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Abstract
The isolation and purification of the ethyl acetate of C. canum stem bark have yielded a new α,β-
unsaturated δ-lactone compound, canumolactone (8), along with known xanthones, 1-hydroxy-7-
methoxyxanthone (1), caloxanthone C (2), trapezifolixanthone (3), ananixanthone (4), euxanthone (5),
gentisin (6), 2-hydroxyxanthone (7), and α-mangostin (9). In this study on C. canum extracts, the total
phenolic content (TPC), total flavonoid content (TFC), and radical scavenging activity (RSA) were
investigated to assess the antioxidant potential. The extraction of C. canum stem bark yielded various
crude extracts, with the ethyl acetate extract showing the highest RSA (97.14 ± 0.24 %) and TPC (277.33
± 9.65 mg GAE/g extract). The TFC values varied across extracts, with the dichloromethane extract
displaying the highest TFC (117.96 ± 3.35 mg QE/g extract). A strong positive correlation was observed
between TPC and RSA, indicating the significant role of phenolic compounds in the antioxidant activity of
the extracts. Conversely, the relationship between TFC and RSA was weak, suggesting a minor
contribution of flavonoids to the antioxidant potential of the extracts. These findings highlight the
importance of phenolic compounds in determining the antioxidant activity of C. canum extracts.

1. Introduction
Calophyllum canum, commonly known as 'bintangor merah', stands as a prominent subject of
investigation within the domain of natural product research. This large evergreen tree, towering up to 36
meters, thrives in diverse ecosystems, ranging from well-drained mixed dipterocarp forests to peat
swamps, exhibiting its adaptability up to altitudes of 1200 meters. Widely distributed across Malaysia,
Sumatera, and Northwestern Borneo, this species is integral to the local landscape (Taher et al. 2020). 

The distinctive attributes of C. canum encompass a non-buttress trunk, the absence of spurs, and a
yellowish outer bark adorned with closely spaced lines of lenticels (Aminudin et al. 2021). Recognizable
features include a plump terminal bud, leaf blades exhibiting undulate margins and brown-vinaceous
surfaces, and a midrib that gracefully narrows from the base (Stevens 1980). Local communities,
particularly in Sarawak, recognize the significance of the plant as a vital source of timber, with its wood
serving diverse purposes. Moreover, the latex extracted from C. canum finds traditional use in tuba fishing
(Lizazman et al. 2023). The species derives its name from the grayish look of the entire inflorescence,
with the epithet 'canum' signifying 'hoary' or 'gray'. Notably, Calophyllum borneense Vesque serves as a
synonym for this species (Stevens 1980). 

Beyond its botanical allure, C. canum has captured attention for its chemical composition. Phytochemical
studies have revealed the presence of xanthones, triterpenoids, and flavonoids, offering potential avenues
for pharmaceutical exploration (Carpenter et al. 1969; Lim et al. 2016; Taher et al. 2020; Aminudin et al.
2021; Lizazman et al. 2023). Biological studies further highlight the diverse activities of C. canum,
including anti-bacterial (Susanti et al. 2011; Alkhamaiseh et al. 2012), anti-oxidant (Ramli et al. 2019),
cytotoxic (Lim et al. 2016; Taher et al. 2020), and neuroprotective properties (Lizazman et al. 2023). 
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In the ongoing quest to combat a myriad of diseases and health challenges, humanity has embraced a
diverse array of strategies. Noteworthy among these approaches is the use of medicinal plants for
treating various ailments, now recognized as a complementary and alternative therapy when integrated
with conventional treatments (Nwozo et al. 2023). Emerging as key players in this therapeutic landscape
are free radicals, reactive and unstable oxygen/nitrogen species (ROS/RNS), such as the superoxide
anion radical, hydrogen peroxide, hydroxyl radical, and singlet oxygen. These entities can trigger chain
reactions leading to cellular damage, with the aerobic system naturally producing RNS and ROS as
byproducts. Elevated production of ROS and RNS gives rise to oxidative and nitrosative stress,
respectively, culminating in tissue damage and cell death through the impairment of proteins, lipids, and
DNA (Zafar et al. 2023). 

Recent studies have elucidated the pivotal role of antioxidants in this intricate dance, scavenging free
radicals and protecting the body from oxidative stress by removing radical intermediates and undergoing
oxidation themselves (Nwozo et al. 2023; Pammi et al. 2023). The significance of this delicate balance
between oxidants and antioxidants, collectively known as oxidative stress, has been underscored in
recent scientific inquiries. Imbalances in this equilibrium have been implicated in the development and
progression of various diseases, encompassing cancer, neurological disorders, metabolic syndrome,
cardiovascular diseases, and inflammatory conditions (Nwozo et al. 2023; Pammi et al. 2023; Zafar et al.
2023). This compelling interplay sheds light on the underlying mechanisms contributing to the
pathogenesis of a spectrum of illnesses, further highlighting the potential of medicinal plants and
antioxidant therapies in this ongoing medical narrative.

Plants, adept at responding to both biotic and abiotic stress conditions, manifest a robust defense
mechanism through the synthesis of a diverse array of antioxidants. These natural antioxidants,
classified as secondary metabolites, play a pivotal role in mitigating oxidative stress induced by reactive
oxygen species, safeguarding plant cells against damage and cellular oxidation (Pammi et al. 2023).
Moreover, the intricate interplay of oxidants and antioxidants derived from food exerts a profound
influence on the body's oxidative stress homeostasis, yielding beneficial effects in preventing cancer and
mitigating aging processes (Pammi et al. 2023). Emanating from the essential role these chemicals play
in sustaining plant life, their consumption by humans translates into health benefits, particularly in terms
of modulating the oxidative stress homeostasis within the human body (Nwozo et al. 2023; Zafar et al.
2023). External sources of antioxidants are predominantly found in foods rich in vitamins A, E (alpha
tocopherol), C (ascorbic acid), minerals, and polyphenols, with a notable prevalence in plant-derived
compounds (Nwozo et al. 2023).

In the vast landscape of bioactive compounds, polyphenols stand out with over 8000 variants identified
in plants and fruits, approximately 500 of which exhibit biological activity and can be sourced from
natural origins, industrial food, or juices (Marcucci et al. 2023). Polyphenols are a well-known group of
phenolic systems defined by at least two phenyl rings and one or more hydroxyl groups (Saparbekova et
al. 2023). These secondary metabolites display an impressive array of properties, including highly
effective free radical scavenging, inhibition of hydrolytic and oxidative enzymes, and anti-inflammatory
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action (Nwozo et al. 2023). The phenolic compounds are distributed across plant tissues and their types
and quantities are vary significantly based on plant varieties, maturity, seasons, and regions. Notably,
their exceptional antioxidant potential arises from high redox reactivity, enabling the reduction of free
radicals and prevention of destructive cascade reactions (Lyu et al. 2023).

Polyphenols, found predominantly in glycosidic form, can be broadly classified into flavonoids and non-
flavonoids, with flavonoids showcasing diverse beneficial abilities ranging from their ability to scavenge
a wide range of oxygen, chlorine and nitrogen species such as hydroxyl ions, peroxynitrous acid,
superoxide, reactive oxygen, peroxylradicals and hypochlorious acid to their ability to chelate ions by
decreasing the metal ions pro-oxidant capacity. (Nwozo et al. 2023; Marcucci et al. 2023). This subgroup
includes over 4000 types, further categorized into flavonols, flavanones, flavones, catechins, isoflavones,
anthocyanidins, dihydroflavonols, and chalcones. Notably, flavonols like quercetin, abundant in
vegetables, fruits, and tea, exhibit powerful natural antioxidant and cytotoxic properties (Azeem et al.
2023). Beyond flavonoids, non-flavonoid phenolic compounds, such as phenolic acids, xanthones,
tannins, and stilbenes, bring their antioxidant-related benefits to the table. Phenolic acids feature a
carboxyl group linked to a benzene ring, while xanthones, stilbenes, tannins, and lignans contain at least
two aromatic rings fused or linked by C–C single or double bonds (Marcucci et al. 2023). 

The close connection between antioxidants from plants and their positive impact on human health aligns
with the growing concern over health problems attributed to oxidative stress (Zafar et al. 2023). Exploring
the bioactive potential of traditional medicinal herbs emerges as a promising avenue for developing
therapeutic and management techniques that target essential cellular pathways related to chronic
illnesses. The World Health Organization's assertion that 80% of individuals globally rely on traditional
medicine underscores the significance of antioxidant phytochemicals derived from medicinal plants as a
primary source of treatment for various therapeutic purposes (Zafar et al. 2023). With their robust
pharmacological effects, low toxicity, and economic feasibility, plants have become integral in global
scientific endeavors to uncover therapeutic qualities for medicinal purposes. Despite the continued
utilization of medicinal plants for biomolecules in novel medications, the vast potential of numerous
plant species worldwide remains largely untapped. Recent research trends emphasize the preference for
natural antioxidants over synthetic counterparts, driven by their enhanced efficiency (Pammi et al.
2023). These bioactive constituents play a crucial role in maintaining health and serve as a vital link
between the food and pharmaceutical industries (Nwozo et al. 2023). The exploration of the diverse plant
species and their antioxidant potential holds promise for advancing therapeutic interventions and
addressing the growing global burden of chronic illnesses. 

In this study, we examined the total phenolic content (TPC), total flavonoid content (TFC), and radical
scavenging activity (RSA) using DPPH method of C. canum extracts. Additionally, the current
investigation reports the isolation of compounds from from the ethyl acetate of C. canum extract.

2. Result and discussion
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2.1 Extraction and isolation of C. canum stem bark 

The extraction of the C. canum stem bark has yielded oily yellowish-brown n-hexane (22.0 g), light brown
dichloromethane (15.1 g), dark brown chloroform (24.8 g), reddish-brown ethyl acetate (10.9 g), and
reddish-black methanol (21.3 g) crude extracts. The percentage yield of the crude extracts was tabulated
in Table 1. The compounds from the hexane and chloroform extracts have been previously reported
(Lizazman et al. 2023).

Meanwhile, the isolation of ethyl acetate extract has identified l-hydroxy-7-methoxyxanthone (1)
(Charoensup et al. 2022), caloxanthone C (2) (Lizazman et al. 2023),   trapezifolixanthone (3) (Lizazman
et al. 2022), ananixanthone (4) (Karunakaran et al. 2020), euxanthone (5) (Lim et al. 2019), gentisin (6)
(Zheng et al. 2014), 2-hydroxyxanthone (7) (Amanatie et al. 2017), canumolactone (8), α-mangostin (9)
(Morelli et al. 2015; Abate et al. 2022) as shown in Figure 1. The structural elucidation of the compounds
was achieved using 1D, 2D NMR, and comparison of the spectral data with the previous literature. The
spectral data for compounds 1-9 and the flow chart of the isolation works were reported in the
supplementary data (3.4.1-3.4.9) and Figure S1 respectively. The 1D and 2D NMR spectra of
canumolactone (8) were also reported (Figure S4-S8).

Table 1. Extraction yield of C. canum extracts

Crude extracts Dry yield (g) Percentage yield (%)

n-hexane 22.0 2.20

dichloromethane 15.1 1.51

chloroform 24.8 2.48

ethyl acetate 10.9 1.09

methanol 21.3 2.13

2.2 Antioxidant assay

The antioxidant activity of the extracts was determined using the 2,2-diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging assay (Trinh et al. 2014). The radical scavenging activity (RSA), which indicates the
ability of the extracts to neutralize free radicals, varied notably across the extracts. The RSA percentages
were ranged from 2.65 to 97.14 % as tabulated in Table 2. The ethyl acetate extract exhibited the highest
RSA (97.14 ± 0.24 %), followed closely by the methanolic extract (86.89 ± 0.12 %). The lowest activity
was demonstrated by the n-hexane extract with 2.65 ± 1.19 %. Meanwhile, comparable radical
scavenging activity was exhibited by chloroform extract (19.46 ± 1.26 %) and dichloromethane extract
(15.83 ± 2.15 %). These findings suggest that certain extracts possess superior antioxidant capabilities,
potentially due to the presence of specific bioactive compounds. The results were tabulated in Table 2.

2.3 Total phenolic content
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The total phenolic content of the extracts was determined using the Folin-Ciocalteu (FC) method (Naves
et al. 2019). The total phenolic content (TPC) of the crude extracts was quantified using the established
standard calibration curve of gallic acid depicted in Figure S2 (y = 0.0079x – 0.0773, R2 = 0.9697). The
result obtained revealed significant differences among the extracts, and expressed as milligrams of gallic
acid equivalent per gram of dried weight extract (mg GAE/ g extract). The TPC was ranged from 83.07 to
277.33 mg GAE/g extract as tabulated in Table 2. The ethyl acetate extract contained the highest
concentration of phenolic compounds (277.33 ± 9.65 mg GAE/g extract), followed by the methanolic
extract (223.48 ± 12.88 mg GAE/g extract). The chloroform, dichloromethane, and n-hexane extracts
displayed progressively lower concentrations, with values of 96.06 ± 2.64 mg GAE/g extract, 92.35 ± 3.43
mg GAE/g, and 83.07 ± 1.84 mg GAE/g extract, respectively. Phenolic compounds are well-known for their
antioxidant properties, and the higher TPC values observed in certain extracts align with their enhanced
RSA. The results were tabulated in Table 2.

2.4 Total flavonoid content

The total flavonoid content of the extracts was determined using the aluminium chloride calorimetric
method (Sakai et al. 2022). The total flavonoid content (TFC) of the crude extracts was quantified using
the established standard calibration curve of quercetin depicted in Figure S3 (y = 0.0321x – 0.0703, R2 =
0.9548). The result highlighted considerable variability across the extracts, and expressed as milligrams
of quercetin equivalent per gram of dried weight extract (mg QE/ g extract). The TFC ranging from 11.55
to 139.56 mg QE/ g extract as tabulated in Table 2. The highest TFC was found in the chloroform extract
(139.56 ± 3.19 mg QE/g extract), followed by the dichloromethane extract (117.96 ± 3.35 mg QE/g
extract). Subsequently, the n-hexane extract exhibited a falovonoid content of 11.55 ± 0.32 mg QE/g
extract, while the ethyl acetate and methanolic extracts showed values of 87.66 ± 0.36 mg QE/g extract
and 43.51 ± 2.22 mg QE/g extract, respectively. Flavonoids, like phenolic compounds, possess notable
antioxidant properties, contributing to the overall RSA of the extracts. The results were tabulated in Table
2.

Table 2. Radical scavenging activity, total phenolic content, and total flavonoid content of the C. canum
crude extracts

Crude 

extracts

Radical scavenging
activity (%)

Total phenolic content (mg
GAE/ g extract)

Total flavonoid content
(mg QE/ g extract)

n-hexane 2.65 ± 1.19 83.07 ± 1.84 11.55 ± 0.32

dichloromethane 15.83 ± 2.15 92.35 ± 3.43 117.96 ± 3.35

chloroform 19.46 ± 1.26 96.06 ± 2.64 139.56 ± 3.19

ethyl acetate 97.14 ± 0.24 277.33 ± 9.65 87.66 ± 0.36

methanol 86.89 ± 0.12 223.48 ± 12.88 43.51 ± 2.22
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An intriguing correlation between RSA and phytochemical content of the C. canum crude extracts was
observe as in Figure 2. Notably, there appears to be a consistent trend between the levels of certain
phytochemicals and the antioxidant potential of the extracts. When examining the RSA (%), we found that
extracts with higher TPC (mg GAE/g extract) tended to exhibit greater RSA. This suggests that the
presence of phenolic compounds may contribute significantly to the antioxidant potential of the extracts.
On the other hand, the relationship between RSA (%) and TFC (mg QE/g extract) appeared less
pronounced, indicating that flavonoid content may not play as substantial a role in determining the
antioxidant activity of the extracts compared to phenolic compounds.

Based on the Pearson correlation coefficient (r) and the associated significance levels (p-values), the
relationship between RSA (%) and TPC exhibits contrasting patterns (Table 3). The strong positive
correlation coefficient of 0.9875 (p<0.05) suggests a highly significant linear relationship between RSA
(%) and TPC. These findings support the notion that phenolic compounds contribute significantly to the
antioxidant activity exhibited by C. canum extracts, with higher levels of phenolic content corresponding
to enhanced RSA. However, the correlation coefficient of 0.1338 (p>0.05) between RSA (%) and TFC
suggests a weak and statistically insignificant linear relationship. This indicates a negligible linear
relationship between the antioxidant potential and the concentration of flavonoids in the extracts. While
flavonoids are recognized for their antioxidant properties, the results suggest that, in the context of C.
canum extracts, phenolic compounds may play a more significant role in determining the antioxidant
activity compared to flavonoids.

Table 3. Pearson correlation coefficients between radical scavenging activity (%) and phytochemical
content 

Phytochemical content Pearson correlation coefficient (r) Significant level (p-value)

TPC 0.9875 0.002

TFC 0.1338 0.830

2.5 Discussion

Xanthones are commonly found in Calophyllum plants, known for their diverse biological activities.
Previous studies on C. canum have identified several xanthones from different parts of plant. For
instance, (Carpenter et al. 1969) isolated osajaxanthone, 2- (3,3-dimethylallyl) -1,3,7- trihydroxyxanthone,
and 2- (3,3-dimethylallyl) -1,3,5,6-tetrahydroxyxanthone from the heartwood, while (Taher et al. 2020;
Lizazman et al. 2023) reported biscaloxanthone, trapezifolixanthone A, 5-methoxytrapezifolixanthone, 5-
methoxyananixanthone, 1,5-dihydroxy -3- methoxy-4 -isoprenylxanthone, and 6-deoxyisojacareubin from
the stem bark. The current study focused on isolating compounds from the ethyl acetate extract of C.
canum, resulting in the identification of 1-hydroxy-7-methoxyxanthone (1), caloxanthone C (2),
trapezifolixanthone (3), ananixanthone (4), euxanthone (5), gentisin (6), 2-hydroxyxanthone (7),
canumolactone (8), and α-mangostin (9).



Page 8/13

In terms of radical scavenging activity (RSA), the n-hexane extract exhibited the lowest activity (2.65 ±
1.19 %) consistent with previous findings indicating a higher half response concentration (RC50 85 ± 4.35
µg/mL) compared to the methanol extract (Alkhamaiseh et al. 2012). (Susanti et al. 2011) also reported
weak antioxidant (IC50 0.26 mg/mL) for the n-hexane extract of C. canum stem bark. Similarly, the
dichloromethane portrayed weak RSA with 15.83 ± 2.15 % which is comparable with the previous study
indicating RC50 91.6 ± 6.65 µg/mL. In contrast, the methanolic extract displayed high RSA (86.89 ± 0.12
%), supported by its low IC50 11.89 ± 0.74 µg/mL (Ramli et al. 2019) and RC50 < 31.25 µg/mL
(Alkhamaiseh et al. 2012). 

Additionally, the n-hexane, dichloromethane, and chloroform extracts exhibited similarly low total
phenolic content (TPC), with the n-hexane extract displaying the lowest TPC at 83.07 ± 1.84 mg gallic
acid equivalents per gram (GAE/g) of extract. This finding is consistent with a previous report
(Alkhamaiseh et al. 2012), which indicated a TPC of 1.292 ± 0.001 µg gallic acid per 10 mg of extract.
Notably, the TPC of the extracts increased with the polarity of the solvents used for extraction. The
dichloromethane extract (92.35 ± 3.43 mg GAE/g extract) exhibited a higher TPC than the n-hexane
extract, as observed in previous research (1.992 ± 0.002 µg gallic acid/10 mg extract) (Alkhamaiseh et al.
2012). However, the chloroform extract demonstrated a slightly higher TPC value than that of the
dichloromethane extract. The ethyl acetate extract displayed the highest TPC, followed by the methanolic
extract (223.48 ± 12.88 mg GAE/g extract). In comparison with previous research (Alkhamaiseh et al.
2012), our results align with the observation that methanol yielded the highest TPC, with 3.517 ± 0.017 µg
gallic acid/10 mg extract. However, another study reported a lower TPC for the methanolic extract at
77.11 ± 2.78 mg GAE/g of extract (Ramli et al., 2019). 

Moreover, the n-hexane extract exhibited the lowest amount of total flavonoid compounds, measuring
11.55 ± 0.32 mg quercetin equivalents per gram (QE/g) of extract. This finding aligns with a previous
report by (Alkhamaiseh et al. 2012), which indicated a total flavonoid content (TFC) of 5.040 ± 0.184 µg
quercetin per 10 mg of extract. In contrast, the dichloromethane extract displayed the highest TFC value
at 117.96 ± 3.35 mg QE/g extract. However, (Alkhamaiseh et al. 2012) reported a significantly lower TFC
for the dichloromethane extract at 11.201 ± 2.446 µg quercetin per 10 mg of extract, indicating a
substantial difference in the observed TFC. Furthermore, our study revealed that the methanolic extract
showcased a TFC of 43.51 ± 2.22 mg QE/g extract. This contrasts with the findings of the previous
report, which documented a TFC of 14.643 ± 1.222 µg quercetin per 10 mg of extract (Alkhamaiseh et al.
2012). These inconsistencies in TFC values between our study and previous reports emphasize the
importance of methodological differences, plant variability, and extraction techniques, which can
significantly influence the quantification of bioactive compounds in natural extracts. Importantly, the
antioxidant activity, TPC and TFC of the chloroform and ethyl acetate extracts is reported here for the first
time.

According to the Pearson’s correlation analysis, the statistical data indicate a positive relationship
between high total phenolic content (TPC) and strong antioxidant activity within the extracts. This
suggests that phenolic compounds play a significant role in the antioxidant activity measured by the
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DPPH method. Antioxidant compounds possess varying polarities, leading to differences in their
concentrations depending on the solvent used for extraction or isolation. Solvents can generally be
categorized as polar (such as ethanol, methanol, and aqueous solutions) or nonpolar (including acetone,
ethyl acetate, and hexane), based on their ability to form ions in solution (Nwozo et al. 2023).

3. Experimental
See supplementary data.

4. Conclusion
The investigation into the antioxidant capacity of C. canum stem bark extracts revealed a notable
correlation between elevated phenolic content and potent antioxidant efficacy. Notably, this study
presents the first discovery of canumolactone. Additionally, various xanthone compounds were identified
in the extract, with the ethyl acetate extract exhibiting the highest levels of radical scavenging activity and
total phenolic content. The presence of these bioactive constituents highlights the therapeutic potential
of C. canum in addressing oxidative stress-related diseases.
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Figures

Figure 1

Structure of compounds 1-9.
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Figure 2

Correlation of radical scavenging activity, total phenolic content, and total flavonoid content of C. canum
extracts.
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