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Secondary metabolites from Calophyllum nodosum and their 

antibacterial activity 

 

ABSTRACT 

 

 

Utilising natural resources to discover compounds with antibacterial potential is crucial in 

addressing the growing threat of antibiotic resistance. The Calophyllum genus has gained 

attention for its diverse secondary metabolites, particularly xanthones with notable 

pharmacological activities. This study aimed to investigate the phytochemical profile and 

antibacterial potential of Calophyllum nodosum stem bark, given the well-documented 

therapeutic potential of the genus in antibacterial activity. The dried, ground stem bark was 

extracted using a maceration technique with different solvents of n-hexane, chloroform, and 

methanol sequentially, followed by filtration to obtain respective extracts. The compounds 

were isolated and purified using various chromatographic techniques and characterised 

through 1D and 2D nuclear magnetic resonance (NMR), Fourier-transform infrared 

spectroscopy (FT-IR), mass spectrometry (MS), ultraviolet-visible spectroscopy (UV-Vis), 

and melting point analysis. Seven compounds were successfully isolated, including 

nodosuxanthone (89), a newly undescribed xanthone, trapezifolixanthone (20), 

caloxanthone C (5), 1-hydroxy-7-methoxyxanthone (27), canumolactone (90), friedelin (71), 

and stigmasterol (70). The antibacterial activity of the extracts and isolated compounds was 

evaluated against Gram-positive bacteria and Gram-negative bacteria (Acinetobacter 

baumannii, Staphylococcus aureus, Klebsiella pneumoniae, Pseudomonas aeruginosa, and 

Escherichia coli) using the well-diffusion method, followed by minimum inhibitory 

concentration (MIC) and minimum bactericidal concentration (MBC). Caloxanthone C (5) 

and canumolactone (90) exhibited the most potent antibacterial activities as both compounds 

demonstrated comparable activity with ampicillin against A. baumannii and E. coli (MIC = 

0.025 mg/mL; MBC = 0.05 – 0.1 mg/mL). Notably, both compounds demonstrated strong 

activity against P. aeruginosa, surpassing the inhibitory effect of ampicillin under the tested 

conditions. As for the extracts, the n-hexane extract displayed moderate activity (MIC = 0.25 

mg/mL) against A. baumannii, E. coli, and K. pneumoniae with MBC values of 1.0 mg/mL, 

1.0 mg/mL, and 0.5 mg/mL against the three bacterial strains, respectively. Remarkably, this 

study reports the first natural occurrence of nodosuxanthone (89), contributing to the 
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growing knowledge of Calophyllum-derived bioactive compounds and supporting the 

potential of Calophyllum species as a valuable source for novel antibacterial candidates. 

 

Keywords: Calophyllum nodosum, secondary metabolites, isolation, nodosuxanthone, 

antibacterial.  
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Metabolit sekunder daripada Calophyllum nodosum dan antibakteria 

 

ABSTRAK 

  

 

Penggunaan sumber semula jadi dalam penemuan sebatian yang berpotensi sebagai agen 

antibakteria adalah penting dalam menangani ancaman rintangan antibiotik yang semakin 

meningkat. Genus Calophyllum telah mendapat perhatian kerana kepelbagaian metabolit 

sekundernya, terutamanya xanton yang menunjukkan aktiviti farmakologi yang ketara. 

Kajian ini bertujuan untuk menyiasat profil fitokimia dan potensi antibakteria kulit batang 

Calophyllum nodosum, selaras dengan potensi terapeutik genus ini yang telah 

didokumentasikan dalam aktiviti antibakteria. Kulit batang kering yang telah dikisar 

diekstrak secara berperingkat menggunakan teknik maserasi dengan pelarut n-heksana, 

kloroform dan metanol, diikuti dengan penapisan untuk mendapatkan ekstrak masing-

masing. Sebatian-sebatian telah diasingkan dan ditulenkan menggunakan pelbagai teknik 

kromatografi serta dicirikan melalui spektroskopi resonans magnet nuclear (NMR) satu 

dimensi dan dua dimensi, spektroskopi inframerah transformasi Fourier (FT-IR), 

spektrometri jisim (MS), spektroskopi ultraungu-nampak (UV-Vis) dan analisis takat lebur. 

Sebanyak tujuh sebatian berjaya diasingkan, termasuk nodosuxanton (89), iaitu xanton 

baharu yang belum pernah dilaporkan sebelum ini, bersama trapezifolixanton (20), 

kaloxanton C (5), 1-hidroksi-7-metoksixanton (27), canumolakton (90), friedelin (71) dan 

stigmasterol (70). Aktiviti antibakteria ekstrak dan sebatian terasing telah dinilai terhadap 

bakteria Gram-positif dan Gram-negatif (Acinetobacter baumannii, Staphylococcus aureus, 

Klebsiella pneumoniae, Pseudomonas aeruginosa dan Escherichia coli) menggunakan 

kaedah peresapan telaga agar, diikuti dengan penentuan kepekatan perencatan minimum 

(MIC) dan kepekatan pembunuhan minimum (MBC). Kaloxanton C (5) dan canumolakton 

(90) menunjukkan aktiviti antibakteria yang paling poten apabila kedua-dua sebatian 

tersebut memperlihatkan aktiviti yang setanding dengan ampisilin terhadap A. baumannii 

dan E. coli (MIC = 0.025 mg/mL; MBC = 0.05 – 0.1 mg/mL). Selain itu, kedua-dua sebatian 

ini turut menunjukkan aktiviti yang kuat terhadap P. aeruginosa, melebihi kesan perencatan 

ampisilin di bawah keadaan ujian yang dijalankan. Bagi ekstrak pula, ekstrak n-heksana 

menunjukkan aktiviti sederhana (MIC = 0.25 mg/mL) terhadap A. baumannii, E. coli, dan 

K. pneumoniae dengan nilai MBC masing-masing sebanyak 1.0 mg/mL, 1.0 mg/mL, dan 0.5 
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mg/mL terhadap ketiga-tiga strain bakteria tersebut. Penemuan nodosuxanthone (89) 

sebagai sebatian semula jadi baharu menyumbang kepada pengembangan kepelbagaian 

kimia genus Calophyllum serta menyokong potensi spesies ini sebagai sumber sebatian 

antibakteria baharu. 

 

Kata Kunci: Calophyllum nodosum, metabolit sekunder, pengasingan, nodosuxanthon, 

antibakteria.  
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1 

CHAPTER 1: 

INTRODUCTION 

1.1 Background of Study 

Plants have long been the foundation of life on Earth, providing essential resources 

such as shelter, habitat, food, oxygen, and raw materials for various industries. Apart from 

their ecological and economic value, plants also play a pivotal role in human well-being. 

This can be seen especially since mankind relies on natural organisms like plants to treat 

diseases, injuries, and ailments, leading to the development of current pharmaceutical 

discoveries (Sezer et al., 2024). Plants are commonly used in traditional medicinal systems 

worldwide. As a country that is rich in plant biodiversity, Malaysia has more than 2000 plant 

species that are known to have medicinal properties (Bakar et al., 2018). For instance, 

Labisia pumila, also known as Kacip Fatimah, is commonly used in the puerperium (Wang 

et al., 2025). The volatile oils of Cinnamomum verum exhibit potent antimicrobial and anti-

inflammatory properties, which make it useful for treating infections, dyspepsia, and 

bronchitis (Al-Mijalli et al., 2023). Another example, Andrographis paniculata, has also 

been traditionally used for treating fever, infections, and sore throat (Rahmatullah et al., 

2024).  

The presence of such beneficial medicinal plants, along with the advancement of 

science and technology, has allowed their potential to be explored and widened, which 

further contributes to the development of the pharmaceutical industry. Some of the examples 

of natural products that are widely used in the pharmaceutical industry include paclitaxel 

from the Taxus brevifolia plant, which is useful as an anticancer drug (Zein et al., 2019). 

Other than that, there is also artemisinin from Artemisia annua for malaria treatment, and 

aspirin derived from willow bark, which revolutionised pain management in pharmaceutical 

science. (Newman & Cragg, 2020). Given that, one genus from the Calophyllaceae family, 

Calophyllum, is well-known for its phytochemical diversity. Some examples of classes for 

the bioactive compounds that were isolated previously from the Calophyllum genus include 
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xanthones, coumarins, chromanone acids, and triterpenoids. These isolated compounds were 

evaluated for their biological properties of antibacterial, anticancer, and anti-inflammatory 

activity (Lee et al., 2018). Among them, a coumarin derivative, calanolide A, was isolated 

for the first time as an undescribed compound from Calophyllum lanigerum in the early 90s, 

which has been reported as a novel anti-HIV inhibitor (Kashman et al., 1992), further 

highlighting the pharmaceutical promise of the genus. 

The rising challenge of antimicrobial resistance (AMR) makes such discoveries 

especially relevant, as AMR has rendered common infections harder to treat, largely due to 

the overuse and misuse of antibiotics, which have accelerated the emergence of multidrug-

resistant (MDR) pathogens like Escherichia coli, Staphylococcus aureus, Pseudomonas 

aeruginosa, and Klebsiella pneumoniae (Kilari et al., 2024). While synthetic drugs remain 

an option, the associated side effects following their consumption are undeniable (Nisar et 

al., 2018). For example, liver toxicity from paracetamol (Tanne, 2006), renal failure in 

children linked to ibuprofen (Moghal et al., 2004), which emphasises the need for safer 

alternatives. In this regard, the secondary metabolites from plants played a pivotal role in the 

discovery of new antibacterial agents. This is especially true for the Calophyllum genus, as 

previous research has highlighted its potential as a source for new antibacterial agents due 

to its rich content in xanthones (Heilman et al., 2023) and coumarins (Mah et al., 2019), 

making them an interesting candidate for further investigation.  

Despite the extensive phytochemical investigations on several Calophyllum species 

such as C. inophyllum and C. lanigerum, limited information is available regarding the 

chemical composition and antibacterial potential, an endemic species in Sarawak. Thus, the 

study aims to investigate the phytochemical constituents of Calophyllum nodosum and 

evaluate their antibacterial activity.  

1.2 Problem Statements 

Numerous studies have reported prenylated xanthones and coumarins from various 

Calophyllum species with demonstrated antibacterial activity. However, these investigations 

are largely focused on a limited number of extensively studied species, leaving other 

members of the genus comparatively underexplored. Calophyllum nodosum, although 

endemic to Sarawak, has not undergone comprehensive phytochemical characterisation nor 

systematic antibacterial evaluation against clinically relevant bacterial pathogens.  
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Although specific ethnomedicinal documentation for C. nodosum remains limited, 

related Calophyllum species have traditionally been used in Southeast Asia for treating skin 

infections, wounds, and inflammatory conditions. Such traditional applications suggest 

potential antimicrobial relevance and provide indirect ethnopharmacological justification for 

further scientific research of this endemic species. Furthermore, previous phytochemical 

studies on other Calophyllum genus members have consistently revealed the isolation of 

bioactive secondary metabolites, supporting the rationale of chemotaxonomic potential of 

the genus as a reservoir of antibacterial compounds. Given the urgent global need for a novel 

antibacterial agent and the established biosynthetic capacity of the Calophyllum genus, the 

absence of phytochemical and antibacterial data on C. nodosum represents a significant 

knowledge gap that warrants systematic investigation. 

1.3 Objectives of Study 

1. To extract and isolate secondary metabolites from C. nodosum stem bark using 

sequential maceration followed by column chromatography (CC), gel filtration 

chromatography, and radial chromatography (RC), with purification monitoring by 

thin-layer chromatography (TLC). 

2. To characterise the isolated compounds with spectroscopic techniques of NMR, MS, 

FTIR, UV-Vis, and melting point.  

3. To evaluate the antibacterial activity of the crude extracts and the compounds 

isolated against selected Gram-positive and Gram-negative bacterial strains by using 

the agar well diffusion method, followed by MIC and MBC determination. 

1.4 Scope of Study 

This study focused on the extraction, isolation, and characterization of secondary 

metabolites from the stem bark of Calophyllum nodosum, an endemic species found in 

Sarawak. Sequential maceration extraction was carried out by using solvents of n-hexane, 

chloroform, and methanol to obtain crude extracts of increasing polarity. The isolation and 

purification of compounds were performed using chromatographic techniques, including 

silica gel column chromatography, gel filtration chromatography (LH-20), and radial 

chromatography, with monitoring by TLC. Structural elucidation of the isolated compounds 



 

4 

was conducted using spectroscopic analysis, namely 1D and 2D NMR, MS, FT-IR, UV-Vis, 

and melting point determination.  

The antibacterial activities of crude extracts and the isolated compounds were 

evaluated in vitro against selected Gram-positive and Gram-negative bacterial strains using 

the agar well diffusion method, followed by MIC and MBC assays. This study was limited 

to laboratory-scale extraction and in vitro antibacterial assessment. Mechanistic studies, 

cytotoxicity evaluation, in vivo experiments, and other pharmacological investigations were 

beyond the scope of this research and were recommended for future research. 

1.5 Significance of Study 

This study is significant as it provides the first comprehensive phytochemical 

investigation of Calophyllum nodosum, an underexplored endemic species in Sarawak. 

Through systematic extraction and chromatographic isolation, the study expands the 

chemical knowledge of the species by identifying and characterising the isolated secondary 

metabolites, including a newly reported xanthone. This contributes to the chemotaxonomic 

understanding of the Calophyllum genus and highlights the biosynthetic potential of this 

species. 

Furthermore, the evaluation of antibacterial activity of both crude extracts and isolated 

compounds against Gram-positive and Gram-negative bacterial strains provides scientific 

evidence regarding its antibacterial potential. The identification of compounds exhibiting 

activity comparable to the standard antibiotics strengthens the prospect of C. nodosum as a 

potential source of lead molecules for antibacterial drug development. 

Overall, this research bridges the existing knowledge gap on C. nodosum, supports 

future natural product-based drug discovery efforts, and reinforces the pharmaceutical 

relevance of Malaysia’s plant biodiversity. 
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1.6 Organisation of Study 

This thesis is divided into five chapters. 

 

Chapter 1 provides the introduction, including the research background, problem statement, 

objectives, scope, and significance of the study. 

Chapter 2 reviews the relevant literature on the genus Calophyllum, its phytochemical 

contents, and its antibacterial activity of extracts and secondary metabolites. 

Chapter 3 describes the materials and methods used for extraction, isolation, 

characterization, and antibacterial testing. 

Chapter 4 presents and discusses the results from phytochemical analysis and antibacterial 

evaluation. 

Chapter 5 concludes the study with a summary of findings and recommendations for future 

research. 
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CHAPTER 2: 

LITERATURE REVIEW 

2.1 Introduction 

There are two types of metabolites from natural products, namely primary and 

secondary metabolites, which are useful in living organisms. Primary metabolites are 

essential organic compounds directly involved in living organisms' growth, development, 

and reproduction, which include amino acids, lipids, and nucleic acids (Alamgir, 2018). On 

the other hand, the secondary metabolites are not essential for the basic life processes of 

living organisms, but they are very crucial in the ecological function, especially in plant 

defence mechanisms against pathogens and environmental stresses (Anjali et al., 2023; 

Elateeq et al., 2023). Due to that, the secondary metabolites are often species-specific, as 

each species faces a different environment (Li et al., 2020). These include a diverse array of 

compounds like alkaloids, phenolics, and terpenoids, whereby they differ in structure and 

have a variety of biological properties (Abegaz & Kinfe, 2019). These properties make them 

useful for the advancement in modern medicine, as those biologically active compounds can 

offer potential in drug discovery.  

2.2 Calophyllum genus 

The Malpighiales order consists of many families, which include Hypericaceae, 

Clusiaceae, Bonnetiaceae, Podostemaceae, and Calophyllaceae (Trad et al., 2021). Among 

them, the Calophyllaceae family is noticeable as it consists of 460 species distributed across 

14 different genera (Cabral et al., 2021). Members of this family are predominantly 

cultivated across tropical regions, particularly in countries like Asia, Africa, and South 

America (Zailan et al., 2022).  

Previously, the Calophyllum genus was classified under the Clusiaceae family, which 

was formerly known as the Guttiferae family. Until recently, in 2016, the genus was 

reassigned to the reinstated family of Calophyllaceae (Zailan et al., 2022) because of 
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molecular phylogenetic and morphological evidence proving that the present Calophyllum 

is evolutionarily different from Clusiaceae (Chase et al., 2016). This genus consists of around 

190 species distributed all around the world, particularly within the tropical and warm 

regions (Raj et al., 2022). It is an evergreen broad-leaved tree that is endemic to the coastal 

regions of Southeast Asia, such as Singapore, India, Sri Lanka, including Malaysia (Gupta 

& Gupta, 2020). 

Morphologically, the plants from the Calophyllum genus are a low-branching and 

slow-growing tree, which can grow from shrubs to large trees, approximately 30 meters in 

height (Hogarth, 2004). The Calophyllum genus can easily be identified through its physical 

characteristics, such as its oppositely arranged leaves with different parallel veins 

interspersed with latex canals (Chinthu et al., 2023). The flowers are normally actinomorphic 

(radially symmetrical), bisexual, or unisexual, and commonly found in white or cream 

colours. The inflorescences may occur as racemes, cymes or solitary flowers. The stamens 

are abundant, with the anthers often containing oil glands at their tips, and the ovary is 

superior, typically consisting of 2–5 carpels (Li et al., 2007). The fruits are generally drupes 

or capsules, which often contain lipophilic compounds such as essential oils and resins, 

sometimes with promising medicinal and industrial applications (Cabral et al., 2021; Pessoa 

et al., 2021). Not only that, but its fissured bark, which features different hues from greyish-

brown to yellowish brown, its axillary or terminal inflorescences and the number of stamens 

can also become the taxonomic traits that give important clues to make them easily 

identifiable (Rojas-Sandoval, 2023).  

2.3 Calophyllum nodosum Species 

Calophyllum nodosum Vesque is an evergreen tree or shrub indigenous to regions of 

Peninsular Malaysia, across Borneo, including Sabah, Sarawak, Brunei, and Kalimantan. 

This species thrives in kerangas forests characterised by acidic, often sandy soils, and can 

be found at elevations reaching up to 1,900 meters (Damit et al., 2024). Figure 2-1 shows 

the herbarium voucher collected by Mr. Tinjan Anak Kuda and deposited in the Faculty of 

Applied Sciences, UiTM Samarahan (Voucher No. UiTM 3050). 
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Figure 2-1:  

The Herbarium Voucher Specimen of C. nodosum 

 

C. nodosum typically attains heights up to 40 meters tall, with trunk diameters 

reaching up to 47 centimetres (Damit et al., 2024). The tree produces a colourless, white, or 

yellow latex. Its leaves are arranged oppositely, featuring petioles with leathery blades borne, 

and distinctive narrow parallel veins that alternate with its resin canals. The inflorescence is 

a cyme or thyrse emerging from leaf axils or terminal branches, comprising flowers with 

sepals and petals arranged in whorls, and numerous stamens (Malaysia Biodiversity 

Information System, n.d.). While the ethnobotanical applications of C. nodosum have not 

been documented in the available literature, the species has nevertheless been recognized for 

its practical utility, particularly as a source of durable timber (Damit et al., 2024). Table 2-1 

shows the taxonomic classification of Calophyllum nodosum. 

Table 2-1:  

The taxonomic framework of the Calophyllum nodosum (World Flora Online, 2025) 

Kingdom: Plantae 

Division: Tracheophyta 

Class: Magnoliopsida 

Order: Malpighiales 

Family: Calophyllaceae 

Genus: Calophyllum 

Species: nodosum Vesque 

Source: World Flora Online (2025) 
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2.4 Phytochemical Studies of Calophyllum Species 

Phytochemicals, largely represented by secondary metabolites, are compounds that 

help plants adapt to environmental stress and defend against biotic or abiotic threats, while 

also playing regulatory roles in growth and reproduction (Molyneux et al., 2007). Over the 

years, many phytochemical investigations on the Calophyllum genus have been carried out, 

verifying the presence of several biologically active chemicals. Among them are chemical 

classes of triterpenes, chromanones, coumarins, and xanthones (Gupta & Gupta, 2020). The 

most frequently obtained class of phytochemicals in this genus is xanthones (Aparamarta et 

al., 2018). It has been well established that this class of compounds shows notable 

pharmacological effects, including antimicrobial activity (Elsaman et al., 2020). Coumarins 

are also another class of chemicals that are equally acknowledged for their antibacterial 

properties (Ee et al., 2011). Both chromanones and triterpenes also contributed to the 

therapeutic action of the Calophyllum genus (Lemos et al., 2012; Li et al., 2010). 

2.4.1 Xanthones 

Xanthones are oxygenated heterocyclic aromatic compounds known as 9H-xanthen-

9-one. The defining structural characteristics of xanthones are a bicyclic structure from a 

benzene base, where a gamma-pyrone, oxygen-containing ring connects the two benzene 

rings (Salman et al., 2019). The described structure resulted in the molecular makeup of 

xanthone, which is represented by the general formula, C13H8O2, as shown in Figure 2-2 

(Pinto et al., 2021). "Xanthone" was derived from the Greek word "Xanthos" for its yellow 

hue characteristic. (Klein-Júnior et al., 2020). The first described xanthone, gentisin, was 

from the Gentiana lutea plant back in 1821 (Badiali et al., 2023).  

Figure 2-2: 

 General xanthone skeleton 

 

 

Earlier research has shown that the genus Calophyllum is a great source of xanthone 

chemicals, as several xanthone derivatives were successfully extracted from various sections 

of the plant species (Lizazman et al., 2022). From the phytochemical investigation of C. 

tetrapterum, xanthone derivatives like calotetrapterin A (1), calotetrapterin B (2), and 
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calotetrapterin C (3) were obtained (Tanjung et al., 2021). Another xanthone derivative, 

namely macluraxanthone (4), was also isolated from both C. inophyllum (Bolagun et al., 

2019) and C. andersonii (Sichaem et al., 2018). While caloxanthone C (5) was obtained from 

the root of C. inophyllum and stem barks of C. andersonii, globuxanthone (6) and 

symphoxanthone (7) also came from C. elatum (Tee et al., 2018). Figure 2-3 shows the 

structure of xanthone derivatives isolated from the Calophyllum genus. 

Figure 2-3:  

Xanthones isolated from Calophyllum genus 

 

 

 

 

 

 

 

 

 

Prenylated xanthones form a unique subcategory of the wide class of xanthones due 

to their being isolated from the species of Calophyllum (Genovese et al., 2016), making them 

serve as useful chemotaxonomic markers in the Calophyllum genus (Ribeiro et al., 2019). 

Prominent prenylated xanthones from Calophyllum include α-mangostin (8), of which two 

prenyl units are incorporated into its molecular structure, and were derived from the bark of 

C. pseudomolle and stems of C. tetrapterum (Tanjung et al., 2021, 2022). Meanwhile, a 

derivative known as β-mangostin (9) was found to be derived from the stem bark of C. 

teysmannii (Lee et al., 2018). Additionally, 8-deoxygartanin (10) and isogarciniaxanthone E 

(11) have been noted as unique substances extracted from stems of C. macrocarpum bark 

and the roots of C. elatum, respectively (Karunakaran et al., 2022). Figure 2-4 shows the 

prenylated xanthones that were isolated from the Calophyllum genus. 
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Figure 2-4: 

Prenylated xanthones isolated from the Calophyllum genus 
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Pyranoxanthone is another xanthone derivative found within the Calophyllum genus, 

where two pyranoxanthones, namely calotetrapterin D (12) and calotetrapterin E (13), were 

obtained from the stem bark of C. pseudomolle (Tanjung et al., 2021). Besides that, two 

angular pyranoxanthones, named as ananixanthone (14), were derived from the stem bark of 

C. hosei, C. depressinervosum, as well as C. buxifolium (Zamakshshari et al., 2019), while 

rheediaxanthone A (15) was isolated from the roots of C. elatum (Ito et al., 2018). Apart from 

that, ananixanthone (14) was also found in other Calophyllum species such as C. 

macrocarpum (Karunakaran et al., 2022) and C. teysmannii (Lee et al., 2018). Linear 

pyranoxanthones such as osajaxanthone (16) and 7,9,12-trihydroxy-2,2-dimethyl-2H, 6H-

pyrano [3,2-b]xanthen-6-one (17) were reported from the isolation study on C. hosei and the 

roots of C. elatum (Daud et al., 2021; Ito et al., 2018). Figure 2-5 shows the pyranoxanthones 

isolated from the Calophyllum genus. 
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Figure 2-5: 

The structure of pyranoxanthone isolated from the Calophyllum genus 
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Furthermore, bigger structures of pyranoxanthones like pyranojacareubin (18) and 

caloxanthone I (19) was also identified from C. tetrapterum, C. andersonii, C. 

depressinervosum, and C. buxifolium stem bark (Tanjung et al., 2021; Tee et al., 2018; 

Zamakshshari et al., 2019). Not only that, but another xanthone derivative, 

prenylpyranoxanthone, has been reported to be found in the Calophyllum species. This 

includes trapezifolixanthone (20), one of the most identified compounds in the Calophyllum 

genus, along with its derivative, trapezifolixanthone A (21), 9-hydroxycalabaxanthone (22), 

dombakinaxanthone (23), caloxanthone A (24), caloxanthone J (25), and xanthochymon B 

(26) (Taher et al., 2021). Figure 2-6 shows the bigger pyranoxanthone structure isolated from 

the Calophyllum genus. 
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Figure 2-6: 

Bigger pyranoxanthone derivatives isolated from Calophyllum genus 

   

 

 

 

 

 

 

  

Another xanthone derivative, which is similar to hydroxyxanthone, has also been 

discovered in the Calophyllum genus. This includes compounds like 1-hydroxy-7-methoxy-

9H-xanthen-9-one (27), 1,3,5,6-tetrahydroxyxanthone (28), and euxanthone (29), which 

were isolated from the stem bark of both Calophyllum ferrugineum and Calophyllum 
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castaneum (Lim et al., 2019; Noh & Jong, 2020). In addition, the extraction from C. 

inophyllum also yielded 1,5-dihydroxyxanthone (30), 1,6-dihydroxy-7-methoxyxanthone 

(31), 4-hydroxyxanthone (32), 2-hydroxyxanthone (33), 3-hydroxy-4-methoxyxanthone 

(34), and 3-hydroxy-2-methoxyxanthone (35) (Sichaem et al., 2018). Figure 2-7 shows the 

simple xanthone derivatives isolated from the Calophyllum genus. 

Figure 2-7: 

Simple xanthone derivatives isolated from the Calophyllum genus 
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A recent research work of Taher et al. (2021) discovered a new derivative of xanthone 

known as dimeric xanthone, named biscalaxanthone (36) from C. canum stem bark. 

Additionally, furanoxanthones like caloxanthone B (37) were found in a few Calophyllum 

species, including C. hosei, C. depressinervisum, and C. inophyllum (Daud et al., 2021; 

Sichaem et al., 2018; Zamakshshari et al., 2019). In line with this finding, another 

furanoxanthone, dulciol E (38), was obtained from the roots of C. elatum by Ito et al. (2018). 

Figure 2-8 shows the structure of dimeric xanthone and furanoxanthones isolated from the 

Calophyllum genus. 
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Figure 2-8: 

The dimeric and fluranoxanthone derivatives isolated from the Calophyllum genus 
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The Calophyllum genus is particularly rich in structurally diverse xanthones, 

especially prenylated and pyranoxanthone derivatives that are likely to enhance lipophilicity 

and membrane interaction. While many xanthone derivatives’ structure have been reported, 

consistent quantitative antibacterial comparisons remain limited. Systematic evaluation of 

isolated xanthones alongside their extracts, as well as other classes of compounds and 

controls in this study can help establish a stronger understanding between phytochemical 

diversity and validated antibacterial activity. 
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2.4.2 Coumarins 

Coumarins are another naturally occurring secondary metabolite that are frequently 

isolated from the Calophyllum genus. This compound is known as a benzopyran due to its 

benzene ring structure fused with an α-pyrone ring, giving it the IUPAC name of 2H-1-

benzopyran-2-one, as shown in Figure 2-9 (Joshi, 2021). This compound class is frequently 

found in the Calophyllum genus and other plant families like the Rutaceae and Umbelliferae 

(S. Mishra et al., 2020). The term “coumarin” originates from the term “coumarou”, which 

refers to a Tonka bean (Dipteryx odorata) from the Fabaceae family, in which the name was 

given due to it being first isolated from this species (Pavela et al., 2021). 

Figure 2-9:  

General coumarin skeleton 

 

The phytochemical investigation performed on the Calophyllum species has led to 

the discovery of various coumarin derivatives. One of the examples includes apetalolide (39) 

and methyl inophyllum P (40), from C. dioscurii (Tjahjandarie et al., 2021). Other than that, 

another coumarin derivative, isocalanone (41), was also isolated from C. ferrugineum by 

Noh & Jong (2020). Pyranocoumarin, such as calanolide E1 (42), calanolide E2 (43), and 

soulattrolide (44) were reported from the isolation of the stem bark of C. Brasiliense 

(Vanegas et al., 2019). The isolation of calophyllolide (45) was also documented as one of 

the major coumarin derivatives that can be obtained from the seed oils of C. inophyllum 

(Herawati & Rakhmawati, 2025). Additionally, the compounds inophyllum D (46) and 

calanone (47) were reported from different plant parts of C. symingtonianum (Aminudin et 

al., 2016a). Similarly, a notable furo-pyranocoumarin, inophyllum H (48), was also isolated 

from the same plants. Figure 2-10 shows some of the coumarin derivatives isolated from the 

Calophyllum genus. 
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Figure 2-10:  

Coumarin derivatives isolated from the Calophyllum genus 
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Not only that, but newly undescribed coumarins were also isolated for the first time 

from C. incrassatum. This includes incrassamarin A (49), incrassamarin B (50), 

incrassamarin C (51), and incrassamarin D (52) and (7S,8S)-7,8-dihydro-5-hydroxy-7,8-

dimethyl-4 propyl-2H,6H-benzo[1,2-b;5,4-b']dipyran-2,6-dione (53), which were isolated 

by Aminudin et al. (2016b). Hydrocoumarin is also available as one of the derivatives that 

can be found from the Calophyllum species, as compounds like isodispar B (54), 5,7-

dihydroxy-6-(3-methylbutyryl)-4-phenylcoumarin (55), and 5,7-dihydroxy-6-(2-

methylbutyryl)-4-phenylcoumarin (56) were presented from the phytochemical study of C. 

sclerophyllum (Thiagarajan et al., 2017). Figure 2-11 shows the coumarin derivatives, like 

hydrocoumarin, isolated from the Calophyllum genus. 

Figure 2-11:  

Coumarin derivatives isolated from the Calophyllum genus (continued) 

 

 

 

 

 

 

 

 

 

 

 

 

In addition to xanthones, coumarins type compounds, especially pyranocoumarins 

and furo-pyranocoumarins are the recurrent constituents of Calophyllum and contribute to 

its benzopyran-based chemical diversity. Although individual compounds have been 

reported, comparative and standardized antibacterial evaluations across metabolite classes 

remain limited. This makes the profiling of coumarins in relation to antibacterial potential 

in this study able to provide better insight into their functional role within the genus. 
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2.4.3 Chromanones 

Chromanones or chroman-4-ones are heterobicyclic compounds that have the 

C9H8O2 as their molecular formula (Kamboj & Singh, 2021). It is a benzene ring with a 2,3-

dihydro-γ-pyranone moiety and is therefore structurally highly akin to the chromones (Diana 

et al., 2021). The two series vary in their lack of a C2-C3 double bond for the chromanones 

(Emami & Ghanbarimasir, 2015). Notably, the chromanone structure is comparable to both 

flavonoids and coumarins, which could be the reason that makes them able to exhibit strong 

biological properties, just like coumarins (Ma et al., 2024).  

Previous studies on phytochemical investigations of the Calophyllum genus reported 

several chromanone derivatives. This includes the isoblancoic acid (57) and blancoic acid 

(58), which were obtained by Lim et al. (2019) from the phytochemical study of the stem 

bark of C. castaneum. Furthermore, a study on C. incrassatum also gave calofolic acid B 

(59) and apetalic acid (60) (Hasanah et al., 2019). As in 2018, Ponguschariyagul et al. 

reported the presence of caloinophyllin A (61) from C. inophyllum, followed by another 

compound, caloinophyllin B (62) from its bark, as reported by Sichaem et al. (2018). Figure 

2-12 shows some of the chromanone compounds isolated from the Calophyllum genus. 

Figure 2-12:  

Chromanone compounds isolated from the Calophyllum genus 

Further investigation on another Calophyllum species, C. scriblitifolium, also led to 

the isolation of six structurally distinct compounds: calofolic acid A (63), calofolic acid B 

(64), calofolic acid D (65), and calofolic acid F (66) (Nugroho et al., 2017). Another notable 

chromanone acid, isocordato-oblongic acid (67) was also isolated from C. symingtonianum 

(Aminudin et al., 2016a). Figure 2-13 shows the chromanone compounds isolated from the 

Calophyllum genus. 
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Figure 2-13:  

The chromanone derivatives isolated from the Calophyllum genus 

 

 

 

 

 

 

 

 

 

Chromanones is another class that represents the conserved metabolite class within 

Calophyllum, sharing structural similarities with flavonoids and coumarins suggests 

potential biological relevance (Ma et al., 2024). However, their antibacterial activity is not 

extensively evaluated, with most of the studies focusing primarily on their structural 

elucidation, which is as mentioned above. Therefore, incorporating chromanone-containing 

fractions into standardized antibacterial assay in this study helps in contributing to their 

antibacterial profile within the genus. 

2.4.4 Triterpenoids 

Triterpenoids are the oxygenated derivatives of the class of triterpenes. They are 

biosynthetically formed by cyclisation of six C5 isoprene molecules, resulting in a C30 

molecule of a squalene precursor (Awuchi, 2019; Proshkina et al., 2020). Further cyclisation 

of squalene results in several triterpenoid skeletons such as steroids, sterols, and saponins 

(Abe, 2007; Abe et al., 1993). Over 100 triterpenoid skeletons have been reported, of which 

the most widespread are in tetracyclic as well as pentacyclic form (Ren & Kinghorn, 2019). 

Triterpenoids are found in various biological kingdoms, ranging from bacteria, animals, to 

plants (Roy & Saraf, 2006). Triterpenoids were reported in several studies to exhibit a wide 

spectrum of pharmacological activities, ranging from anticancer (Rascón-Valenzuela et al., 

2016), hepatoprotective activities (Xu et al., 2018) to anti-inflammatory (Abdullah et al., 

2022). 
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Several triterpenoids and sterols have been identified in the Calophyllum genus. 

Taher et al. (2021) have reported taraxerone (68) and taraxerol (69) from the stem bark of C. 

canum. Stigmasterol (70) and friedelin (71) were also obtained from the C. macrocarpum 

(Karunakaran et al., 2022). Apart from that, lupeol (72) and friedelin (71) were isolated from 

C. ferrugineum bark during its phytochemical study done by Noh & Jong (2020). Friedelin 

(71), as one of the most common triterpenoids, can be isolated from various other 

Calophyllum species like C. castaneum and C. incrassatum, reflecting its distribution across 

the Calophyllum genus (Aminudin et al., 2016b; Lim et al., 2019). The continued 

phytochemical investigation on the leaves of C. inophyllum also presented canophyllol (73). 

(Thanh et al., 2019). Another similar triterpenoid of Friedelinol (74) was also reported to be 

isolated from C. castaneum (Lim et al., 2019). Figure 2-14 shows the triterpenoid 

compounds isolated from the Calophyllum genus. 

Figure 2-14:  

The triterpenoid class of compounds isolated from the Calophyllum genus 
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Triterpenoids are widely distributed in Calophyllum, representing a common core 

component of the genus’ phytochemical profile. Although their reported antibacterial activity 

is generally moderate compared to xanthones (Hamza et al., 2016), their lipophilic nature 

may contribute to the membrane interaction and support antibacterial effects. For example, 

triterpenoids such as friedelin (70), and stigmasterol (71) have demonstrated measurable 

antibacterial activity against Gram-negative bacteria strains like Enterobacter cloacae 

(Heilman et al., 2024). Evaluating the triterpenoid-rich fractions which usually are from the 

hexane extract and isolated compounds in parallel with other classes of metabolites would 

help in clarifying if triterpenoid functioning as a primary antibacterial agent or as 

complementary contributors to overall bioactivity. 

Collectively, the major classes of compound from the Calophyllum genus along with 

their potential in antibacterial studies have highlighted the importance of exploring the 

phytochemical and biological data for C. nodosum. It is believed that systematic isolation 

and antibacterial evaluation for this endemic species can fill the important gap within the 

genus, providing essential species-level validation within the broader chemotaxonomic 

framework of the genus Calophyllum. 

2.5 Antibacterial Activity of Calophyllum spp. 

2.5.1 Antibacterial activity of Calophyllum plant extracts 

Bacterial resistance to antibiotics can arise through horizontal gene transfer or 

mutations in the genes (Christaki et al., 2020). Additionally, resistance mechanisms may 

involve the production of enzymes that degrade antimicrobial agents or alterations in the 

bacterial cell envelope composition (Aljeldah, 2022). Due to the growing concern over 

bacterial resistance, there has been increasing interest in identifying novel antibacterial 

agents from natural sources, especially from medicinal plants (Khan et al., 2013), which 

includes the Calophyllum genus due to its antibacterial properties. 

Alkhamaiseh et al. (2011) investigated C. rubiginosum bark extracts and discovered 

that both the hexane along dichloromethane extracts exhibited good antibacterial activity 

towards Bacillus cereus (MIC = 0.0125 mg/mL) and Staphylococcus aureus (MIC = 0.1 

mg/mL), two prominent Gram-positive bacterial strains. Similar findings were also reported 

in the investigation on C. canum, whereby its stem bark extracts displayed strong inhibitory 
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activity against the same bacterial strains (Alkhamaiseh et al., 2012). The most potent 

inhibition was observed in the hexane extract, as its minimum inhibitory concentration 

(MIC) gives a value of 12.5 μg/mL against B. cereus, while the dichloromethane extract 

exhibited moderate activity against S. aureus at 50 μg/mL.  

The antibacterial activity of C. inophyllum was also investigated, as its chloroform 

extract displayed moderate inhibition towards bacterial strains of P. aeruginosa, Proteus 

vulgaris, and B. subtilis (Mishra et al., 2010). Furthermore, the leaf extract of C. inophyllum 

also shows moderate activity against Clostridium perfringens and Listeria monocytogenes, 

with an MIC value of 128 μg/mL (Kudera et al., 2017). Other than that, the oil derived from 

C. inophyllum has been utilised for wound healing and treatment of skin diseases due to its 

antibacterial properties (Dweck & Meadows, 2002). Furthermore, a study reported that C. 

inophyllum extracts exhibit significant activity against Mycobacterium smegmatis, whereas 

the nonpolar hexane extract effectively inhibits the pathogen by disrupting the mycobacterial 

membrane (Ha et al., 2009). 

The hexane and dichloromethane extract from C. andersonii and C. gracilentum have 

also been evaluated for their antibacterial properties using the MIC and MBC assays. The 

results revealed that extracts from both plants exhibited strong antibacterial activity, with 

MIC values ranging from 0.25 to 1.00 mg/mL against different types of bacterial strains such 

as B. subtilis, B. cereus, and E. coli (Yeap et al., 2017). Among the extracts tested, the 

methanol extracts specifically demonstrated particularly potent activity, recording an MIC 

and MBC value of 0.25 mg/mL and 0.50 mg/mL against Escherichia coli, further 

highlighting the importance of exploring the plants from the Calophyllum genus and also 

their potency against Gram-negative bacteria (Yeap et al., 2017). 

Similarly, the antibacterial properties of C. ferrugineum stem bark extracts have also 

been investigated, as the dichloromethane extract exhibited potent activity against B. cereus 

and S. aureus, with an MIC value of 125 µg/mL (Aminudin et al., 2019). Meanwhile, its 

chloroform extract demonstrated effective antibacterial activity towards P. aeruginosa and 

E. coli, with an MIC value of 112.5 µg/mL (Noh & Jong, 2020).  In another study, C. 

symingtonianum was found to possess remarkable antimicrobial potential as its n-hexane 

and methanol extracts exhibited high activity against Gloeophyllum trabeum, with MIC 

values of 50 µg/mL, while their respective MIC values against Phellinus sanguineus were 

10 µg/mL and 50 µg/mL (Kawamura et al., 2012).  
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Overall, previous studies indicate that non-polar extracts like hexane and 

dichloromethane of various Calophyllum species frequently demonstrate stronger 

antibacterial activity, particularly against Gram-positive bacteria. Moderate activity against 

Gram-negative pathogens was also reported, although comparative evaluations remain 

inconsistent across species and methodologies. Notably, no systematic antibacterial 

evaluation has been reported for C. nodosum, highlighting the need for species-specific 

investigations. Table 2-2 summarises the reported antibacterial activity of Calophyllum 

extracts. 

Table 2-2:  

The reported antibacterial activity of Calophyllum extracts. 

Species 
Plant 

part 
Extract Bacteria MIC value Findings References 

C. 

rubiginosum 
Bark 

Hexane B. cereus 

0.0125 

mg/mL  

(12.5 

µg/mL) 

Strong 

activity 

(Gram-

positive) 
Alkhamaiseh et al., 

2011 

DCM S. aureus 0.1 mg/mL 
Good 

activity 

C. canum 
Stem 

bark 

Hexane B. cereus 12.5 µg/mL 
Strong 

inhibition Alkhamaiseh et al., 

2012 
DCM S. aureus 50 µg/mL 

Moderate 

activity 

C. 

ferrugineum 
Bark 

DCM 

B. subtilis 

 
S. aureus 

125 µg/mL 
Moderate 

activity 

Aminudin et al., 

2019 

Chlorofor

m 

P. 

aeruginosa 

 
E. coli 

112.5 µg/mL 

Moderate 

Gram-

negative 

activity 

Noh & Jong, 2020 

C. 

inophyllum 

Bark 
Chlorofor

m 

P. 

aeruginosa 

 

P. vulgaris 

 
B. subtilis 

Not 

specified 

Moderate 

inhibition 
Mishra et al., 2010 

Leaves 
Various 

extracts 

C. 

perfringens 

 
L. 

monocytog

enes 

128 µg/mL 
Moderate 

activity 
Kudera et al., 2017 

Oil - 
Skin 

pathogens 
- 

Used 

traditionally 

for wound 

healing 

Dweck & 

Meadows, 2002 

- Hexane 
M. 

smegmatis 
- - Ha et al., 2009 

C. 

andersonii 
- 

Hexane / 

DCM 

B. subtilis 

 

B. cereus 

 
E. coli 

0.25–1.00 

mg/mL 

Strong to 

moderate 
Yeap et al., 2017 
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C. 

gracilentum 

- Methanol E. coli 0.25 mg/mL 

(MIC); 0.50 

mg/mL 

(MBC) 

Potent 

Gram-

negative 

activity 

Yeap et al., 2017 

C. 

symingtonia

num 

- Hexane / 

Methanol G. trabeum 

50 µg/mL Strong 

antifungal 

activity Kawamura et al., 

2012 
P. 

sanguineus 

10–50 

µg/mL 

High 

antifungal 

activity 
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2.5.2 Antibacterial activity of the isolated compounds from Calophyllum spp. 

The antibacterial activity observed in Calophyllum extracts has been attributed to the 

presence of bioactive secondary metabolites, particularly xanthones, coumarins, 

chromanones, and triterpenoids (Vittaya et al., 2023).  

A study done by Pretto et al. (2004) presented that 1,5-dihydroxyxanthone (30) was 

isolated and assessed for antibacterial activity using MIC determination. The compound was 

tested against multiple pathogenic bacterial strains, including Bacillus cereus, Enterobacter 

cloacae, Escherichia coli, Pseudomonas aeruginosa, Proteus mirabilis, Salmonella 

typhimurium, Staphylococcus aureus, Staphylococcus saprophyticus, and Streptococcus 

agalactiae. The results revealed that 1,5-dihydroxyxanthone (30) exhibited moderate 

activity against Gram-positive bacteria, while no inhibitory effects were observed against 

Gram-negative bacteria. This disparity in activity is likely due to the presence of the outer 

phospholipidic membrane of Gram-negative bacteria, which acts as a barrier, preventing the 

penetration of many antibiotic molecules (Miller, 2016). Furthermore, the periplasmic space 

of Gram-negative bacteria contains enzymes capable of degrading foreign antimicrobial 

compounds, thereby limiting their effectiveness (Beacham, 1979; Miller & Salama, 2018). 

Compounds isolated from C. symingtonianum have been assessed for their 

antibacterial properties. Notably, rubraxanthone (75) displayed potent antimicrobial activity 

against G. trabeum, with a MIC value of 0.080 µg/mL. This potency is attributed to its 

hydrophobic xanthone core linked to a lipophilic side chain, along with the presence of 

double bonds on the geranyl moiety and hydroxyl groups at the C-3 and C-6 positions, which 

are thought to enhance its disruption against microorganisms (Ruan et al., 2017). In addition, 

6-deoxyjacareubin (76) was highly effective against P. sanguineus, showing an MIC of 0.16 

µg/mL. Its antimicrobial effect is believed to arise from the structural features of the 

xanthone scaffold, particularly its phenolic hydroxyl groups and conjugated aromatic system 

(Muhammad et al., 2019; Zou et al., 2013), which can disrupt microbial cell walls and 

interfere with membrane integrity, ultimately impairing bacterial survival (Ambarwati et al., 

2020).  

Moreover, isocordato-oblongic acid (67) exhibited strong activity against Bacillus 

subtilis, with a MIC of 62.5 µg/mL, while demonstrating moderate inhibition of S. aureus, 

with an MIC of 125 µg/mL (Kawamura et al., 2012). Subsequent research by Yasunaka et 

al. (2005) explored the antibacterial activity of extracts from Calophyllum brasiliense. Their 

phytochemical study revealed that two compounds, macluraxanthone (4) and 
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symphoxanthone (7), were mainly the reasons for the activity demonstrated by the plant 

extracts. These compounds exhibited significant inhibition towards S. aureus and moderate 

activity towards E. coli. In contrast, another compound isolated, globuxanthone (6), showed 

no antibacterial activity against either strain.  

Furthermore, four xanthones namely macluraxanthone (4), 1,5-dihydroxy-8-

methoxyxanthone (77), 1,7-dihydroxyxanthone (78), and trapezifolixanthone (20) have been 

investigated for their antimicrobial properties. According to research conducted by 

Tantapakul et al. (2016), trapezifolixanthone (20) exhibited notable inhibitory effects against 

several bacterial strains, demonstrating promising antibacterial potential. In contrast, 

macluraxanthone (4) displayed only weak antibacterial activity across all tested strains. 

Other than xanthone, coumarins isolated from different species within this genus also 

showed potential in antibacterial activity. One of the most prominent coumarin compounds 

that is well known for its antibacterial activity is calophyllolide (45), isolated from C. 

inophyllum, which was reported to have good inhibition, especially towards Gram-positive 

bacteria like S. aureus. According to Yimdjo et al. (2004), calophyllolide (45), inophyllum 

C (79) and E (80) were reported to demonstrate significant bacteriostatic activity against 

Gram-positive bacteria, specifically S. aureus at 16.0 mm, 10.0 mm, and 13.0 mm, 

respectively. These compounds were also isolated by Léguillier et al. (2015) from the nuts 

of C. inophyllum, which complement their activity against Gram-positive bacteria in the 

study. Léguillier et al. (2015) explained that it could be due to Gram-positive bacteria lacking 

the protective outer membrane found in Gram-negative bacteria (Miller, 2016). 

Inophyllum E (80) also reported to inhibit strongly against S. aureus, S. epidermidis, 

and P. aeruginosa at MIC values <50 μg/mL.  While E. coli, K. pneumoniae, and B. subtilis 

were also inhibited by the compound at a 50 μg/mL concentration (Kumar & Garg, 2020). 

In the same study, inophyllum C (79) also showed activity against the mentioned bacterial 

strains with less efficacy. Inophyllum H (48) also exhibited weak activity against B. subtilis 

at 250 μg/mL in a study done by Aminudin et al. (2016a). Moreover, calanolide E (42) 

isolated from C. wallichianum also exhibited activity against B. megaterium, B. cereus, B. 

pumilus, and B. subtilis with MIC values in the range of 0.25-0.50 mg/mL (Tee et al., 2018). 

The same goes for another class of compounds, chromanone acids, whereby some of 

the compounds isolated show good antibacterial activity. For example, isocordato-oblongic 

acid (81) showed moderate inhibition towards S. aureus and B. subtilis bacteria at 125 μg/mL 
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and 62.5 μg/mL, respectively Aminudin et al. (2016a). Similar to coumarins, isocordato-

oblongic acid (81) was more selective towards Gram-positive bacteria, as no inhibition was 

observed for Gram-negative bacteria. According to Biagi et al. (1970), this is because of the 

presence of the pentanoic acid functional group within the chromanone acid structure that 

increases its lipophilic character, enabling better penetration of the low lipid content of the 

cell wall in Gram-positive bacteria. Another six more chromanone acids that were isolated 

from the bark of C. brasiliense also showed moderate to strong antibacterial activity against 

B. cereus and S. epidermidis. This is especially true for brasiliensophyllic acid (82), 

isobrasiliensophyllic acid A (83), whereas both showed the most activity against the two 

bacterial strains at 1 μg/mL and 16 μg/mL, respectively (Cottiglia et al., 2004). Coumarin 

mammea A/B (84) also has strong antibacterial activity as Yasunaka et al. (2005) reported 

that the mammea A/B (84) gives MIC values at 1 ug/mL and 2 ug/mL, respectively, for 

different S.aureus bacteria strains. A study done by Quintans et al. (2014) also reported that 

canophyllic acid (85) exhibits bactericidal activity towards Proteus mirabilis.  

The terpenes and triterpenoids constituents also exhibit antibacterial activity as the 

triterpene, canophyllol (86), showed antimicrobial activity towards S. aureus, 

Corynebacterium diphtheriae, Klebsiella pneumoniae, and Proteus mirabilis with inhibition 

zones of 5.50, 4.53, 3.00, and 3.50 cm, respectively (Ragasa et al., 2015). The antibacterial 

activity of this compound is attributed to its triterpene nature, as members of this class 

commonly act by compromising bacterial cell membranes and interfering with vital 

metabolic pathways (Ragasa et al., 2015). Another pentacyclic triterpenoid, taraxasterol 

(87), also possessed strong activity towards S. aureus (Ragasa et al., 2015). Friedelin (71), a 

common triterpenoid that can often be isolated from the genus of Calophyllum, also shows 

antimicrobial properties in the same study, whereby the results were further supported by a 

previous report in 2024, as compound (71) showed bactericidal activity against Enterobacter 

cloacae at an MBC value of 50 μg/mL (Heilman et al., 2024). Both stigmasterol (70) and β-

sitosterol (88) are also some of the common triterpenoids that have been studied for their 

antimicrobial properties. All these studies support that many secondary metabolites isolated 

from the Calophyllum genus can potentially become antibacterial agents. 

In overall, isolated compounds from Calophyllum spp. demonstrated broad 

antibacterial potential, with xanthones and prenylated derivatives frequently exhibiting the 

strongest activity, particularly against Gram-positive bacteria. Coumarins and chromanone 

acids also contribute to the inhibition while triterpenoids generally display moderate but 
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measureable antimicrobial effects. These findings collectively highlight that multiple 

metabolite classes within the genus contribute to the antibacterial profile, thereby supporting 

the continued species-specific investigations, including the present study towards C. 

nodosum. Table 2-3 summarises the antibacterial activity of isolated compounds from 

Calophyllum spp. 

Table 2-3:  

The reported antibacterial activity of isolated compounds from Calophyllum spp. 

Compound Class Species Bacteria 

MIC / 

antibacteria

l activity 

Reference 

1,5-

Dihydroxyxanthone 

(30) 

Xanthone C.  brasiliense Gram-

positive 

bacteria 

Moderate 

activity 

Pretto et 

al., 2004 

Gram-

negative 

bacteria 

No activity 

Rubraxanthone (75) Prenylated 

xanthone 

C. 

symingtonianu

m 

Gloeophyllu

m trabeum 

0.080 µg/mL Ruan et al., 

2017 

6-Deoxyjacareubin 

(76) 

Xanthone C. 

symingtonianu

m 

Phellinus 

sanguineus 

0.16 µg/mL Muhamma

d et al., 

2019 

Macluraxanthone 

(4) 

Xanthone C. brasiliense S. aureus Significant Yasunaka 

et al., 2005; 

Tantapakul 

et al., 2016 

Symphoxanthone 

(7) 

Xanthone C. brasiliense S. aureus Significant  Yasunaka 

et al., 2005 E. coli moderate  

Trapezifolixanthone 

(20) 

Xanthone - Various 

bacteria 

Notable 

inhibitory 

activity 

Tantapakul 

et al., 2016 

Globuxanthone (6) Xanthone C. brasiliense S. aureus, E. 

coli 

No activity Yasunaka 

et al., 2005 

Calophyllolide (45) Coumarin C. inophyllum S. aureus Strong 

inhibition 

(16 mm) 

Yimdjo et 

al., 2004 

Inophyllum C (79) Coumarin C. inophyllum S. aureus 10 mm zone; 

MIC ~50 

µg/mL 

Yimdjo et 

al., 2004; 

Kumar & 

Garg, 2020 

Inophyllum E (80) Coumarin C. inophyllum S. aureus 

S. 

epidermidis 

P. aeruginosa 

MIC <50 

µg/mL 

Kumar & 

Garg, 2020 

Inophyllum H (48) Coumarin C. 

symingtonianu

m 

B. subtilis 250 µg/mL Aminudin 

et al., 

2016a 

Calanolide E (42) Pyranocoumari

n 

C. 

wallichianum 

Bacillus spp. 0.25–0.50 

mg/mL 

Tee et al., 

2018 

Isocordato-oblongic 

acid (81) 

Chromanone 

acid 

C. brasiliense S. aureus 

 

B. subtilis 

125 µg/mL; 

62.5 µg/mL 

Aminudin 

et al., 

2016a 

Brasiliensophyllic 

acid (82) 

Chromanone 

acid 

C. brasiliense B. cereus 1 µg/mL Cottiglia et 

al., 2004 
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Isobrasiliensophylli

c acid A (83) 

Chromanone 

acid 

C. brasiliense S. 

epidermidis 

16 µg/mL Cottiglia et 

al., 2004 

Mammea A/B (84) Coumarin - S. aureus 1–2 µg/mL Yasunaka 

et al., 2005 

Canophyllic acid 

(85) 

Chromanone 

acid 

- Proteus 

mirabilis 

Bactericidal 

activity 

Quintans et 

al., 2014 

Canophyllol (86) Triterpenoid - S. aureus 

 

C. 

diphtheriae 

 

K. 

pneumoniae 

 

P. mirabilis 

Inhibition 

zones 3–5.5 

cm 

Ragasa et 

al., 2015 

Taraxasterol (87) Triterpenoid - S. aureus Strong 

activity 

Ragasa et 

al., 2015 

Friedelin (71) Triterpenoid - Enterobacter 

cloacae 

MBC 50 

µg/mL 

Heilman et 

al., 2024 
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CHAPTER 3: 

RESEARCH METHODOLOGY 

3.1 Instrumentation 

Both 1D and 2D NMR spectra were acquired using a Bruker AV400III HD 400 MHz 

spectrometer. It operates at 400 MHz for ¹H NMR and 100 MHz for 13C NMR. The 2D NMR 

consisted of DEPT (45°, 90°, 135°), COSY, HMQC, and HMBC. The chemical shifts were 

recorded in ppm, while coupling constants (J) were in Hertz (Hz). A Shimadzu CBM-20A 

spectrometer was used to obtain the LC-MS chromatograms, while GC-MS spectra were 

obtained using a Shimadzu GC-MS-QP 5050A spectrometer. An Agilent Cary 60 

spectrophotometer was utilised to obtain the UV-Vis spectra. Using an Elmer Frontier model, 

the attenuated total reflection (ATR) method was used to obtain the infrared spectra of 

isolated compounds, which fell between 4000 and 400 cm-1. The melting point apparatus, 

Stuart SMP3, was used for the melting point determination of crystalline compounds. Crude 

extracts of the plant were dried using a rotary evaporator (Heidolph LABOROTA 4000 

efficient). Using the EYELA autoclave MAC-601, all equipment used in biological test 

procedures was autoclaved. A Class II Biological Safety Cabinet was used for bioassay 

operations.  

3.2 Materials and Chemicals 

All chemicals and reagents (n-hexane, dichloromethane, chloroform, ethyl acetate, 

acetone, and methanol) were of analytical grade and used for the extraction, isolation, and 

purification process. Gravity column chromatography was done using silica gel Merck 60 

(1.07734.1000), silica gel Merck 60 (1.09385.1000), and gel filtration chromatography was 

performed using Sephadex LH-20 (Sigma Aldrich). The thin-layer chromatography (TLC) 

was conducted on TLC silica gel Merck 60 F254 (1.05554.0001) aluminium sheets. The 

radial chromatography was using the silica gel Merck 60 PF254 (1.07749.1000) containing 

gypsum in 0.5, 1.0, and 2.0 mm thickness. The spots and bands on the TLC and radial 
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chromatography plate were visualised under UV light at two different wavelengths, 254 nm 

for shortwave and 366 nm for longwave. Deuterated chloroform (CDCl3) and acetone 

((CD3)2CO) with 99.6 atom % D were used for NMR. The reference standard, 

tetramethylsilane (TMS), was used for the newly isolated compound. Mueller-Hinton Agar 

(MHA) and Mueller-Hinton Broth (MHB) were used in this study for the well diffusion 

assay, MIC, and MBC determination. The positive standard used was ampicillin, while 

dimethyl sulfoxide (DMSO) was employed as the negative control in this study. 

3.3 Isolation and Purification of Secondary Metabolites 

3.3.1 Plant materials 

The stem bark of C. nodosum (Voucher Specimen, No. UiTM3050) was collected 

from Gunung Santubong, Kuching, Sarawak, and identified by a plant taxonomist. The stem 

bark was air-dried before being ground with a conventional mill and a waring laboratory 

blender. 

3.3.2 Preparation of crude extracts 

The dried and ground stem bark of C. nodosum (2.68 kg) was extracted with n-

hexane for 72 hours using the maceration technique for three times (Zamakshshari et al., 

2021). After that, all three extracts were combined and filtered with Whatman No.1 filter 

paper and concentrated using a rotary evaporator to obtain the crude extract. The crude was 

kept in a fume hood and consistently weighed until a constant weight was obtained. The 

extraction process was repeated using different solvents of increasing polarity, from n-

hexane, chloroform, to methanol, sequentially.  

3.3.3 Extraction, isolation and purification of compounds from C. nodosum 

The stembark of C. nodosum (2.68 kg) was successfully extracted using a sequential 

maceration technique, yielding 229.0 g of n-hexane extract, 61.6 g of chloroform extract, 

and 284 g of methanol extract. The isolation and purification of the n-hexane extract 

identified four xanthones, one lactone, and two triterpenes. Through extensive purification 

process of the n-hexane extract, the following compounds were successfully obtained: 
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nodosuxanthone (89) (18.3 mg), trapezifolixanthone (20) (27.5 mg), caloxanthone C (5) 

(43.6 mg), 1-hydroxy-7-methoxyxanthone (27) (22.7 mg), canumolactone (90) (110.8 mg), 

friedelin (71) (54.2 mg) and stigmasterol (70) (28.9 mg). Notably, nodosuxanthone (89) is a 

novel compound that has not been previously reported, marking a significant contribution to 

the chemical diversity of the Calophyllum genus.  

The n-hexane extract (229.0 g) was pre-adsorbed onto silica gel (1:1, w/w) using the 

dry loading technique prior to fractionation. The sample was subjected to gravity column 

chromatography over silica gel 60 (230–400 mesh) as the stationary phase, employing a 

sequential gradient system of hexane:chloroform, chloroform:ethyl acetate, and ethyl 

acetate:methanol as the mobile phases. This procedure afforded 19 fractions (CnH1–19). 

Fractions CnH1–11 were combined and rinsed with methanol to remove insoluble 

terpenoid crystals, in which compound 71 was obtained. The methanol-soluble portion 

(CnH1b) was repeatedly chromatographed on Sephadex LH-20 column chromatography 

using 100% methanol as the eluent, yielding 12 subfractions (CnH1b3b5e1–12). 

Subfractions 7–12 were further purified by radial chromatography using hexane:acetone 

(98:2, v/v), affording six subfractions (CnH1b3b5e7a–f). Subsequent purification of 

subfraction b (hexane:acetone, 98:2, v/v) led to the isolation of compound 5 (fraction 3) and 

compound 27 (fraction 6). 

Fractions CnH17–19 were combined and subjected to silica gel column 

chromatography using a hexane:chloroform:acetone gradient system, yielding subfractions 

a–do. Subfractions v–ah were further fractionated with hexane:chloroform:methanol 

gradients into 33 fractions. Fractions 4–25 were purified by radial chromatography using 

chloroform:acetone (99:1, v/v), affording subfractions a–am. Subfractions e–y were 

subsequently separated on Sephadex LH-20 to yield eight fractions. From these, fractions 3–

8 were further purified using hexane:chloroform (2:8, v/v), producing subfractions a–ac. 

Subfractions o–q were fractionated using hexane:acetone (8:2, v/v), generating four 

subfractions. Final purification of the second subfraction using hexane:dichloromethane 

(9:1, v/v) resulted in fraction a and b, whereas fraction a is compound 90. On the other hand, 

the purification of the fraction b using hexane:ethyl acetate (8:2, v/v) led to the isolation of 

compound 20 and 89. While further purification of compound 20 gives the isolation of 

compound 70. 
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The chloroform extract (61.6 g) was fractionated using a gradient system of 

hexane:chloroform:methanol, affording 11 fractions (CnC1–11). Fractions CnC3–7 were 

combined and subjected to Sephadex LH-20 chromatography, yielding subfractions a–o. 

Subfractions b–f were further purified by silica gel column chromatography using 

hexane:ethyl acetate (96:4, v/v), producing eight fractions. Radial chromatography of 

subfractions 1–5 with hexane:ethyl acetate (95:5, v/v) afforded compound 27. Meanwhile, 

subfractions 6–7 were subjected to radial chromatography using hexane:acetone (95:5, v/v), 

yielding five fractions (a–e), of which fraction e afforded compound 5. Subfractions c–d 

were further purified using hexane:chloroform (7:3, v/v), providing an additional portion of 

compound 20. Figure 3-1 and Figure 3-2 show the flowchart of the isolation and purification 

processes to obtain all isolated compounds from both n-hexane and chloroform extracts. 
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Figure 3-1:  

Simplified flow diagram showing the isolation process of compounds from the n-

hexane extract of C. nodosum stem bark 

 
Hex = Hexane; DCM = Dichloromethane; CHCl3 = Chloroform; EA = Ethyl acetate; Ace = Acetone; 

MeOH = Methanol; CC = Column chromatography; RC = Radial chromatography. 
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Figure 3-2: 

Simplified flow diagram showing the isolation process of compounds from the 

chloroform extract of C. nodosum stem bark 

 
Hex = Hexane; DCM = Dichloromethane; CHCl3 = Chloroform; EA = Ethyl acetate; Ace = Acetone; 

MeOH = Methanol; CC = Column chromatography; RC = Radial chromatography. 
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3.3.4 Chromatographic method 

Column Chromatography (CC) 

Chromatographic techniques are a set of methods used for separating and analysing 

mixtures of substances. These techniques use the differential interactions between the 

constituents of a mixture and the stationary phase and the mobile phase. The extracts 

obtained underwent several chromatography techniques, as column chromatography was 

used to separate mixtures of different polarities of compounds by using columns packed with 

silica gel. Two types of column chromatography were used in this study. The first is gravity 

column chromatography, whereby the mixtures were separated based on their affinity to the 

stationary phase due to different polarities. The adsorbent used was silica gel, Merck 

Kieselgel 60 of particle size 0.040-0.063 mm and silica gel Merck Kieselgel PF 252 of 

particle size 0.063-0.200 mm. The column was being prepared by pouring the Merck 

Kieselgel 60 or Merck Kiesel gel PF 252 silica gel mixed with n-hexane into the column. 

The silica gel was allowed to settle down and make the solvent flow through it and was 

packed about 5 times before use. The sample was introduced onto the top of the column by 

using the dry and wet loading methods. The column was then eluted with suitable solvent 

systems by increasing the solvent polarity.  

Gel Filtration Column Chromatography 

Sigma Lipophilic Sephadex LH-20 was utilised as the gel filtration chromatography, 

which separates based on molecular weights. It is hydrophilic and can only use a polar 

solvent as a mobile phase, like methanol. The Sephadex silica was mixed with methanol and 

left overnight before being poured into the column. The sample was subjected to the column 

by using the wet loading method. The fractions eluted from each column were collected as 

the fractions were transferred to sample vials and monitored using TLC after obtaining their 

dry weight.  

Thin Layer Chromatography (TLC) 

The compound's purity was determined by using analytical TLC before proceeding 

to other analyses such as NMR, LC-MS, and FTIR. It was done by using aluminium sheets 

of dimensions 50 mm x 50 mm x 0.25 mm coated with silica gel 60F254 (Merck 1.05735) 

as their stationary phase, while the mobile phase used was a different ratio of solvents that 

acted via capillary action. The solvent consisted of nonpolar to polar solvents. The baseline, 
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expected solvent front, and sample names were marked gently with a pencil. The sample 

was spotted using a fine glass capillary tube onto the TLC sheets and placed into a closed 

TLC glass chamber filled with 5 mL of mobile phase. The solvents were allowed to reach 

the expected solvent front marked 1cm from the top of the plate before removing it. The 

plates were then visualised under UV light at 254 nm (short wave) and 366 nm. (long wave).  

Radial Chromatography (RC) 

When multiple spots were observed on the TLC plate, radial chromatography was 

used to purify the compounds isolated from column chromatography. The silica gel Merck 

60 PF254, containing gypsum, was used to prepare the plates in thicknesses of 0.5 mm, 1.0 

mm, and 2.0 mm. The sample was dissolved using a suitable solvent and dropped onto the 

plate. A mobile phase composed of nonpolar to polar solvent mixtures was introduced onto 

the plates. The radial chromatography spins radially, allowing the compounds to migrate 

radially outward via capillary action. The plate was covered to prevent solvent evaporation, 

and separation was monitored under the UV light. Spots and bands on the TLC and radial 

chromatography plate were visualised under UV light before collecting the separated 

compounds. 
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3.4 Spectral Data of the Isolated Compounds from C. nodosum 

3.4.1 Nodosuxanthone (89) 

 

Yellow crystal (18.3 mg). C24H28O6. Melting point: 118-120. IR vmax (cm-1): 3260 

(broad, O-H), 3080-3030 (weak aromatic C-H), 2926 (sp3 hybridisation of C-H stretching), 

1647 (C=O, conjugated), 1620 (conjugated C=C stretching), 1580 (aromatic C=C), 1222 (C-

O stretching), 1100 (C-O-C stretching). UV (MeOH) λmax (nm): 205, 221, 244, 325. LC-MS 

(ESI-) m/z = 414.2. 1H NMR (400 MHz, acetone-d6) δ H: 13.51 (s, 1-OH), 9.26 (s, 5-OH),  

7.69 (1H, dd, J = 1.5 Hz, 7.9 Hz, H-8), 7.37 (1H, dd, J = 1.5 Hz, 7.9 Hz, H-6), 7.25 (1H, t, J 

= 7.9 Hz, H-7), 5.29 (1H, t, J = 7.3 Hz, H-2′), 4.61 (1H, q, J = 6.6 Hz, H-1′′), 3.30 (2H, d, J 

= 7.3 Hz, H-1′), 1.78 (3H, s, H-4′), 1.66 (3H, s, H-5′), 1.65 (3H, s, H-3′′), 1.44 (3H, d, J = 

6.6 Hz, H-4′′), 1.36 (3H, s, H-5′′). 13C NMR (100 MHz, acetone-d6) δ C: 181.6 (C-9), 165.4 

(C-3), 161.9 (C-1), 151.8 (C-4a), 147.1 (C-5a), 146.1 (C-5), 132.2 (C-3′), 124.6 (C-7), 122.7 

(C-2′), 122.4 (C-8a), 121.1 (C-6), 116.4 (C-8), 113.3 (C-4), 107.3 (C-2), 104.2 (C-9a), 91.6 

(C-1′′), 44.9 (C-2′′), 25.9 (C-3′′), 25.8 (C-5′), 22.3 (C-1′), 21.5 (C-5′′), 17.9 (C-4′), 14.7 (C-

4′′).  
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3.4.2 Trapezifolixanthone (20) 

 

Yellow needle crystals (27.5 mg). C23H22O5. Melting point: 160-162 °C (168-169 °C, 

Lizazman et al., 2023). IR vmax (cm-1): 3323 (broad, O-H), 3030 – 3070 (weak, aromatic C-

H stretching), 2928 (aliphatic C-H stretching), 1651 (conjugated C=O), 1621 (unsaturated 

C=C), 1580 (aromatic C=C), 1286 (C-O stretching) Karunakaran et al. (2022). GC-MS 

(m/z): 378.0. 1H NMR (400 MHz, acetone-d6) δ H: 13.45 (s, 1-OH), 9.21 (s, 5-OH), 7.72 

(1H, dd, J = 7.9 Hz, 1.6 Hz, H-8), 7.39 (1H, dd, J = 7.9 Hz, 1.5 Hz, H-6), 7.31 (1H, t, J = 

7.9 Hz, H-7), 7.09 (1H, d, J = 10.0 Hz, H-1′), 5.79 (1H, d, J = 10.0 Hz, H-2′), 5.26 (1H, t, J 

= 7.4 Hz, H-2′′), 3.36 (2H, d, J = 7.4 Hz, H-1′′), 1.83 (3H, s, H-5′′), 1.67 (3H, s, H-4′′), 1.52 

(3H, s, H-4′), 1.52 (3H, s, H-5′). 13C NMR (100 MHz, acetone-d6) δ C: 182.2 (C-9), 159.2 

(C-3), 156.6 (C-1), 154.9 (C-4a), 147.2 (C-5), 146.4 (C-5a), 131.8 (C-3′′), 128.7 (C-2′), 

124.8 (C-7), 123.3 (C-2′′), 122.1 (C-8a), 121.5 (C-6), 116.3 (C-8), 116.0 (C-1′), 108.6 (C-4), 

105.1 (C-9a), 104.0 (C-2), 79.1 (C-3′), 28.5 (C-4′), 28.5 (C-5′), 26.0 (C-4′′), 22.0 (C-1′′), 

18.1 (C-5′′). Both the 1H and 13C NMR spectral data correspond with the literature 

documented by Karunakaran et al. (2022). 
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3.4.3 Caloxanthone C (5) 

 

Yellow needle crystal. C23H22O5. Melting point: 214-215 °C (211-213 °C, 

(Zamakshshari et al., 2016). IR vmax (cm-1): 3438 (broad, O-H), 3052 (weak, aromatic C-H 

stretching), 2931 (aliphatic C-H stretching), 1649 (conjugated C=O), 1616 (unsaturated 

alkene C=C), 1498 (aromatic C=C), 1218 (C-O stretching) Lee et al. (2017). GC-MS (m/z): 

378.0. 1H NMR (400 MHz, acetone-d6): 13.70 (s, 1-OH), 8.95 (s, 5-OH), 7.65 (1H, dd, J = 

1.2 Hz, 7.9 Hz, H-8), 7.36 (1H, dd, J = 1.1 Hz, 7.9 Hz, H-6), 7.26 (1H, t, J = 7.9 Hz, H-7), 

6.72 (1H, d, J = 10.0 Hz, H-1′), 6.52 (1H, dd, J = 10.6 Hz, 17.5 Hz, H-2′′), 5.74 (1H, d, J = 

10.0 Hz, H-2′),  5.04 (1H, dd, J = 0.88 Hz, 17.5 Hz, H-3′′), 4.88 (1H, dd, J = 1.0 Hz, 10.6 

Hz, H-3′′), 1.75 (6H, s, H-4′′ & H-5′′), 1.51 (6H, s, H-4′ & H-5′). 13C NMR (100 MHz, 

acetone-d6): 181.5 (C-9), 159.3 (C-3), 156.3 (C-1), 155.0 (C-4a), 151.7 (C-2′′), 146.4 (C-5), 

145.1 (C-5a), 127.7 (C-2′), 124.0 (C-7), 120.1 (C-8a), 120.0 (C-6), 115.4 (C-1’), 115.0 (C-

8), 113.5 (C-4), 106.6 (C-3′′), 104.9 (C-2), 103.5 (C-9a), 78.4 (C-3′), 40.9 (C-1′′), 29.0 (C-

4′′ & C-5′′), 27.2 (C-4′ & C-5′). Both the 1H and 13C NMR spectral data correspond with the 

literature documented by Lee et al. (2017). 
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3.4.4 1-hydroxy-7-methoxyxanthone (27) 

 

Pale yellow crystal. C14H10O4. Melting point: 121-124 °C (124-126 °C, (Leslie 

Gunatilaka et al., 1982). IR vmax (cm-1): 3428 (broad, O-H), 3087 (weak, aromatic C-H 

stretching), 2930 (aliphatic C-H stretching), 1644 (conjugated C=O), 1607 (unsaturated 

alkene C=C), 1474 (aromatic C=C), 1238 (C-O stretching) Lizazman et al. (2026). 1H NMR 

(400 MHz, acetone-d6): 12.71 (s, 1-OH), 7.74 (1H, t, J = 8.4 Hz, H-3), 7.64 (1H, d, J = 3.1 

Hz, H-8), 7.61 (1H, d, J = 9.2 Hz, H-5), 7.52 (1H, dd, J = 3.1 Hz, 9.2 Hz, H-6), 7.04 (1H, 

dd, J = 1.0 Hz, 8.4 Hz, H-4), 6.81 (1H, dd, J = 1.0 Hz, 8.2 Hz, H-2), 3.97 (s, 7a-OCH3). 13C 

NMR (100 MHz, acetone-d6): 182.0 (C-9), 161.8 (C-1), 156.4 (C-7), 154.9 (C-4a), 151.0 

(C-5a), 137.0 (C-3), 125.6 (C-6), 120.7 (C-8a), 119.5 (C-5), 109.9 (C-2), 108.3 (C-9a), 107.0 

(C-4), 105.1 (C-8), 55.4 (C-7a). Both the 1H and 13C NMR spectral data correspond with the 

literature documented by Lizazman et al. (2026). 

3.4.5 Canumolactone (90) 

 

Yellowish orange, oily. IR vmax (cm-1): 2950 (aliphatic C-H stretching), 1725 (C=O 

stretching), 1603 (unsaturated alkene C=C), 1268 (C-O stretching) Lizazman & Jong (2024). 

LC-MS (ESI-) (m/z): 212.3. 1H NMR (400 MHz, acetone-d6): 7.77 (1H, dd, J = 3.4 Hz, 5.8 

Hz, H-3), 7.67 (1H, dd, J = 3.4 Hz, 5.8 Hz, H-4), 4.23 (2H, m, H-6), 1.72 (1H, m, H-5), 1.46 

(2H, m, H-3′), 1.40 (2H, m, H-2′), 1.36 (2H, m, H-5′), 1.31 (2H, m, H-6′), 0.95 (3H, t, H-4′), 

0.92 (3H, t, H-7′). 13C NMR (100 MHz, acetone-d6): 167.1 (C-2), 132.6 (C-1′), 131.1 (C-4), 

128.7 (C-3), 67.4 (C-6), 38.8 (C-5), 30.3 (C-2′), 28.8 (C-5′), 23.6 (C-3′), 22.7 (C-6′), 13.4 

(C-7′), 10.4 (C-4′). Both the 1H and 13C NMR spectral data correspond with the literature 

documented by Lizazman & Jong (2024). 
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3.4.6 Friedelin (71) 

 

White-needle crystals. C30H50O. Melting point: 260-261 °C (263-265 °C, Sunil et al., 

2021). IR vmax (cm-1): 2925 & 2857 (aliphatic C-H), 1714 (strong non-conjugated C=O), 

1460 & 1389 (CH3 bending) Heilman et al. (2024). GC-MS (m/z): 426.0. 1H NMR (400 

MHz, CDCl3) δ H: 2.38, 2.27 (2H, m, H-2), 2.24 (1H, q, 6.8, H-4), 1.96, 1.70 (1H, m, H-1), 

1.71, 1.28 (2H, d, 11.9, H-6), 1.53, 1.35 (2H, m, H-16), 1.52 (1H, m, H-18), 1.48 (1H, m, H-

10), 1.50, 1.31 (2H, m, H-21), 1.51, 0.96 (2H, m, H-22), 1.49, 1.36 (2H, m, H-7), 1.45, 1.25 

(2H, m, H 11), 1.47, 1.27 (2H, m, H-15), 1.38 (1H, t, 9.2, H-8), 1.37, 1.22 (2H, m, H-19), 

1.34, 1.32 (2H, m, H-12), 1.17 (3H, s, H-28), 1.04 (3H, s, H-27), 0.99 (3H, s, H-26), 0.99 

(3H, s, H-30), 0.93 (3H, s, H-29), 0.88 (3H, d, 6.8, H-23), 0.86 (3H, s, H-25), 0.71 (3H, s, 

H-24). 13C NMR (100 MHz, CDCl3) δ C: 213.2 (C-3), 59.5 (C-10), 58.2 (C-4), 53.1 (C-8), 

42.8 (C-18), 42.1 (C-5), 41.3 (C-6), 41.5 (C-2), 39.7 (C-13), 39.3 (C-22), 38.3 (C-14), 37.4 

(C-9), 36.0 (C-16), 35.3 (C 19), 35.6 (C-11), 35.0 (C-29), 32.8 (C-21), 32.4 (C-15), 32.1 (C-

28), 31.8 (C-30), 30.5 (C-12), 30.0 (C-17), 28.2 (C-20), 22.3 (C-1), 20.2 (C-26), 18.6 (C-

27), 18.2 (C-7), 17.9 (C-25), 14.6 (C-24), 7.0 (C-23). Both the 1H and 13C NMR spectral 

data correspond with the literature documented by Heilman et al. (2024). 
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3.4.7 Stigmasterol (70) 

 

White needle crystal. C29H48O. Melting point: 174-175°C (175°C, (Zaine et al., 

2024). IR vmax (cm-1): 3482 (broad, O-H), 3030 (unsaturated alkene C-H), 2929 & 2868 

(aliphatic C-H stretching), 1649 (unsaturated C=C stretching), 1463 & 1382 (CH3 bending), 

1052 (C-O stretching) Marliyana et al. (2021). GC-MS (m/z): 412.7. 1H NMR (400 MHz, 

CDCl3) δ H: 5.37 (1H, m, H-6), 5.17 (1H, m, H-23), 5.03 (1H, m, H-22), 3.54 (1H, m, OH-

3), 1.03 (3H, s, H-18), 0.95-0.83 (12H, m, H-26, H-27, H-21, H-19), 0.69 (3H, s, H-29). 13C 

NMR (100 MHz, CDCl3) δ C: 140.9 (C-5), 138.4 (C-22), 129.4 (C-23), 121.8 (C-6), 71.9 (C 

3), 56.9 (C-14), 56.2 (C-17), 51.3 (C-24), 50.2 (C-9), 42.4 (C-4), 42.3 (C-13), 40.6 (C-20), 

39.8 (C-12), 36.6 (C-10), 36.3 (C-8), 32.0 (C-25), 31.8 (C-1), 29.3 (C-7), 28.4 (C-2), 28.4 

(C-16), 25.5 (C-28), 24.5 (C-11), 24.5 (C-15), 19.9 (C-26), 19.5 (C-19), 19.1 (C-27), 18.9 

(C-21), 12.2 (C-29), 12.0 (C-18). Both the 1H and 13C NMR spectral data correspond with 

the literature documented by Marliyana et al. (2021). 
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3.5 Antibacterial Assay 

3.5.1 Well Diffusion Method 

The antibacterial activity was done through the well-diffusion method, adapted from 

Zamakshshari et al. (2024). All seven compounds isolated were tested against five bacterial 

strains: Acinetobacter baumannii, Klebsiella pneumoniae, Staphylococcus aureus, 

Pseudomonas aeruginosa, and Escherichia coli. The bacterial culture was adjusted to the 

optical density (OD) of 0.5 McFarland standard, which represents 1.5 × 108 CFU/mL by 

using the spectrophotometers (ranging from 0.08 to 0.12 Abs). The positive control used was 

ampicillin, and the negative control used was DMSO. A 5 mg extract was dissolved using 

DMSO to reach a 1 mg/mL concentration for the complexity and lower concentration of 

active constituents, while the isolated compounds were dissolved to a concentration of 0.1 

mg/mL using DMSO, in line with established practices in natural product research on 

antibacterial studies (Rahman et al., 2022). Wells were punched on the inoculated agar plate 

and 50 μL of the sample was pipetted into it. Then, the petri dish was incubated for 24 hours 

at 37 °C. The inhibition zone was determined by measuring the diameter around the punched 

well where there was no bacterial growth. Each sample was done in triplicate, and all seven 

compounds, including the n-hexane, chloroform, and methanol extracts, were tested. 

3.5.2 Minimum Inhibitory Concentration (MIC) 

The MIC was defined as the minimum concentration of the antibacterial agent 

needed to prevent bacterial growth. The compounds and plant extracts that showed moderate 

to strong activity (≥ 10 mm inhibition zone) were further tested for the MIC and MBC values 

against each bacterial strain. The MIC values for each compound and its extract were 

assessed using the broth microdilution technique, as adapted with slight modifications from 

previous studies (Noh & Jong, 2020; Tee et al., 2018). Mueller-Hinton broth was used as the 

medium, and DMSO (negative control) was used to dissolve plant extracts before 

undergoing a two-fold serial dilution to achieve concentrations from 1.0 to 1.95 × 10-3 

mg/mL; compounds underwent a two-fold serial dilution to achieve concentrations from 0.1 

to 1.95 × 10-3 mg/mL. The bacterial cultures were adjusted to an OD equivalent to the 0.5 

McFarland standard, which represents 1.5 × 108 CFU/mL by using the spectrophotometers 

(ranging from 0.08 to 0.12 Abs). A 100 μL of bacterial suspension was added to 96-well 
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microplates and 100 μL of each concentration of plant extracts. The plates were then 

incubated at 37.5 °C for 18 hours to allow bacterial growth in the presence of compounds 

and extract.  

3.5.3 Minimum Bactericidal Concentration (MBC) 

The MBC is defined as the minimal concentration of the antibacterial agent needed 

to kill the bacteria. It was determined using the samples from the MIC investigation that did 

not show turbidity or any bacterial growth and subcultured them onto a new agar plate in 

triplicate and incubated at 37.5 °C for another 18 hours. Following the incubation time, the 

colony development on the subcultured plate was observed to determine its MBC (Abdul 

Rahman et al., 2022).  

3.6 Statistical Analysis 

All experimental data were expressed as mean ± standard error of the mean (SEM). 

Data processing and statistical analysis were performed using IBM SPSS Statistics 27. All 

experiments were conducted in triplicate. One-way analysis of variance (ANOVA) was 

employed to assess differences among the tested samples, and it was performed for each 

bacterial strain. Significant difference between groups were further analysed using Tukey’s 

post-hoc test or Games-Howell post-hoc test. Statistical significance was set at p < 0.05.  
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CHAPTER 4: 

FINDINGS AND DISCUSSION 

 

4.1 Overview 

Calophyllum nodosum, being an endemic species in Sarawak, has received little 

attention compared to other Calophyllum species. With sustained research interest in 

discovering novel antimicrobial agents and the known fact that the genus Calophyllum is a 

source of bioactive secondary metabolites, this investigation, specifically on phytochemical 

constituents and antibacterial potential of C. nodosum was initiated. The isolation and 

purification of the n-hexane and chloroform extracts of C. nodosum stem bark by utilising 

various chromatographic techniques have led to the discovery of seven compounds, namely 

nodosuxanthone (89), trapezifolixanthone (20), caloxanthone C (5), 1-hydroxy-7-

methoxyxanthone (27), canumolactone (90), friedelin (71), and stigmasterol (70). The 

antibacterial capability towards several bacterial strains was also discussed.  
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4.2 Characterisation of Secondary Metabolites from C. nodosum 

4.2.1 Characterisation of Nodosuxanthone (89) 

Figure 4-1:  

Structure of nodosuxanthone (89) 

 

Nodosuxanthone (89) is the first xanthone-based, also a newly undescribed 

compound to be isolated in this study that exhibits this unique structural framework (Figure 

4-1). Compound 89 was a yellowish crystal powder (18.3 mg) that was isolated from fraction 

CnH17o2b5 within the n-hexane extract of C. nodosum, with a melting point of 118-120 °C. 

Its LC-MS (ESI-) chromatogram (Figure 4-2) revealed a molecular ion peak at m/z 414.2000, 

consistent with its proposed molecular formula of C23H26O7.  

Figure 4-2:  

LC-MS chromatogram of compound 89 

 

The IR spectrum of compound 89 (Figure 4-3) showed strong absorptions at 3260 

cm-1 due to the hydroxyl group in the compound (Krysa et al., 2022), 3080 - 3030 cm-1 for 

the stretching of unsaturated C-H (Sun, 2005), 1647 cm-1 for the conjugated carbonyl group, 

1580 cm-1 for the carbon-carbon aromatic groups, 1222 cm-1 for its C-O-C stretching, and 
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1100 for C-O-C stretching. The UV spectrum (Figure 4-4) [λmax (MeOH) 204, 221, 244, and 

325 nm] refers to the presence of the xanthone skeleton in nodosuxanthone (89) (Kurniawan 

et al., 2021).  

Figure 4-3:  

IR spectrum of compound 89 

 

Figure 4-4:  

UV-Vis of compound 89 

 

The 1H NMR spectrum (Figure 4-6) displayed a marked downfield resonance at δH 

13.51 corresponds to a chelated hydroxyl proton, as the strong deshielding effect arises from 

the intramolecular hydrogen bonding with the adjacent carbonyl group at C-9. This 

interaction enhances electron withdrawal through both resonance and inductive effects of 
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the conjugated carbonyl system, stabilizing the hydrogen-bonded form and shifting the 

proton significantly downfield (Silverstein et al., 2015). Another hydroxyl proton at δH 9.26 

was less deshielded, indicating a weaker electronic interaction with neighboring substituents. 

The protons of δH 7.69, 7.37, and 7.25 suggest the presence of three aromatic protons 

that were in a trisubstituted form within the compound. Furthermore, a doublet (δH 3.30) for 

H-1′, a triplet (δH 5.29) for olefinic proton H-2′, and two methyl groups resonating at δH 1.78 

and δH 1.66, is a typical indicator of an isoprenyl group (Hakim et al., 2021; Su et al., 2003). 

The more downfield position of the methylene proton at H-1′ relative to being a typical 

aliphatic methylene is due to the inductive deshielding effect of the adjacent oxygen atom 

and the anisotropic influence of the aromatic ring (Pavia et al., 2015). Meanwhile, the 

olefinic proton at δH 5.29 reflects conjugation within the prenyl moiety and interaction with 

the aromatic π-system, leading to deshielding through resonance effects (Claridge, 2016). 

Moreover, the quartet (δH 4.61) that corresponds to methine group, two singlet peaks 

(δH 1.36 and 1.64), and a doublet peak (δH 1.44), were all corresponds as methyl protons. The 

methine proton at δH 4.61 is significantly deshielded due to the attachment to an oxygen-

bearing carbon, where the strong negative inductive effect of the electronegative oxygen 

atom reduces electron density around the proton (Fleming & Williams, 2020). The associated 

methyl resonances reflect electron-donating positive-inductive effects of alkyl substituents, 

indicating the presence of 3-hydroxy-3-methylbutan-2-yl)oxy chain, as shown in the HMBC 

analysis (Figure 4-5).  

The 13C NMR spectrum (Figure 4-7) of compound 89 exhibited 23 carbons, which 

were supported by experiments of the DEPT spectrum (Figure 4-8) as five methyls (-CH3), 

five methines (-CH-), a methylene (-CH2-), and twelve quaternary carbons (-C-).  

Figure 4-5:  

HMBC (2J and 3J) 1H-13C correlations and 1H-1H COSY correlations of compound 89 
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Figure 4-6:  
1H NMR spectrum of compound 89 
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Figure 4-7:  
13C NMR spectrum of compound 89 
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Figure 4-8:  

DEPT 13C NMR spectra of compound 89 
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The HSQC and HMBC (Figure 4-9 till Figure 4-15) correlations further confirm the 

presence of the alkoxy group. The proton signal at δH 4.61 exhibits a 3J correlation with 

carbon signals at δC 21.5 and 25.9. Additionally, the δH 1.44 proton shows both 2J and 3J 

correlations with δC 44.9 and 91.6, respectively. The δH 1.64 proton establishes 2J to 5J 

correlations with δC 21.5, 44.9, 91.6, and 113.3. Furthermore, the 2J and 3J correlations of 

δH 1.36 with δC 25.9, 44.9, 91.6, and 113.3. Meanwhile, the COSY (Figure 4-9) analysis also 

showed a cross-peak between protons of δH 4.61 (H-1′′) with δH 1.44 (H-4′′), further 

supporting the presence of the alkoxy chain in this compound.  

The connectivity of the three-ring system (A-ring, B-ring, and C-ring) is confirmed 

through HMBC correlations, where the aromatic B-ring protons of δH 7.69 exhibit 

correlations with the carbonyl group of the pyranone C-ring δC 181.6 and another proton of 

δH 7.25 exhibits correlations with the carbons at the pyranone C-ring of δC 122.4 and 147.1. 

Additionally, the A-ring connectivity is established by the correlation of the hydroxyl group 

(δH 13.51) with the pyranone C-ring carbon at δC 161.9. The COSY spectrum also portrayed 

the ortho and meta-couplings of the proton resonating at δH 7.69 (H-8) with respective proton 

peaks at δH 7.25 (H-7) and δH 7.37 (H-6), suggesting these three protons are within the same 

ring system, which can be concluded as in the aromatic B-ring.  

The structure was further clarified through the analysis of HMBC as the protons were 

set to their respective direct carbons’ bonding based on the HSQC spectrum. The 2J - 3J 

correlation between the chelated hydroxyl proton at δH 13.51 with δC 161.9 (C-1), δC 107.3 

(C-2), and δC 104.2 (C-9a) has confirmed its position at C-1 (Araya-Maturana et al., 2008). 

The isoprenyl group’s position was deduced at C-2 through the 2J correlation of protons at 

δH 3.30 with δC 107.3 (C-2) and the 3J correlation of the protons at δH 3.30 with δC 161.9 (C-

1) and δC 165.4 (C-3). Moreover, the other OH group at δH 9.26 gave the HMBC correlation 

with the carbon peak at δC 146.1, proposing its position at C-5. The long-range correlations 

of HMBC between protons of δH 1.64 (H-3′′) and δH 1.36 (H-5′′) with δC 113.3 (C-4) showed 

that the attachment of (3-hydroxy-3-methylbutan-2-yl)oxy chain is at C-4 (Araya-Maturana 

et al., 2008). Table 4-1 shows all the assignments of compiled spectra from 1D and 2D NMR. 

Therefore, the structure of compound 89 was elucidated as proposed in Figure 4-1 

and herein reported as a new xanthone, named nodosuxanthone, isolated for the first time 

from the n-hexane extract of the stem bark of Calophyllum nodosum collected in Sarawak, 

Malaysia.  
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Figure 4-9:  
1H – 1H COSY spectrum of compound 89 
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Figure 4-10:  

HSQC spectrum of compound 89 
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Figure 4-11: 

 Expanded HSQC spectrum of compound 89 in the 0.0-3.5 ppm region 
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Figure 4-12:  

Expanded HSQC spectrum of compound 89 in the 4.4-8.0 ppm region 
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Figure 4-13: 

HMBC spectrum of compound 89 
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Figure 4-14:  

Expanded HMBC spectrum of compound 89 in the 0.0-2.0 ppm region 
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Figure 4-15: 

Expanded HMBC spectrum of compound 89 in the 7.0-13.6 ppm region 
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(89) 

Table 4-1:  

NMR assignment of nodosuxanthone (89) 

No. 13C (δ) 1H (δ) (HSQC) 
1H-13C 

HMBC 

1H-1H 

COSY 

1 161.9 13.51 (s, 1H, -OH) C-1, C-2, C-9a  - 

2 107.3 - - - 

3 165.4 - - - 

4 113.3 - - - 

4a 151.8 - - - 

5 146.1 9.26 (s, 1H, -OH) C-5 - 

5a 147.1 - - - 

6 121.1 7.37 (dd, 1.5 Hz, 7.9 Hz, 1H) C-8, C-5 H-7, H-8 

7 124.6 7.25 (t, 7.9 Hz, 1H) C-8a, C-5a H-6, H-8 

8 116.4 7.69 (dd, 1.5 Hz, 7.9 Hz, 1H) C-6, C-5, C-9 H-7, H-6 

8a 122.4 - - - 

9 181.6 - - - 

9a 104.2 - - - 

1′ 22.3 3.30 (d, 7.3 Hz, 2H) C-2, C-2′, C-3′, C-1, 

C-3  

H-5′, H-4′, H-

2′ 

2′ 122.7 5.29 (t, 7.3 Hz, 1H) - H-5′, H-4′, H-

1′ 

3′ 132.2 - - - 

4′ 17.9 1.78 (s, 3H) C-5′, C-2′, C-3′ H-5′, H-1′, H-

2′ 

5′ 25.8 1.66 (s, 3H) C-4′, C-2′, C-3′ H-4′, H-1′, H-

2′ 

1′′ 91.6 4.61 (q, 6.6 Hz, 1H) C-5′′, C-3′′ H-4′′ 

2′′ 44.9 - - - 

3′′ 25.9 1.64 (s, 3H) C-5′′, C-2′′, C-1′′, C-4 - 

4′′ 14.7 1.44 (d, 6.6 Hz, 3H) C-2′′, C-1′′ H-1′′ 

5′′ 21.5 1.36 (s, 3H) C-3′′, C-2′′, C-1′′, C-4 - 
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4.2.2 Characterisation of Trapezifolixanthone (20) 

Figure 4-16: 

Structure of compound 20 

 

Compound 20 (Figure 4-16) was obtained as a yellow needle-like crystal (27.5 mg) 

from the fraction CnH17o2b1 and CnC3b6c3 of the n-hexane and chloroform extracts, 

respectively, with a melting point of 163-164 °C, like the reported value of 168-169 °C 

(Lizazman et al., 2023). The molecular formula of compound 20 was determined as 

C23H22O5, deduced from the molecular peak at m/z 378 in the GC-MS spectrum (Figure 

4-17).  

Figure 4-17:  

GC-MS for compound 20 

 

The UV-Vis spectrum of compound 20 displayed a maximum absorption at λmax = 

286 nm, indicating the presence of a conjugated system within the molecular structure. The 

FTIR spectrum demonstrated the presence of typical functional groups for the class of 

xanthone, such as a broad absorption band at 3323 cm⁻¹, which corresponded to the hydroxyl 

(-OH) groups, a weak 3030 – 3070 cm-1 absorption of aromatic C-H stretching, an aliphatic 

C-H stretching at 2928 cm-1 (Tejamukti et al., 2020) while an intense absorption at 1651 

cm⁻¹ was attributed to the conjugated carbonyl (C=O) stretching (Sun, 2005). An absorption 

at 1621 cm-1, indicating presence of unsaturated alkene C=C stretching was observed. 

M+ 
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Additionally, aromatic C=C stretching was observed at 1580 cm⁻¹ and the absorption at 1286 

cm-1 was attributed to C-O stretching (Abdel-Kerim & Shoeb, 1972). 

The 1H NMR spectrum of compound 20 (Figure 4-19) exhibited the most shifted 

singlet peak, chelated, which represented the chelated hydroxyl proton at δH 13.34, while 

another hydroxyl group appeared as a broad singlet in the downfield region at δH 9.24. The 

proton supported the presence of a 3-methylbut-2-enyl moiety signal at δH 3.57 (H-1′′), 5.31 

(H-2′′), 1.66 (H-4 ′′), and 1.87 (H-5′′). A singlet resonance at δH 1.51 (6H, s, H-4′, H-5′), 

integrating for six protons, was indicative of two methyl groups on the pyrano ring, in 

addition to a pair of ortho-coupled doublets at δH 6.72 (1H, d, H-1′) and 5.77 (1H, d, H-2′) 

with a similar coupling constant of 10.0 Hz further confirmed the presence of the pyrano 

ring that fused to the xanthone core.  

The 13C NMR (Figure 4-20) and DEPT-135 spectra of compound 20 concluded one 

carbonyl carbon at δC 182.2 (C-9), eleven quaternary carbons (-C-), six methines (-CH), one 

methylene (-CH2), and four methyl (-CH3) carbons. Several carbon signals like the carbonyl 

carbon at δC 181.1 (C-9), the quaternary carbons at δC 159.1 (C-3), δC 156.6 (C-1), δC 154.8 

(C-4a), δC 147.2 (C-5), and δC 146.4 (C-5a) exhibited significant deshielding effects due to 

the influence of an electro-withdrawing group, oxygen and the conjugation within the 

xanthone scaffold, shifting them more downfield.  

The HSQC spectrum provided 1J correlations, confirming the direct attachment of 

protons to their corresponding carbons (1H-13C). Meanwhile, the HMBC spectrum of 

compound 20, as shown in Figure 4-18, exhibited 2J to 3J correlations, with cross-peaks 

observed between H-4′ and H-5′ (δH 1.51) with C-3′ (δC 79.0), indicating that both methyl 

groups were directly bonded to the same carbon. Additionally, the proton resonance of H-1′ 

(δH 6.72) correlated with C-2 (δC 104.0), confirming the attachment of the pyrano ring at 

carbons C-2 and C-3. The long-range coupling of H-1′′ (𝛿H 3.57) with C-4 (δC 108.5), C-4a 

(δC 154.8), and C-3 (δC 159.1) further supported the positioning of the prenyl moiety at C-4. 
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Figure 4-18: 

HMBC (2J and 3J) 1H-13C correlations and 1H-1H COSY correlations of compound 20 

 

In addition, the COSY spectrum demonstrated couplings between benzylic proton H-

1′′ and olefinic proton H-2′′, confirming an allylic coupling system within the prenyl moiety. 

Furthermore, an ortho-coupling was identified in the benzene ring between the triplet 

resonance (δH 7.28, H-7) and the doublet of doublets resonances (δH 7.69, H-8), whereby 

both exhibited a coupling constant of 8.0 Hz. Conversely, a meta-coupling was also observed 

between the triplet resonance (δH 7.28, H-7) and the doublet of doublets (δH 7.39, H-6), 

characterised by a coupling constant of 1.5 Hz. This suggested the trisubstituted aromatic 

ring present in the xanthone scaffold of compound 20. The acquired spectroscopy data were 

compared with the published information in Table 4-2, and compound 20 was characterised 

as trapezifolixanthone (Figure 4-16). Other 2D-NMR data of compound 20, such as DEPT-

45, -90, -135, COSY, HSQC, and HMBC spectra, can be retrieved from Appendix 1-8.  
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Figure 4-19: 
1H NMR spectrum of compound 20 
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Figure 4-20: 
13C NMR spectrum of compound 20 
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(20) 

Table 4-2:  

Spectral data comparison of compound 20 with previous literature 

No.  13C 

(δ)  

 

13C*  

(δ*) 

1H-13C (δ)  

(HSQC)  

1H* 

(δ*)  

1H-13C 

HMBC 

 

1H-1H 

COSY 

1 156.6 155.7 13.34 (s, 1-OH) 13.35 (s, 1-OH) C-2, C-1, C-9a - 

2 104.0 104.2 - - - - 

3 159.1 158.3 - - - - 

4 108.5 107.7 - - - - 

4a 154.8 154.0 - - - - 

5 147.2 146.2 9.24 (s, 5-OH) - - - 

5a 146.4 145.5 - - - - 

6 121.5 120.6 7.39 (1H, dd, 7.9, 

1.5, H-6) 

7.39 (1H, dd, 7.8, 1.2, 

H-6) 

C-5, C-8 H-7,  

H-8 

7 124.8 123.9 7.28 (1H, t, 7.9, H-

7) 

7.29 (1H, t, 7.8, H-7) C-5, C-8, C-8a H-6,  

H-8 

8 116.3 115.5 7.69 (1H, dd, 7.9, 

1.5, H-8) 

7.70 (1H, dd, 7.9, 1.2, 

H-8) 

C-5, C-6 H-6,  

H-7 

8a 122.1 121.2 - - - - 

9 182.2 181.3 - - - - 

9a 105.1 103.1 - - - - 

1′ 116.0 115.1 6.72 (1H, d, 10.0, 

H-1′) 

6.72 (1H, d, 9.9, H-

10) 

C-1, C-3, C-3′, C-

4′, C-5′, C-9a 

H-2′ 

2′ 128.7 127.8 5.77 

(1H, d, 10.0, H-2′) 

5.78 

(1H, d, 9.9, H-11) 

C-3′, C-4′, C-5′, 

C-9a 

H-1′ 

3′ 79.0 78.2 - - - - 

4′ 28.5 27.6 1.51 (3H, s, H-4′) 1.52 (3H, s, H-13) C-1′, C-2′, C3′, C-

5′ 

- 

5′ 28.3 27.6 1.51 (3H, s, H-5′) 1.52 (3H, s, H-14) C-1′, C-2′, C-3′, 

C-4′ 

- 

1′′ 21.9 21.1 3.57 (2H, d, 7.3, 

H-1′′) 

3.57 (2H, d, 7.4, H-

1′) 

C-3, C-4, C-4a, 

C-3′′ 

H-2′′ 

2′′ 123.3 122.4 5.31 (1H, t, 7.3, H-

2′′) 

5.32 (1H, t, 7.4, H-2′) - H-1′′ 

3′′ 131.8 130.9 - - - - 

4′′ 25.9 25.1 1.66 (3H, s, H-4′′) 1.67 (3H, s, H-5′) C-2′′, C-3′′, C-5′′ - 

5′′ 18.1 17.2 1.87 (3H, s, H-5′′) 1.88 (3H, s, H-4′) C-2′′, C-3′′, C-4′′ - 
*Karunakaran et al., 2022; measured in acetone-d6, 700 MHz (1H) and 175 MHz (13C). 
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4.2.3 Characterisation of Caloxanthone C (5) 

Figure 4-21:  

Structure of compound 5 

 

Compound 5 (Figure 4-21) was isolated as a yellow needle-like crystal (43.6 mg) 

from the fraction CnH3b6 in the n-hexane extract and fraction CnC3b6e2 in the chloroform 

extract, with a melting point of 214-215 °C, which closely aligns with the previously 

reported range of 211-213 °C (Zamakshshari et al., 2016). The molecular formula of 

compound 5 was determined to be C23H22O5, based on the molecular ion peak observed at 

m/z 378 in the GC-MS spectrum (Figure 4-22). The molecular formula of compound 5 is 

identical to that of compound 20, indicating that both compounds are structural isomers with 

different substitution patterns on the xanthone scaffold as confirmed by their distinct NMR 

spectral data. 

Figure 4-22: 

GC-MS for compound 5 

 

The IR spectrum exhibited absorptions characteristic of a xanthone derivative. A 

broad band at 3438 cm⁻¹ was attributed to phenolic O–H stretching vibrations. A weak 

absorption at 3052 cm⁻¹ corresponded to aromatic C–H stretching, while the band at 2931 

cm⁻¹ was assigned to aliphatic sp³ C–H stretching vibrations. A strong absorption at 1649 

cm⁻¹ was attributed to the conjugated carbonyl (C=O) stretching of the xanthone nucleus 
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(Tejamukti et al., 2020). The band at 1616 cm⁻¹ was assigned to alkene C=C stretching of 

the unsaturated side chain, whereas the absorption at 1498 cm⁻¹ corresponded to aromatic 

C=C skeletal vibrations. The band observed at 1218 cm⁻¹ was attributed to C–O stretching 

(Sun, 2005), consistent with hydroxyl substitution on the aromatic framework. 

The 1H NMR spectrum of compound 5 (Figure 4-24) revealed the presence of a 

chelated hydroxyl proton, which appeared as a singlet at δH 13.71, while another hydroxyl 

group attached to C-5 appeared as a broad singlet in the downfield region at δH 8.96. Three 

aromatic protons were observed at δH 7.37 (H-6), δH 7.28 (H-7), and δH 7.66 (H-8), indicating 

the presence of a xanthone skeleton. The COSY spectrum further confirmed that these 

aromatic protons were mutually coupled, providing additional evidence for the presence of 

a benzene ring within the molecular structure of compound 5. 

The presence of a pair of ortho-coupled doublets at δH 6.73 (10.0 Hz) and δH 5.80 

(10.0 Hz) together with a singlet resonance at δH 1.52, integrating for six protons, suggested 

the presence of the 2,2-dimethyl-2H-pyrano ring. Additionally, the 13C NMR (Figure 4-25) 

and DEPT-135 spectra of compound 5 confirmed the presence of 23 carbon resonances 

comprised of one carbonyl carbon at δC 182.4 (C-9), ten quaternary carbons (-C-), seven 

methines (-CH), one methylene (-CH2), and four methyl (-CH3) groups. The protons were 

assigned to their respective carbons based on the 1J correlations from the HSQC spectrum. 

Meanwhile, the HMBC spectrum of compound 5 exhibited 3J correlations as shown in 

Figure 4-23, with cross-peaks observed between δH 13.71 (1-OH) with δC 105.8 (C-2), δC 

104.4 (C-9a), and δC 157.2 (C-1), indicating the positioning of the OH group at C-1.  

Figure 4-23: 

HMBC (2J and 3J) 1H-13C correlations and 1H-1H COSY correlations of compound 5 

 

The fusion of the pyrano ring to the xanthone skeleton at C-2 and C-3 through an 

oxygen atom was supported by 3J correlations of the olefinic proton δH 6.73 (H-1′) with δC 

157.2 (C-1) and δC 160.2 (C-3). The COSY spectrum revealed the cis-trans coupling pattern 

between the olefinic proton resonances at δH 6.73 (H-2′′), δH 4.89 (H-3′′), and δH 5.01 (H-
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3′′), confirm vicinal coupling within an alkene system. The larger J value corresponds to 

trans coupling, while the smaller J value corresponds to cis coupling, a typical pattern for a 

terminal olefin (Wu & Cremer, 2003). The HMBC cross peaks of a singlet (δH 1.76, 6H) in 

the aliphatic region with δC 41.8 (C-1′′) and δC 152.5 (C-2′′) further confirm the presence of 

the 1,1-dimethylallyl group in compound 5, which was also supported by the COSY 

experiment. The attachment of the 1,1-dimethylallyl group to δC 114.4 (C-4) was proposed 

based on its 3J coupling with δH 1.76 (H-4′′ and H-5′′). The acquired spectroscopy data were 

compared with the published information in Table 4-3, and compound 5 was characterised 

as caloxanthone C (Figure 4-21). Other 2D-NMR data of compound 5, such as DEPT-45, -

90, -135, COSY, HSQC, and HMBC spectra, can be retrieved from Appendix 9-19.  
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Figure 4-24:  
1H NMR spectrum of compound 5 

 



 

73 

Figure 4-25: 
13C NMR spectrum of compound 5 
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Table 4-3: 

Spectral data comparison of compound 5 with previous literature 

No. 

13C 

(δ) 

 

13C* 

(δ*) 

1H-13C (δ) 

(HSQC) 

1H* 

(δ*) 

1H-13C 

HMBC 

1H-1H 

COSY 

1 157.2 156.4 13.71(1H, s, 1-OH) 13.67 (1H, s, 1-OH) C-1, C-2, C-9a - 

2 105.8 105.0 - - - - 

3 160.2 159.3 - - - - 

4 114.4 113.7 - - - - 

4a 155.9 155.1 - - - - 

5 147.3 145.1 8.96 (1H, s, 5-OH) 8.79 (1H, s, 5-OH) C-5a - 

5a 146.0 146.4 - - - - 

6 120.9 120.1 7.37 (1H, dd, 0.9, 7.9, 

H-6) 

7.34 (1H, d, 8.0, H-6) C-5a, C-8 H-7 

7 124.9 124.1 7.28 (1H, d, 7.9, H-7) 7.24 (1H, t, 8, H-7) C-5, C-8a H-6 

8 115.9 115.2 7.66 (1H, dd, 0.9, 7.9, 

H-8) 

7.63 (1H, d, 8, H-8) C-5a. C-6 H-6, H-

7 

8a 121.7 120.9 - - - - 

9 182.4 181.6 - - - - 

9a 104.4 103.6 - - - - 

1′ 116.3 115.4 6.73 (1H, d, 10.0, H-1′) 6.68 (1H, d, 10.3, H-1′) C-1, C-3, C-3′ H-2′ 

2′ 128.6 127.8 5.80 (1H, d, 10.0, H-2′)  5.72 (1H, d, 10.3, H-2′) C-2, C-3′ H-1′ 

3′ 79.3 78.5 - - - - 

4′ 28.1 27.2 1.52 (3H, s, H-4′) 1.48 (3H, s, H-4′) C-2′, C-3′, C-5′ - 

5′ 28.1 27.2 1.52 (3H, s, H-5′) 1.48 (3H, s, H-5′) C-2′, C-3′, C-4′ - 

1′′ 41.8 41.0 - - - - 

2′′ 152.5 151.8 6.51 (1H, dd, 10.6, 17.3, 

H-2′′) 

6.48 (1H, dd, 10.3, 17.2, 

H-2′′) 

C-4′′, C-5′′  H-3′′ 

3′′ 107.5 106.7 4.89 (1H, d, 10.6, H-3′′) 

5.01 (1H, d, 17.3, H-3′′) 

4.85 (1H, d, 10.3, H-3′′) 

5.00 (1H, d, 17.2, H-3′′) 

C-1′′, C-2″ H-2′′ 

4′′ 29.9 29.2 1.76 (3H, s, H-4′′) 1.71 (3H, s, H-4′′) C-4, C-1′′, C-2′′, 

C-5′′  

- 

5′′ 29.9 29.2 1.76 (3H, s, H-5′′) 1.71 (3H, s, H-5′′) C-4, C-1′′, C-2′′, 

C-4′′ 

- 

*Lee et al., 2017; measured in CDCl3, 500 MHz (1H) and 125 MHz (13C). 
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4.2.4 Characterisation of 1-hydroxy-7-methoxyxanthone (27) 

Figure 4-26:  

Structure of compound 27 

 

Compound 27 (Figure 4-26) was obtained as pale-yellow, needle-like crystals (22.7 

mg) from the fraction CnH3b3 in the n-hexane extract and fraction CnC3b1b in the 

chloroform extract with a melting point of 121-124 °C, similar to the reported value of 124-

126 °C (Gunatilaka et al., 1982). The IR spectrum of 1-hydroxy-7-methoxyxanthone 

exhibited characteristic absorptions consistent with a xanthone framework. A broad 

absorption band at 3428 cm⁻¹ was attributed to phenolic O–H stretching vibrations. A weak 

band at 3087 cm⁻¹ corresponded to aromatic C–H stretching (Tejamukti et al., 2020), while 

the absorption at 2930 cm⁻¹ was assigned to aliphatic sp³ C–H stretching vibrations 

associated with the methoxy substituent. A strong band observed at 1644 cm⁻¹ was attributed 

to the conjugated carbonyl (C=O) stretching of the xanthone nucleus (Sun, 2005). The 

absorption at 1607 cm⁻¹ was assigned to unsaturated C=C stretching within the aromatic 

framework, and the band at 1474 cm⁻¹ corresponded to aromatic C=C skeletal vibrations. 

The absorption at 1238 cm⁻¹ was attributed to C–O stretching (Abdel-Kerim & Shoeb, 1972), 

consistent with the presence of phenolic and methoxy functionalities. 

The 1H NMR of compound 27 (Figure 4-27) revealed that there are distinct functional 

groups present in the compound. A chelated hydroxyl proton was observed as a singlet at δH 

12.71 (1-OH), while another functional group, the methoxy group, was attached to C-7. The 

1H NMR and COSY spectrum showed that six protons were mutually coupled in the aromatic 

regions in two distinctive ring systems as protons of δH 7.74, 7.04, 6.81 correlate with each 

other, confirming these protons were in the same ring system while protons of δH 7.64, 7.61, 

7.53 correlate with each other, proving these protons were together in another ring system, 

hence confirming the presence of two benzene rings. This further proposes the xanthone 

skeleton structure to be available in the molecular structure of compound 27. Furthermore, 

the proton δH 3.97 was in the alkoxy region as its integration showed three protons were 

present as a singlet in the spectrum, confirming it as a methoxy group. 
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Figure 4-27: 
1H NMR spectrum of compound 27 
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The 13C NMR (Figure 4-29) and DEPT spectra of compound 27 confirmed the 

presence of 14 carbon resonances, which are consistent with its molecular formula. These 

resonances comprised one carbonyl carbon at δC 183.3 (C-9), a typical value for a carbonyl 

group in a xanthone skeleton, six quaternary carbons (-C-), six methines (-CH) and one 

methyl (-CH3) group.  

The HSQC spectrum provided 1J correlations, confirming the direct attachment of 

protons to their respective carbons, as the HMBC correlation (Figure 4-28) confirmed the 

neighbouring attachment from 2J correlations, while within the protons and carbons. From 

the HMBC, there are cross-peaks observed between δH 12.71 (1-OH) with C-3 (δC138.4), C-

4 (δC 111.2), and C-9a (δC 109.7), indicating the attachment of the hydroxyl group at the ring 

and towards the ring of the carbonyl group was present. Other than that, protons at H-1′ (δH 

3.97) exhibited 3J correlation with C-7 (δC 157.8), and the proton at H-8 (δH 7.64) was 

coupled with carbons at C-6 (δC 127.0), C-9 (δC183.34) and C-7 (δC 157.8). The correlation 

between H-8 and C-9 proves the connection between the rings in compound 27.  

Figure 4-28:  

HMBC (2J and 3J) 1H-13C correlations and 1H-1H COSY correlations of compound 27 

 

The acquired spectroscopy data were compared with the published information in 

Table 4-4, and compound 27 was characterised as 1-hydroxy-7-methoxyxanthone (Figure 

4-26). Other 2D-NMR data of compound 27, such as DEPT-45, -90, -135, COSY, HSQC, 

and HMBC spectra, can be retrieved from Appendix 20-24.  
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Figure 4-29: 
13C NMR spectrum of compound 27 
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(27) 

Table 4-4:  

Spectral data comparison of compound 27 with previous literature 

*Lizazman et al. (2025) ; measured in acetone-d6, 400 MHz (1H) and 100 MHz (13C). 

  

No. 
13C 

(δ) 

13C* 

(δ*) 

1H-13C (δ) 

(HSQC) 

1H* 

(δ*) 

1H-13C 

HMBC 

1H-1H 

COSY 

1 163.2 162.7 12.71 (1-OH, s) 12.69 (s, 1-OH) C-4, C-3, C-9a - 

2 108.3 110.8 6.81 (1H, dd, 0.8, 

8.3, H-2) 

6.79 (1H, dd, J = 1.0 

Hz, 8.2 Hz, H-2) 

C-9a, C-1  H-3 

3 138.4 137.9 7.74 (1H, t, 8.3, H-

3) 

7.72 (1H, t, J = 8.4 

Hz, H-3) 

C-4a, C-9a, C-1  H-4, H-2 

4 111.2 107.9 7.04 (1H, dd, 0.8, 

8.3, H-4) 

7.02 (1H, dd, J = 1.0 

Hz, 8.4 Hz, H-4) 

C-9a, C-4a, C-1 H-3 

4a 157.7 157.2 - - - - 

5 121.0 120.4 7.61 (1H, d, 9.1, 

H-5) 

7.59 (1H, d, J = 9.1 

Hz, H-5) 

C-8a, C-7, C-5a 

 

H-8 

5a 152.4 151.9 - - - - 

6 127.0 126.5 7.53 (1H, dd, 3.1, 

9.1, H-6) 

7.50 (1H, dd, J = 3.1 

Hz, 9.2 Hz, H-6) 

C-8a, C-7, C-5a H-5, H-8 

7 157.8 157.3 - - - - 

8 106.5 106.1 7.64 (1H, d, 3.1, 

H-8) 

7.62 (1H, d, J = 3.1 

Hz, H-8) 

C-6, C-9, C-7, C-5a H-5 

8a 122.1 121.6 - - - - 

9 183.3 182.9 - - - - 

9a 109.7 109.2 - - - - 

1′ 56.8 56.3 3.97 (3H, s, 7-

OCH3) 

3.96 (s, 7a-OCH3) C-7 - 
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4.2.5 Characterisation of Canumolactone (90) 

Figure 4-30:  

Structure of compound 90 

 

Compound 90 (Figure 4-30) was obtained as a yellowish-orange oil (110.8 mg) from 

the fraction CnH17o2a in the n-hexane extract with a molecular formula of C12H20O3 as it is 

consistent with the LC-MS (ESI-) spectrum exhibited a major ion peak at m/z 212.30 (Figure 

4-31). The UV-Vis spectrum of compound 90 displayed absorption at λmax = 250 and 280 

nm, which indicates the α, β-unsaturated lactone system due to conjugation. 

Figure 4-31:  

LC-MS for compound 90 

 

The IR spectrum exhibited a strong absorption at 1725 cm-1, which is characteristic 

of the typical carbonyl group (C=O) stretching of a lactone ring (Sun, 2005). The presence 

of the bands at 2950 cm-1 and 1268 cm-1 suggested aliphatic C-H stretching and C-O-C 

stretching vibrations of the ester functionality (Abdel-Kerim & Shoeb, 1972), respectively. 

There is also the presence of an absorption band at 1603 cm-1 which is the alkene C=C 

vibration corresponds to the conjugated system adjacent to the lactone ring, further 

supporting the presence of a lactone ring system within the structure. 
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The 1H NMR (Figure 4-33) and COSY spectra of compound 90 revealed that two 

sets of doublets of doublets resonating at δH 7.77 (H-3) and δH 7.67 (H-4) represent the 

olefinic protons, indicating an α, β-unsaturated lactone system. The correlation between the 

protons H-3 and H-4 was observed in the COSY spectrum. A downfield multiplet at δH 4.23 

ppm was attributed to the oxygenated methylene proton (H-6), suggesting its attachment 

nearby to an electronegative atom, which is the oxygen atom. The proton resonance at δH 

4.23 ppm (H-6) correlates with δH 1.71 (H-5), showing their connectivity within the lactone 

ring. A group of overlapping multiplet resonances at δH 1.33 (H-6′), 1.35 (H-5′), 1.39 (H-2′), 

and 1.42 (H-3′) stipulate the presence of aliphatic protons within the side chains of the 

lactone ring as methylene protons (CH2). On the other hand, the presence of two terminal 

methyl groups exists as triplets at δH 0.92 (H-7′) and δH 0.95 (H-4′). The aliphatic protons of 

methylene and methyls showed correlations with each other, confirming the presence of the 

saturated alkyl side chain in compound 90. 

The 13C NMR (Figure 4-34) and DEPT (135, 90, 45) spectra of compound 90 

confirmed the presence of carbons consisting of two quaternary carbons (-C-), including a 

carbonyl carbon at δC 167.1 (C-2), three methines (-CH), five methylene (-CH2-) and two 

methyl (-CH3) groups. The olefinic carbons were displayed at δC 128.7 (C-3) and δC 131.1 

(C-4), while the oxygenated methylene carbon was revealed at δC 67.4 (C-6). The remaining 

aliphatic carbons in methylene were observed within the range of 20 ppm to 30 ppm (δC 22.7 

(C-6′), 23.6 (C-3′), 28.8 (C-5′), and 30.3 (C-2′)) while the terminal methyl carbons were 

identified at δC 13.4 (C-7′), and 10.4 (C-4′). 

The HSQC spectrum provided 1J correlations, confirming the direct attachment of 

each proton to the respective carbon. Meanwhile, the HMBC correlation (Figure 4-32) 

confirmed the neighboring attachment from 2J correlations and above between the protons 

and carbons. From the HMBC spectrum, proton H-4 (δH 7.67) showed a long-range 

correlation with δC 132.6 (C-1′). The proton at δH 7.77 (H-3), which is adjacent to the 

carbonyl carbon, gave 2J correlations to both C-2 (δC 167.1) and C-4 (δC 131.1).  The proton 

at δH 4.23 (H-6) was correlated with δC 167.1 (C-2) and δC 38.8 (C-5), proving compound 

90 is a closed-ring structure.  
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Figure 4-32: 

HMBC (2J and 3J) 1H-13C correlations and 1H-1H COSY correlations of compound 90 

 

On the other hand, the aliphatic protons and carbons exhibited correlations with each 

other, such as H-3′ (δH 1.42) with C-2′ (δC 20.3), and C-4′ (δC 10.4), and H-6′ (δH 1.33) with 

C-5′ (δC 28.8), and C-7′ (δC 13.4), suggesting the presence of two identical aliphatic branches 

in the compound. Moreover, the cross-peaks between the proton resonance at δH 1.71 (H-5) 

and the methylene carbons resonating at δC 30.3 (C-2′), 23.6 (C-3′), and 28.8 (C-5′) suggest 

the attachment of the aliphatic chains on the lactone ring. Based on the spectral data, 

compound 90 was identified as canumolactone (Figure 4-30). The acquired spectroscopy 

data were compared with the published information in Table 4-5. Other 2D-NMR data of 

compound 90, such as DEPT-45, -90, -135, COSY, HSQC, and HMBC spectra, can be 

retrieved from Appendix 25-30.  
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Figure 4-33:  
1H NMR spectrum of compound 90 
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Figure 4-34:  
13C NMR spectrum of compound 90 
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(90) 

Table 4-5:  

Spectral data comparison of compound 90 with previous literature 

*Lizazman et al. (2026) ; measured in acetone-d6, 400 MHz (1H) and 100 MHz (13C). 

 

 

 

No. δ 13C  

(ppm) 

δ 13C 

(ppm) *  

δ 1H-13C HSQC (1J) 

(Mult. J Hz. int) 

δ 1H 

(Mult. J Hz. int) * 

1H-13C 

HMBC 

1H-1H 

COSY 

2 167.1 168.0 - - - - 

3 128.7 129.6 7.77 (1H, dd, 3.4, 5.7, 

H-3) 

7.75 (1H, dd, J = 3.3 

Hz, 5.8 Hz, H-3) 

C-4, C-2 H-4 

4 131.1 132.0 7.67 (1H, dd, 3.4, 5.7, 

H-4) 

7.65 (1H, dd, J = 3.3 

Hz, 5.8 Hz, H-4) 

C-3, C-1′ H-3 

5 38.8 39.7 1.71 (1H, m, H-5) 1.70 (1H, m, H-5) C-4′, C-3′, C-

5′, C-2′, C-6′ 
H-6 

6 67.4 68.4 4.23 (2H, m, H-6)  4.21 (2H, m, H-6) C-2, C-3′, C-

2′, C-5 

H-5 

1′ 132.6 133.5 - - - - 

2′ 30.3 31.2 1.39 (2H, m, H-2′) 1.39 (2H, m, H-2′) C-5’, C-2′, C-

5, C-6 

H-4′ 

3′ 23.6 24.5 1.42 (2H, m, H-3′) 1.44 (2H, m, H-3′) C-4′, C-2′, C-

5, C-6 

H-4′ 

4′ 10.4 11.3 0.95 (3H, t, H-4′) 0.94 (3H, t, H-4′) C-3′, C-5 H-2′, H-3′ 

5′ 28.8 29.7 1.35 (2H, m, H-5′) 1.35 (2H, m, H-5′) C-4′, C-6′, C-

5’, C-2′, C-5, 

C-6 

H-7’ 

6′ 22.7 23.6 1.33 (2H, m, H-6′) 1.33 (2H, m, H-6′) C-7′, C-5′, C-

2′ 
H-7′ 

7′ 13.4 14.3 0.92 (3H, t, H-7′) 0.91 (3H, t, H-7′) C-6′, C-5′ H-6′, H-5′ 
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4.2.6 Characterisation of Friedelin (71) 

Figure 4-35:  

Structure of compound 71 

 
 

Compound 71 (Figure 4-35) was obtained as a white-needle crystal (54.2 mg) from 

CnH1 in the n-hexane extract with a melting point of 260-261 °C, similar to the reported 

value by Sunil et al. (2021): 263-265 °C. The GC-MS spectrum (Figure 4-36) yielded a 

molecular ion [M+] at m/z 426, consistent with the molecular formula C30H50O.  

Figure 4-36:  

GC-MS for compound 71 

 

Compound 71 exhibited characteristic IR absorptions of a saturated triterpenoid 

ketone. Strong bands at 2925 and 2857 cm⁻¹ were assigned to aliphatic C–H stretching 

vibrations of methyl and methylene groups. A sharp and intense absorption at 1714 cm⁻¹ 

corresponded to a non-conjugated carbonyl (C=O) stretching vibration (Sun, 2005). 

Additional bands at 1460 and 1389 cm⁻¹ were attributed to CH₃ bending (deformation) 

vibrations, consistent with a highly methylated pentacyclic triterpenoid framework. 

Meanwhile, the UV-Vis spectrum indicates the presence of the unsaturated bond at the 

maximum absorption of 288 nm. 
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The 1H NMR spectrum of compound 71 (Figure 4-37) displayed characteristics of 

highly upfield signals due to its highly saturated structure. The proton singlets at δH 1.01 (C-

29) and δH 0.97 (C-30), which integrated for three protons per singlet, confirmed the 

presence of methyl groups at C-20. However, the presence of a singlet at δH 2.22 (H-2) was 

more deshielded (downfield) due to its assignment at the C-2 position, adjacent to the C=O 

functional group. 

The 1C NMR spectrum (Figure 4-38) confirmed the presence of 30 carbon signals, 

which is consistent with the triterpenoid structure. A downfield signal at δC 213.4 

corresponds to the carbon resonance in the carbonyl group (C=O). The comparison between 

C-13 and DEPT-135 spectra distinguished resonances of seven quaternary carbons, eleven 

methylene carbons, four methine carbons, and eight methyl carbons.  

The assignments of the NMR spectra for compound 71 are tabulated in Table 4-6. 

Based on the comparison with previous literature, compound 71 was elucidated as friedelin 

(Figure 4-35). The 2D-NMR of compound 71 can be retrieved from Appendix 31. 
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Figure 4-37: 

Expanded 1H NMR spectrum of compound 71 in the 0-4 ppm region 
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Figure 4-38: 
13C NMR spectrum of compound 71 
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(71) 

Table 4-6:  

Spectral data comparison of compound 71 with previous literature 

No. 
δ 13C 

(ppm) 

δ 13C * 

(ppm) 

δ 1H 

(Int. J Hz. Mult.) 

δ 1H * 

(Int. J Hz. Mult.) 

1 22.3 22.4 1.71, 1.98 (2H, m) 1.72, 1.94, (1H, m) 

2 41.3 41.4 2.26, 2.39 (2H, m) 2.26, 2.38, (2H, m) 

3 213.4 213.3 - - 

4 58.2 58.3 2.26 (1H, 6.7, q) 2.23 (1H, 6.9, q) 

5 42.2 42.2 - - 

6 41.5 41.6 1.28, 1.74 (2H, 11.9, d) 1.74, 1.26 (2H, 11.5, d) 

7 18.2 18.3 1.41, 1.50 (2H, m) 1.37, 1.48 (2H, m) 

8 53.1 53.2 1.41 (1H, 9.2, t) 1.37 (1H, 8.6, t) 

9 37.4 37.5 - - 

10 59.5 59.6 1.53 (1H, m) 1.50 (1H, m) 

11 35.3 35.4 1.28, 1.48 (2H, m) 1.46, 1.26 (2H, m) 

12 30.5 30.6 1.34, 1.34 (2H, m) 1.32, 1.37 (2H, m) 

13 39.7 39.8 - - 

14 38.3 38.4 - - 

15 32.4 32.5 1.27, 1.47 (2H, m) 1.45, 1.24 (2H, m) 

16 36.0 36.1 1.37, 1.58 (2H, m) 1.52, 1.34 (2H, m) 

17 30.0 30.1 - - 

18 42.8 42.9 1.58 (1H, m) 1.52 (1H, m) 

19 36.0 35.7 1.22, 1.39 (2H, m) 1.19, 1.37 (2H, m) 

20 28.2 28.2 - - 

21 32.8 32.8 1.31, 1.51 (2H, m) 1.30, 1.49 (2H, m) 

22 39.3 39.3 0.94, 1.50 (2H, m) 1.49, 0.93 (2H, m) 

23 6.8 6.9 0.90 (3H, 6.7, d) 0.86 (3H, 6.1, d) 

24 14.7 14.7 0.74 (3H, s) 0.70 (3H, s) 

25 18.0 18.0 0.88 (3H, s) 0.85 (3H, s) 

26 20.3 20.3 1.02 (3H, s) 0.99 (3H, s) 

27 18.7 18.7 1.06 (3H, s) 1.03 (3H, s) 

28 32.1 32.2 1.19 (3H, s) 1.16 (3H, s) 

29 35.0 35.1 1.01 (3H, s) 0.93 (3H, s) 

30 31.8 31.9 0.97 (3H, s) 0.98 (3H, s) 

*Heilman et al. (2024) ; measured in C3D6O, 500 MHz (1H) and 125 MHz (13C). 

 



 

91 

4.2.7 Characterisation of Stigmasterol (70) 

Figure 4-39: 

Structure of compound 70 

 

Compound 70 (Figure 4-39) was obtained as a white crystal (28.9 mg) from the 

fraction CnH17o2b1 in the n-hexane extract with a melting point of 174 - 175 °C, similar to 

the reported value of 175 °C (Zaine et al., 2024). The GC-MS spectrum (Figure 4-40) 

exhibited a molecular peak at m/z 412.70, which is aligned with the molecular formula 

C29H48O.  

Figure 4-40:  

GC-MS for compound 70 

 

Compound 70 exhibited a broad absorption band at 3482 cm⁻¹, corresponding to O–

H stretching of the hydroxyl group. A weak band at 3030 cm⁻¹ was assigned to unsaturated 

(=C–H) stretching, while the strong absorptions at 2929 and 2868 cm⁻¹ indicated aliphatic 

C–H stretching vibrations. The band at 1649 cm⁻¹ was attributed to C=C stretching of the 

alkene functionalities. In addition, peaks at 1463 and 1382 cm⁻¹ were consistent with CH₃ 

bending vibrations, and the absorption at 1052 cm⁻¹ supported the presence of C–O 

stretching of the secondary alcohol group. Moreover, compound 70 displayed the UV 

maximum absorption at 279 nm, indicating the presence of the unsaturated bond.  

The 1H NMR spectrum (Figure 4-41) suggested the presence of a hydroxyl (-OH) 

group at position C-3 as the multiplet integrated for a proton resonating at δH 3.53 showed 

the characteristic of an axial proton adjacent to the hydroxyl group. Meanwhile, the olefinic 
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proton H-6 resonance at δH 5.36 indicates the presence of an unsaturated double bond 

between carbons 5 and 6 in the compound. The presence of methyl groups at C-18, C-19, C-

26, C-27, and C-29 is evident from singlet and multiplet peaks in the range of 0.69 to 1.02 

ppm. The multiplet at δH 5.16 (H-22) to δH 5.03 (H-23) corresponds to the C-22 and C-23 

carbon positions, confirming the presence of a second double bond in the side branch.  

The 13C NMR spectrum (Figure 4-42) further supports the structure of compound 70 

as the hydroxyl-bearing carbon, C-3, resonates at δC 71.9, due to the deshielding effect of 

the binding of electronegative oxygen to the carbon. The C-5 and C-6 double bond was 

confirmed by peaks at 140.9 ppm (C-5) and 121.8 ppm (C-6), while the C-22 and C-23 

olefinic carbons resonate at δC 138.4 and 129.4, respectively, further supporting the 

unsaturation in the side chain. The aliphatic carbon resonances were observed within the 

range of δC 12.0 – 56.9, corresponding to the sterane skeleton. 

The assignments of the NMR spectra for compound 70 were summarised in Table 

4-7. Based on the comparison with previous literature, compound 70 was characterised as 

stigmasterol (Figure 4-39). The 2D-NMR of compound 71 can be retrieved from Appendix 

32. 
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Figure 4-41: 
1H NMR spectrum of compound 70 
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Figure 4-42: 
13C NMR spectrum of compound 70 
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(70) 

Table 4-7: 

Spectral data comparison of compound 70 with previous literature 
No. δ 13C 

(ppm) 

δ 13C 

(ppm) * 

δ 1H-13C HSQC (1J) 

(Mult. J Hz. Int) 

δ 1H 

(Mult. J Hz. int) * 

1 31.8 36.6 1.52 (m) 1.84 (m) 

2 28.4 29.3 1.85 (m) 1.83 (m) 

3 71.9 71.9 3.53 (m, 1H) 3.52 (m) 

4 42.4 42.3 2.26 (m) 2.30 (m) 

5 140.9 140.9 - - 

6 121.8 121.8 5.35 (m, 1H) 5.35 (m) 

7 29.3 31.8 1.67 (m)  1.97 (m) 

8 36.3 29.0 1.37(m) 1.46 (m) 

9 50.2 50.2 0.93 (m) 0.92 (m) 

10 36.6 36.3   

11 24.5 24.4 1.56 (m) 1.50 (m) 

12 39.8 39.8 2.00 (m) 2.00 (m) 

13 42.3 40.6 - - 

14 56.9 56.9 1.02 (m) 1.01 (m) 

15 24.5 24.5 1.58 (m) 1.56 (m) 

16 28.4 28.4 1.26 (m) 1.72 (m)  

17 56.2 56.1 1.13 (m) 1.15 (m) 

18 12.0 12.0 0.69 (m) 0.69 (m) 

19 19.5 19.1 1.02 (m) 1.01 (m) 

20 40.6  39.9 2.05 (m) 2.06 (m) 

21 18.9 23.2 0.93 (m) 1.02 (m) 

22 138.4 138.4 5.16 (dd, 15.1, 8.6, 1H) 5.17 (dd, 15.2, 8.6) 

23 129.4 129.4 5.03 (dd, 15.1, 8.6, 1H) 5.03 (dd, 15.2, 8.6) 

24 51.3 51.3 1.54 (m) 1.54 (m) 

25 32.0 34.1 1.45 (m) 1.55 (m) 

26 19.9 21.2 0.85 (m) 0.85 (m) 

27 19.1 21.3 0.82 (m) 0.80 (m) 

28 25.5 25.5 1.43 (m) 1.44 (m) 

29 12.2 12.1 0.82 (m) 0.81 (m) 

*Marliyana et al. (2021); measured in CDCl3, 500 MHz (1H) and 125 MHz (13C). 
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4.3 C. nodosum Antibacterial Activities 

Secondary metabolites obtained from nature have been a valuable source of bioactive 

constituents with potential properties, providing new lead compound candidates for drug 

development. This study on C. nodosum has led to the identification of a new compound, 

nodosuxanthone (89), and the evaluation of both crude extracts and isolated compounds for 

antibacterial activity to assess their pharmaceutical potential. To achieve this, antibacterial 

assays were conducted on the crude extracts of n-hexane (CnH), chloroform (CnC), 

methanol (CnM) and all seven isolated compounds against different bacterial strains of 

Gram-positive (S. aureus) and Gram-negative bacteria (A. baumannii, E. coli, P. aeruginosa, 

and K. pneumoniae). In this study, one Gram-positive strain and four Gram-negative strains 

were selected to evaluate the antibacterial potential of the extracts and isolated compounds.  

The inclusion of S. aureus as a common model Gram-positive pathogen allows 

comparison with previous studies that often report activity against this bacterial strain by 

extracts and isolated compounds from this genus, as shown in the literature review section 

(Abbas & Minarti, 2020; Alkhamaiseh et al., 2011, 2012; Aminudin et al., 2019; Kawamura 

et al., 2012; Ragasa et al., 2015; Yasunaka et al., 2005; Yimdjo et al., 2004). Meanwhile, this 

study emphasised Gram-negative bacteria because they are generally more challenging to 

treat due to their structural complexity and higher resistance mechanisms, like 

lipopolysaccharides (LPS), making them less susceptible to many conventional antibiotics 

(Breijyeh et al., 2020).  

The difference in mechanism between the two Gram bacteria is that the Gram-

positive bacteria generally have a thicker peptidoglycan cell wall layer compared to the 

Gram-negative bacteria, which can help protect them against some antibiotics by hindering 

the entry of the antibiotics (Kakoullis et al., 2021). While Gram-negative bacteria have a thin 

peptidoglycan layer (Reith & Mayer, 2011), they have an outer membrane layer with LPS, 

which often confers resistance to antibacterial agents (Miller, 2016).  

In this study, the negative control used was dimethyl sulfoxide (DMSO), while the 

positive control used was ampicillin, a broad-spectrum antibiotic known for its efficacy 

against both types of bacteria (Sharma et al., 2013). 
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4.3.1 Well diffusion screening 

The antibacterial activity of C. nodosum extracts (CnH, CnC, CnM) and all seven 

isolated compounds were initially screened using the agar well diffusion method. The zone 

of inhibition for each sample was evaluated by measuring the diameter of the clear inhibition 

zones around the wells after an incubation period with the bacteria. Each well was loaded 

with test samples at concentrations of 1 mg/mL and 0.1 mg/mL for crude extracts and 

isolated compounds, respectively. The screening was conducted in triplicate, and the results 

are summarised in Table 4-8.  

One-way ANOVA revealed statistically significant differences among treatments for 

all five bacterial strains tested (p < 0.05). The homogeneity of variance was violated only 

for S. aureus, for which the Games-Howell post hoc analysis was applied. Tukey’s HSD was 

used for the remaining strains. In this study, the threshold activity defined by Zamakshshari 

et al. (2024) was adopted as the reference standard, whereby antibacterial potency was 

categorized according to the diameter of the inhibition zone: weak (< 5 mm), moderate (5 – 

10 mm), strong (10 – 20 mm), and very strong (20-30 mm) (Detha et al., 2018; Morales et 

al., 2003; Sanam et al., 2022).  

In the preliminary screening stage, the n-hexane extract of C. nodosum (CnH) 

exhibited the most promising antibacterial activity, producing inhibition zones of 11.33 mm, 

10.44 mm, and 11.67 mm against A. baumannii, E. coli, and K. pneumoniae, respectively. 

By contrast, the chloroform extract of C. nodosum (CnC) and the methanol extract of C. 

nodosum (CnM) exhibited inhibition zones below 10 mm across most strains and were 

therefore considered inactive in the preliminary screening Zamakshshari et al. (2024). 

The strong inhibition of CnH suggests the enrichment of lipophilic bioactive 

constituents within the nonpolar fraction as several active compounds, like 

trapezifolixanthone (20), caloxanthone C (5), canumolactone (90), friedelin (71), and 

stigmasterol (70), were isolated from this extract and have individually displayed strong (> 

10.00 mm) inhibitory effects. The better activity of CnH as compared to CnC and CnM is 

likely due to the higher proportion of membrane-active lipophilic compounds, especially the 

triterpenoid class compounds, like friedelin (71) and stigmasterol (70), which is known to 

disrupt bacterial membranes Yeap et al. (2017). The presence of these compounds was 

enough to make the antibacterial activity of CnH stand out, let alone the synergistic effect of 

all the compounds, as the synergistic interactions among multiple classes of constituents, 
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like xanthones, triterpenes, and lactones, may have also further enhanced the observed 

activity (Heilman et al., 2023).  

Among the isolated compounds, all compounds demonstrated variable activities, as 

the newly undescribed xanthone, nodosuxanthone (89) shows weaker inhibition towards all 

bacterial strains tested, except for moderately inhibiting P. aeruginosa at 9.33 mm. 

Trapezifolixanthone (20) displayed a similar profile, being inactive against most strains but 

inhibiting P. aeruginosa with a diameter of 10.11 mm, suggesting that both compounds may 

share a related mechanism of action against this bacterial species for their similarity in 

chemical structure. The caloxanthone C (5) showed selective activity, inhibiting E. coli 

(10.33 mm) and P. aeruginosa (12.44 mm), while displaying minimal activity (<10.00 mm) 

against the remaining strains. Canumolactone (90) exhibited the broadest spectrum, 

producing inhibition zones of 12.56 mm against A. baumannii and 11.78 mm against both 

E. coli and P. aeruginosa. Similarly, stigmasterol (70) inhibited K. pneumoniae (12.00 mm) 

and P. aeruginosa (12.44 mm). Friedelin (6), a triterpenoid, demonstrated highly selective 

activity, inhibiting only A. baumannii (11.11 mm), while showing insufficient activity 

against the other strains. The 1-hydroxy-7-methoxyxanthone (27) was the only compound 

that was inactive across all bacterial species other than nodosuxanthone (89). 

Although CnC had isolated some bioactive compounds as well, the active 

compounds isolated from CnC were not as many as in CnH, whereby the extract only 

successfully isolated the inactive, 1-hydroxy-7-methoxyxanthone (27), and two other 

xanthone class of compounds, trapezifolixanthone (20), and caloxanthone C (5). It could 

also be that the presence of the compounds that are active against the bacterial strains is 

present in smaller quantities in CnC and CnM as compared to CnH (Alawode et al., 2021). 

Other than that, corresponding results were presented by Vittaya et al. (2023), as the 

n-hexane extract of another Calophyllum genus also exhibited better antibacterial activity in 

the study. Vittaya et al. (2023) stated that it could be due to the substituents within each of 

the compounds that are available in the extract, such as alkanes, alcohols, carboxylic acids, 

aromatics, esters, aliphatic amines, and alkyl halides (Gilbert, 2017). This has been 

mentioned in a study done by Kamdem et al. (2022) and Radi et al. (2023), that the 

predominatly polar substituents have a higher activity than nonpolar substituents according 

to the structure-activity relationship (SAR) reported.  
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Overall, the CnH extract appears enriched in compounds whose physicochemical 

properties are more effective against Gram-negative bacteria but less suited for Gram-

positive targets. This can be seen as both the extract and isolated compounds exhibited 

limited efficacy against S. aureus. The results in this study are contradictory to previous 

studies, which have reported that the Calophyllum genus suggested greater susceptibility of 

Gram-positive bacteria compared to Gram-negative bacteria (Abbas & Minarti, 2020; 

Alkhamaiseh et al., 2011, 2012; Aminudin et al., 2019; Kawamura et al., 2012; Ragasa et al., 

2015; Yasunaka et al., 2005; Yimdjo et al., 2004). This is likely due to its highly evolved and 

diverse mechanisms of antibiotic resistance. As detailed by Kakoullis et al. (2021), S. aureus 

can develop resistance toward the majority of antibiotic classes through various strategies 

like β-lactamase production, altered penicillin-binding proteins, efflux pumps, enzymatic 

inactivation, target site mutations, and thickened cell walls that impede antibiotic penetration 

(Nikolic & Mudgil, 2023). Another study done on the intraspecific variability in resistance 

genes has been documented across different isolates of E. coli, further emphasising that 

strain-to-strain differences can significantly influence susceptibility outcomes (Suarez & 

Martiny, 2024). Taken together, these explained the unexpected resistance even against 

compounds to which S. aureus strains are typically susceptible. 

The lack of inhibition against P. aeruginosa by CnH at the extract level, despite 

certain compounds isolated from the extract being active, suggests that the permeability 

barriers and efflux mechanisms in this species of bacteria limit the efficacy of crude 

mixtures. This observation is consistent with previous studies on another Calophyllum 

extract, which also reported poor activity against P. aeruginosa due to the protective role of 

its outer membrane (Ha et al., 2009). The proportions of bioactive compounds present in the 

extract might affect activity in the preliminary screening stage, whereby some individual 

compounds may be synergistic or antagonistic among one another throughout the test 

(Budiyanto et al., 2022). The resulting crude extract is a mixture of tens to thousands, each 

ranging in quantity from trace to a major component of the mixture (Harris, 2002). 

Therefore, it is possible that the extract contained enough concentration of bioactive 

compounds such as friedelin (71) and stigmasterol (70) to inhibit the other Gram-negative 

bacterial strains but not P. aeruginosa.  

The strong activity (> 10.00 mm) exhibited by stigmasterol (70) needs no 

introduction, as previous studies have evidenced its inhibition against Gram-negative 

bacteria (Ayele et al., 2022). This could be the same reason for its good activity towards 
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Gram-negative bacteria in this study, as stigmasterol (70) has been shown to exhibit very 

strong inhibition (24 mm) towards E. coli in another study (Yusuf et al., 2018). A study done 

by Alawode et al. (2021) also indicated that the antibacterial activity of stigmasterol is 

attributable to its ability to inhibit “sortase”, which is an enzyme found in bacteria that 

participates in pathways involving secretion and anchoring of cell wall proteins. Another 

possible mechanism of action for stigmasterol against the bacteria is disrupting the bacterial 

cell membrane, altering its fluidity and causing leakage of cellular contents and thus 

affecting membrane-bound processes (de Dieu Tamokou et al., 2011). While the lack of 

antibacterial activity of friedelin (71) in this study was supported by Pretto et al. (2004), 

there is a review on the collection of data for previous research done for the antibacterial 

activity of friedelin, which shows contradictory results, as friedelin (71) shows inhibition 

toward bacterial strains across different studies (Radi et al., 2023).  

On the other hand, the activity demonstrated by trapezifolixanthone (20) and 

caloxanthone C (5) are evidenced by literature, which has mentioned the good activity of 

this class of compounds, xanthone, particularly in antibacterial activity (Liu et al., 2021). 

This is especially true for the two compounds isolated, as another study has mentioned that 

the presence of hydrophobic prenyl groups attached to the aromatic ring of the xanthone, 

which in this case, is at the C-4 position of both trapezifolixanthone (20) and caloxanthone 

C (5), has increased the lipophilicity and membrane affinity of the compound to help 

penetrate bacterial membranes, allowing more interaction with bacterial phospholipid 

bilayers (Fu et al., 2025). Although 1-hydroxy-7-methoxyxanthone (27) also has a xanthone 

skeleton, the absence of a prenyl group within the structure causes the compound to lack 

antibacterial activity when compared with the other two xanthones, compounds (20) and (5). 

Other than that, there is a study that has been concluded by Liu et al. (2021), showing that 

the presence of simple methoxy and hydroxyl groups has little effect on antibacterial activity. 

This shows the reason why compound (27) did not show good inhibition, even though it is 

from the same class of compounds as compounds (20) and (5), since compound (27) is a 

simple xanthone with one hydroxyl and methoxy group only.  

For the lactone isolated, there aren’t many compounds of this class being isolated 

from the Calophyllum genus. However, the antibacterial activity of this class of compounds 

is well-known (Kowalczyk et al., 2021). This usually occurs in the smaller ring size (seven-

membered and below) of the lactone (Mazur & Masłowiec, 2022). However, gamma (five-

membered ring) and delta (six-membered ring) lactones are the ones that are most commonly 
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active and show antibacterial properties, as they form the most stable rings compared to the 

rest of them, which have a more constrained ring and have unfavourable interactions with 

the structure of the cyclic system (Kowalczyk et al., 2021).  

This fits with canumolactone (90) description as the compound having six-membered 

cyclic esters, which is also known as the delta lactone. It is believed that the ability of 

canumolactone exhibits good activity towards the gram-negative bacteria specifically is due 

to it being an alpha-beta unsaturated lactone, having a conjugated double bond adjacent to 

the carbonyl group (Egbujor et al., 2022). This structure enables the compound to be more 

electrophilically active as the ring act as Michael acceptors (Mazur & Masłowiec, 2022), 

enabling them to form an irreversible covalent bond with the bacterial proteins through 

alkylation of enzymes to inhibit the key bacterial enzyme, disrupting cell membrane 

integrity, causing oxidative stress induction, and ultimately leading to cell death (Mayer et 

al., 2021). Refer to Appendix 33 for images showing the inhibition zone susceptibility of 

both isolated compounds and extracts derived from C. nodosum. 

Statistical comparison with the positive standard revealed strain-dependent 

susceptibility patterns as canumolactone (90) was the only one that was statistically 

comparable to ampicillin (p > 0.05) against S. aureus, while all the other extracts and 

compounds were significantly lower inhibition. In contrast, ampicillin remained 

significantly superior to all tested samples against E. coli (p < 0.05), indicating limited 

comparability of the natural products for this strain. For K. pneumoniae, stigmasterol (70) 

showed significantly greater inhibition than ampicillin, while the CnH displayed statistically 

comparable activity. Interestingly, both caloxanthone C (5) and stigmasterol (70) 

significantly outperformed ampicillin, with canumolactone (90) also demonstrated superior 

inhibitory effects. A similar trend was observed for A. baumannii, as canumolactone (90) 

exhibited significantly higher activity than ampicillin, with CnH and friedelin (71) showing 

comparable inhibition. Collectively, these findings suggest that caloxanthone C (5), 

canumolactone (90) and stigmasterol (70) possess antibacterial activities comparable or 

exceeding the standard antibiotic against certain Gram-negative pathogens. 
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Table 4-8: 

Inhibition zones (mm) of isolated compounds and extracts 

Different superscript letters within the same column indicate significant differences (p < 0.05) for respective bacterial strain only. 

Superscripts are not comparable across different bacteria. CnH: Calophyllum nodosum n-hexane extract; CnC: Calophyllum nodosum 

chloroform extract; CnM: Calophyllum nodosum methanol extract; DMSO: Dimethyl sulfoxide; NA: No Activity 

 

 

 

 

  

 Diameter of inhibition zone (mm) 

 Gram-

positive 

bacteria 

  

Gram-negative bacteria 

Sample S. aureus  A. baumannii E. coli K. 

pneumoniae 

P. aeruginosa 

CnH 7.56 ± 0.73b  11.33 ± 1.22b 10.44 ± 1.51b 11.67 ± 1.00b 8.22 ± 1.09e 

CnC 7.00 ± 0.00b  8.00 ± 0.60d 8.89 ± 0.78d 8.00 ± 0.71d 8.00 ± 0.71f 

CnM 7.44 ± 0.53b  9.22 ± 0.83c 9.44 ± 0.53c 8.56 ± 0.88d 7.66 ± 0.88f 

Nodosuxanthone 

(89) 

7.22 ± 0.44b  7.78 ± 0.67d 8.33 ± 0.71d 7.78 ± 0.67e 9.33 ± 0.87d 

Trapezifolixantho

ne (20) 

7.22 ± 0.44b  7.78 ± 0.67d 8.33 ± 0.71d 8.67 ± 0.05d 10.11 ± 0.60c 

Caloxanthone C 

(5) 

7.67 ± 0.50b  9.78 ± 0.83c 10.33 ± 1.12b 8.44 ± 0.88d 12.44 ± 0.88a 

1-hydroxy-7-

methoxyxanthone 

(27) 

7.11 ± 0.33b  8.78 ± 0.67c 8.67 ± 0.71d 8.78 ± 0.67d 8.33 ± 0.50e 

Canumolactone 

(90) 

8.11 ± 0.78a  12.56 ± 0.53a 11.78 ± 0.67b 8.44 ± 0.53d 11.78 ± 1.20b 

Friedelin (71) 7.67 ± 0.71b  11.11 ± 1.05b 9.89 ± 0.78c 9.67 ± 1.32c 8.67 ± 0.50e 

Stigmasterol (70) 7.00 ± 0.00b  9.00 ± 1.22c 9.78 ± 1.30c 12.00 ± 1.00a 12.44 ± 0.53a 

Ampicillin 8.67 ± 0.71a  10.44 ± 1.74b 14.22 ± 1.39a 11.00 ± 0.50b 8.67 ± 0.87e 

DMSO NA  NA NA NA NA 
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4.3.2 Minimum inhibitory concentration (MIC) and minimum bactericidal 

concentration (MBC) 

The minimum inhibitory concentration (MIC) stands for the lowest concentration of 

a sample at which no visible bacterial growth is observed, both before and following 

incubation (Parvekar et al., 2020). Only samples showing inhibition zones reaching or 

exceeding 10 mm are deemed as strong, suggesting such samples for further analysis using 

the MIC assay (Zamakshshari et al., 2023). Then, those showing no turbidity or visible 

bacterial growth within the tested concentration in the MIC test proceeded to the minimum 

bactericidal concentration (MBC) assay. Meanwhile, the MBC is defined as the lowest 

concentration of the sample that completely kills the bacterial cells, as confirmed by the 

absence of visible growth even after subculturing onto fresh agar plates following incubation 

(Parvekar et al., 2020). Following the criteria mentioned, CnH was brought forward to MIC 

and MBC against A. baumanii, E. coli, K. pneumoniae, and P. aeruginosa; 

trapezifolixanthone (20) against P. aeruginosa; caloxanthone C (5) against E. coli and P. 

aeruginosa; canumolactone (90) against A. baumannii, E. coli, and P. aeruginosa; Friedelin 

(71) against A. baumanii; stigmasterol (70) against K. pneumoniae, and P. aeruginosa. 

In the MIC and MBC assay, the n-hexane extract (CnH) demonstrated moderate MIC 

values of 0.25 mg/mL against E. coli, A. baumannii and K. pneumoniae. The following MBC 

results for the n-hexane extract also indicated that it is bactericidal towards A. baumannii 

and E. coli at a concentration of 1.0 mg/mL, while it is bactericidal against K. pneumoniae 

at 0.5 mg/mL. This finding aligns with previous studies by (Abbas J, 2019; Vittaya et al., 

2023), which showed that the Calophyllum n-hexane extract yielded the best results 

compared to the other extracts that are more polar at a concentration as low as < 0.098 

mg/mL.   

Among the isolated compounds, trapezifolixanthone (20) showed moderate activity 

towards P. aeruginosa at an MIC level of 0.025 mg/mL as well as 0.1 mg/mL in the MBC 

test against the same bacterial strain. On the other hand, caloxanthone C (5) inhibited E. coli 

and P. aeruginosa, each at an MIC value of 0.025 mg/mL, while exhibiting MBC values at 

0.05 mg/mL and 0.1 mg/mL, respectively, towards the two strains. This shows that the 

xanthone skeleton structure of compounds 20 and 5 features a planar dibenzo-γ-pyrone core 

that, when decorated with hydrophobic prenyl side chains, gains high affinity for bacterial 

membranes (Gunter et al., 2020). This amphipathic balance lets these molecules insert into 

lipid bilayers, compromising membrane integrity and disrupting essential barrier functions, 
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leading to direct membrane targeting that causes their rapid bactericidal effects (Koh et al., 

2018). 

Canumolactone (90), on the other hand, exhibited moderate activity towards A. 

baumannii, P. aeruginosa and E. coli with MIC value at 0.025 mg/mL. Canumolactone (90) 

is also able to demonstrate bactericidal activity at 0.05 mg/mL for A. baumannii and 0.1 

mg/mL for both P. aeruginosa and E. coli. This fits with the explanation above, mentioning 

the ability of canumolactone (90) in causing cell death, which features its bactericidal effect 

(Mayer et al., 2021). For the triterpenoids that were isolated, friedelin (71) was moderately 

active against A. baumannii at a concentration of 0.025 mg/mL, while having a bactericidal 

effect at a concentration of 0.1 mg/mL. The same applies to stigmasterol (70), as it displayed 

moderate activity towards P. aeruginosa and K. pneumoniae at a MIC value of 0.25 mg/mL 

and 0.05 mg/mL towards K. pneumoniae in the MBC test. However, stigmasterol (70) does 

not show bactericidal effect on P. aeruginosa at 0.1 mg/mL, which indicates that it might 

need a higher concentration to be bactericidal towards P. aeruginosa.  

According to Akongwi et al. (2023), samples with an MBC: MIC ratio ≤ 4 are 

considered bactericidal against specific microbial strains. This method was used to 

determine the bactericidal potential of a sample. In this study, all samples that have been 

brought forward to MIC and MBC assays met this criterion, except for stigmasterol (7), 

which, when tested against P. aeruginosa, the bacteria still grew after incubation for another 

18 hours. This matched with the previous report, indicating that stigmasterol does not kill 

the bacteria; instead, it only inhibits, giving bacteriostatic effects (Villarreal et al., 2022).  

The MIC and MBC results tallied with the preliminary screening done, as strong 

correlations were seen that when the well diffusion method gives large inhibition zones, MIC 

results were shown, and even at a lower concentration. Most of the samples tested showed 

more killing of the bacteria instead of inhibiting the bacteria, except for stigmasterol (70). 

The results for MIC and MBC were tabulated as in Table 4-9. 

Overall, integration of the well diffusion screening, statistical analysis, and 

MIC/MBC results identified canumolactone (90) as the most potent antibacterial compound, 

followed by caloxanthone C (5). Canumolactone consistently produced strong inhibition 

zones (> 10 mm), demonstrated statistical comparability or superiority to ampicillin against 

selected strains, and exhibited low MIC (0.025 mg/mL) with bactericidal MBC values of 

0.05-0.1 mg/mL. Although caloxanthone C (5) displayed a comparatively narrower activity 
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spectrum, it demonstrated pronounced inhibition, particularly against P. aeruginosa and E. 

coli, with low MIC and bactericidal effects. In contrast, stigmasterol (70) exhibited higher 

MIC values and lacked bactericidal activity against P. aeruginosa, indicating comparatively 

lower killing efficiency. Collectively, these findings highlight canumolactone (90) and 

caloxanthone C (5) as the most promising antibacterial candidates identified in this study. 

Table 4-9: 

Minimum Inhibitory Concentration (MIC) and Minimum Bactericidal Concentration 

(MBC) of Calophyllum nodosum Extracts and Compounds 

Sample A. baumannii E. coli K. pneumoniae P. aeruginosa 

MIC MBC MIC MBC MIC MBC MIC MBC 

mg/mL 

CnH 0.25 1.0 0.25 1.0 0.25 0.5 - - 

CnC - - - - - - - - 

CnM - - - - - - - - 

Nodosuxanthone (89) - - - - - - - - 

Trapezifolixanthone (20) - - - - - - 0.025 0.1 

Caloxanthone C (5) - - 0.025 0.05 - - 0.025 0.1 

1-hydroxy-7-

methoxyxanthone (27) 

- - - - - - - - 

Canumolactone (90) 0.025 0.05 0.025 0.1 - - 0.025 0.1 

Friedelin (71) 0.025 0.1 - - - - - - 

Stigmasterol (70) - - - - 0.025 0.05 0.025 > 0.1 

Ampicillin 0.025 0.05 0.025 0.05 0.025 0.05 - - 

DMSO - - - - - - - - 
CnH: Calophyllum nodosum n-hexane extract; CnC: Calophyllum nodosum chloroform extract; CnM: Calophyllum nodosum methanol 

extract; DMSO: Dimethyl sulfoxide; (-) = Not determined; MIC: Minimum inhibitory concentration; MBC: Minimum bactericidal 

concentration 
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CHAPTER 5: 

CONCLUSION 

 

5.1 Conclusion 

In conclusion, the phytochemical analysis of the stem bark of C. nodosum has been 

done successfully, leading to the isolation and identification of seven compounds, including 

four xanthones, nodosuxanthone (89), trapezifolixanthone (20), caloxanthone C (5), 1-

hydroxy-7-methoxyxanthone (27); a lactone, canumolactone (90); and two terpenes, 

friedelin (71) and stigmasterol (70). Significantly, this study marks the initial reporting of 

the undescribed naturally produced secondary metabolites, nodosuxanthone (89), further 

enriching the knowledge of bioactive compounds derived from the genus of Calophyllum 

and their future applications. The antibacterial results were conducted over a concentration 

range of 1.0 to 1.95 x 10-3 and 0.1 to 1.95 x 10-4 mg/mL, and the results indicated that both 

the C. nodosum crude extracts and its isolated compounds demonstrated promising activity 

towards bacterial strains at varying degrees, with the n-hexane extract showing moderate 

efficacy against A. baumannii, E. coli, and K. pneumoniae. Among the isolated compounds, 

caloxanthone C (5), and canumolactone (90) demonstrated notable antibacterial and 

bactericidal effects, particularly against Gram-negative bacteria. The enhanced activity 

observed in the C. nodosum extract may be due to the possible synergistic effects between 

these bioactive compounds, where the combined action of multiple phytoconstituents 

enhances the overall antibacterial activity. These findings suggest that the compounds in the 

nonpolar extract have the potential to become antibacterial agents, further proving that a lot 

of lead compounds can be derived from Calophyllum plants for medicinal findings and 

pharmaceutical development. The findings in this study suggest that C. nodosum is a 

promising source for identifying lead compound candidates as new antibacterial agents.  
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5.2 Recommendations 

The isolated compounds were obtained in low yield, highlighting the need for a 

standardised isolation method to improve their recovery. This difficulty in separating 

compounds from each other resulted in low amounts after several purifications. Therefore, 

it is recommended to use Preparative High-Performance Liquid Chromatography (prep-

HPLC) to separate the compounds. This technique is highly effective for the separation and 

purification of complex mixtures, allowing the compounds to be separated with greater 

precision. Once sufficient amounts are obtained, structural modifications should be explored 

to enhance their antibacterial potency and selectivity. In the antibacterial assay, a variety of 

bacterial strains consisting of Gram-positive and Gram-negative bacteria should be used to 

allow for a complete evaluation of antibacterial potential, revealing selective or broad 

activity, and ensuring relevance to real-world infections with varying resistance profiles. 

Additionally, integrating advanced analytical techniques such as computational modelling 

can optimise drug discovery by predicting bioactivity, improving compound-target 

interactions, and accelerating the development of lead compounds from Calophyllum 

species.  

Specifically, molecular docking studies should be conducted to predict the binding 

interactions between the isolated compounds and key bacterial targets, such as DNA gyrase, 

topoisomerase IV, or penicillin-binding proteins, to elucidate possible mechanisms of 

antibacterial action at the molecular level. Furthermore, molecular dynamics (MD) 

simulations can be applied to evaluate the stability, conformational behavior, and interaction 

persistence of compound-target complexes under dynamic biological conditions, thereby 

strengthening the reliability of docking predictions. In addition, artificial intelligence (AI)-

based activity prediction models, including quantitative structure-activity relationship 

(QSAR) analysis and machine learning algorithms, may be employed to predict antibacterial 

potency, identify key structural features responsible for activity, and guide rational lead 

optimization strategies. In future studies, a combination of two or more isolated compounds 

should be investigated to determine the potential of synergistic effects that could improve 

their antibacterial efficacy and broaden their biological activity.  

Computational synergy modelling and in silico multi-target analysis may also be 

integrated to predict potential synergistic mechanisms prior to experimental validation. 

Moreover, the in vivo efficacy and toxicity profiles of these compounds should be assessed 

to explore their potential in pharmaceutical applications. 
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Appendix 1:  

DEPT spectra of compound 20 

 

  



 

123 

Appendix 2: 

COSY spectrum of compound 20 
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Appendix 3: 

HSQC spectrum of compound 20 
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Appendix 4: 

Expanded HSQC spectrum of compound 20 in the 1.0-4.0 ppm region 
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Appendix 5: 

Expanded HSQC spectrum of compound 20 in the 5.0-8.0 ppm region 
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Appendix 6: 

HMBC spectrum of compound 20 
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Appendix 7: 

Expanded HMBC spectrum of compound 20 in the 1.0-4.0 ppm region 
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Appendix 8: 

Expanded HMBC spectrum of compound 20 in the 5.0-8.0 ppm region 
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Appendix 9: 

DEPT spectra of compound 5 
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Appendix 10: 

COSY spectrum of compound 5 
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Appendix 11: 

Expanded COSY spectrum of compound 5 in the 4.0-8.0 ppm region 
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Appendix 12: 

HSQC spectrum of compound 5 
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Appendix 13: 

Expanded HSQC spectrum of compound 5 in the 0.0-3.0 ppm region 
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Appendix 14: 

Expanded HSQC spectrum of compound 5 in the 4.0-8.0 ppm region 
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Appendix 15:  

HMBC spectrum of compound 5 in the 1.0-14.0 ppm region 
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Appendix 16: 

Expanded HMBC spectrum of compound 5 in the 1.5-2.5 ppm region 
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Appendix 17:  

Expanded HMBC spectrum of compound 5 in the 4.0-7.0 ppm region 
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Appendix 18:  

Expanded HMBC spectrum of compound 5 in the 7.0-9.0 ppm region 
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Appendix 19:  

Expanded HMBC spectrum of compound 5 in the 13.0-14.0 ppm region 
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Appendix 20:  

DEPT spectra of compound 27 
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Appendix 21: 

COSY spectrum of compound 27 
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Appendix 22:  

Expanded COSY spectrum of compound 27 in the 6.0-8.0 ppm region 
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Appendix 23: 

HSQC spectrum of compound 27 
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Appendix 24:  

HMBC spectrum of compound 27 
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Appendix 25:  

DEPT spectra of compound 90 
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Appendix 26:  

COSY spectrum of compound 90 
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Appendix 27:  

Expanded COSY spectrum of compound 90 in the 0-1.5 ppm region 
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Appendix 28:  

HSQC spectrum of compound 90 
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Appendix 29:  

HMBC spectrum of compound 90 
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Appendix 30:  

Expanded HMBC spectrum of compound 90 in the 1.3-1.8 ppm region 
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Appendix 31:  

DEPT spectra of compound 71 
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Appendix 32:  

DEPT spectra of compound 70 
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Appendix 33:  

Inhibition zone by C. nodosum extracts and isolated compounds 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

155 

Appendix 34:  

SPSS output of statistic descriptives against S. aureus 
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Appendix 35:  

SPSS output of homogeneity of variances test against S. aureus 
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Appendix 36:  

SPSS output of one-way ANOVA against S. aureus 
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Appendix 37:  

SPSS output of Games-Howell post hoc analysis against S. aureus 
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Appendix 38:  

SPSS output of statistic descriptives against A. baumannii 
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Appendix 39:  

SPSS output of homogeneity of variances test against A. baumannii 
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Appendix 40:  

SPSS output of one-way ANOVA against A. baumannii 
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Appendix 41:  

SPSS output of Tukey HSD post hoc analysis against A. baumannii 
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Appendix 42:  

SPSS output of statistic descriptives against E. coli 
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Appendix 43:  

SPSS output of homogeneity of variances test against E. coli 
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Appendix 44:  

SPSS output of one-way ANOVA against E. coli 
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Appendix 45:  

SPSS output of Tukey HSD post hoc analysis against E. coli 
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Appendix 46:  

SPSS output of statistic descriptives against K. pneumoniae 
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Appendix 47:  

SPSS output of homogeneity of variances test against K. pneumoniae 
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Appendix 48:  

SPSS output of one-way ANOVA against K. pneumoniae 
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Appendix 49:  

SPSS output of Tukey HSD post hoc analysis against K. pneumoniae 
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Appendix 50:  

SPSS output of statistic descriptives against P. aeruginosa 
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Appendix 51:  

SPSS output of homogeneity of variances test against P. aeruginosa 
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Appendix 52:  

SPSS output of one-way ANOVA against P. aeruginosa 
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Appendix 53:  

SPSS output of Tukey HSD post hoc analysis against P. aeruginosa 
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