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ABSTRACT

Oxidative stress, a pathological condition stemming from an imbalance between the production
of harmful free radicals and the body's antioxidant defenses, is a critical factor in the
pathogenesis of numerous diseases. The overproduction of reactive oxygen and nitrogen species
exacerbates this imbalance, contributing to cellular damage and tissue injury. Rhizophora
apiculata, a mangrove plant with a rich ethnomedical tradition in Asia and Africa, has been
employed for centuries in treating diverse diseases. Given its historical use and potential
therapeutic benefits, this research study aimed to evaluate the antioxidant properties of its stem
bark. The phenolic content of the methanolic stem bark extract from R. apiculata was quantified,
and its antioxidant potential was assessed using the DPPH radical scavenging assay and ascorbic
acid used as a standard. There was a positive correlation between phenolic content and
antioxidant activity, suggesting that phenolic compounds are the principal contributors to the
extract's antioxidant characteristics. This research finding indicates a direct relationship between
the amount of methanolic extract and its total phenolic content as its ability to act as an
antioxidant. The methanolic extract demonstrated antioxidant properties with an 1Cso value of
271.2 ppm. Furthermore, the methanolic extract exhibited a total phenolic content of 10.86 +
0.21%.
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1. INTRODUCTION

Normal physiological activities produce oxygen-centered free radicals and other reactive
oxygen species (ROS) [1]. While synthetic antioxidants have been used to reduce
oxidative effects, concerns about their toxicity have sparked an increased interest in the

study of natural antioxidant sources derived from plants [2, 3].

Antioxidant compounds play a critical role in mitigating a variety of diseases, including
chronic inflammation, atherosclerosis, cancer, and cardiovascular disease, as well as
attenuating the aging process [4-6]. Consequently, they hold significant commercial
value in the pharmaceutical [7, 8], food [9, 10], and cosmetic industries [11, 12]. The
growing consumer inclination towards natural products, coupled with concerns over the
potential toxicity of synthetic antioxidants, has fostered a sensitive interest in the

development of natural antioxidant-based solutions.

Mangroves constitute a diverse group of halophytic plants thriving in the intertidal
regions of tropical and subtropical coastal ecosystems. These plants have developed
specialized morphological and physiological adaptations to endure the challenging
conditions imposed by tidal inundation and high salinity. R. apiculata, a prominent
mangrove species, has been traditionally utilized by local populations for various
purposes, including sterilization [13], deodorization [13-15], and growth promotion [16].
Previous investigations have reported the isolation of triterpenes and diterpenoids from
this plant [14], while phenolic compounds have been identified in its pyroligneous acid
[17]. Furthermore, previous scientific studies have confirmed the antioxidant potential of
R. apiculata bark extract [17, 18].

The compounds responsible for the antioxidant activity within the methanolic crude
extract of R. apiculata stem bark have yet to be elucidated. The expanding interest in
phenolic-rich diets has spurred significant research into the potential health benefits of
these compounds in nutrition and food science. Phenolic compounds, characterized by
the presence of at least one hydroxyl group on an aromatic ring, are recognized for their
antioxidant properties. These compounds can directly contribute to antioxidant action
through electron donation or indirectly by stimulating the endogenous antioxidant
defense system [19, 20]. Extensive literature supports the role of phenolic compounds in

mitigating oxidative stress through various mechanisms, including free radical
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scavenging [21], peroxide decomposition [22], metal chelation [23, 24], and oxygen
quenching.

2. MATERIAL AND METHODS
2.1  Preparation of plant extracts

The stem bark of R. apiculta plants was collected from Kadolkele area in Thaladuwa,
Negombo, Sri Lanka (7°11'N, 79°50'E) and the herbrium sample perpared and deposited
in the depatment of chemistry, University of Jaffna. Stem bark samples were washed
thoroughly with tap water, followed by a rinse with deionized water. Subsequently, the
samples were air-dried under ambient light conditions. The collected bark was cleaned,
dried in the open air, and ground into a fine powder. This powder was subjected to
methanol extraction using a soxhlet apparatus for 24 hours. The resulting methanol
extract was concentrated through rotary evaporation, and the mass of the crude extract

was determined.

2.2  DPPH Free Radical Scavenging Capacity

The free radical scavenging capacity (RSC) of R. apiculta stem bark extracts was
evaluated using the 1,1-diphenyl-2-picrylhydrazyl (DPPH) method. A DPPH stock
solution was prepared by dissolving 24 mg of DPPH in 100 mL of methanol. The
solution was filtered to obtain a working solution with an absorbance of 517 nm. 1.0 mL
of bark extract solution was combined with 3.0 mL of DPPH working solution in a test
tube for the RSC determination. A control solution was made by mixing 3.0 mL of
DPPH solution with 1.0 mL of methanol. The reaction mixtures were incubated in the
dark at 25°C for 30 minutes before measuring absorbance at 517 nm. The discoloration
was measured at 517 nm at least in triplicate and radical scavenging capacity, which can
be expressed as the percentage of antioxidants or radical scavenging capacity (RSC) was

calculated using the following formula [27]:

(A.—A)

DPPH free radical scavenging capacity (%) = —a * 100 %

C

where A4, is the absorbance for the control reaction and A, is the absorbance for the

experimental samples.
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2.3  Determination of the total phenol content

A 10 mg of crude extract was transferred to a 100 mL volumetric flask and dissolved in
distilled water to prepare a 100 ppm stock solution. Subsequent serial dilutions were

performed to obtain a 50 ppm extract solution.

A volume of 5.0 mL of 10 ppm phenolic solution was transferred to a boiling tube. The
solution was subsequently mixed with 0.2 mL of buffer solution (pH=10) and 0.2 mL of
4-aminoantipyrine (4-AAP) reagent. Finally, 0.2 mL of potassium ferricyanide was
added and the mixture was thoroughly homogenized. The reaction mixture was allowed
to equilibrate. Subsequently, a 0.4 mL aliquot of the supernatant was transferred to a
quartz cuvette and its absorbance was measured using a Jasco V-570 UV-VIS-NIR
spectrophotometer within the spectral range of 425 nm-725 nm [28, 29]. The entire
experiment was carried out with phenolic solutions containing 7.5, 5.0, 2.5, 1.0, 0.5, 0.25
and 0.1 ppm.

10.0 mg of crude was added to 100 mL of distilled water. The resultant suspension was
shaken vigorously at 100 rpm for 5 minutes in an orbital shaker, and then it was allowed
to settle. The supernatants were filtered using a Buchner funnel. The filtrate was
subjected to spectrophotometric analysis using a Jasco V-570 UV-VIS-NIR
spectrophotometer. The 5.0 mL of the filtrate was combined with 2.0 mL of pH 10
buffer, 0.2 mL of 4-aminoantipyrine (4-AAP) solution, and 0.2 mL of potassium
ferricyanide [29]. The absorbance of the antipyrine dye complex, characterized by its
intense reddish colour, was measured at a wavelength of 510.5 nm. This experimental

procedure was replicated using a 50 ppm extract solution.

3. RESULTS AND DISCUSSION

3.1  DPPH-free radical scavenging capacity

Several chemical species can interact with DPPH radicals by donating hydrogen atoms or
transferring electrons [30]. Phenolic compounds, in particular, have a strong reactivity
with DPPH, rendering them important contributors to antioxidant capacity [31]. The
hydrogen atom abstraction process, also known as the hydrogen atom transfer (HAT)

mechanism, usually includes sequential or contemporaneous electron and proton transfer
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phases [30]. As a result, the DPPH test provides a quantitative measure of plant extracts'

overall reduction capability.

The antioxidant mechanisms of phenolic compounds are generally based on HAT or
single-electron transfer followed by proton transfer. However, an unambiguous
distinction between these paths is not always feasible [32]. HAT-based assays quantify
the ability of antioxidants to donate a hydrogen atom to quench free radicals. In contrast,
SET-based assays measure the capacity of antioxidants to transfer an electron, thereby
reducing various species including radicals, metals, and carbonyl compounds [33]. In
addition to these mechanisms, the sequential proton loss electron transfer (SPLET)

pathway has also been identified [34].

The primary mechanism underlying the DPPH radical scavenging activity of antioxidants
involves hydrogen atom donation from the antioxidant to the stable DPPH radical, as
illustrated in Figure 1. Multiple factors, including the molecular structure and

concentration of the antioxidant, influence this reaction's efficiency.

B 2
S Y

0,N O,N NO,© R

NO, NO,
DPPH DPPH,

Figure 1: DPPH reduction by an antioxidant compound. RH hydrogen atom donor

The DPPH radical is characterized by a strong absorbance at 517 nm, resulting in a deep
purple colour [35]. Upon interaction with an antioxidant, DPPH undergoes reduction to
DPPH-H, accompanied by a decrease in absorbance at 517 nm due to reduced hydrogen
content. This reduction manifests as decolorization, transitioning from purple to yellow.
As antioxidant concentration increases, the degree of decolorization becomes more

pronounced. The antioxidant activity of R. apiculta stem bark extract (500 ppm), as
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determined by its ability to scavenge DPPH radicals, yielded an absorbance of 0.1365 at

517 nm, corresponding to a calculated antioxidant percentage of 55.27%.

Table 1. Antioxidant activity of the 500 ppm R. apiculta stem bark extract with DPPH

Absorbance at

DPPH free radical scavenging capacity (%)

Control

oL30B0

Sample

0.1365

55.28

3.1.1 Effect of the Concentration of R. apiculta stem bark extract

Antioxidant compounds were efficiently extracted from R. apiculata stem bark using

methanol. The antioxidant capacity of these extracts was evaluated using the DPPH free

radical scavenging assay. As illustrated in Figure 2, the antioxidant activity exhibited a

concentration-dependent manner, with a clear positive correlation between extract

concentration and free radical inhibition over time. These findings provide insights into

the temporal dynamics of the extracts' antioxidant properties. Notably, the 500 ppm

extract solution demonstrated much greater levels of free radical scavenging ability than

the other concentrations evaluated with the particular incubation time.
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Figure 2: The correlation between antioxidant activity and R. apiculata stem bark
extract concentration at a constant incubation duration of 5 minutes.
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3.1.2 Effect of the incubation period on the antioxidant activities of R. apiculta stem

bark extract

Figure 3 demonstrates that the radical scavenging capacity (RSC) of R. apiculata stem
bark extract is unaffected by variations in incubation time when the extract concentration
remains constant. This consistent RSC across different time points suggests that the
extract's antioxidant properties are primarily influenced by its concentration rather than
the duration of the assay. These findings highlight the concentration-dependent nature of
the antioxidant activity exhibited by the R.apiculata stem bark extract and underscore the
importance of concentration as a critical factor in determining its radical scavenging

capacity
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Figure 3: The correlation between antioxidant activity and incubation period for various
R. apiculata stem bark extract concentrations.

3.1.3 Importance of the IC, Value in DPPH Radical Scavenging Activity

Various antioxidant concentrations are used to determine the amount of antioxidants
required to neutralize 50% of the initial DPPH radical species in a particular period. This
quantity is often known as the inhibitory concentration (ICsp). Lower ICso values suggest
that the antioxidant is capable of scavenging DPPH radicals more efficiently. The ICso is

a widely used statistic in biochemistry that compares the antioxidant effectiveness of



JSc EUSL (2024), vol. 15, no. 02, p 31-42

various substances [30]. The ICso, as a quantitative measure of radical scavenging
affinity, it is an essential tool for assessing antioxidant activity.

The present investigation focused on evaluating the ICso values of the R. apiculata stem
bark extract, which was shown to have an ICso value of 271.2 ppm (see figure 2),
suggesting antioxidant activity. In comparison, the reference standard, L-ascorbic acid,
has a substantially lower antioxidant ability, as revealed by an 1Cso value of 41.25 ppm
[36].

3.2 Estimation of the total Phenolic Content

In this research study, the visible absorption spectrum for the various concentrations
(25.0 ppm — 0.1 ppm) of standard phenol solution was recorded in the wavelength range
of 425 nm - 725 nm to find the optimum wavelength for the maximum absorbance.
Figure 4(a) clearly shows that the noticeably higher absorbance was found at 510.5 nm
for the above-mentioned concentration of standard phenol solution. The standard
calibration curve was plotted for the absorbance at the optimum wavelength 510.5 nm as

a function of the concentration of phenol solution, it is shown in Figure 4(b).

(a) (b)
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Figure 4: (a) The absorbance spectra of various concentrations of standard phenol
solutions in the presence of potassium ferricyanide and 4-APP reagent within the
wavelength range of 425 nm - 725 nm and (b) The standard calibration curve of the
standard phenol solution at the optimum wavelength 510.5 nm.




Manoranjan et.al

The amount of total phenolic content was determined using the Folin-Ciocalteu method
[29]. A standard calibration curve was constructed for phenol, exhibiting a linear
relationship between absorbance and concentration (Y= 0.14312 X= + 0.01088) as
depicted in Figure 4(b). The methanol extract from R. apiculata stem bark contained
10.86 % 0.21 of total phenols using the established standard calibration curve, as shown
in Table 2.

Table 2. Phenolic content of R. apiculta stem bark extract

R. apiculata stem | Absorbance at 517 | Obtained phenolic Percentage of
bark extract (ppm) nm content (ppm) phenolic content (%)
50 ppm 0.81664 5.63 ppm 11.26
100 ppm 1.49789 10.39 ppm 10.39
200 ppm 3.05075 21.24 ppm 10.62
300 ppm 4.79824 33.45 ppm 11.15

4. CONCLUSION

Phenolic compounds constitute a diverse group of aromatic secondary metabolites widely
distributed in plants. This study investigated the antioxidant capacity of polyphenolic
compounds derived from the R. apiculata stem bark. Methanolic extracts of the stem
bark were analyzed for total phenolic content, free radical scavenging activity, and
overall antioxidant potential. Antioxidant activity was assessed using the DPPH radical
scavenging assay. The results indicate a positive correlation between the concentration of
the methanolic extract and total phenolic content and antioxidant activity. The ICso value
was evaluated by antioxidant activity and was reported to be 271.2 ppm. The extract
exhibited a total phenolic content of 10.86 + 0.21 %.

R. apiculata stem bark demonstrated only moderate antioxidant activity, these findings
still highlight its potential as a natural source of antioxidants. Further investigation into
the specific phenolic compounds responsible for the observed antioxidant activity could

provide valuable insights for developing novel antioxidant-based products.
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