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Abstract: Chrysophyllum albidum, an important tropical fruit with seeds, was investigated
for its chemical composition, cytotoxic free radical scavenging, anti-inflammatory,
antimicrobial (on clinical isolates) and antiparasitic properties for prospective application in
the cosmeceuticals and food sectors. The physicochemical results of the C. albidum oil were
179.52+2.80 mg KOH/g saponification value, 3.93+0.56 mg KOH/g acid value, 1.58+0.11%
free fatty acid and 39.34+2.54 ¢ 1o/100 g iodine value, suggesting the suitability of the oil for
industrial purposes, such as in skin care production. C. albidum seeds contained linoleic acid
(33.12%), oleic acid (31.81%), palmitic acid (17.68%) and stearic acid (5.30%) as the major
fatty acids. The ICso value estimated for the anti-lipooxygenase potential of the oil
(0.56+0.09 ng/mL) was close to that obtained for the standard indomethacin (0.534 0.07
pg/mL). The ICso obtained for the DPPH (4.7440.83 pg/mL) and ABTS (0.03+0.11 pg/mL)
of the oil was significant but relatively low compared to that of ascorbic acid (0.34+0.04 and
0.54+0.04 pg/mL) used as standards for the DPPH and ABTS free radical scavenging
activities, respectively. The oil had significant activities against all the clinical isolates, with
A. niger showing a significant MIC of 12.5 mg/mL. The seed oil of C. albidum possesses
numerous biological activities that can be harnessed. The presence of essential fatty acids is
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partly suggestive of the observed bioactivities. Hence, the oil of C. albidum seeds with
significant health benefits holds potential for possible incorporation into food,

pharmaceutical and cosmeceutical products.

Key Words: Chrysophyllum albidum, oleic acid, lipoxygenase, antioxidant, cytotoxicity,

antiparasite

1. Introduction

Seeds are the major sources of natural oil,
known as fixed oil. Fixed oil belongs to a
class of hydrolysable lipids that dissolve
completely in nonpolar organic solvents such
as n-hexane but are insoluble in aqueous
media. The major component of fixed oil is
triglycerides, making up 85% of the total
percentage of its constituents. The minor
components of fixed oil are mono-
/diglycerides; tocopherol (vitamin E), which
is often responsible for the antioxidant
property of the oil; chlorophyll/carotenoids,
which are responsible for the colouration of
the oil; and other minor components, such as
steroids, triterpenes, and phospholipids,
which are responsible for other biological
activities [1,2].

Fixed oil is classified into nondrying,
semidrying and drying based on the iodine
index, which refers to the quantity in grams
of iodine consumed per unit of the oil. This
classification helps to determine the potential
application of oils. Nondrying oil has an
iodine value below 100 gl>/100 g and is
suitable for consumption (vegetable oil) and
industrial purposes, such as in the production
of soaps. Semidrying oil has iodine values
greater than 100 gl2/100 g and less than 250
gl2/100 g, and this oil is suitable for the
production of lubricant and brake fuel in the
automobile industry. Drying oil has an iodine
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value greater than 260 gl2/100 g. These types
are more applicable for the industrial produc-
tion of paint, ink, etc. [3,4].

Chrysophyllum albidum, of the family
Sapotaceae [5] and is a common plant
throughout the Asian and African tropics.
The ripe fruit is ovoid with a pointed apex
and bears two to eight seeds. The fruit
contains seeds with hard lustrous brownish
seed coats. The fruits are produced between
January and March annually [6]. Phytochem-
ically, stems and seeds reportedly contain
secondary metabolites, including phenolics,
flavonoids, glycosides and alkaloids [7].
Methanol extracts of C. albidum cotyledon
seeds reportedly contain eleagnine, tetrahy-
dro-2-methylharman and skatole [6]. Extracts
from the root and seed are used as wound
healing agents [7]. The plant reportedly
possesses good free radical scavenging
activities [5,8]. In most regions where the
plant thrives, the numerous seeds of the plant
are often discarded and grossly underutilized.
To establish the pharmacological potential of
bioactivities, this work investigated the
chemical compositions, radical scavenging,
inhibition of inflammation progression, and
antiparasitic and cytotoxic activities of highly
underutilized C. albidum seeds for possible
application in the food or cosmetic/phar-
maceutical industries.
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2. Experimental and Method

Chemicals

Trolox, ascorbic acid, 1,1-diphenyl-2-picry-
hydrazyl (DPPH), 2,2-azino-bis-(3-ethylben-
zothiazoline-6-sulfonic acid (ABTS), antiox-
idant and anti-inflammatory assay kits, which
were high purity grades, were obtained from

Plant Material

C. albidum fruits from which the seeds were
collected were obtained at Ilorin, Nigeria, in
December 2016 during the fruiting season.

The plant material with voucher number
UILH/002/1216 was subjected to standard

Methods

The C. albidum seed oil was obtained via
Soxhlet extraction using hexane at 60°C
followed by extract concentration at low
temperature using an automated recirculation
rotary evaporator [9]. The hexane extract was
subjected to transmethylation and analyzed
using gas chromatography—mass spectro-
metry. For the antioxidant potential, standard
assays of 2,2-azino-bis-(3-ethylbenzothia-
zoline-6-sulfonic acid) and 2,2-diphenyl-1-
picrylhydrazyl were adopted. To evaluate the
antibacterial and antifungal activities of the
oil, isolates that included Salmonella typhi,

Transmethylation of the Oils

Initially, the concentrated seed oil (100 mg)
was constituted in hexane (10 mL), while an
aliquot was further reconstituted in hexane to
afford a more dilute concentration as desired
following a standard procedure. An internal
standard, heptadecanoic acid (C -17:0) (100
pL of 100 ppm) and 1 mL of 2.5% (v/v)
methanolic sulfuric acid were added to the
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Santa Cruz Biotechnology, USA. Indom-
ethacin, staurosporine, and fatty acid stan-
dards were obtained from Sigma Reagent
Company.

identification and valid authentication at the
Herbarium of the University of Ilorin, Ilorin,
Nigeria. The seeds were subsequently sub-
jected to drying under the shade, followed by
deshelling and pulverization.

Bacillus subtilis, Klebsiella pneamananae,
Staphylococcus aureus, Pseudomonas aerug-
inosa, Escherichia coli and fungi, including
Aspergillus  niger, Rhizopus stolonifer,
Penicillium notatum and Candida albicans,
were used. The anti-inflammatory activity
was measured using a lipooxygenase assay,
while the cytotoxicity potential was mea-
sured using mammalian cell assays, with
indomethacin and staurosporine used as
standards. The antiparasitic activity (anti-
toxoplasmosis) was also evaluated.

dilution. The mixture was incubated in an
oven and maintained at 80°C for 1 hour
followed by cooling to ambient temperature
(25°C). NaCl solution (1.5 mL) of 20% (w/v)
was added to the mixture, vigorously shaken
and separated by centrifugation. The upper
hexane layer (containing the methylated
products) was separated, concentrated and

Volume 95 Number 1 | The Chemist | Page 3



subjected to elution in standardized gas chro-
matography equipment. Next, the amount of

Spectrometry and Spectroscopy
Characterization

Gas Chromatography—Mass
Spectrometry (GC-MS)

To profile the fatty acid content of the trans-
esterified seed oil, the oil was subjected to
GC-MS analysis on an Agilent Gas Chro-
matograph (6890N) equipped with an auto-
sampler. The elution was performed on a
nonpolar column of 30 m by 0.25 x 0.25 pm
using helium as the carrier gas. The injection
volume, flow rate, injection temperature and
split ratio were 1 pL, 1 mL/min, 250°C and
5:1, respectively. The heating temperature
was adjusted to 100°C (5 min), then 180°C

Fourier Transform Infrared (FT-IR)
Spectroscopy Determination

The fresh seed oil and the trans-esterified
seed oil were both subjected to FT-IR analy-

sis to identify functional group transforma-

Ultraviolet—Visible Spectrophotometry
Analysis

The absorption maximum was determined on
an ultraviolet—visible spectrophotometer
(Beckman, UK), while a multiscan spectro-
Physicochemical Characterization

The physicochemical parameters, including
iodine value (IV), saponification values (SV),
free fatty acids (FFA) and acid value (AV),
DPPH Assay

The in vitro DPPH assay to evaluate the
antioxidant potential of C. albidum seed oil

© The AIC 2024. All rights reserved.

trans-esterifiable oil was determined and
noted.

5°C per minute (kept for five minutes) and
finally raised to 330°C at 8°C per minute
(stabilized for five minutes). A coupled mass
analyser (5975B, Agilent Technologies) with
electron impact mode was adopted to gen-
erate the fragmentations, which were used to
identify the fatty acid ester in addition to the
standard used. The mass spectrometer oper-
ating at 70 eV (electron impact mode) had a
scan range of 35 to 500 m/z.

tions using an infrared spectrometer (Nicolet
1S5 FT-IR) by preparing KBr pellets.

photometer [Spectra Max (Plus) US] was
used to measure the absorbance measure-
ments for the assays.

were determined following a standard proto-
col [4,10,11].

was carried out following a standard pro-
cedure [12,13]. Using a-tocopherol as a stan-
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dard reference, the concentrations of the sam-
ples were varied (10 — 500 pg/mL). To each
sample concentration (2.4 mL), 0.8 mL
DPPH (0.1 mM) solution in methanol was
added, thoroughly homogenized and kept in

ABTS Antioxidant Assay

A standard procedure was adopted for the
measurement of the ABTS antioxidant poten-
tial of the oil [14]. Radical cations (ABTS™)
obtained via the reaction of a stock solution
of ABTS (7 mM) with K2S20s (2.45 mM) for
12 h were diluted with methanol to obtain an

Determination of Anti-inflammatory
Potential: Lipoxygenase Assay

In this assay, nordihydroguaiaretic acid and
rutin served as reference inhibitors of lipoxy-
genase following a standard method [15]. In
the absence of inhibitors, the lipoxygenase
solution (50 pL) was mixed with sodium
linoleate (2.0 mL) at 100 uM. An aliquot (30
pL) of the inhibitor dissolved in dimethyl-

Antimicrobial Assay

Antibacterial and antifungal activities were
examined by the disc agar diffusion method
as previously described [16]. For the
antibacterial assay, inoculates of clinical
isolates of McFarland standards (Escherichia
coli, Pseudomonas aeruginosa, Staphylo-
coccus aureus, Bacillus subtilis, Salmonella
typhi and Klebsiella pneumoniae) were pre-
pared. Thereafter, the plates were impreg-
nated with each oil solution at 62.5 to 500
mg/mL and were prepared by diluting the oil
with distilled water. Thereafter, the air-dried
impregnated discs were positioned on the
surface of the agar plates.

© The AIC 2024. All rights reserved.

the dark at ambient temperature (ten minutes)
before termination. The absorbance of the
mixture was measured at 517 nm on a scan
absorbance reader (Thermo Spectronic, UK).

absorbance reading of 0.7 £ 0.01 at 734 nm.
Using ascorbic acid as a reference, the sample
(1 mL) 10 — 500 pg/mL was stirred with
ABTS"* solution (2 mL), and the absorbance
was read at the same wavelength after sixty
seconds.

sulfoxide (DMSO) was added to make a
solution with 100 ppm. The experiment was
carried out in triplicate. The absorbance value
was measured on an absorbance spectro-
photometer, and the extent of inhibition was
determined.

For the antifungal assay, four clinical isolates
(Penicillium notatum, Candida albicans,
Rhizopus stolonifera and Aspergillus niger)
were inoculated into mycological peptone.
After 1 h of incubation, the inoculant was
used to swab Sabouraud’s dextrose agar.
Incubation was performed at 37°C for 24 h
and 48 h for bacterial and fungal strains,
respectively. Reference drugs for anti-
bacterial and antifungal activities included
gentamycin and tioconazole, respectively,
while discs with water only served as
controls. To determine the antimicrobial
activity of the oil, the diameter (millimeters)
of the clear regions of inhibition were
measured. The observable clear inhibition
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regions were taken as evidence of anti-
microbial action and vice versa.

Minimum Inhibitory Concentration (MIC)

The MIC of the sample was determined using
the disc diffusion method [16]. Briefly, the
reconstituted sample in agar medium was
applied to the dish. After incubating for 24
and 48 h at 37°C and 27°C for bacteria and
fungi, respectively, the clear inhibition re-

Cytotoxicity and Anti-Toxoplasma
gondii Assays

The cytotoxicity assay using human
fibroblast forekin (HFF ATCC®) cells was
performed following a procedure previously
reported [17,18], as staurosporine-treated
cells served as a positive control drug. The
antiparasite (in vitro anti-Toxoplasma gondii)
assay on monolayers of HFF cells was

Anti-parasitic Action of the Oils in the
Presence of Trolox (Measurement of
Intracellular Reactive Oxygen Species)

Following the determination of the anti-
parasitic potential of the seed oil, the mode of
antiparasitic action was also determined via
the evaluation of the culpability of reactive
oxygen species (ROS) by including Trolox,

Statistical Analysis

Data obtained from the assays were subjected
to statistical evaluation wusing one-way
ANOVA (GraphPad Prism Software Inc.,
San Diego, CA), as the results are reported as
the mean of three replicates + standard error
of the mean (SEM). The ICso, the concen-
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gions were determined in mm. While sterile
medium was used as a control, the MIC was
taken as the sample with the lowest con-
centration causing complete retardation of
microbial growth.

performed using a luciferase-active T. gondii
RH strain 2F, following a standard procedure
we reported previously [19-22]. All assays
were performed in triplicate independently in
96-well plates (Nunc; Fisher Scientific,
Pittsburgh, PA, USA) unless otherwise
stated.

an antioxidant, in the screening assay. Para-
site growth inhibition was determined as de-
scribed above. Thereafter, the level of ROS
in cells was determined on HFF monolayers
as previously described [17,23].

tration that induced 50% inhibition in
parasite and/or mammalian host cell growth,
was estimated using a nonlinear regression
analysis on a dose-response curve in
GraphPad Prism 5.
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3. Results and Discussion

Physicochemical Characteristics of the
Seed Oil

The C. albidum seed afforded (via Soxhlet
extraction) an oil yield of 2% of the total
weight of the seed material, of which 95%

was trans-esterifiable. The physicochemical
parameters of the oil determined following
standard procedures are shown (Table 1).

Table 1. Results of Physicochemical Analyses

Parameter Chrysophyllum albidum oil
Oil yield 2 (%)

Saponification 179.52+2.80 (mgKOH/qg)
Acid Value 3.93£0.56 (mgKOH/qg)

Free fatty acid 1.5810.11 (%)

lodine Value 39.34+2.54

Colour Dark Brown

Physical State at Ambient Temperature  Liquid

* Saponification, Acid, % Free Fatty Acid and lodine value are expressed as the

average = SEM of two replicates

The oil has a saponification value of
179.52+2.80 mg KOH/g (Table 1). The high
saponification values exhibited by this oil
suggest that the oil will offer promising
benefits in cosmetic and personal care
products [24,25]. A high concentration of
short-chain fatty acids has been implicated in
fats and oils with high saponification value
[26].

The seed oil has an acid value of 3.93+0.56
mg/KOH/g (Table 1). Low acid values in oil
correspond to relative stability with attendant
resistance to rancidity and peroxidation.
However, a low acid value is also associated

© The AIC 2024. All rights reserved.

with the presence of phenolics and anti-
oxidants [4,27]. C. albidum had a relatively
low free fatty acid value of 1.58+0.11 (Table

1.

To estimate the level of unsaturation in fatty
acids, the iodine value was used. This is
achieved by reacting fatty acids with iodine
compounds. Lower iodine values correspond
to harder texture and reduced propensity for
oxidative rancidity. The iodine value and
saponification value are complementary. The
C. albidum seed oil had an IV of 39.34+2.54,
confirming it as a nondrying oil.
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4. Characterization

Fourier Transform Infrared Analysis of
Raw and Transmethylation Qils

The extent of the transmethylation of the oils
was established using infrared analysis, and

the important peaks are as indicated (Table

Table 2. FT-IR Value for Transmethylated and Raw C. albidum Oil

Raw seed oil (cm™) Transmethylated oil (cm?)

Infrared bands

3439 -
3009 3008.97
2924 -
2854 -
2654 -
1745 1742.48
1712 -
1626 1626.05
- 1581.00
1465 1463.85
1377 1381.53
1240 1239.05
1166 1156.73
1093 1090.24
909 -
840 -
722 716.62
563 -

O-H stretching (b)

sp? C-H Stretching (w)

sp® C-H Stretching (s)

sp?® C-H Stretching

C-H Stretching (methylene) (w)
Conj. C=0 Stretching (s)

Conj. C=C Stretching

C=C Stretching (w)

CH bending
CHs bending
C-O Stretching
C-O(s)

O-H oop

Long chain branch with C=C
Long chain branch

Broad (b), Sharp (s) and Weak (w)

The diminished O-H vibration at 3439 cm’!
confirms that trans-esterification was
successful. The vibrations at 1745 and 1742

© The AIC 2024. All rights reserved.

cm’! in the crude and trans-esterified oils,
respectively, are typical of carboxylic esters
and correspond to carbonyl stretching [28].
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UV-Vis Spectroscopy Results

The UV-visible analysis and the comparison C=C and C=0 bands were recorded at 317
with the infrared are depicted in Table 3. The (2.49) and 396 (3.43), respectively.

Table 3. Results of UV—Visible Spectroscopy and FT-IR Analyses of Raw C. albidum

Oil sample UV (nm) Absorbance IR (cm™) Transition Remark
C. albidum 317 2.498 1626 C=C band (1 C=C bands
—)'IT*)
396 3.432 1745 C=0 band (n C=0 bands
—TT*)

Chemical Composition of the
Trans-esterified Seed Oils

The GC-MS result of the oil is depicted in

Table 4.

Table 4. Profiles of Fatty Acids in C. albidum Qil

Fatty Acid Systematic Name Saturation Concentration Composition

Extent (mg/mL) (%)

Palmitic acid Hexadecanoic acid 16:0 69.81 17.68

Palmitoleic acid 16:1 1.08 0.27
cis-10- Heptadecanoic 17:1 1.04 0.27
Acid

Stearic acid Octadecanoic acid 18:0 20.94 5.30

Trans oleic acid trans-9-octadecenoic 18:1n9t 2.72 0.69
acid

Oleic acid cis-9-octadecenoic 18:1n9c 125.59 31.81
acid

Linolelaidic acid 18:2n6t

Linoleic aicid all-cis-9,12- 18:2n6¢c 130.79 33.12
octadecadienoic acid

Gamma-Linolenic acid all-cis-6,9,12- 18:3n6 2.77 0.70

(GLA) octadecatrienoic acid

Alpha Linolenic acid all-cis 9,12,15- 18:3n3 517 1.31

(ALA) octadecatrienoic acid

Arachidic acid Eicosanoic acid 20:0 2.37 0.60

Eicosenoic acid cis-11-eicosenoic 20:1 8.29 2.10
cis-11, 14- 20:2 3.33 0.84

Eicosadienoic acid
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Dihomo-gamma-

linolenic acid (DGLA)

Heneicosylic acid
Arachidonic acid

Eicosatrienoic acid
(ETE)
Behenic acid

Docosadienoic acid

Tricosylic acid
Lignoceric acid
Nervonic acid

Docosahexaenoic
acid/Cervonic acid
Total Saturated
Monounsaturated
Polyunsaturated
Total unsaturated

all-cis-8, 11, 14-
Eicosatrienoic acid
Heneicosanoic acid

all-cis-5,8,11,14-

eicosatetraenoic acid

all-cis-11, 14, 17-
Eicosatrienoic acid
Docosanoic acid
Erucic acid
all-cis-13,16-
docosadienoic acid
Tricosanoic acid
Tetracosanoic acid
cis-15-tetracosenoic
acid
cis-4,7,10,13,16,19-
Docosahexaenoic

20:3n6 2.07 0.52

21:0 3.30 0.83
20:4n6 1.13 0.28
20:3n3 1.00 0.25

22:0 0.89 0.22
22:1n9
22:2n6 2.64 0.67

23:0 3.92 0.99

24:0 1.74 0.44

24:1 2.90 0.73
22:6n3 1.32 0.33

26.08
35.87
38.05
73.92

The C. albidum trans-esterified seed oil
subjected to GC-MS analysis revealed
prominent fatty acids, which included

linoleic acid (33.12%), oleic acid (31.81%),
palmitic acid (17.68%) and stearic acid
(5.30%) (Table 4). Meanwhile, 26.08% of the
fatty acid proportion in the oil of C. albidum
was saturated.

Linolenic acid (omega-3) and linoleic acid
(omega-6) are polyunsaturated fatty acids
termed essential fatty acids that are required
by humans for nutritional purposes but
cannot be synthesized by the body. Unlike
omega-3 and omega-6, oleic acid, an omega-
9 fatty acid, and palmitic acid are important
fatty acids found in plant seeds and are very
useful in industries for various purposes, such
as in paint production and cosmetic for-

© The AIC 2024. All rights reserved.

mulation. Linoleic acid is also often applied
in cosmetic production, as it is reputable for
its ability to moisturize the skin while
contributing to wound healing and other
dermal conditions. Linoleic acid- and
linolenic acid-rich oils have been identified
as good natural sources of anti-inflammatory
agents for acne treatment [3,29]. In addition,
palmitic and linoleic acid deficiency in the
human diet manifests in physiological forms
such as nail cracking, hair loss, skin dryness
and scaling. Linoleic acid is a widely applied
fatty acid in cosmetics because it moisturizes
the skin, aids in the skin healing process, and
reduces sunburns and acne treatment [29,30].
Oleic and palmitic acids reportedly permeate
the skin to reach sensitive human parts.
Furthermore, other micronutrients present in
seed oils may prevent the risk of cardio-
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vascular diseases by reducing choles-
terolemia and oxidative stress. These micro-
nutrients include phytosterols and various
antioxidants, such as polyphenols, toco-
pherols and coenzymes. Seed oils are widely
used in folkloric medicine worldwide, as they
serve as potential sources of phytochemicals

Anti-lipoxygenase Evaluation

Lipoxygenases (LOXs) are important en-
zymes that convert arachidonic acid, linoleic
acid and other polyunsaturated fatty acids
into bioactive metabolites that are respon-
sible for inflammatory and immune res-
ponses. These enzymes are key in the bio-
synthesis of leukotrienes and play vital roles
in several inflammation-related diseases,
such as cancer, allergic reactions, asthma,
colitis ulcerosa, rheumatoid arthritis, and
psoriasis [31-34]. The inhibition of

with antibacterial, antifungal and anti-
parasitic properties. Therefore, the chemical
composition of the oils of C. albidum sug-
gests that it may be applicable in food and
cosmeceutical preparation, as it may also find
application in drug and supplement pro-
duction if well harnessed.

leukotriene  biosynthesis via the LOX
pathway with natural products may have
occurred by potential therapeutic means. The
anti-LOX activity (anti-inflammatory active-
ity) of the seed oil of C. albidum was
determined and compared with a standard
drug, indomethacin, following a standard
procedure already described. A dose re-
sponse activity comparable to that of the
standard drug was obtained (Table 5 and
Figure 1).

100 7

80

601

40

20 A

% lipoxygenase inhibition

-~ Indomethacin

- C. albidum oil

0 T T T
0 100 200 300

Conc. (pg/mL)

400 500

Figure 1. Lipoxygenase Inhibition Potential of the C. albidum Seed Oil

The results in Table 5 show that the inhibition
of the oil is dose dependent, and the cor-
responding ICso values of both the oil and

© The AIC 2024. All rights reserved.

indomethacin were 0.56 + 0.09 and 0.53 +
0.07 pg/mL, respectively. Seed oil exhibited
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potent LOX inhibitory activity and is sug-
gested to possess anti-inflammatory activity.

Table 5. Results of Anti-lipoxygenase Assay

Concentration (ug/mL) Indomethacin (% Inhibition) C. albidum oil (% Inhibition)

10 79.10+0.20 67.35+0.67
50 87.20+0.13 74.14+1.22
100 90.68+0.27 79.47+0.47
200 99.05+0.07 80.50+0.75
500 99.68+0.023 91.18+0.36
ICs0 0.53+ 0.07 0.56+0.09

Antioxidant Activities

For the evaluation of the free radical
scavenging capacity of the C. albidum seed
oil, two antioxidant assays (DPPH and
ABTS) were adopted. Precisely, the oil
showed a DPPH dose-response scavenging

action (ICso = 4.74+0.83 png/mL), which was
lower than the activity observed in the
standard, ascorbic acid (ICso = 0.34+0.04
ng/mL), as depicted in Table 6 and Figure 2.

100-‘//./.

80
60

40

% DPPH inhibition

20 1

-~ Ascorbic acid

=¥ C. albidum oil

0 T T T

0 100 200 300

Conc. (pg/mL)

400 500

Figure 2. DPPH Scavenging Activities of C. albidum Seed Oil
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Table 6. DPPH Scavenging Activities of C. albidum Oil

Dose (ug/mL) » Inhibition (Ascorbic acid) % Inhibition (C. albidum oil)
10 87.76 + 0.044 15.73 £0.23
50 93.25+0.016 19.22 £ 0.58
100 95.55 + 0.096 23.19+£1.70
200 98.22 + 0.007 23.84 +3.18
500 98.67 + 0.001 38.03 +0.82
ICs0 0.34+£0.04 4.74 +£0.83

Values are representations of the average + SEM of three evaluations.

ABTS Radical Scavenging Potential of
the C. albidum Seed Oil

The ability of the oil to scavenge ABTS 3) but was significant with a value (ICso =
radicals was evaluated using a standard 0.03£0.11 pg/mL) when compared with
procedure. The oil did not exhibit concen- ascorbic acid (ICso= 0.544+0.04 pg/mL).

tration-dependent properties (Table 7, Figure

100 T °
g 80-ﬁ
.9
E -8~ Ascorbic acid
= 601 . .
E - C. albidum oil
wnn
= i
m 40
<
X

201

O 1 1 1 | 1

0 100 200 300 400 500

Conc. (ug/mL)

Figure 3. ABTS Percent Inhibition by C. albidum Qil
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Table 7. ABTS Scavenging Activities of C. albidum Oil

Dose (ug/mL) % Inhibition (C. albidum oil) % Inhibition (Ascorbic acid)

10 22.91+1.69 76.05+0.66

50 24.50+£0.29 86.041+0.44

100 16.95+0.21 91.4940.39
200 30.34+0.44 94.43+1.20
500 11.51+£0.25 96.68+0.16
ICs0 0.03+0.11 0.54+0.04

Values are representations of the average + SEM of three evaluations.
From the antioxidant assay results (Figures 2 scavenge DPPH and ABTS radicals.

and 3), the oil exhibited some potential to

Antimicrobial Evaluation

The oil exhibited appreciable inhibition (200
mg/mL) of the growth of all the test
organisms (Table 8 and Figure 4). E. coli, P.
aeruginosa and A. niger at 200 mg/mL exhib-

Diameter inhibition (mm)
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The lowest MIC was recorded against A.
niger at a concentration of 12.5 mg/mL and
an inhibition diameter of 10 mm. The C.
albidum seed oil had significant activity,
which was lower than the activity recorded

for gentamicin. Various natural products
have shown good antimicrobial activities
with potential for further development
[11,35-39].

Table 8. Results of Microbial Inhibition of C. albidum Qil

Concentration (in mg/mL) Standard
200 100 50 25 125 MIC
(mg/mL)
Tested organism Inhibition (mm)
Gentamin
Bacteria (10 mg/mL)
Klebsiella pneumoniae 15+#1 13%1 10 - - 34 50
Staphylococcus aureus 15+1 13+1 10 - - 34 50
Pseudomonas aeruginosa 1711 14 10 - - 36 50
Escherichia coli 17x1 14 12 10 - 36 25
Salmonella typhi 14 12 10 - - 36 50
Bacillus subtilis 15¢1 13x1 10 - - 36 50
Triconazole
Fungi 70%
Rhizopus stolonifer 131 10 - - - 28 100
Candida albicans 14 12 10 - - 28 50
Aspergillus niger 17¢1 15¢1 12 10 10 26 12.5
Penicillium notatum 14 12 10 - - 26 50

Values are reported as the average + SEM of duplicate determinations.

MIC - Minimum Inhibition Concentration

Cytotoxicity Assay

The in vitro cytotoxic potential of C. albidum
oil on HFF mammalian cells was determined.
The cellular toxicity (Table 9) was lowest at
250 pg/mL, with cell viability (128.64%),
while at 1000 pg/mL, cell viability was
0.03%. As shown in Figure 5, C. albidum

© The AIC 2024. All rights reserved.

revealed dose-dependent cytotoxic activities
against HFF cells. Dégbé et al. [40]
demonstrated the low cytotoxic effect of an
ethanolic extract of Vernonia amygdalina on
mammalian cells as well as moderate
antioxidant properties.
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Figure 5. Evaluation of the Viability of the Cells on HFF Monolayers. Values are
representations of the average + SEM of three evaluations, and the experiment was
performed three times independently. As part of the validation, the control was spiked with
staurosporine (1 uM)

Table 9. Cellular Toxicity Evaluation of C. albidum Oil

Dose (ug/mL)

C. albidum (% Viability)

125
250
500
1000

110.97+£1.99

128.64+3.40
0.79+0.02
0.03+0.00

Anti-parasite Activity of C. albidum

T. gondii, a common protozoan parasitic
agent responsible for toxoplasmosis, is
known to possess the capability to infect
nearly all warm-blooded animals [17,18]. In
more than the 1 billion human populations
that it infects, it often has lethal outcomes in
pregnant women, although it is asymptomatic
in other healthy individuals. T. gondii human

© The AIC 2024. All rights reserved.

infection occurs through the consumption of
uncooked or improperly boiled infected meat
[41,42]. In this study, C. albidum exhibited
concentration-dependent activities against T.
gondii parasite growth (Table 10). Precisely
at 125 and 250 pg/mL, the oil had 97.89%
and 113.39% parasite growth, respectively
(Figure 6).
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Figure 6. Parasite Inhibition Potential of C. albidum Qil. Values are representations of the
average + SEM of three evaluations, and the experiment was performed three times
independently. As part of the validation, the control was spiked with staurosporine (1 uM)

Conversely, at 500 and 1000 pg/mL, the oil
exhibited intense inhibition of T. gondii
parasite growth. The in vitro antiparasitic
action exhibited is attributable to the quality
of the phytochemicals constituting the seed
oils. In previous studies, the ethanol extract
of Vernonia amygdalina reportedly inhibited
T. gondii activity [40]. Similarly, P. betle has

been shown to be a potential candidate in the
treatment of toxoplasmosis by inhibiting
parasite growth in vitro in HFF cells and
promoting survival in an experimental model
[43]; the growth inhibitory properties of
Lepidium perfoliatum and L. sativum against
T. gondii tachyzoites have also been reported
[44].

Table 10. T. gondii Inhibition Activity

Dose (ug/mL)

C. albidum

(% parasite growth)

125

250

500
1000

97.89+9.49
113.39+5.81
38.59+10.38

2.38+0.11

Values are representations of the average + SEM of three evaluations
of the experiment performed three times independently. As part of the
validation, the control was spiked with staurosporine (1 uM)

© The AIC 2024. All rights reserved.
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Parasite Inhibition Potential of C. albidum
Oil in the Presence of Trolox

Following the establishment of the parasite
inhibition potential of the oil, we sought to
determine the likely mode of antiparasitic

150 Parasite viability 72 hpi

1007

Relative
Parasite Viability (%)

501

action. Therefore, we investigated the cul-
pability of ROS in the inhibition potential by
the inclusion of Trolox, an antioxidant at a
concentration of 100 uM, in the screening.
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Figure 7 a-b. T. gondii Inhibition Potential of C. albidum in the Inclusion/Exclusion of a-
Tocopherol (Trolox). Values are representations of the average + SEM of three evaluations
of the experiment performed three times independently.

As seen in Figure 7a-b, the Trolox inclusion
in the screening assay induced a significant

reduction in the inhibition potential. The
results obtained for ROS analysis revealed
that the C. albidum oil did not boost the ROS
secretion both at the inclusion and exclusion
of T. gondii infection (Figure 8a-b). In

© The AIC 2024. All rights reserved.

contrast, C. albidum oil impaired the
fluorescing capacity of the cellular
mitochondrial membrane both when T.
gondii infection was absent (Figure 8c) and
present (Figure 8d). The emerging
observation is suspected to be a result of T.
gondii infection leading to the disruption of
the physiological integrity of cells.
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Figure 8a-d. Results of ROS Level and MitoRed Fluorescence Intensity After 24 h
Introduction of C. albidum Seed Qil; (a) in the absence of T. gondii infection; (b) in the
presence of T. gondii infection; (¢) in the absence of T. gondii infection; (d) in the presence
of T. gondii infection. Values are representations of the average + SEM of three evaluations
of the experiment performed three times independently. In comparison with the control, 8 is
significant at p<0.05.

Selectivity Index
To determine whether the inhibition of T. of specific or general toxicity, the selectivity
gondii growth by C. albidum oil was a result index (SI) of the sample was estimated by
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calculating the ratio of the cytotoxicity (ICso)
in mammalian cells to the antiparasite
activity (ECso). As shown in Table 11, the SI
(<1) of C. albidum was found to be lower
than that of the standard drug sulfadiazine
(<4). While the C. albidum oil showed good
inhibition potential against T. gondii growth,

it could not exhibit satisfactory selectivity
toward the parasite versus the host cells. The
results obtained in this study revealed that the
inhibitory activity of the C. albidum seed oil
was due to general cellular toxicity or by an
underlying antiparasitic mechanism beyond
the scope of the present study.

Table 11. Selectivity Index of C. albidum Seed Oil

Samples Host cell cytotoxicity  Anti-parasite activity Selectivity Index
(ICs0 (ug/mL) ECso0 (ug/mL) (S1): 1Cs0/ECs0

C. albidum <350 =400 <1

Sulfadiazine <500 <150 <4

5. Conclusions

The anti-LOX activity (anti-inflammatory
activity) of the seed oil of C. albidum has a
dose response activity comparable to that of
the standard drug (indomethacin). The DPPH
dose—response scavenging action of the oil
(ICs0 = 4.74+0.83 pg/mL) is lower than the
activity observed in the standard, ascorbic
acid (ICso = 0.34+0.04 pg/mL), while in
ABTS analysis the oil extract shows a
significant activity higher than the ascorbic
acid. The different in the antioxidant ac-
tivities is due to different mechanism of
action of the assay.

In this study, we showed that C. albidum seed
oil contained good amounts of industrially
useful fatty acids, of which oleic acid,
linoleic acid and palmitic acid are major. The
oil exhibited several biological properties,
including anti-lipooxygenase, antioxidant,

© The AIC 2024. All rights reserved.

anti-inflammatory, anti-toxoplasmosis, cyto-
toxic and antimicrobial potential. Of impor-
tant attention are the antimicrobial, anti-
lipooxygenase and  anti-toxoplasmosis
potential, which hold prospects for further
development. The exploration of many
underutilized tropical seed oils in recent
times has opened a new channel of research
for further investigation. C. albidum seed oil,
which is often discarded, holds promise for
industrial utilization. Considering these re-
sults together, the biological activities shown
by the grossly underutilized seed oil of C.
albidum could be effectively exploited in
food processing, nutraceutical and cosme-
ceutical development. For example, if the oil
extract of C. albidum is incorporated into
personal care products applied topically, it
may prevent or clear skin infections and
inflammation-related conditions.
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