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Abstract

Cinnamomum iners Reinw. ex Blume Laureceaec which is known in Malaysia as “kayu
manis” has a wide range of traditional applications for certain plant parts, including the
leaves, bark, and stem and it has pharmacological features, including anti-inflammatory
and antibacterial activity. Unfortunately, there is a lack of reports regarding the
antioxidant and toxicity activities of ethanolic C. iners crude leaf extracts. The objective
of the study was to determine the total phenolic content and its antioxidant activities of
ethanolic C. iners crude leaf extracts from two different age maturity, as well as its
toxicity activity. The extracts were tested for total phenolic content and its antioxidant
activities in terms of 2,2-diphenyl-1-picryllhydrazyl (DPPH) free radical scavenging- and
ferric reducing antioxidant power (FRAP) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) assay. The toxicity assay was tested using brine shrimp (Artemia
salina) lethality assay. The total phenolic content of the extracts for young and old leaves
C. iners resulted in 248.06+12.77 and 351.11+¢8.62 mg GAE/g dw, respectively. The
DPPH radical scavenging showed results for young and old leaf extracts were ICsy of
31.92 ug/mL and 27.62 ug/mL, respectively. Meanwhile, the value of FRAP for young
and old leaf extracts were 8.574+0.21 and 9.155+0.36 TEAC mg/g dw, respectively. The
ABTS antioxidant activity for the young and old leaf extracts were 305.23+7.02 and
316.86+8.22 Trolox equivalence mg/g dw, respectively. Based on the toxicity assay, both
young and old leaf extracts exhibited LCsj at 19.627 and 13.201 mg/mL, respectively. The
findings indicate that C. iners leaves crude extracts have exhibited high total phenolic
content and antioxidant activity and the extracts were not toxic against brine shrimp. Thus,
C. iners leaf extracts could be developed as potential natural antioxidant agents.

1. Introduction

Highly reactive chemicals called ROS are produced

of these species has the potential to result in oxidative
stress because their accumulation within the cell exceeds

by living organisms as a result of normal cellular
metabolism and environmental factors, such as air
pollutants or cigarette smoke (Madkour, 2019) and
possess the ability to harm components of cells,
including proteins, lipids, carbohydrates, and nucleic
acids, and change how those components function
(Birben et al., 2012; Sireesha and Rao, 2015). Reactive
species (RS) are a general term that refers to a variety of
species, some of which are free radicals, including
reactive oxygen species (ROS), reactive sulphur species
(RSS), reactive nitrogen species (RNS), and others. Each
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its ability to remove them (Dumanovic et al., 2021). An
example of reactive molecules such as hydroxyl radical
(OH), superoxide anion (O, ), hydroxyl ion (OH),
hydrogen peroxide (H,O,) and nitric oxide (NO) are
respectively produced from molecular oxygen, free
radicals and non-radical molecular forms (Sanchez,
2017).

Oxidative stress is a status of imbalance between
antioxidants and oxidants following an interruption of
the redox equilibrium resulting in molecular damage as a
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consequence of the increased level of ROS within the
cell (Jiang et al., 2021). Neurological disorders, cancer,
hypertension, atherosclerosis, diabetes, ischemia/
perfusion, acute respiratory distress syndrome, idiopathic
pulmonary fibrosis, asthma and chronic obstructive
pulmonary disease, are just a few pathological conditions
and diseases that oxidative stress may be involved (Unsal
et al., 2020). Cell survival, activation, proliferation, and
organ function all depend on control of the reducing and
oxidising (redox) state of ROS (Salazar-Ramiro et al.,
2016).

Plants produce plant secondary metabolites, or
phytochemicals, for a variety of purposes, such as UV
protection, protection against infections and herbivores,
boosting pollination chances with pigmentation, and
improving the plant to be healthier and more resilient
without directly compromising key functions like growth
and reproduction (Tan and Lim, 2015). For example,
phenolic, flavonoids, alkaloid and terpenoid compounds
represent groups of plant secondary metabolites which
are particularly significant since they may neutralise free
radicals and serve as antioxidants (Ifeanyi, 2018),
antimicrobial, antiviral (Ozcelik et al, 2011),
anticarcinogenic (Correa and Couto, 2016) and
pharmacological effects (Al-Snafi, 2019).

Antioxidants, which are molecules that can slow
down or stop other molecules from oxidising, protect
cells through a number of mechanisms, such as the
transformation of ROS into non-radical species, stopping
the auto-oxidative chain reaction that ROS started, and
lowering localised oxygen concentrations (Lourenco et
al., 2019). The cell's antioxidants cooperate to keep the
body's redox equilibrium at its ideal level. This
equilibrium is essential for creating the circumstances
needed for cell signalling, which is crucial for regulating
the expression of numerous genes, stress adaption, and
cell homeostasis stability (Surai ef al., 2019). The intake
of exogenous antioxidants, such as a-tocopherol,
ascorbic acid, carotenoids, polyphenolic and flavonoids,
which prevent free radical damage can be found in
commonly consumed fruits, vegetables, as herbs, spices,
seeds, beverages, cereals and other food products, may
support the antioxidative defence (Rekha et al., 2012).

The brine shrimp lethality assay is a crucial method
for the early cytotoxicity assessment of plant extracts and
other compounds based on their ability to kill lab-
cultured larvae (nauplii). The nauplii were treated with
various plant extract concentrations for 24 h (Sarah et
al., 2017). The larvae (nauplii; singular nauplius),
approximately 22 mm in length, are both big enough to
be visible without a magnifying lens and small enough to
hatch in a good amount of numbers without taking up
much space in a lab. The efficacy of the extract was
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determined by counting the number of motile nauplii
(Hamidi et al., 2014). Lately, the cytotoxic action of
bioactive compounds has been frequently evaluated
using the lethality assay on brine shrimp (Artemia salina)
(Al-Zabt et al., 2022). It is an early test for toxicity
screening of plant extracts, heavy metals, fungal toxins,
pesticides, cyanobacteria, and cytotoxicity testing of
dental material (Suryawanshi et al., 2020). It is an easy
test to do since it does not require aseptic procedures, is
economical, can readily use a large number of organisms
for statistical validation, doesn't need specialised
equipment, and only needs a small quantity of material
(2-20 mg or less) (Sarah et al., 2017).

Cinnamomum iners Reinw. Ex Blume Lauraceae is
one of the 250 species from the genus Cinnamomum,
belongs to the family Lauraceae, commonly known as
wild cinnamon or ‘kayu manis hutan’ is one of the
potential natural plants that has been traditionally used in
treating different illnesses, adding flavour to food, and
other products worldwide (Wahab et al., 2020). It is a
small to average evergreen tree originating from Sri
Lanka and is distributed widely in India, Malaysia,
China, Philippines, Thailand and Indonesia (Arifullah et
al., 2014). There are ethnobotanical reports on C. iners
reported by Udayaprakash et al. (2015), which provides
medicinal and pharmacological properties of leaves,
roots, stem bark and wood. Cinnamomum iners were
previously reported to possess antimicrobial (Mustaffa et
al., 2011), antioxidant, antifungal (Anis ef al., 2012) and
analgesic activity (Annegowda et al., 2012) which have
contributed to its medicinal value and potential in the
treatment of various diseases. Hence, the research was
carried out to evaluate the total phenolic content,
antioxidants activities and the toxicity of ethanolic kayu
manis hutan (C. iners) crude leaf extracts from two age
leaves maturity in terms of  2,2-diphenyl-1-
picryllhydrazyl (DPPH) free radical scavenging, ferric
reducing antioxidant power (FRAP), 2,2'-azino-bis(3-
ethylbenzothiazoline-6-sulfonic acid) (ABTS) assay and
brine shrimp lethality assay.

2. Materials and methods

2.1 Plant material and extraction of Cinnamomum iners

leaf

The fresh C. iners leaves employed in this study
were obtained from Taman Pertanian Universiti,
Universiti Putra Malaysia, Malaysia and it was collected
in September 2021. The leaf maturity was chosen by the
young and old leaves. The plant was identified by Dr.
Khairil Mahmod from the Faculty of Agriculture,
Universiti Putra Malaysia with the voucher number
MY 18646. The extraction of C. iners was done utilising
the soaked method illustrated by Rukayadi et al. (2013).
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The organic solvent used in the extraction of C. iners
was ethanol (R and M Chemicals, 99.8%, United
Kingdom). The leaves obtained were cleaned under a
constant flow of water. The cleaned leaves were oven-
dried at 65°C for 48 hrs and were pulverized into fine
powders using a blender (Waring, model 32 BL 80, New
Hartford, USA) and approximately 100 g of each young
and old leaf were soaked in 400 mL of ethanol at room
temperature with occasional shaking for 48 hrs. The
Whatman filter paper size No. 2 (Whatman International
Ltd., Middlesex, England) was used to vacuum filter the
plant extract. The ethanolic C. iners crude leaf extracts
were then concentrated using a rotary vacuum evaporator
(Heidolph VV2011, Schwabach, Germany) at 40°C and
100 revolutions per minute (rpm) for 3—4 hrs. For 48 hrs,
the crude extracts were freeze-dried to remove water.
The crude extract was then stored in a chiller at 4°C and
the stock concentration at 100 mg/mL was prepared for
further analysis.

2.2 Antioxidant activity
2.2.1 Total phenolic content

The crude extracts were evaluated for its total
phenolic content (TPC) using the method reported by
Singleton et al. (1999) and Goraya and Bajwa (2015),
with slight modification by using 96-well round bottom
microwell plates. Approximately 100 mL of 10% Folin—
Ciocalteau’s reagent (Sigma-Aldrich) (v/v) was mixed
with a volume of 20 pL of the crude extract (10 mg/mL)
and was let for 5 mins. After that, the solution was
neutralized with 80 pL of 7.5% sodium carbonate
(Sigma-Aldrich). The reaction mixture will then be
incubated for 30 mins at 37°C and the absorbance was
measured using microplate reader (UV-1650 PC,
Shidmazu, Tokyo, Japan) at 750 nm. Gallic acid was
used as a standard curve to obtain the linear equation for
TPC determination. The content of the total phenolic
compounds of ethanolic C. iners crude leaf extracts were
calculated with the formula below and was expressed as
mg/g gallic acid equivalent (GAE).

ClxV
TPC =

m

where TPC = mg GAE/g (Gallic acid equivalent), C1
= gallic acid concentration established from the
calibration curve in mg/mL, V = volume of extract in
mL, and m = the weight of the plant extract in g.

2.2.2 2 2-diphenyl-1-picrylhydrazyl free radical
scavenging assay

The ethanolic C. iners crude leaf extracts were
evaluated with DPPH (Sigma-Aldrich) radical
scavenging assay with slightly modification by using 96-
well round bottom microwell plates (Tello et al., 2018).
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0.1 mM DPPH was prepared in a dark bottle in
methanol. The first column in 96 microwell contained
reagent blank (RB) (solvent used to dissolve the sample
with and DPPH). The second column in 96 microwell
contained sample blank (SB) (sample used and solvent
used to dissolve the DPPH). For the third column,96
microwell plates contained the sample (sample and
DPPH). The designs stated are for the first row and serial
dilution was followed for each column until the last row
of 96 microwell plates. The mixture was left to be
incubated for 30 mins in a dark room at room
temperature. The absorbance was measured using
spectrophotometer TECAN, Infinite F200 Pro at 517 nm.
ICso is the inhibition concentration (IC) at half the
concentration of the inhibition sample required to inhibit
50% of DPPH radical. The inhibition percentage of
DPPH discolouration was calculated using the equation:

e (Absorbance of the control - Absorbance of the sample)
Percentage of inhibition (%) = x

100
Absorbance of the control

2.2.3 Ferric reducing antioxidant power assay

The assay was carried out according to the method
proposed by Benzie and Strain (1996) with slight
modification (Abeysekera et al, 2019) in 96-well
microplate assay. Prior to experiment, the 300 mM
acetate buffer (pH 3.6), 10 mM TPTZ solution, and 20
mM FeCl;.6H,0 (10:1:1 v/v/v) were mixed to create the
working reagent for the FRAP assay. This mixture was
then heated to 37°C. A solution of 10 mM TPTZ in 40
mM HCI was mixed to create the TPTZ solution. Two
hundred microlitre reaction volume comprising of 150
puL of functioning FRAP reagent, 30 puL of acetate
buffer, and 20 pL of leaf extracts containing 0.5 mg/mL
were incubated at room temperature (30+2°C) for 8 mins
and the absorbance was recorded at 700 nm using UV—
visible spectrophotometer. Results were expressed as mg
of trolox equivalence per gram of dry weight cinnamon
leaf.

2.2.4 2,2"-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) assay

According to Banglao et al. (2020), the ABTS
radical cation (ABTS") was prepared by mixing 4 mL of
each solution of 7 mM ABTS stock solution and 2.5 mM
potassium persulfate. The preparation of 7 mM ABTS
stock solution was prepared by dissolving 32 mg of
ABTS in 4 mL of distilled water and 2.5 mM potassium
persulfate solution was prepared by dissolving 13.2 mg
of potassium persulfate in 10 mL of distilled water. Prior
to use, both solutions were stored at room temperature in
the dark for 12 to 16 hrs. After that, methanol was added
to the ABTS+ solution to dilute it until its absorbance at
734 nm was 0.70+£0.02. Approximately 100 puL of diluted
ABTS+ solution was combined with 100 pL of leaf
extracts at concentrations of 62.5, 125, 250, 500, and
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1000 pug/mL before being incubated for 15 mins at room
temperature in the dark. At a wavelength of 515 nm, the
reaction mixture's absorbance was measured, and the
results were reported as trolox equivalent antioxidant
capacity (TEAC).

2.3 Brine shrimp lethality assay

Toxicity analysis using brine shrimp lethality assay
was done according to Wong et al. (2021). Commercial
sea salt and sterile distilled water were combined in a
basin to create an artificial seawater solution (38 g/L) for
brine shrimp hatching. Using sodium hydroxide (1 N),
the pH of the produced seawater was brought to 8.5.
Thereafter, for 48 hrs at room temperature (22°C), dried
encysted eggs (50 g) of brine shrimp (Artemia salina)
were immediately added to the seawater solution. Upon
hatching, all nauplii were drawn to the brighter area of
the hatching container by a 60-watt table light
(SOFTONE, Philips), and the adult nauplii were then
collected using a micropipette. Using a sterile saline
solution, a two-fold dilution procedure was used to
provide a range of saline concentrations between 0.122
and 250 mg/mL. Each test tube received twenty nauplii,
which were then incubated for 24 hrs at room
temperature (22°C) under light. In contrast, sterile saline
water was utilised as the negative control, while
potassium dichromate was employed as a positive
control with a range of 0.078 to 10.000 mg/mL. Every
test tube's number of surviving nauplii were counted and
monitored at intervals of 1 hr. The evaluation was done
in three separate runs. The formula used to determine the
mortality rate of nauplii was calculated as:

. Number of dead nauplii
Percentage of mortality (%) = — x 100
Total nauplii

The sample concentration in logarithms was plotted
against the mean mortality percentage (%) on the graph.
Based on the presented curve, the lethal concentration
(LCsp) for 50% of mortality was estimated.

2.4 Statistical data analysis

The data were variance-analyzed (ANOVA) using
Minitab software (version 20.0) for Windows (Minitab
Inc.) application software to determine the statistically
significant differences between the means for each
treatment. The significant difference was determined
using Tukey's test with a 95% confidence interval
(p<0.05). Data from repeated analyses are presented as
means with standard deviations (SD) using Excel
software.
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3. Results and discussion
3.1 Yield of Cinnamomum iners leaf extracts

The extracts and preparations of medicinal plants are
used for experimental purposes or for direct human
consumption as herbal medicine. The idea of preparing
medicinal plants for use in experiments include the
timely and appropriate harvesting of the plant,
professional authentication, suitable drying, and
grinding. When applicable, the bioactive ingredient is
then extracted, fractionated, and isolated. It also includes
measuring the quantity and quality of bioactive
substances (Abubakar and Haque, 2020). As it is
important to separate and characterise the desired
phytochemicals from the plant components, extraction is
a crucial initial step in the investigation of herbal/
medicinal plants. To achieve a homogeneous sample and
optimise the kinetics of analytical extraction, the process
includes steps like pre-washing, drying of plant samples
or freeze-drying, and grinding to increase the surface
area that is in contact with the solvent system (Fonmboh
etal.,2020).

One of the most important among them is the
solvent. Antioxidants have been extracted from foods
and medicinal plants using a range of solvents. The
chemical makeup and polarity of the antioxidant
chemicals to be extracted are taken into consideration
while choosing the solvents. The majority of the
antioxidants found in phenolics, flavanoids, and
anthocyanins are hydrosoluble. Water, ethanol,
methanol, propanol, acetone, and their aqueous mixes are
only a few examples of polar and moderately polar
solvents that are frequently employed for extraction (Xu
et al., 2017). In this study, the dried C. iners young and
old leaves were extracted by using ethanol and yielded
crude extracts of viscous liquid and dark brown for both
extracts. The extraction yields of two extracts are shown
in Table 1, where the highest percentage of yield
obtained per 100 g of dried C. iners leaves was observed
in young leaves at 17.46% followed by 11.72% for old
leaves.

Table 1. Yield of C. iners extract in ethanol with two different
leaves maturity.

Leaves Initial Weight  Final Weight Yield Recovery
maturity (2 (2 (%)
Young 100 17.46 17.46
Old 100 11.72 11.72

Ethanol is considered safe for people to consume as
a solvent for natural ingredients used in food and natural
medicine. Absolute ethanol and aqueous ethanol have
been used as good solvent for polyphenol extraction (Do
et al., 2014; Hikmawanti et al., 2021). According to
Siddhuraju and Becker (2003), ethanol (70%) was found
to be the best solvent for the extraction of antioxidant
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compounds from moringa leaves. It has been reported by
Altemimi et al. (2017) that in comparison to acetone,
water, and methanol extract, the ethanolic extracts of
Ivorian plants extracted larger levels of phenolics. Also,
the same was reported, Mammea longifolia buds
extracted in both methanol and aqueous ethanol showed
antioxidant activity, while aqueous ethanol had a greater
level of antioxidant activity.

3.2 Total phenolic content of ethanolic Cinnamomum
iners crude leaf extracts

The scavenging role of phenolic compounds helps to
slow and limit the synthesis of lipids by inhibiting the
growth of oxidative chains. Phenolic compounds are one
of the numerous types of phytochemicals with health-
promoting properties and activities (Dhalaria et al.,
2020). Secondary metabolites known as phenolic
compounds are abundant throughout the plant kingdom
and have complex structures and roles (Swallah et al.,
2020). By using the Folin-Ciocalteu method to determine
the total phenolic content of two crude extracts was
reported as gallic acid equivalent. The total phenolic
contents of ethanolic C. iners crude leaf extracts for
young and old leaves were 248.06£12.77 and
351.1148.62 mg GAE/g as shown in Table 2. Based on
the data collected, the ethanolic C. iners crude old leaf
extract has higher TPC compared to young leaves.
According to Nobosse et al. (2018) reported that the
Moringa oleifera Lam., 60 days old leaf extract was
found to have high TPC value of 3.97+0.17 compared to
30 old days young leaf extract with a TPC value of
3.32+40.37. In consensus with the report done by
Kristiningrum et al. (2016), the total phenolic of Robusta
and Arabica coffee leaves was higher in old leaves
compared to young leaves. The main factors influencing
their antioxidant activity are the ability to form hydrogen
bonds, chemical structure, capability of metal ions
chelation and reduction, kinetic solvents effect, adduct
formation, mechanism of antioxidant reaction reduction
potential and capability of antioxidant enzyme activation
(Olszowy, 2019).

Table 2. TPC for ethanolic C. iners crude leaf extracts

Ethanolic C. iners leaf ~ Total phenolic content

extract (mg GAE/g extracts)
Young leaf 248.06+12.77"
Old leaf 351.11+8.62"

Values are presented as mean+SD of replications (n = 3x2).
Values with different superscripts are statistically significantly
different at p<0.05 using Tukey’s range test between different
leaf of the same solvent used. GAE: Gallic acid equivalent.
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3.3 Antioxidant activity of ethanolic Cinnamomum iners
crude leaf extracts
3.3.1 2,2-diphenyl-1-picrylhydrazyl
scavenging assay

(radical

The DPPH method is a simple, fast, sensitive, and
reproducible method for testing antioxidant activity,
where DPPH is a free radical that is stable at room
temperature and is often used to assess the antioxidant
activity of plant extracts or compounds (Baliyan et al.,
2022; Khairunnisa et al., 2022). It is estimated that the
amount of extracts dispersed in ethanol will inhibit the
DPPH radical by 50%. This shows that the value of ICs,
decreases with increasing antioxidant activity (Anis et
al., 2012). An antioxidant is a substance which is capable
of slowing down the rate of oxidation in an autoxidizable
material or neutralising free radicals. The word
"antioxidant" originally referred particularly to a
substance that stops oxygen from being consumed.
Antioxidant substances are crucial for protecting health
(Kebede and Emire, 2019).

The potential of natural antioxidants to neutralise
free radicals is frequently assessed using the DPPH
radical scavenging technique. The colour of DPPH, a
stable nitrogen-based free radical, changes from violet to
yellow when it is reduced by either the mechanism of
hydrogen- or electron-transfer. Antioxidants and
therefore, radical scavengers are substances that can
carry out this process (Adjimani and Asare, 2015). By
supplying hydrogen atoms or by donating electrons,
phenolic compounds with antioxidant properties can
quench DPPH through a free-radical attack on the DPPH
molecule, turning it into a colourless or bleached product
(i.e., 2,2-diphenyl-1-hydrazine or substituted analogous
hydrazine), a stable diamagnetic molecule (Mathew et
al., 2015).

At different stages of maturation, ethanolic crude
leaf extracts from C. iners demonstrated significant
DPPH free radical scavenging activity. In Table 3, the
result showed the calculation of the inhibitory
concentration and the ICsy. The crude extracts of young
and old leaves showed significant DPPH radical
scavenging activity, with inhibition of 88.91+2.58 and

Table 3. DPPH free radical scavenging assay for ethanolic C.
iners crude leaf extracts.

Ethanolic C. iners Percentage of 1Cs, value
crude extract inhibition (%) (pg/mL)
Young leaf 88.91+2.58" 31.92
Old leaf 90.08+3.61° 27.62
Trolox 94.04+0.13* 2.18

Values are presented as mean+SD of replications (n = 3x2).
Values with different superscripts are statistically significantly
different at p<0.05 using Tukey’s range test between different
leaf of the same solvent used.
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90.08+3.61% at 10 mg/mL, respectively. With regard to
ICso value, both young (31.92 ug/mL) and old leaves
(27.62 pg/mL) crude extracts exhibited lower antioxidant
activity than standard Trolox (2.18 pg/mL). According to
Udayaprakash et al. (2015), the antioxidant activity of
methanolic C. iners leaves showed better free radical
scavenging activity at 15 pg/mL due to the presence of
strong biologically active components such as phenols
and polyphenols which play an important role against
free radicals. The majority of the compounds evaluated
in this study's DPPH assay were easy and quick methods
for determining their antioxidant activity. It was found
that the old leaves crude extract exhibited slightly higher
antioxidant activity compared to young leaf extracts.

3.3.2 Ferric reducing antioxidant power assay

From a medical perspective, Fe'" has a significant
impact on a number of damaging oxidation processes
that occur within the human body. Ferric-reducing
antioxidant power (FRAP), a colorimetric approach that
makes use of antioxidants' capacity to reduce the
colourless Fe** to Fe**, is one of the techniques used to
evaluate the reduction capacity. In an acidic media, the
colorless [Fe**-(2,4,6-Tris(2-pirydyl)-s-triazine),]*"
transforms into the intensely blue-colored complex of
[Fe**-(TPTZ),]*" (Wojtunik-Kulesza, 2020). The changes
in absorption can be detected at 593 nm at low pH. As a
result, the change in absorbance is directly correlated
with the reaction mixture's total or combined reducing
power of the antioxidants that donate electrons (Sherikar
and Mahanthesh, 2015). In this test, standard solutions
were used to obtain standard curves, which were
FeSO,4.7H,0O and trolox. FRAP value of ethanolic C.
iners crude leaf extracts was calculated and it was found
to be 8.574+0.21 TEAC mg/g dw for young leaves and
9.155+0.36 TEAC mg/g dw for old leaves as stated in
Table 4. The FRAP value of the ethanolic C. iners crude
leaf extracts was significantly lower than trolox standard.
FRAP assay is widely used in the evaluation of the
antioxidant component in dietary  polyphenols
(Abdelwahab et al., 2017). The FRAP test is affordable,
the preparation of the reagents is easy, the outcomes are
highly repeatable, and the process is simple and quick.

Table 4. FRAP assay for ethanolic C. iners crude leaf extracts.

Ethanolic C. iners leaf Trolox Equivalence

extract (mg/g dw sample)
Young leaf 8.574+0.21®
Old leaf 9.155+0.36"

Values are presented as mean+SD of replications (n = 3x2).
Values with different superscripts are statistically significantly
different at p<0.05 using Tukey’s range test between different
leaf of the same solvent used.
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3.3.3 2,2"-azino-bis(3-ethylbenzothiazoline-6-
sulfonic acid) (ABTS) assay

ABTS free radical scavenging test or trolox
equivalent antioxidant capacity (TEAC) is a test method
that mainly studies the electron transfer of antioxidants.
It is based on antioxidants' ability to scavenge the ABTS
radical cation, which is produced when ABTS is
oxidised. In the ABTS assay, the activity of the sample
extracts that have been examined is given as the
millimolar equivalent of the Trolox solution, which has
an antioxidant capacity equal to 1 g of the extract's dry
matter (Yang et al., 2012). As shown in Table 5, the
ABTS value of ethanolic C. iners crude young and old
leaf extract was calculated and it was found to be
305.23+7.02 and 316.86+8.22 trolox equivalence (mg/
gw), respectively. In addition, the percentage of
inhibition for both young and old leaves from ethanolic
C. iners crude leaf extracts were 90.58+1.33% and
92.714£0.17%, respectively. According to a report done
by Brodowska et al. (2016), the Cinnamomum cassia
bark extracts and essential oil showed high ABTS values
of 251.224+0.07 and 238.87+0.32 TEAC mg/L at 5 pg/L.
The GCMS analysis of the essential oil showed a high
percentage of (F)-Cinnamaldehyde phytochemical
constituents which contributed to the high antioxidant
activity. Another study done by Liang et al. (2022),
reported that the C. cassia essential oil showed
90.35+0.48% inhibition when the concentration is 75 ug/
mL indicating strong antioxidant capacity. In consensus
the study done by Abeysekera et al. (2019), reported that
the mature leaf of Ceylon cinnamon (C. zeylanicum) had
the highest antioxidant activity in terms of ABTS
(422.46+14.03 mg Trolox equivalents per g of extract)
compared to young leaf (227.63£20.45 mg Trolox
equivalents per g of extract). Yang et al. (2012) reported
that the C. cassia leaves exhibited an ABTS value of
297.34 mmol Trolox/g lower compared to the bark of C.
cassia.

Table 5. ABTS assay for ethanolic C. iners crude leaf extracts.

Ethanolic C. iners Trolox Equivalence Percentage of

crude extract (mg/g dw sample) inhibition (%)
Young leaf 305.23+7.02% 90.58+1.33*
Old leaf 316.86+8.22" 92.71+0.174

Values are presented as mean+SD of replications (n = 3x2).
Values with different superscripts are statistically significantly
different at p<0.05 using Tukey’s range test between different
leaf of the same solvent used.

3.4 Brine shrimp lethality assay

The brine shrimp lethality assay is effective,
affordable, take a minimal quantity of material, and may
produce results rapidly. It can be used to identify the
bioactivity of crude extracts (Ramli et al., 2020). BSLA
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is designed as a preliminary screening to investigate the
toxicity of crude plant extract at different concentrations.
According to the current study, hatched nauplii are
special for the initial cytotoxicity investigation. Before
beginning this test, a number of parameters need to be
taken into account. If there is a salt solution present, the
egg will hatch into nauplii. Salt solution concentrations
range (2-4%). Instead of iodinized salt or reagent grade
salt, sea salt produces the greatest results. The pH
adjustment of the water is important for hatching the
eggs with the optimal pH range of 8.0+£0.5. To prevent
nauplii lethality brought on by a pH decrease during
incubation, the pH should be regulated using sodium
hydroxide or sodium carbonate. The growth of the
nauplii is started when the salt solution enters the eggs.
The floating eggs take oxygen directly from the air.

Nauplius will appear at room temperature 20 to 30 h
after being wet. The nauplii hatched after 24-30 h of
intense aeration and constant lighting for the 3648 hrs
that they were incubated at room temperature (28-30°C).
The plastic tube that extends to the bottom of the jar is
bubbling with air to keep the eggs moving continuously.
During the study period, the nauplii do not receive food.
The effects of the plant extract or starvation may be to
account for the nauplii's mortality. A control sample
made up only of nauplii is also used to verify the plant
extract's ability to cause death. Nonetheless, newly
hatched nauplii can continue to feed on their yolk sac for
up to 48 hrs without nourishment. The mortality
endpoint of this bioassay is defined as the absence of
controlled forward motion during 30 sec of observation
(Abiola and Aiyelaagbe, 2023). Calculations were made
to determine the nauplii's lethality percentage for each
concentration and control.

Table 6 shows the LCsy of the ethanolic C. iners
crude leaf extracts to brine shrimps 24 hrs after
treatment. The current study has shown that 20 mg/mL
of ethanolic C. iners crude leaf extracts had an LCs
value of 19.627 mg/mL for young leaves and 13.201 mg/
mL for old leaves. The LCsy, of BSLA obtained from the
standard curve was plotted in Figures 1 (a and b) and
standard potassium dichromate was shown to be toxic
with its LCsq at 0.075 mg/mL. According to Wong et al.
(2021), the LCsy value of less than 1 mg/mL indicates
significantly harmful, whereas a higher value shows the
crude plant extract is not considerably toxic. The
findings showed that the extract of C. iners leaves was
non-toxic, therefore it is safe for human consumption.
Nevertheless, potassium dichromate had lower LCsg
values than C. iners crude extracts, indicating that it was
more toxic towards brine shrimps. Because of its well-
known toxicity level, potassium dichromate is frequently
employed as a positive control in BSLA (Ramli et al.,
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2020). The findings were in line with earlier research by
Abdul Wahab and Hussain (2021) that showed LCs
value of ethyl acetate C. iners bark extracts was 3370.13
pg/mL which is above 1.00 mg/mL indicating its non-
toxicity.

Table 6. Toxicity analysis of ethanolic C. iners crude leaf
extracts

Ethanolic C. iners crude leaf Lethality concentration

extracts (LCsp) (mg/mL)
Young leaf 19.627
Old leaf 13.201
Potassium Dichromate (K,Cr,0;) 0.075
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Figure 1. Representative of the toxicity analysis ethanolic C.
iners crude leaf extracts of (a) young leaves and (b) old leaves
versus percentage of mortality (%).

4. Conclusion

In conclusion, the ethanolic C. iners crude leaf
extracts for young and old leaves have exhibited high
total phenolic content and showed good antioxidant
activities. From the discovery, both young and old leaf
extracts were shown to be non-toxic. The extracts exhibit
a protective activity against the oxidative stress and are
safe for usage in medical or food application. It has been
demonstrated that the ethanolic extracts of the crude
leaves of C. iners to have pharmacological activities and
might be explored as viable candidates for the natural
antioxidant agent. Additional antioxidant testing should
also be performed to further enhance its potential as an
effective antioxidant for the treatment of diseases
brought on by uncontrolled oxidative stress.
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