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Abstract

Calophyllum inophyllum L., a tropical evergreen tree from the Guttiferae family, has been
traditionally used for its medicinal properties, including the treatment of inflammation, infections,
and cancer. This study aimed to isolate and characterize bioactive compounds from C.
inophyllum leaves and evaluate their anticancer and antioxidant potential. Methanol extraction of
the leaves yielded a crude extract, which was partitioned into n-hexane, chloroform, and n-butanol
fractions. Phytochemical screening revealed the presence of carbohydrates, alkaloids, saponins,
flavonoids, tannins, and terpenoids, with the n-butanol fraction exhibiting the highest total
phenolic (32.5 pg/g GAE) and flavonoid (130.42 pg/g QE) content. Column chromatography and
spectroscopic techniques ('H NMR, *C NMR, HMBC, HSQC) were employed to isolate and
characterize two major compounds: friedelin, a triterpenoid from the n-hexane fraction,
and quercitrin, a flavonoid glycoside from the n-butanol fraction. The n-hexane fraction
demonstrated significant cytotoxic activity against human H460 lung cancer cells (ICso = 16.0
pg/mL), while the n-butanol fraction exhibited potent antioxidant activity (ICso = 13.3 pg/mL) in
the DPPH radical scavenging assay. These findings validate the traditional use of C. inophyllum in
cancer treatment and highlight its potential as a source of bioactive compounds for drug
development, particularly in anticancer and antioxidant therapies.
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1. Introduction

Calophyllum inophyllum L., a member of the Guttiferae (or Clusiaceae) family, is a tropical
evergreen tree widely distributed in coastal regions of Africa, Asia, and the Pacific. Commonly
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known as Alexandrian laurel, this plant has been traditionally used in various cultures to treat a
range of ailments, including inflammation, rheumatism, skin infections, and cancer. Its medicinal
properties are attributed to its rich phytochemical composition, which includes secondary
metabolites such as xanthones, coumarins, flavonoids, and triterpenoids. These compounds have
been extensively studied for their pharmacological activities, including antioxidant, anti-
inflammatory, antimicrobial, and anticancer properties (Taher et al., 2005; Shanmugapriya et al.,
2016).

Cancer remains one of the leading causes of death worldwide, and the search for effective and safe
anticancer agents from natural sources has gained significant attention. Natural products,
particularly plant-derived compounds, have shown promise in cancer therapy due to their diverse
chemical structures and biological activities. Among these, triterpenoids and flavonoids have been
widely studied for their anticancer and antioxidant properties. Friedelin, a pentacyclic triterpenoid,
has demonstrated antiproliferative activity against various cancer cell lines, while quercitrin, a
flavonoid glycoside, is known for its potent antioxidant effects (Laure ef al., 2005; Taher et al.,
2005). These compounds not only inhibit cancer cell proliferation but also mitigate oxidative
stress, which plays a critical role in the pathogenesis of many diseases, including cancer.

Despite the traditional use of C. inophyllum in treating various ailments, there is a need for
systematic scientific validation of its bioactive compounds and their pharmacological potential.
This study aims to isolate, characterize, and evaluate the anticancer and antioxidant potential of
bioactive compounds from the leaves of C. inophyllum. Specifically, the n-hexane and n-butanol
fractions of the methanol extract were investigated for their cytotoxic and antioxidant activities.

2. Materials and Methods

3.1 Plant Material and Extraction

Fresh leaves of C. inophyllum were collected from Imo State, Nigeria, and authenticated at the
National Institute for Pharmaceutical Research and Development (NIPRD), Abuja, Nigeria. The
leaves were shade-dried, pulverized, and extracted using cold maceration with methanol.
Approximately 750 g of powdered leaves were soaked in methanol for 72 hours, with occasional
stirring. The extract was filtered, and the filtrate was concentrated under reduced pressure using a
rotary evaporator at 40 °C to obtain the crude methanol extract. The concentrated extract was
further partitioned sequentially with n-hexane, chloroform, and n-butanol to obtain three fractions:
n-hexane, chloroform, and »n-butanol.

2.1 Phytochemical Screening

Qualitative and quantitative phytochemical analyses were conducted to identify the presence of
carbohydrates, alkaloids, saponins, flavonoids, tannins, terpenoids, and steroids in the fractions.
Standard methods described by Evans (2002), Sofowora (1993), and Harborne (1988) were used
for the qualitative screening. For quantitative analysis, the total phenolic content (TPC) was
determined using the Folin-Ciocalteu method, while the total flavonoid content (TFC) was
measured using the aluminum chloride method. Gallic acid and quercetin were used as standards
for TPC and TFC, respectively.

2.2 Isolation of and Purification of Bioactive Compounds
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The n-hexane and n-butanol fractions were subjected to column chromatography for the isolation
of compounds. Silica gel (60—-120 mesh) was used as the stationary phase, and a gradient of
solvents (hexane, ethyl acetate, chloroform, and methanol) was used as the mobile phase. Fractions
with similar thin-layer chromatography (TLC) profiles were pooled and further purified using
Sephadex LH-20 gel filtration chromatography. The isolated compounds were characterized using
spectroscopic methods, including 'H NMR, *C NMR, and 2D NMR analysis like the HMBC,
HSQC and others.

2.3 Antioxidant Activity

The antioxidant activity of the fractions was evaluated using the DPPH (1,1-diphenyl-2-
picrylhydrazyl) radical scavenging assay as described by Susanti et al. (2007). Briefly, 2.0 mL of
0.1 mM DPPH solution was mixed with 0.9 mL of Tris-HCI buffer (pH 7.4) and 0.1 mL of the test
sample. The mixture was incubated at room temperature for 30 minutes, and the absorbance was
measured at 517 nm using a UV-visible spectrophotometer. The percentage inhibition of DPPH
radicals was calculated, and the ICso values were determined.

2.4 Cytotoxicity Assay

The cytotoxic activity of the fractions was assessed using the MTT (3-(4,5-dimethylthiazol-2-yl)-
2,5-diphenyltetrazolium bromide) assay described by Mosmann (1983) on human H460 lung
cancer cells. The cells were cultured in RPMI 1640 medium supplemented with 10% fetal bovine
serum (FBS) and 1% penicillin/streptomycin. The cells were seeded in a 96-well microplate at a
density of 1 x 10* cells/mL and incubated for 24 hours. The test samples were added at
concentrations ranging from 3.13 to 100 pg/mL, and the cells were incubated for 72 hours. After
incubation, 20 pL of MTT solution (5 mg/mL) was added to each well, and the cells were further
incubated for 4 hours. The formazan crystals formed were dissolved in dimethyl sulfoxide
(DMSO), and the absorbance was measured at 540 nm using a microplate reader. The percentage
of cell viability and ICso values were calculated.

2.5 Statistical Analysis

All experiments were performed in triplicate, and the data were expressed as mean + standard error
of the mean (SEM). Regression analysis was used to calculate the 1Cso values from the dose-
response curves using Microsoft Excel 2016.

3. Results

3.1 Phytochemical Screening

The qualitative phytochemical analysis of the methanol extract of C. inophyllum leaves revealed
the presence of carbohydrates, alkaloids, saponins, flavonoids, tannins, and terpenoids. These
findings are consistent with previous studies that have reported the presence of diverse secondary
metabolites in C. inophyllum (Saravanan et al., 2015; Indrakumar et al., 2012). The quantitative
analysis showed that the n-butanol fraction had the highest total phenolic content (32.5 ng/g GAE)
and total flavonoid content (130.42 ng/g QE), indicating its potential as a rich source of
antioxidants. The calibration curves for Gallic acid and quercetin were presented in Figure 1. The
results of the qualitative and quantitative phytochemical screening are summarized in Table
1 and Table 2, respectively.

Table 1: Qualitative Phytochemical Analysis of C. inophyllum crude methanol Leaves
Extract and its Fractions
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Phytochemicals Crude n-Hex.ane Chloroform n-Butz}nol
Extract Fraction Fraction Fraction
Carbohydrates + + + +
Alkaloids + - - +
Saponins + + + +
Flavonoids + - - +
Tannins + - - +
Terpenoids + + + -
Steroids + + + +
Anthraquinone

Glycosides ) ) )
Cardiac Glycosides - - - -

Key: + = Present, - = Absent.

Table 2: Quantitative Phytochemical Analysis of C. inophyllum crude methanol Leaves

Extract and its Fractions

Fraction Total Phenolic Content (ng/g GAE) Total Flavonoid Content (ng/g QE)

Crude Extract 25.0 85.0
n-Hexane 12.53 12.41
Chloroform 14.0 70.42
n-Butanol 32.5 130.42

Key: GAE = Gallic Acid Equivalent, QE = Quercetin Equivalent.

Gallic Acid Quercetin
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Figure 1: Calibration curves gallic acid and quercetin

Received: 8 February 2025

Revised: 21 March 2025

Accepted: 31 March 2025

Copyright # authors 2025 DOI: HTTPS://D0I.0ORG/10.5281/7EN0OD0.15233754

500

783


https://doi.org/10.5281/zenodo.15233754

"~ ® International Journal of Research (IJR)  ©755N:2348-6848
p-ISSN: 2348-795X

@é
N3 Vol. 12 Issue 03
UR March 2025

3.2 Isolation of Bioactive compounds

3.2.1 Isolation of Compound 1

Isolation of Compound 1

Approximately 20 g of the n-Hexane fraction was subjected to gravity column chromatography
using silica gel as the stationary phase. A gradient mobile phase of increasing polarity (n-Hexane,
n-Hexane/Ethyl acetate, Ethyl acetate, Ethyl acetate/Methanol, and Methanol) was employed.
Fractions with similar TLC profiles were pooled, yielding 21 fractions (A1-A21). TLC analysis
was performed using n-Hexane/Ethyl acetate (9:1) as the solvent system throughout the isolation
process. Fractions A6 and A7, which showed single spots with minimal impurities on TLC, were
combined and further purified using a 4.0 cm diameter silica gel column. Elution was carried out
with a gradient of n-Hexane, n-Hexane/Ethyl acetate, and Ethyl acetate, resulting in 30
subfractions (A6-1 to A6-30). Subfractions A6-6 and A6-7, displaying a single spot with an Rf
value of 0.80 (in n-Hexane/Ethyl acetate, 9:1), were combined and subjected to gel filtration
chromatography using Sephadex LH-20. Fractions with single spots were pooled and washed with
analytical-grade acetone, yielding white needle-like crystals identified as Compound 1 with a final
yield of approximately 15 mg. The purity of Compound 1 was confirmed by TLC and NMR
spectroscopy.

Isolation of Compound 2

Approximately 30 g of the n-butanol fraction was subjected to gravity column chromatography
using silica gel as the stationary phase. A gradient mobile phase of increasing polarity (Chloroform,
Chloroform/Methanol, and Methanol) was employed. Fractions with similar TLC profiles were
pooled, yielding 9 fractions (A1-A9). Fraction A7, which showed distinct spots on TLC with
characteristic Rf values (in Ethyl acetate: Chloroform: Methanol: Water , 15:8:4:1), was selected
for further purification. It was subjected to a 2.5 cm diameter silica gel column and eluted with a
gradient of Chloroform, Chloroform/Methanol, and Methanol, yielding 33 subfractions (A7-1 to
A7-33). Subfraction A7-29, appearing as a brown gummy powder, showed three distinct spots on
TLC with Rf values of 0.32, 0.67, and 0.58 (in Ethyl acetate: Chloroform: Methanol: Water,
15:8:4:1). Subfraction A7-29 was further purified using gel permeation filtration with Sephadex®
LH-20 as the stationary phase and eluted with 100% methanol, resulting in 12 subfractions.
Fraction 10 was further purified using preparative TLC with a solvent system of Ethyl acetate:
Chloroform: Methanol: Water (15:8:4:1) on a 20 cm X 20 c¢cm plate, yielding three compounds (2,
3, and 4). Compound 2, with a final yield of approximately 12 mg, showed an Rf value of 0.67 (in
Ethyl acetate: Chloroform: Methanol: Water, 15:8:4:1) and was isolated for structural
characterization using NMR spectroscopy.

3.3 Characterization of the Isolated Compounds

The structural elucidation of compounds 1 and 2, isolated from the n-hexane and n-butanol
fractions of Calophyllum inophyllum, respectively, was accomplished using comprehensive NMR
analysis. This included 'H NMR, *C NMR, DEPT-135, HMBC, and HSQC spectra. The NMR
data were cross-referenced with literature values to confirm the structures of the isolated

compounds: friedelin (from the n-hexane fraction) and quercitrin (from the n-butanol fraction).
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3.3.1 Compound 1: Friedelin

The '"H NMR spectrum (850 MHz, CDCls) of compound 1 displayed signals corresponding to
eight methyl groups, with chemical shifts ranging from 6H 0.715 to 1.197 ppm, characteristic of
the methyl groups in friedelin. Methylene (CH2) protons were observed between 6H 1.2 and 1.5
ppm, consistent with the aliphatic chain of the triterpenoid structure. Methine protons were
identified at H 2.234 ppm (C-4), 6H 1.410 ppm (C-8), 6H 1.521 ppm (C-10), and dH 1.490 ppm
(C-18). The '3C NMR (213 MHz, CDCls) spectrum revealed the presence of 30 carbons, including
a carbonyl carbon resonating at 6C 213.34 ppm, indicative of the ketone group in friedelin.
The DEPT-135 spectrum further confirmed 23 carbons, comprising 8 methyl carbons, 4 methine
carbons, and 11 methylene carbons, with the remaining 7 quaternary carbons (C-3, C-5, C-9, C-
13, C-14, C-17, and C-20). The 'H and '3C NMR data aligned with literature values for friedelin
(C30H500) as reported by Abbas et al., (2007) and Mann et al., (2011), confirming its structure.
Friedelin, a triterpenoid (Figure 2), was further characterized using 1D and 2D NMR (DEPT-135.
H-H-COSY, HSQC, and HMBC) analyses (Figures 3a-3f). Table 3 summarizes the chemical shift
values of friedelin, with comparisons to literature data.
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Figure 2: 'H-'H COSY and HMBC correlations of compound 1 (Friedelin)
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Figure 3a: 'H NMR spectrum of compound 1
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Figure 3b: 3C NMR spectrum of compound 1

Received: 8 February 2025 787
Revised: 21 March 2025

Accepted: 31 March 2025

Copyright # authors 2025 DOI: HTTPS://D0I.0ORG/10.5281/7EN0OD0.15233754



https://doi.org/10.5281/zenodo.15233754

INTERNATIONAL JOURNAL OF ReseARCH

e-ISSN: 2348-6848
p-ISSN: 2348-795X

Vol. 12 Issue 03
DR March 2025

International Journal of Research (IJR)

N

Sample : A CDCL3 A - /
n ©N O MONNEMNIAEINEONSMN- LX)
B AN S RREaNRRLYSHRARLREN
I AB M AN e YNNI RN OO s
= e 0§ SommmmmmmmE eSS oo o

y N R —
i ' NAME ASIRI A 08-09-201
EXPNO 12
PROCNO 1
» e F2 - Acquisition Parameters
2 Date_ 20190908
S Time 13.31
B INSTRUM spect
8 PROBED 5 mm CPQCI 1H-
T PULPROG deptepl3s
S ™ 65536
bt SOLVENT coc1a
NS 108
& Ds 1
g SW 34090.910 EHz
T FIDRES 0.520186 Ez
(S aQ 0.9611947 sec
5 &G R
i D 14.667 usec
= DE 18.00 usec
< TE 293.0 K
k=) CcHST2 145. 0000000
w D1 2.00000000 sec
o2 0.00344828 sec
Solvent signal (CDCl3 i:g :"M“z:':'f ==
D
—_—
\_ CHANNEL £1
213.7848
L N L -y
¥ 4 e 12.00 usec
2000.00 usec
- 0w
140.00000000 W
Crp60comp . 4
0.500
0 EHz
30.80200005 W
- CHANNEL £2 --
Negative signals f0r< £90. 1427188 ¥
waltzlg
the (CH,) carbon 5700 ueec
s 16.00 usec
pCeD2 BO.00 usec
PLu2 16.20000076 W
PLW12 0.16200000 W
F2 - Processing paramsters
sI 32768
sF 213.7678730 MHz
~ WOW B
558 0
18 1.50 Ez
GB o
T T T T T T T T T T T T T T T e 200
150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Figure 3c: '*C DEPT 135 spectrum of compound 1
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Figure 3d: 'H-'H Cosy spectrum of compound 1
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Figure 3e: HMBC spectrum of compound 1
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Figure 3f: HSQC spectrum of compound 1

3.3.2 Compound 2: Quercitrin

The 'H NMR spectrum (400 MHz, CD;OD) of compound 2 revealed the presence of a 1,3,4-
trisubstituted benzene ring, with aromatic proton signals at 6H 7.35 (H-6'), 6H 6.90 (H-5"),
and 0H 7.35 (H-2"). Additionally, meta-coupled aromatic protons on a 1,2,5,4-tetrasubstituted
benzene ring were observed at 0H 6.20 (H-6) and 6H 6.40 (H-8), characteristic of the flavanol
skeleton (Figure 4). A distinct anomeric proton signal at H 5.35 ppm indicated the attachment
of a sugar moiety (thamnose) (Figure 5) to the flavonoid aglycone. The 3*C NMR spectrum
(100 MHz, CD30OD) displayed 15 signals in the aromatic region, confirming the flavanol
skeleton. Multiplet signals between 6H 0.90 and 5.35 ppm were assigned to the rhamnose
sugar moiety, with a doublet signal at dH 0.90 (H-6") confirming the presence of rhamnose.
The HMBC spectrum showed correlations between the anomeric proton (6H 5.35 ppm) and
the C-3 carbon of the flavanol aglycone, confirming the attachment of rhamnose at the C-3
position. The HSQC spectrum facilitated the complete assignment of protons and carbons,
further validating the structure of quercitrin. The 'H and '*C NMR data matched literature
values for quercitrin(C3oHs0O) as reported by Utari, et al., (2019) confirming its structure.
Quercitrin, a flavonoid glycoside (Figure 6) isolated from the n-butanol fraction, was
characterized using '"H NMR, 3C NMR, HMBC, and HSQC spectra (Figure 7a-7d) Table 4

summarizes the chemical shift values of quercitrin, with comparisons to literature data.
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Figure 7a: '"H NMR of compound 2
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Figure 7b: 3C NMR of compound 2
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Figure 7c: HMBC spectrum for compound 2
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Figure 7d: HSQC spectrum for compound 2
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Table 3 Comparison of chemical Shift data obtained from Compound-1 with Literature
data of friedelin

Position  '3C NMR chemical shifts 8 '"H NMR chemical shifts Types of
(ppm) (ppm) carbon/proton
d1 da 3B 31 da 3B

1 22.29 22.3 22.3 1.677, 1.71 1.72 CH>
1.951 1.97 1.95

2 41.53 41.6 41.5 2.399, 2.41 2.37 CH>
2.383 2.31 2.26

3 213.34 2134 231.2 Nil - - C=0

4 58.22 58.3 58.2 2.234 2.28 2.26 CH

5 42.10 42.2 42.1 Nil - - C

6 41.10 41.4 41.1 1.748, - - CHz
1.272

7 18.10 18.3 18.2 1.404, - - CHz
1.424,

8 53.00 53.1 53.2 1.410 - - CH

9 35.47 37.4 37.5 Nil - - C

10 59.26 59.5 59.5 1.521 - - CH

11 34.83 35.6 35.7 1.284, - - CH»

12 29.38 30.5 30.6 1.367, - - CHz
1.677

13 38.90 39.7 39.8 Nil - - C

14 37.67 38.3 38.4 Nil - - C

15 31.95 32.4 32.8 1.485, - - CHz
1.268

16 35.47 36.0 36.1 1.539, - - CHz
1.35

17 28.45 30.0 30.1 Nil - - C

18 44.77 42.8 42.8 1.49 - - CH

19 34.52 353 354 1.22, - - CHz
1.37

20 28.48 28.2 28.3 Nil - - C

21 32.42 32.8 32.5 1.249 - - CH»

22 37.70 39. 39.3 2.383 - - CHz

23 6.86 7.0 6.8 0.864 0.92 0.86 CH3

24 14.69 14.6 14.7 0.715 0.75 0.70 CH3

25 17.53 17.9 18.0 0.859 0.9 0.84 CH3

26 20.63 20.6 20.3 0.806 1.03 0.93 CH3

27 18.57 18.6 18.7 1.034 1.07 1.03 CH3

28 31.07 32.1 32.1 1.038 1.2 1.16 CH3

29 32.65 35.0 35.1 1.184 0.98 0.98 CH3
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30 29.75 31.8 31.9 0.940 1.02 0.98 CH3

0 1= compound-1, 6 a= Abbas et al., 2007, & p = Mann et al., 2011
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Table 4 Comparison of chemical Shift data obtained from Compound-2 with Literature data
of Quercitrin

Position p1 B2 Carbon
13C NMR (ppm) 'H NMR 13C NMR TH NMR (ppm) Type
(ppm) (ppm)
2 158.5 - 157.2 - C
3 136.5 - 134.9 - C
4 179.7 - 178.3 - C
5 163.3 - 161.9 - C
6 98.44 6.20 98.4 6.25 CH
7 166.0 - 161.9 - C
8 93.32 6.40 98.4 6.36 CH
9 159.0 - 158.0 - C
10 105.5 - 104.5 - C
1’ 121.6 - 121.6 - C
2’ 1154 7.35 115.0 7.33 CH
3’ 146.5 - 146.1 - C
4’ 149.0 - 148.5 - C
5’ 114.5 6.90 115.6 6.91 CH
6’ 121.5 7.30 121.5 7.30 CH
1 102.2 5.35 102.2 5.35 CH
27 70.6 4.22 70.8 4.20 CH
3> 70.7 3.75 70.7 3.70 CH
4 71.9 342 71.9 3.34 CH
5 70.5 3.33 70.6 343 CH
6 17.0 0.90 16.3 0.90 CH;

Key: (B1)= compound-1, ($2)= Utari et al., (2019)

3.4 Antioxidant Activity

The results of the in-vitro antioxidant activity assay (Table 5) demonstrate the concentration-
dependent DPPH radical scavenging activity of Calophyllum inophyllum fractions and the crude
extract. The n-Butanol fraction (BF) exhibited the highest antioxidant activity with an ICso value
of 13.3 pg/mL, followed by the chloroform fraction (CF, ICso =34.3 ug/mL) and the crude
methanol extract (CRF, ICso =23 pg/mL). The n-Hexane fraction (HF) showed the least
antioxidant activity (IC50 = 83.6 png/mL). In comparison, the positive control, ascorbic acid (AA),
displayed the strongest antioxidant activity with an ICso of 6.9 pg/mL.
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Table 5: Results of In-vitro Antioxidant Activities of the Leaves of C. inophyllum
% DPPH Scavenging Activity

Concentration (ng/mL)

HF CF BF CRF AA
6.25 18 32 40 30 45
12.5 24 37 51 49 52
25 30 49 60 55 63
50 46 64 70 72 78
100 52 79 87 83 96
I1Cso (ng/mL) 83.6 34.3 13.3 23 6.9

Key: HF = n-Hexane fraction, CF = Chloroform fraction, BF = n-Butanol fraction, CRF = Crude
methanol extract, AA = Ascorbic acid (positive control).

3.5 Cytotoxicity Assay

The in-vitro cytotoxicity assay results (Table 6) demonstrate the concentration-dependent
cytotoxic effects of Calophyllum inophyllum fractions against human H460 lung cancer cells, with
the n-hexane fraction showing the most potent activity (ICso = 16.0 ng/mL), followed by the
chloroform fraction (ICso = 23.0 pg/mL) and the crude extract (ICso = 30.0 pg/mL). In comparison,
the positive control, 5-Fluorouracil (5FU), exhibited the highest potency with an ICso of 2.7
pg/mL, underscoring its efficacy as a standard chemotherapeutic agent. The dose-dependent cell
viability of H460 lung cancer cells at different concentrations of 5-Fluorouracil and extract
fractions, as determined by the MTT assay, is illustrated in Figure 8.

Table 6: In-vitro Cytotoxicity Assay Results (MTT Assay)

Concentration Percentage cell viability (%)
(ng/mL)  5FU (%) Crude Extract n-Hexane fraction Chloroform fraction n-Butanol fraction

0.1 78.88 - - - -
1 79.45 93.64 86.82 97.83 93.57
3 46.83 91.26 83.73 97.72 80.51

10 29.96 83.07 76.51 71.01 78.09

30 29.64 50.82 5.26 429 72.79

100 - 14.6 4.12 7.83 64.59

I1Cso (ng/ml) 2.7 30.0 16.0 23.0 >65

Key: (ICs0)= concentration at 50% inhibition, (5FU)= 5-Fluorouracil, (PCV%)= percentage cell
viability
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Figure 8: Percentage Viability of H460 Lung Cancer Cells at Different Concentrations of 5-
Fluorouracil and Extract Fractions Using the MTT Assay.

4. Discussion

The findings of this study provide significant insights into the phytochemical composition and
pharmacological potential of Calophyllum inophyllum. The qualitative and quantitative
phytochemical analyses confirmed the presence of diverse secondary metabolites, including
carbohydrates, alkaloids, saponins, flavonoids, tannins, and terpenoids, in the methanol extract and
its fractions. Notably, the n-Butanol fraction exhibited the highest total phenolic and flavonoid
content, aligning with its potent antioxidant activity (ICso = 13.3 pg/mL). This is consistent with
previous studies that have highlighted the antioxidant properties of phenolic compounds and
flavonoids, which are known to scavenge free radicals and mitigate oxidative stress-related
diseases (Taher et al., 2005; Shanmugapriya et al., 2016).

The isolation and structural elucidation of friedelin and quercitrin from the n-Hexane and n-
Butanol fractions, respectively, underscore the medicinal potential of C. inophyllum. Friedelin, a
pentacyclic triterpenoid, demonstrated significant cytotoxic activity against human H460 lung
cancer cells, with an ICso value of 16 pg/mL. This finding is supported by earlier studies that have
reported the antiproliferative effects of friedelin against various cancer cell lines, suggesting its
potential as a lead compound for anticancer drug development (Laure ef al., 2005; Li et al., 2010).
In comparison, the positive control, 5-Fluorouracil (5-FU), exhibited an IC50 value of 2.7 pg/mL,
highlighting its superior potency as a standard chemotherapeutic agent. The n-hexane fraction
demonstrated significant cytotoxic activity, with an IC50 value of < 30 ug/mL, which meets the
American National Cancer Institute (NCI) criteria for promising anticancer candidates
(Shoemaker, 2006). This activity is attributed to the presence of friedelin, a bioactive compound
known for its anticancer properties. These findings further validate the n-hexane fraction's
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potential for drug development and warrant further investigation into its mechanisms and
therapeutic applications.

On the other hand, quercitrin, a flavonoid glycoside, exhibited strong antioxidant activity, with an
ICso value of 13.3 pg/mL in the DPPH assay. This aligns with the well-documented role of
flavonoids in reducing oxidative damage and inflammation, further supporting the traditional use
of C. inophyllum in treating oxidative stress-related ailments (Taher et al., 2005; Dutta and Ray,
2014). The n-butanol fraction's high antioxidant activity can be attributed to its rich phenolic and
flavonoid content, making it a valuable source of natural antioxidants.

The differential bioactivity of the fractions highlights the importance of targeted isolation and
characterization of bioactive compounds from medicinal plants. The n-hexane fraction, containing
friedelin, showed potent cytotoxic effects, while the n-butanol fraction, rich in quercitrin,
demonstrated strong antioxidant properties. These findings not only contribute to the scientific
understanding of the pharmacological properties of C. inophyllum but also underscore the
importance of exploring natural products for drug discovery.

5. Conclusion

This study demonstrates the potential of Calophyllum inophyllum as a valuable source of bioactive
compounds with significant anticancer and antioxidant properties. The isolation
of friedelin and quercitrin from the leaves of C. inophyllum validates its traditional use in cancer
treatment and oxidative stress management. Friedelin's potent cytotoxic activity against lung
cancer cells (ICso = 16 pg/mL) and quercitrin's strong antioxidant effects (ICso = 13.3 pg/mL)
highlight their potential as lead compounds for the development of novel therapeutic agents. These
findings not only contribute to the scientific understanding of the pharmacological properties of C.
inophyllum but also underscore the importance of exploring natural products for drug discovery.
Further studies, including in vivo experiments and clinical trials, are recommended to fully
elucidate the therapeutic potential of these compounds and their mechanisms of action. Overall,
this research reinforces the significance of medicinal plants in modern drug development and
provides a foundation for future investigations into the bioactive constituents of C. inophyllum.
Acknowledgments:

The authors would like to acknowledge King Abdulaziz University, Saudi Arabia, and the Institute
of Cancer Therapeutics, University of Bradford, United Kingdom, for providing the cell line and
facilitating the NMR and MTT analyses, respectively. Special thanks to Professor Isa Hussaini
Marte for his invaluable guidance and mentorship throughout this study.

Funding

This research did not receive any specific grant from funding agencies in the public, commercial,
or not-for-profit sectors.

Contflict of interest

The authors declare no conflict of interest.

Received: 8 February 2025 801
Revised: 21 March 2025

Accepted: 31 March 2025

Copyright # authors 2025 DOI: HTTPS://D0I.0ORG/10.5281/7EN0OD0.15233754



https://doi.org/10.5281/zenodo.15233754

INTERNATIONAL JourNAL OF R

'—~'® InternationalJournal of Research (IJR)  ©SSN:2348-6848
& p-ISSN: 2348-795X

N
Vol. 12 Issue 03
R March 2025

References

Abbas, F. A., Al-Massarany, S. M., Khan, S., Al-Howiriny, T. A., Mossa, J. S., and Abourashed, E. A.
(2007). Phytochemical and biological studies on Saudi Commiphora opobalsamum L. Natural
Product Research, 21(5), 383-391.

Adewuyi, A., Fasusi, O. H., Rotimi, A., and Oderinde, C. (2014). Antibacterial activities of
acetonides prepared from the seed oils of Calophyllum inophyllum and Pterocarpus
osun. Journal of Acute Medicine, 4, 75-80.

Alam, M. D., Brista, N. J., and Rafiquzzaman, M. (2013). Review on in vivo and in vitro methods
evaluation of antioxidant activity. Saudi Pharmaceutical Journal, 21, 143-152.

Dutta, S., and Ray, S. (2014). Antioxidant activity of Calophyllum inophyllum extracts and their
potential in combating oxidative stress-related diseases. Journal of Ethnopharmacology,
151(2), 803-812.

Evans, W. C. (2002). Trease and Evans' Pharmacognosy. 15th Edition. Saunders Ltd.

Harborne, J. B. (1988). Phytochemical Methods: A Guide to Modern Techniques of Plant Analysis. 3rd
Edition. Chapman and Hall.

Indrakumar, 1., Sivakumar, M., and Rajeshkumar, S. (2012). Phytochemical screening and antioxidant
activity of Calophyllum inophyllum leaves. Journal of Medicinal Plants Research, 6(5), 410-415.

Laure, F., Herbette, G., Faure, R., and Bodo, B. (2005). Friedelin: A triterpenoid with
antiproliferative activity from Calophyllum inophyllum. Phytochemistry, 66(22), 2649-
2654.

Li, X., Zhang, Y., and Liang, Y. (2010). Triterpenoids from Calophyllum inophyllum and their cytotoxic
activities. Journal of Natural Products, 73(4), 654-658.

Mann, J., Davidson, R. S., Hobbs, J. B., Banthorpe, D. V., and Harborne, J. B. (2011). Natural Products:
Their Chemistry and Biological Significance. Longman Scientific and Technical.

Mosmann, T. (1983). "Rapid colorimetric assay for cellular growth and survival: application to

proliferation and cytotoxicity assays." J. Immunol. Methods, 65(1-2), 55-63.

Saravanan, R., Rajendra Prasad, N., Pugalendi, K. V., and Menon, V. P. (2015). Calophyllum inophyllum:
A review of its phytochemistry and pharmacology. Journal of Medicinal Plants Research, 9(10),
321-330.

Shanmugapriya, C. Y., Jothy, S. L., and Sasidharan, S. (2016). Calophyllum inophyllum: A
medicinal plant with multiple curative values. Research Journal of Pharmaceutical,
Biological and Chemical Sciences, 7(4), 1446-145.

Received: 8 February 2025 802
Revised: 21 March 2025

Accepted: 31 March 2025

Copyright # authors 2025 DOI: HTTPS://D0I.0ORG/10.5281/7EN0OD0.15233754



https://doi.org/10.5281/zenodo.15233754

"~ ® International Journal of Research (IJR)  ©755N:2348-6848
p-ISSN: 2348-795X
A
UR

Vol. 12 Issue 03
March 2025

Shanmugapriya, R., Ramanathan, T., and Renugadevi, G. (2016). Antioxidant and anticancer
potential of Calophyllum inophyllum extracts. Asian Pacific Journal of Tropical
Biomedicine, 6(5), 410-415.

Shoemaker, R. H. (2006). The NCI60 Human Tumour Cell Line Anticancer Drug Screen. Nature
Reviews Cancer, 6(10), 813—823. https://doi.org/10.1038/nrc1951

Sofowora, A. (1993). Medicinal Plants and Traditional Medicine in Africa. 2nd Edition. Spectrum Books
Ltd.

Susanti, D., Sirat, H. M., Ahmad, F., Ali, R. M., Aimi, N., and Kitajima, M. (2007). Antioxidant
and cytotoxic flavonoids from the flowers of Melastoma malabathricum L. Food
Chemistry, 103(3), 710-716. https://doi.org/10.1016/j.foodchem.2006.09.011

Taher, M., Zakaria, T. M., Susanti, D., and Zakaria, Z. A. (2005). Phytochemical and
pharmacological properties of Calophyllum inophyllum: A review. Journal of Medicinal
Plants Research, 9(10), 321-330.

Utami, R., Khalid, N., Sukari, M. A., Rahmani, M., Abdul, A. B., and Dachriyanus. (2013).
Phenolic  contents,  antioxidant and  cytotoxic  activities  of Elaeocarpus
floribundus Blume. Pakistan Journal of Pharmaceutical Sciences, 26(2), 245-250.

Utari, R., Khalid, N., Sukari, M. A., Rahmani, M., Abdul, A. B., and Dachriyanus. (2019). Phenolic
contents, antioxidant and cytotoxic activities of Elacocarpus floribundus Blume. Pakistan Journal
of Pharmaceutical Sciences, 26(2), 245-250.

Received: 8 February 2025 803
Revised: 21 March 2025

Accepted: 31 March 2025

Copyright # authors 2025 DOI: HTTPS://D0I.0ORG/10.5281/7EN0OD0.15233754



https://doi.org/10.5281/zenodo.15233754
https://doi.org/10.1038/nrc1951
https://doi.org/10.1016/j.foodchem.2006.09.011

