(or Linoleic acid methyl ester ) 

Glyceride + Anti-inflammatory, antimammary carcinogenesis, isoleukotoxin, 

leukotoxin, prevent heart attacks, lower high blood pressure, lower 
cholesterol, and reverse "hardening of the blood vessels" 
(atherosclerosis), antibacteria (anti-Bacillus subtilis), anticancer 

(antileukaemia) 

88 9,12,15-Octadecatrienoic acid, methyl ester, 

(Z,Z,Z)- 

 (or alpha- Linolenic acid methyl ester) 

Glyceride + Anti-inflammatory, antimammary carcinogenesis, isoleukotoxin, 

leukotoxin, prevent heart attacks, lower high blood pressure, lower 
cholesterol, and reverse "hardening of the blood vessels" 
(atherosclerosis), antagonist activity, insect attractant, antimicrobial-

antibacterial, antiparasitic (Adnan et al., 2019) 

89 Eicosane, 9-octyl- Hydrocarbon + Unknown 

Appendix 5 Table 3 continued overleaf. 
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# Name of compound Class of 

Compound  

Presence in the 

ten plants 

studied  

Bioactivities Reported 

90 Cycloartenol acetate  

(or 9,19-Cyclolanost-24-en-3-ol, acetate, (3)-) 

Triterpene ester + Antimicrobial, antibacterial, antiviral 

91 Guaia-9,11-diene Sesquiterpene  Antibacterial, antifungal 

92 -Selinene  
(or Naphthalene, 1,2,3,4,4a,5,6,8a-
octahydro-4a,8-dimethyl-2-(1-

methylethenyl)-, [2R-(2, 4a, 8a)]) 

Sesquiterpene + Used as a flavouring agent and an ingredient for cleaning/washing 

products and tobacco production 

93 -Selinene  
(or Naphthalene, 2,3,4,4a,5,6-hexahydro-1, 

4a-dimethyl-7-(1-methylethyl)-) 

Sesquiterpene + Used as a flavouring agent and an ingredient for cleaning/washing 

products and tobacco production 

94 7-epi--selinene Sesquiterpene + Antimicrobial, antioxidant, cytotoxic 

95 Aromadendrene oxide-(2) Sesquiterpenoid + Anticancer 

96 Ledene oxide-(II) Sesquiterpenoide + Anticancer, anti-rheumatoid arthritis, cytotoxic 

97 n-Hexanoic acid Fatty acid + Antibacterial, antifungal, anticancer, cytotoxic 

98 Falcarinol Fatty alcohol + Anti-inflammatory, cytotoxic 

99 Urs-12-en-24-oic acid, 3-oxo-, methyl ester, 

(+)- 

Triterpene ester + Antimicrobial (Chenniappan et al., 2020) 

100 Hexadecanoic acid, 2-hydroxy-1-

(hydroxymethyl) ethyl ester)  

(or 2-Palmitoylglycerol) 

Glyceride + Antioxidant, hypocholesterolemic, nematicide, pesticide, antiandrogenic 

Appendix 5 Table 3 continued overleaf. 
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# Name of compound Class of 

Compound  

Presence in the 

ten plants 

studied  

Bioactivities Reported 

101 9,12-Octadecadienoic acid (Z,Z)-, 2-
hydroxy-1-(hydroxymethyl) ethyl ester)  

(or 2-Linoleoylglycerol) 

Glyceride + Anti-inflammatory, antimammary carcinogenesis, isoleukotoxin, 
leukotoxin, prevent heart attacks, lower high blood pressure, lower 

cholesterol, and reverse "hardening of the blood vessels" 

(atherosclerosis), plasma biomarker for cocaine addiction 

102 Octadecadienoic acid, 2,3-dihydroxypropyl 

ester 

Glyceride + Antioxidant, hypocholesterolemic 

103 Stigmasta-7, 16-dien-3-ol, (3,5)- Sterol + Unknown 

104 3-Octene, 2,2-dimethyl- Hydrocarbon + Used as a flavouring agent 

105 2,3-Pentadiene Alkadiene + Unknown 

106 Copaene Sesquiterpene + Antimicrobial, antibacterial, treat for lice infestations, anticancer, 

cytotoxic 

107 4,5-di-epi-aristolochene Sesquiterpenee +  

108 Napthalene,1,2,3,5,6,7,8,8a octahydro-1, 

8a-dimethyl-7-(1-methylethenyl)-, [1S-(1, 

7, 8a)]- (or (+)-Eremophilene) 

Sesquiterpene + Used as a flavouring agent 

109 (-)--Panasinsen Sesquiterpene + Antimicrobial 

110 (-)-Isoaromadendrene-(V) Sesquiterpene + Unknown 

111 Cis-Z--Bisabolene epoxide Sesquiterpenoid + Antioxidant 

112 Cyclohexane, 1-ethenyl-3-methylene-5-(1-

propenylidene)- 

Alicyclic 

hydrocarbon 
+ Unknown 

113 Heptacosane, 1-chloro- Hydrocarbon, 

halogenated 
+ Unknown 

114 Tetracosane, 11-decyl- Hydrocarbon + Unknown 

Appendix 5 Table 3 concluded. 

END OF APPENDICES 


