Trop J Nat Prod Res, January 2025; 9(1):24 — 30

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

Tropical Journal of Natural Product Research

Available online at https://www.tjnpr.org

The Potency of Adenostemma platyphyllum and A. madurense as Antioxidant and

Anti-aging Agents

Ahmad A. Rofigi?, Rika I. Astuti?, Irmanida Batubara®-**

'Department of Chemistry, Faculty of Mathematics and Natural Sciences, IPB University, Bogor 16680, Indonesia
2Department of Biology, Faculty of Mathematics and Natural Sciences, IPB University, Bogor 16680, Indonesia
3Tropical Biopharmaca Research Center, IPB University, Bogor 16128, Indonesia.

ARTICLE INFO

ABSTRACT

Article history:

Received 21 March 2024

Revised 26 April 2024

Accepted 29 August 2024
Published online 01 February 2025

Copyright: © 2025 Rofigi et al. This is an open-
access article distributed under the terms of the
Creative _Commons Attribution License, which
permits unrestricted use, distribution, and reproduction
in any medium, provided the original author and
source are credited.

Adenostemma platyphyllum and Adenostemma madurense are medicinal plants belonging to the
same genus as A. lavenia. These plants are characterized by similar bioactivity. Therefore, this
research is aimed at determining the antioxidant and anti-aging properties of A. platyphyllum and
A. madurense, as well as identifying the potentially bioactive compounds in these plants. The plant
extracts were obtained by successive maceration in n-hexane, ethyl acetate, and methanol in order
to increase polarity. The total phenolic, total flavonoid, and total terpenoid contents were
quantified using standard methods. Antioxidant activity was evaluated using the 2,2-diphenyl-1-
picrylhydrazyl (DPPH) and 2,2'-azino-bis-3-ethylbenzothiazoline sulfonate (ABTS) radical
scavenging assays. The anti-aging activity was assessed using Schizosaccharomyces pombe yeast
cells. The results showed that the methanol extract of A. platyphyllum had the highest phenolic
content of 120.06 mg gallic acid equivalent (GAE)/g extract, while the ethyl acetate extract had
the highest flavonoid and terpenoid contents of 58.62 mg quercetin equivalent (QE)/g extract and
6.88 mg nerol equivalent (NE)/g extract, respectively. The methanol extracts of the plants showed
the highest antioxidant activity of 38.42 mg ascorbic acid equivalent (AAE)/g extract with ICso
value of 91.83 pg/mL. In addition, the methanol extracts showed the highest yeast cell viability,
indicating anti-aging potential. The total phenolic content was strongly correlated with the
antioxidant activity, suggesting that these substances were essential in the radical scavenging
properties of the extracts.
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Introduction

The Asteraceae family is the second largest within the plant

Previous research has shown that A. madurense and A. platyphyllum
possess potential antioxidant and anti-aging properties. To fully harness

kingdom,® comprising over 23,000 species distributed worldwide.?
These plants have been widely used in conventional medicine, with
Adenostemma  characterized by numerous health benefits.®
Adenostemma lavenia (L.) O. Kuntze, also called legetan warak, is one
species within the genus that has been reported to possess
antimelanogenic, anti-inflammatory, antioxidant,* and anti-aging
properties.® Therefore, other species within the same genus, such as A.
platyphyllum Cass and A. madurense DC., may also be considered to
possess anti-aging and antioxidant potentials.® Generally, aging occurs
due to the decline in cellular activity caused by an increased presence
of free radicals, specifically reactive oxygen species (ROS).” Free
radicals are reactive molecules that are rapidly oxidized in a chain
reaction. To prevent radical-induced reactions, it is imperative to
convert free radicals to stable molecules by providing compounds with
antioxidant activity to donate an electron to these free radicals, thereby
facilitating their stability.®®
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these benefits, there is a need to extract the metabolites in these species
using suitable extraction solvents and investigate their biological
activities. Among the various methods for investigating antioxidant
activity of plants, in vitro tests are commonly used, particularly the 2,2-
diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay, which is
significantly effective due to its high sensitivity and selectivity.’® The
2,2'-azino-bis-3-ethylbenzothiazoline  sulfonate (ABTS) radical
scavenging assay is also a recommended, and highly sensitive method
for assessing the antioxidant capacity of natural product extracts.** The
effect of plant extracts on cellular processes is often investigated by
analyzing their anti-aging properties. In this context, the yeast
Schizosaccharomyces pombe serves as a widely used model organism,
replicating the biological reactions and metabolic processes of higher
species. The cells of Schizosaccharomyces pombe have a relatively
short lifespan of 2-3 days and easily reproduce due to their existence as
single cells.!2 The lifespan of the yeast can be influenced by metabolites
in plants with antioxidant activity, which can activate the yeast cell
mitochondria.’®* The type of solvents used for the extraction of
metabolites from plants can affect the concentration and composition of
these metabolites, resulting in differences in their antioxidant activity.'*
In this research, three solvents with varying levels of polarity, namely
n-hexane, ethyl acetate, and methanol were used to extract metabolites
from the leaves of A. platyphyllum and A. madurense. The total
concentration of phenolics, flavonoids, and terpenoids in these extracts
were analyzed along with their antioxidant and anti-aging properties.
Furthermore, A. lavenia which belong to the same genus Adenostemma
with its compound ent-11a-hydroxy-15-oxo-kaur-16-en-19-oic acid
(11aOH-KA) characterized by antioxidant and anti-aging properties
was included in the study for the basis of comparison.
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By varying the solvents used for extraction of the putative bioactive
metabolites, this research focused on determining the antioxidant and
anti-aging properties of the leaf extracts of A. platyphyllum and A.
madurense.

Materials and Methods

Solvents, reagents, and equipment

Ethanol, methanol, ethyl acetate, n-hexane, potassium persulfate, Folin-
Ciocalteu reagent, sodium carbonate, aluminum chloride hexahydrate,
potassium acetate, chloroform, sulfuric acid, dimethyl sulfoxide
(DMSO), quercetin, ascorbic acid, ABTS, gallic acid, DPPH, nerol,
yeast Schizosaccharomyces pombe, yeast extract powder, glucose,
histidine, leucine, adenine, uracil, arginine, and agar. All chemicals had
a purity of ProAnalyst (PA) and were purchased from Merck (Germany)
or Sigma-Aldrich (USA). The equipment includes laboratory glass
wares, analytical balance (Ohaus Pioneer PX124, USA), oven
(Memmert UM 40, Germany), rotary evaporator (Buchi, Swiss),
microplate reader (BioTek Epoch, USA), UV-Vis spectrophotometer
(Hitachi, Japan), autoclave (GEA, China), shaker incubator (Labao,
China), laminar airflow cabinet (LAFC) (Gelaire BSB 4A, Australia),
Minitab 17.0 software, GraphPad Prism 10.2.3 software, and R-Studio
4.2.2 software.

Plant collection and identification

Fresh leaves of A. platyphyllum, A. madurense, and A. lavenia were
collected from the Biopharmaca Conservation and Cultivation Station,
Tropical Biopharmaca Research Center, IPB University, Indonesia
(6°32°25.47” N; 106°42°53.22” E; 142.60 m altitude) on December 26,
2022. The plant materials were identified and authenticated with
voucher specimen numbers; BMK0542032024, BMK0541032024, and
BMKO0540032024 for A. platyphyllum, A. madurense, and A. lavenia,
respectively.

Plant sample preparation and moisture content determination

The leaves of A. platyphyllum, A. madurense, and A. lavenia, were
cleaned and dried at 40°C. the dried leaves were pulverized to a coarse
powder of about 80 mesh particle size.! The moisture content was
determined using gravimetric method described by the Association of
Official Analytical Chemists (AOAC) standards. In this method, the
powdered plants samples were placed in clean dry crucibles, and then
heated in an oven at 105°C for four hours. The moisture content was
determined from the difference in weight between the wet weight and
dry weight of the sample.®

Extraction

The extraction was done according to the procedure described by Rafi
et al.’ with slight modifications and in compliance with the Indonesian
Herbal Pharmacopoeia standard (2nd edition). Briefly, 40 g of the leaf
powder was macerated in 400 mL of n-hexane at 25°C for 6 h, with
occasional stirring, and thereafter left to stand for 18 hours. The extract
was filtered, and the filtrate was concentrated in a rotary evaporator at
50°C. The residue was subjected to another extraction by maceration in
ethyl acetate followed by methanol. The entire extraction process was
carried out three times using n-hexane, ethyl acetate, and methanol in
the order of increasing polarity. The yield of the different concentrated
extracts was determined.

Determination of total phenolic content

The total phenolic content was determined following the method
described by Budiarti et al.! In a 96-well microplate, 20 pL of the plant
extract was mixed with 110 pL of 10% Folin-Ciocalteu reagent in each
well. Subsequently, 70 pL of 7.5% sodium carbonate solution was
added to the mixture, and then incubated at 25°C for 30 min. The
absorbance of the resulting mixture was measured at 765 nm. A
standard solution of gallic acid was prepared in different concentrations
(200, 100, 70, 50, 30, 10, 5, and 2.5 pg/mL), and used to prepare a
calibration curve. The total phenolic content was obtained from the
equation of the curve. The total phenolic content was reported as mg
gallic acid equivalent (GAE)/g extract.
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Determination of total flavonoid content

The total flavonoid content was determined following the method
described by Adelegan et al.'” and Budiarti et al.! Briefly, the extract
solution (10 puL) was mixed with 60 pL of methanol, 10 pL of 10%
aluminum chloride, 10 pL of 1 M potassium acetate, and 110 pL of
water in the wells of 96-well microplates. The mixture was maintained
at room temperature for 30 min, and the absorbance was determined at
415 nm. Subsequently, standard solutions of quercetin (500, 250, 100,
70, 50, 25, 12.5, 6.25, and 3.125 pg/mL) were prepared, and used to
make a calibration curve. The total flavonoid content was obtained from
the equation of the curve, and expressed as mg quercetin equivalent
(QE)/g extract.

Determination of total terpenoid content

The total terpenoid content was determined according to the method
described by Eukowski et al.*® Briefly, 200 pL of the extract was mixed
with 1.5 mL of chloroform. The mixture was allowed to stand for 3 min
and 100 pL of sulfuric acid was added. The sample and standard
solutions were incubated in the dark for 2 h 5 min. After the formation
of a reddish-brown precipitate, the liquid mixture was separated, and
1.5 mL of methanol was added to the residue, and mixed thoroughly.
Subsequently, the solution was transferred to a cuvette and the
absorbance was measured at 520 nm. Standard solutions of quercetin
(500, 250, 100, 70, 50, 25, 12.5, 6.25, and 3.125 pg/mL) were prepared,
and used to plot a calibration curve. Total terpenoids were presented in
terms of mg nerol equivalent (NE)/g extract.

Evaluation of antioxidant activity using the DPPH radical scavenging
assay

The antioxidant activity of the extracts was evaluated using the method
described by Prastya et al. *° and Ijoma et al.?° Briefly, 100 pL of DPPH
(125 uM) was mixed with 100 pL of the test sample, reference sample
(ascorbic acid) in 96-well microplates. The mixture was incubated at
room temperature for 30 min in the dark, and the absorbance was
measured at 515 nm using a microplate reader (BioTek Epoch). The
antioxidant potential of the extracts was estimated as half-maximal
inhibitory concentration (I1Cso).

Evaluation of antioxidant activity using the ABTS radical scavenging
assay

The antioxidant capacity was determined using the ABTS strategy
described by Prastya et al.!® In this assay, 10 mL of 7 mM ABTS
solution was oxidized by reacting it with 5 mL of 2.45 mM potassium
persulfate, and the reaction mixture was incubated in the dark for 16 h.
Standard solutions (ascorbic acid) were prepared in different
concentrations (75, 50, 25, 12.5, 6.25, and 3.125 pg/mL). To measure
the antioxidant capacity, a volume of 180 uL of the ABTS radical was
combined with 20 pL of the extract or standard for six minutes in a 96-
well microplate. Subsequently, the absorbance was measured at 734
nm, and the antioxidant capacity was expressed as mg ascorbic acid
equivalent (AAE)/g extract.

Evaluation of anti-aging activity using the spot test method

The spot test method was performed according to the procedures
described by Astuti et al.?! and Batubara et al.> To prepare a solid yeast
extract supplement (YES) medium, 1.5 g of yeast extract powder, 9 g
glucose, 0.128 g histidine, 0.128 g leucine, 0.128 g adenine, 0.01 g
uracil, 0.128 g arginine, and 6 g agar were dissolved in distilled water
and made up to in 300 mL. Subsequently, the mixture was sterilized
using an autoclave at 100°C for 10 min. The liquid YES medium was
prepared with the same composition as the solid YES medium but
without adding agar powder. As an inoculum, S. pombe yeast was
cultured in 3 mL of liquid YES medium for 24 h and adjusted to an
absorbance of 0.05 at 600 nm wavelength (ODsoo of 0.05). The extract
at concentrations of 1 and 5 times the ICso value was dissolved in
DMSO and added to the culture. Subsequently, positive controls were
prepared by culturing S. pombe yeast in liquid YES medium with 0.3%
glucose. While the negative controls comprised cultures growing in
liquid YES medium with 3.0% glucose. All culture treatment was kept
in a shaker incubator at 300 rpm for 11 days, with spotting carried out
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on days 7 and 11. The ODeoo values were adjusted to 1 for each
treatment and diluted to 10* times. The spot test medium was incubated
for three days to observe yeast viability based on colony growth density
and each culture treatment was performed in duplicate.

Statistical analysis

The experimental data were expressed as the mean value with the
corresponding standard deviation. Subsequently, Minitab 17.0 software
was used to determine significant difference between the test samples
and the reference. The data was subjected to a two-way analysis of
variance (ANOVA), followed by Tukey post hoc test at 95% confidence
interval. The association between antioxidant activity and the total
phenolic, flavonoids, and terpenoid contents was examined using
Pearson's correlation, facilitated by the Performance Analytics package
in R-Studio version 4.2.2.

Results and Discussion

Extraction yield

There was a significant variation in the yield following the extraction
of A. platyphyllum and A. madurense leaves using different solvents (n-
hexane, ethyl acetate, and methanol). From the results obtained, the
yield ranged from 1.18 £ 0.03% for A. madurense n-hexane extract to
11.95 + 0.83% for A. madurense methanol extract. However, the yields
of these two species were not significantly different from that of A.
lavenia. This showed that the use of solvents with different polarities
substantially affected the yield of the extract as confirmed by the Tukey
test. The results emphasized the significance of solvent polarity in the
extraction of compounds from A. platyphyllum and A. madurense. The
extract yield increased as the polarity of the solvent increased in the
following order; methanol > ethyl acetate > n-hexane (Figure 1). This
indicates that the plant samples contained more of polar components.
Additionally, methanol solvent has greater potential to extract protein
and carbohydrate components.?
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Figure 1: Extract yields of A. platyphyllum (Ap), A. madurense
(Am), and A. lavenia (Al). Data are presented as mean
+ standard deviation (SD). The letters a-d indicate significant
difference (two-way ANOVA, Tukey test, p < 0.05, and n = 3)

Total phenolic content

The total phenolic content of A. platyphyllum and A. madurense differed
significantly, showing intriguing relationship with the extraction
solvent (Table 1). The total phenolic content was estimated from the
standard gallic acid calibration curve, and the results were expressed as
mg GAE/g extract. The methanol extract of A. platyphyllum produced
the highest phenolic content, while the lowest phenolic content was
obtained for the n-hexane extract of A. madurense. The variation in the
results can be attributed to the polarity of phenolic compounds, making
polar solvents such as methanol more effective for extraction.?® In
comparison, the total phenolic content obtained for the methanol extract
of A. platyphyllum was significantly higher than that of the methanol
extract of A. madurense. Although A. lavenia was used as a reference
species, the total phenolic content obtained in this study exceeded that

Table 1: Total Phenolic, total flavonoid, and total terpenoid contents of A. platyphyllum, A. madurense, and A. lavenia

Total phenolics (mg

Total flavonoids (mg Total terpenoids (mg

Sample

Extract

GAE/ g extract) QE/ g extract) NE/ g extract)

A. platyphyllum n-Hexane 5.16+ 1.89 21.44 +2.23° 1.13 +£0.34¢
A. madurense n-Hexane 1.43+0.68¢ 28.83 +1.71¢ 1.59 +0.27¢
A. lavenia n-Hexane 8.69 + 1.46f 24.80 + 1.65% 1.17 £ 0.04¢

A. platyphyllum Ethyl acetate 46.33+3.24¢ 58.62 + 2.85° 6.88 +0.10°
A. madurense Ethyl acetate 36.73+1.48° 43.62 +0.84°¢ 2.84+£0.27°
A. lavenia Ethyl acetate 55.55 + 0.34¢ 7441 +£1432 4.84 +0.56°

A. platyphyllum Methanol 120.06 = 6.112 16.20 + 1.23f 2.86 +0.38°
A. madurense Methanol 52.41+1.02° 9.32£0.479 1.53 +£0.19¢
A. lavenia Methanol 91.04 +2.90° 20.05 +0.33¢f 0.84 +0.13¢

Data represent the mean + standard deviation (SD). Different superscript letters (*2) signify significant differences among the values in the same column

(two-way ANOVA, Tukey test, p <0.05, and n = 3).

reported by Budiarti et al.! where 12.83 mg GAE/g extract was
obtained. This disparity could be due to variations in the extraction
methods, for example, the tiered maceration method produces more
specific compounds irrespective of the solvent used.?

Phenolic compounds comprise one or more hydroxyl groups in their
aromatic ring and are commonly found in several plants. Examples of
phenolic compounds are quercetin, resveratrol, epigallocatechin gallate,

kaempferol, chlorogenic acid, curcumin, catechin, apigenin, ferulic
acid, and salicylate. Furthermore, phenolic compounds possess discrete
bioactivities, such as antioxidant, anti-inflammatory, antitumor, and
rejuvenating properties. This suggests that phenolic compounds from A.
platyphyllum and A. madurense may contribute to their antioxidant and
anti-aging activities by inhibiting digestive enzyme activity and
protecting cells from oxidative damage.?
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Total flavonoid content

The flavonoid contents of A. platyphyllum and A. madurense showed
significant variation from that of A. lavenia, with the solvents playing a
role in the observed variations. The values obtained were estimated
from the standard quercetin calibration curve and the results were
presented in mg QE/g extract. The highest total flavonoid content was
found in the ethyl acetate extracts of both species, although the total
flavonoid content for A. platyphyllum and A. madurense were lower
compared to that of A. lavenia (Table 1).

The high flavonoid content in the ethyl acetate extracts suggests that
these species are rich in semipolar flavonoid components. Generally,
polar components such as carbohydrates are coextracted, resulting in
low flavonoid content in the methanol extract.?*?” The flavonoid
content obtained in this study were higher than the values obtained in
the study of Budiarti et al.?, where the total flavonoid content of A.
lavenia was 0.48 mg QE/g extract. The flavonoid content in this study
were slightly higher compared to that obtained from the study of Nair
et al.?®, where 19.82 mg QE/g extract was obtained. Generally,
flavonoid compounds belong to the phenolic compound category, with
a carbon framework of diphenyl propane; i.e. two benzene rings
connected through a carbon bridge. Different types of flavonoids, such
as quercetin, kaempferol, and flavonol, are recognized for their
neuroprotective effects, while catechin, epicatechin, and flavanol
possess antihypertensive and nephroprotective properties.?® These
compounds may be responsible for the antioxidant activity observed in
A. platyphyllum and A. madurense.

Total terpenoid content

The results from this study showed that the total terpenoid contents in
ethyl acetate and methanol extracts of A. platyphyllum and A.
madurense varied significantly from that of A. lavenia. However, the
values obtained for the n-hexane extracts of each species did not show

ISSN 2616-0684 (Print)
ISSN 2616-0692 (Electronic)

significant differences. The total terpenoid contents were calculated
from the standard nerol calibration curve and the results were expressed
as mg NE/g of extract. As shown in Table 1, the highest total terpenoid
content was found in the ethyl acetate extract, with A. platyphyllum
having a higher content than A. lavenia, while A. madurense had a lower
content.

The terpenoid compounds in certain species have hydroxyl functional
groups and are semipolar in nature.® This assertion is in congruence
with the research by Maeda et al., where A. lavenia was found to
contain terpenoid compounds, including ent-11a-hydroxy-15-oxo-
kaur-16-en-19-oic acid, 11aOH-KA, 9,11a-dehydroxy-15-oxo-kaur-
16-en-19-oic acid (adenostemmoic acid B), and 11¢,15-dihydroxy-16-
kauren-19-oic acid, with antioxidant activity.

Antioxidant activity

The results obtained from the present study showed that the antioxidant
activity of the extracts derived from A. platyphyllum and A. madurense
was comparatively weaker against DPPH radical. However, the ethyl
acetate extract of A. platyphyllum showed higher levels of antioxidant
activity compared to A. lavenia (Table 2). The study of Budiarti et al.X
showed significant antioxidant activity for A. lavenia, with ICso
reported as 121.82 pg/mL. The variation observed could be attributed
to variations in the solvents used for extraction and extraction method.
Based on these results, A. platyphyllum was classified as a strong
antioxidant with ICso ranging from 50 to 100 pg/mL similar to A.
lavenia. Meanwhile, A. madurense was considered a weak antioxidant
with 1Cso between 151 and 200 pg/mL. The antioxidant activity of all
the extracts did not compare with that of ascorbic acid which was used
as the positive control, and was classified as a powerful antioxidant with
ICs0 < 50 pg/mL.%

Table 2: Antioxidant activity of A. platyphyllum, A. madurense, and A. lavenia extracts

Antioxidant activity

Sample Extract
DPPH ICs (pg/mL) ABTS (mg AAE/g extract)

A. platyphyllum n-Hexane 1556.89 + 36.25? 10.77 £ 1.28¢
A. madurense n-Hexane 1540.44 + 46.74% 7.54 +1.37¢
A. lavenia n-Hexane 1439.59 + 19.52° 8.31+1.83¢
A. platyphyllum Ethyl acetate 137.43 + 2.23% 16.99 + 0.75°
A. madurense Ethyl acetate 305.86 + 11.15¢ 10.00 + 1.21¢
A. lavenia Ethyl acetate 203.17 +5.17¢ 15.36 £ 1.85°¢
A. platyphyllum Methanol 91.83 + 1.90¢ 38.42 +£0.62%
A. madurense Methanol 190.03 + 7.36¢ 28.03 £ 0.81°
A. lavenia Methanol 59.67 + 1.51° 35.79 +1.37°

Ascorbic acid* 4.80 +£0.07 -

Data represent the mean =+ standard deviation (SD). Different superscript letters (*) signify significant differences among the values in the same column
(two-way ANOVA, Tukey test, p <0.05, and n = 3). *Ascorbic acid is a positive control.

The ABTS method is a sensitive and simple method used to assess the
antioxidant capacity of various samples. In the present study, the ABTS
radical scavenging activity of A. platyphyllum and A. madurense was
evaluated with reference to ascorbic acid standard. The values were
expressed as mg ascorbic acid equivalent (AAE)/g extract. The highest
ABTS radical scavenging activity was observed in the methanol extract
of A. platyphyllum, and was comparable to that of A. lavenia, while the

methanol extract of A. madurense exhibited the lowest activity. The
work of Budiarti et al. showed that A. lavenia have high antioxidant
activity with a value of 3.38 mg trolox equivalent (TE)/g extract, which
was higher than what was obtained in this study. The differences in the
results might be attributed to the use of different extraction solvents.
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Anti-aging activity

The anti-aging properties of A. platyphyllum and A. madurense was
evaluated using the spot test method. In this method, the effect of the
test sample on the viability of S. pombe yeast cells grown on YES
medium is used as a measure of antiaging properties. The results
showed that the methanol extract of A. platyphyllum had the highest cell
viability compared to the other samples. As shown in Figure 2, cell
viability was represented by colony density at each dilution, with a high
colony density signifying high cellular viability. The administration of
A. platyphyllum methanol extract at a concentration of 459.20 ug/mL (5
times 1Cso) was more effective than 91.83 pg/mL concentration (1-time
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to those obtained for A. lavenia. It is important to state that A.
playphyllum methanol extract maintained yeast cell viability for 11
days, identical to the effect of calorie restriction therapy (positive
control). Calorie restriction therapy is capable of promoting cell
longevity by inducing the sirtuin pathway and autophagy.>*® This
phenomenon is conserved in many models of organisms, including
yeast, worms, fish, mice, and human cells.®*% Previous research has
reported the potential of the compound 11aOH-KA extracted from A.
lavenia as an anti-aging agent. Therefore, further investigation is
required to isolate and characterize compound(s) with anti-aging
activity in A. platyphyllum methanol extract.

1Cs0) as shown by the cell viability on day 11. These results were similar

Day 11

Day 7
Control + (glucose 0,3%)
Control - (glucose 3%) L 2 -

A. platyphyllum (n-hexane extract) 1556,89 p,tg.ml'1
A. platyphyllum (n-hexane extract) 7784 ug.ml"1
A. madurense (n-hexane extract) 1540,44 ug.ml'1

A. madurense (n-hexane extract) 7702 ptg.ml'1
A. lavenia (n-hexane extract) 1439,59 ug.ml'1
A. lavenia (n-hexane extract) 7198 ug.ml'1

=
-
L
®
L3

A. platyphyllum (ethyl acetate extract) 137,43 ug.ml'1
A. platyphyllum (ethyl acetate extract) 687,20 ug.ml'1
A. madurense (ethyl acetate extract) 305,86 ug.ml'1
A. madurense (ethyl acetate extract) 1529 ug.ml'1

A. lavenia (ethyl acetate extract) 203,17 ug.ml'1

A. lavenia (ethyl acetate extract) 1016 ug.ml'1

A. platyphyllum (methanol extract) 91,83 ug.ml'1

A. platyphyllum (methanol extract) 459,20 pg.ml*

A. madurense (methanol extract) 190,03 pgml™ &

A. madurense (methanol extract) 950,20 pg.ml™ |

A. lavenia (methanol extract) 59,67 ug.ml'1 ®

A. lavenia (methanol extract) 298,40 pg.ml™* b

Figure 2: Effect of extracts on the viability of S. pombe yeast cells grown on YES medium on day 7 and day 11. The concentration
used is 1 and 5 times the ICs values in the DPPH analysis. The species A. lavenia is used for comparison.

Correlation matrix of test parameter

Figure 3 shows the correlation coefficient between the antioxidant
activity, and the total phenolic, total flavonoid, and total terpenoid
contents in A. platyphyllum, A. madurense, and A. lavenia. The
correlation coefficient between 1Cso and antioxidant activity (DPPH and
ABTS radical scavenging activities) was -0.70, reflecting a strong
negative correlation. This indicates that the variables are inversely
proportional, where lower ICso value translate to higher antioxidant
activity.! From the correlation analysis, total phenolic content was
positively correlated with the antioxidant and anti-aging properties of
the methanol extract of A. platyphyllum. Whereas in the ethyl acetate
extract of A. platyphyllum, the total flavonoid and total terpenoid were
positively correlated with the antioxidant and anti-aging activities. It
was found that the correlation coefficients between DPPH radical-
scavenging activity and total phenolic, total flavonoid, and total
terpenoid contents were -0.82 (a strong negative correlation at a
significance level of 0.01), -0.24 (a weak negative correlation), and —

0.48 (a moderate negative correlation), respectively. Meanwhile, the
correlation coefficients between ABTS antioxidant capacity and total
phenolic, total flavonoid, and total terpenoid contents were 0.92 (a
robust positive correlation at a significant level of 0.001), -0.40 (a
moderate negative correlation), and -0.073 (a negligible negative
correlation), respectively. These observations indicate that the phenolic
compounds had the most significant impact on the antioxidant activity
of each species. Pearson's correlation is a statistical analytical method
that is used to determine the association between two parameters. The
significance of this relationship is evaluated by the p-value, which
should be less than a certain level. The correlation coefficient (r) shows
the effectiveness of the relationship between two variables and is
classified into five different categories: robust (0.90-1.00), strong (0.70-
0.89), medium (0.40-0.69), weak (0.10-0.39), and neglected correlation
(0.00-0.10).%
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Figure 3: Diagonal matrix of correlation between antioxidant activity, total phenolic content, total flavonoid, and total terpenoid content
of A. platyphyllum, A. madurense, and A. lavenia. The upper diagonal signifies the Pearson correlation coefficient, while the lower
diagonal signifies the score plot. The *, ** and *** signs represent significance levels at p < 0.05, p <0.01, and p < 0.001, respectively.

Conclusion

The findings from this study have shown that the plant species A.
platyphyllum and A. madurense has variable antioxidant activities
depending on the polarity of the solvent used for extraction. A.
platyphyllum is a more potent antioxidant compared to A. madurense
which had similar antioxidant activity as A. lavenia. Phenolic content
was highest in the methanol extract of A. platyphyllum. Whereas the
ethyl acetate extract of the same plant contained the highest amount of
flavonoids and terpenoids. The methanol extract of A. platyphyllum also
showed the potential to increase the viability of yeast cells, indicating
potential as an anti-aging agent. Correlation analysis showed that
phenolic molecules were strongly associated with the antioxidant
activity. Therefore, among all the extracts of the different plant species,
the methanol extract of A. platyphyllum possessed the strongest anti-
aging and antioxidant properties which could be attributed to the
presence of phenolic compounds.
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