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ABSTRACT

Exposure of human skin to the sun has been known to have adverse effects. UV radiation, namely

UVB (280-315 nm), is known to cause sunburn in the skin, as it induces cytokines, neuroactive, and

vasoactive mediators that trigger an inflammatory response. Other than that, UV exposure is also

linked with skin darkening, as it upregulates melanin accumulation in the epidermis. This increases

the risk of melanoma in people. UV exposure also induces reactive oxygen species (ROS) in the skin.

This study compares the Litsea oppositifolia bark extract as a potential solution that protects against

UVB exposure, and its cytoprotective protective abilities were observed towards HaCaT cells. DPPH

assay was performed, where it was observed that LO bark extract had an IC50 of 48.660 ppm ± 3.97,

which is weaker than ascorbic acid with an IC50 of 3.853 ppm ± 2.27. The optimum UVB time and

distance deemed cytotoxic to the cells was 6 hours from 15 cm. The extract was not cytotoxic to the

cells, but ascorbic acid is cytotoxic from a concentration of 50 ppm. The cytoprotective assay showed

that LO bark extract exhibited cytoprotective abilities at 100 ppm when exposed to UVB light.

However, AA still had stronger cytoprotective abilities at lower concentrations, namely 25 and 50

ppm. Therefore, it was confirmed that LO bark extract exhibited antioxidant activity and

cytoprotective abilities, although weaker when compared to AA.

Keywords: Litsea oppositifolia, UVB exposure
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CHAPTER 1: INTRODUCTION

1.1 Background

The human skin is the largest organ in the human body, which acts as a physical barrier that

protects the body’s internal organs from external stressors (Swann, 2010; Karapetsas et al., 2020).

These stressors range from pathogens, allergens, pollutants, and ultraviolet (UV) radiation

(Karapetsas et al., 2020). As one of the sources of radiation, sunlight emits a broad spectrum of

radiation, 3%-7% of which is UV radiation, 53% of infrared radiation, and 44% of visible light

(Bernstein, Sarkas, & Boland, 2021; D’Orazio et al., 2013). Visible light is the light seen by the human

eye; infrared light is felt as heat, whereas UV light cannot be felt or seen (US EPA, 2022). UV exposure

has several benefits to the body, including vitamin D induction, suppression of multiple sclerosis

symptoms, and synthesis of endorphins (Juzeniene & Moan, 2012; D’Orazio et al., 2013). However,

overexposure to UV light could also pose a health risk. It is classified as a mutagen and a non-specific

damaging agent, acting as a tumor promoter and initiator (D’Orazio et al., 2013).

UV radiation can be classified into three different types based on its wavelengths: ultraviolet

A (UVA), ultraviolet B (UVB), and ultraviolet C (UVC) (Han et al., 2021; Karapetsas et al., 2020). UVA is

the longest in wavelength (320-400 nm), followed by UVB (290-320 nm) and UVC (100-290 nm) (Han

et al., 2021). Although UVC is the most damaging due to its short and intense wavelength, only UVA

and UVB are responsible for skin damage as UVC is too short and is absorbed by the ozone layer

(Karapetsas et al., 2020; Wilson et al., 2012). On the other hand, UVB can only penetrate the

epidermis, while UVA penetrates deep into the dermis (Wang et al., 2019). Other than sunlight, there

are other sources of UV, where artificial sources like tanning beds are used for people to expose

themselves to UV rays (Gallagher et al., 2010). Due to the lack of regulation regarding tanning beds,

UV output from tanning beds could reach up to ten times the strength of sunlight (D’Orazio et al.,

2013). Prolonged exposure to UV rays causes significant damage to the skin, as the rays do not

penetrate the skin’s epidermis, increasing the risk of melanoma (Wilson et al.,, 2012; D’Orazio et al.,

2013).

UVB radiation causes solar erythema, known as sunburn, as its waves induce cytokines,

neuroactive, and vasoactive mediators in the skin that trigger an inflammatory response (D’Orazio et

al., 2013). In addition, the damage caused by UVB radiation promotes p53 activation, thus

eliminating the keratinocytes utilizing apoptosis for DNA repair. Other than that, UVB exposure is also

linked with skin darkening, as it upregulates melanin accumulation in the epidermis, which increases

the risk of melanoma in people (Gallagher et al., 2010; D’Orazio et al., 2013). UV exposure also

1
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induces reactive oxygen species (ROS) formation in the skin, which leads to photoaging (Han et al.,

2021; Karapetsas et al., 2021). Increased oxidative stress damages protein by direct oxidation,

causing alterations in its structure and function, which results in the loss of enzymatic activity and

protein functions (Perluigi et al., 2010).hannah

In protecting itself against ROS, the skin produces antioxidants, which could suppress ROS

free radicals from harming the skin (Narendhirakannan & Hannah, 2013). For example, melanin is an

antioxidant produced by the skin capable of absorbing UV rays and removing ROS from the body

(Brenner & Herring, 2008). Other than that, the meals consumed daily could contain natural

antioxidants, including vitamins C and E. Vitamin C, familiarly known as Ascorbic Acid (AA), is a

micronutrient essential in protecting the skin from oxidative damage by donating electrons to the

ROS free radicals, which further suppresses inflammatory tissue responses caused by these ROS,

protecting the skin from further damage and photoaging (Fernández-García, 2014; Pehlivan, 2017;

Angjaya, 2022). However, the antioxidants in the skin could deplete and may take 24 hours to restore

endogenously (Coats et al., 2020). Furthermore, if the concentration of ROS is too high, these

antioxidants would be overwhelmed, and oxidative damage would still occur (Narendhirakannan &

Hannah, 2013). Because of these reasons, a component that contains antioxidants and

UVB-absorbing properties that could be exogenously administered to protect the skin is required.

The bark extract obtained from the Litsea oppositifolia (LO) plant of the Litsea genus is a

promising candidate for its antioxidative properties. However, more study still needs to be done on

the plant, albeit known as a medicinal plant (Zakhrifah, 2019). Other Litsea plants, namely Litsea

elliptica and Litsea resinosa, have been tested for their antioxidant properties and have shown high

antioxidant properties (Wong et al., 2014).

1.2 Research Questions

The research questions for this research are as follows:

● Does the LO bark extract have antioxidant properties?

● Does the LO bark extract exhibit cytoprotective abilities toward the skin against UVB

irradiation in vitro?

● Are the cytoprotective abilities of the LO bark extract better towards the skin against UVB

irradiation in vitro in comparison to Ascorbic Acid?

1.3 Objective

This research was conducted to characterize LO bark extract using total flavonoid, phenolic,

alkaloid contents, 2,2-diphenyl-1-picrylhydrazyl (DPPH) assay, and phytochemical screening.

2



FR-i3L-AA-FYEP-2021-13-Rev.1

Furthermore, this research aimed to analyze the characterized Litsea oppositifolia extract’s

cytoprotective abilities towards the skin in different concentrations against UVB irradiation in vitro.

1.4 Scope of Research

The scope of this research includes the following:

● Characterization of Litsea oppositifolia extracts, which includes total phenolic content (TPC),

total flavonoid content (TFC), total alkaloid content (TAC), DPPH assay, and phytochemical

screening

● HaCaT cell culture

● UVB light exposure optimization test against cell death

● Cytotoxic assay of Litsea oppositifolia extracts and Ascorbic acid

● Cytoprotective assay by UVB irradiation

● Cell viability tests using 3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT)

assay

1.5 Hypothesis

The hypotheses for this research are as follows:

● The LO bark extract has antioxidant properties.

● The LO bark extract exhibits cytoprotective abilities toward the skin against UVB irradiation in

vitro and is better than Ascorbic Acid.

3
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CHAPTER 2: LITERATURE REVIEW

2.1 Litsea oppositifolia

Litsea is a genus of evergreen trees of the Lauraceae family found across tropical and

subtropical regions (Kong et al., 2015). Litsea plants have many utilisations. Its plants have been

known to exert several benefits in medicine. Twenty genera are used in traditional Chinese medicine

as medication for diseases including diarrhea, diabetes, gastroenteritis, asthma, and many more

(Kong et al., 2015). An example of such a plant is Litsea cubeba, found around the Himalayas (Kamle

et al., 2019). The extracts from Litsea plants have been found to contain antimicrobial and

anti-inflammatory properties, which aid in the cytoprotective abilities against ROS (Kong et al., 2015).

Previous research has tested several Litsea plants for antioxidative properties, namely Litsea elliptica

and Litsea resinosa, where they have been found to contain high antioxidative properties (Wong et

al., 2014)

Litsea oppositifolia (seen in Figure 2.1) is a plant from the family Lauraceae native to Borneo

and is known for its broad, opposite leaves larger than 8 cm with a midrib prominent above (Forest

Research Institute Malaysia, 2005; Royal Botanic Gardens Kew, 2022). According to Global

Biodiversity Information Facility (2017), the taxonomy for Litsea oppositifolia plant is as follows:

Kingdom: Plantae

Phylum: Tracheophyta

Class: Magnoliopsida

Order: Laurales

Family: Lauraceae

Genus: Litsea Lam.

Species: Litsea oppositifolia Gibbs.

Litsea is familiarly known in Indonesia as Phoebe (Medang) (Tamin, Ulfa, & Saleh, 2018). The

plant has an elliptical and ovoid small drupe fruit with either an undeveloped or a small cup

hypanthium either with or without pedicellate (Forest Research Institute Malaysia, 2005; Tamin, et

a., 2018). Because of the antioxidative properties of other Litsea plants, Litsea oppositifolia is a

promising candidate for its antioxidative testing; therefore, its bark extract was measured for its

cytoprotective abilities against UVB irradiation.

4
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Figure 2.1. Litsea oppositifolia plant (Rohwer, 2013).

2.2 Oxidative damage UVB radiation

2.2.1 UVB radiation

UVB radiation (seen in Figure 2.2) is one of the radiations emitted by the sun, with a

wavelength ranging between 290 nm to 320 nm and accounting for 5-10% of all UV exposure (Han et

al., 2021). UVB could also be found in tanning beds, which due to lack of regulations, could expose

people to 10 times the strength of sunlight (D’Orazio et al., 2013). In addition, its wavelength can

penetrate the ozone layer, unlike UVC, although it does not penetrate through the skin’s dermis like

UVA rays (Wang et al., 2019).

Figure 2.2. Diagram of UV radiation. UVB penetrates to the epidermis, UVA penetrates deep into the dermis, and UVC is
blocked by the ozone layer.

5
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UVB radiation causes damage to the skin, especially in the basal region of the epidermis, by

inducing reactive oxygen species (ROS), which causes oxidative stress and damage to the

biomolecules (Han et al., 2021; Karapetsas et al., 2020). The damages caused by barriers would result

in skin drying, aging, and melanoma (Han et al., 2021). In addition, oxidative stress from UVB

exposure leads to mitochondria-mediated apoptosis and damages proteins by altering their structure

and function, which results in the loss of enzymatic activity and protein functions (Han et al., 2021;

Perluigi et al., 2010). Furthermore, UVB radiation also forms UV-induced DNA phytoproducts,

cyclobutane pyrimidine dimers (CPDs), and pyrimidine 6-4 pyrimidines, inhibiting DNA replication

and transcription that results in cell death and photoaging (Karapetsas et al., 2020). The same author

also mentioned that UVB exposure could result in collagen degradation by inhibiting pro-collagen

biosynthesis and the upregulation of matrix metalloproteinases (MMPs). These enzymes play an

essential role in tissue remodeling and aging.

UVB radiation also causes solar erythema, familiar as sunburn, due to the induction of

cytokines, neuroactive and vasoactive mediators in the skin that trigger an inflammatory response

(D’Orazio et al., 2013). In addition, the damage caused by UVB radiation promotes p53 activation,

thus eliminating the keratinocytes through apoptosis for DNA repair and increasing the risk of

melanoma (D’Orazio et al., 2013; Han et al., 2021). Besides that, UVB exposure is also linked with

skin darkening, as the upregulation of melanin accumulates in the epidermis, increasing the risk of

skin cancer in people (Gallagher et al., 2010; D’Orazio et al., 2013).

2.2.2 Oxidative damage of ROS

Reactive oxygen species (ROS) is a reactive molecule that is derived from the

reduction of oxygen (O2) molecules into free radicals that include anion superoxides (O2
-), ozone (O3),

and nitric oxides (NO⋅) (Beckhauser et al., 2016; Chriscensia, 2022). One of these compounds,

hydrogen peroxide (H2O2), when reduced, produces a hydroxyl radical (OH●) or water. The hydroxyl

radical can remove electrons from other molecules, altering them into other free radicals and

generating ROS (Beckhauser et al., 2016). In addition, ROS could be generated from the body’s

metabolism, chemical reactions, and external sources, where these radicals diffuse into the nucleus

to interact with the DNA (Beckhauser et al., 2016). One of these sources of ROS is UVB radiation,

which could induce oxidative stress on the skin. Oxidative stress on the skin results in collagen

degradation that affects tissue regeneration and aging. In order to combat these ROS from damaging

the body, the skin has its defense mechanism against these ROS, where they produce antioxidants to

absorb these radiations and remove ROS from the body in the form of melanin (Narendhirakannan &

6
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Hannah, 2013; Han et al., 2021; Karapetsas et al., 2020). However, accumulating these will cause

oxidative damage, inducing photoaging and melanoma.

2.3 HaCaT cell

2.3.1 Human Skin

The human skin is the largest organ of the human body, making up 16% of the body mass

(D’Orazio et al., 2013). It is the body’s external physical barrier, protecting it from external pathogens

and environmental stresses, including UV exposure. The skin is also involved in homeostasis,

regulating the temperature and moisture of the skin. The skin comprises three layers, the epidermis,

the dermis, and the hypodermis (Yousef et al., 2021). However, UVB waves can only penetrate the

skin’s epidermis, in the basal region, stratum basale, which is the deepest layer of the epidermis

(Yousef, Alhajj, & Sharma, 2021; Wang et al., 2019). There are also several skin cell types:

keratinocytes, melanocytes, Langerhans, and Merkel cells (Yousef et al., 2021).

Keratinocytes are the dominant cells in the epidermis, which originate from the stratum

basale, and are responsible for keratin production and the regulation of calcium absorption of UVB

light in order to form vitamin D. Melanocytes, also found in the stratum basale of the epidermis,

produce melanin that acts as an antioxidant when UVB exposure stimulates the secretion of the

melanin. Langerhans’ cells, also known as dendritic cells, are responsible for antigen preservation

and the immune system. Lastly, Merkel cells are oval-shaped cells in the stratum basale that act as

sensory receptors (Yousef et al, 2021).

2.3.2 HaCaT cells

As UVB exposure affects the skin, mainly the keratinocytes cell of the stratum basale,

keratinocyte cells are favorable for the in vitro cryoprotective studies of the extract. Cultured Human

Immortalised Keratinocytes, familiarly known as HaCaT cells, are non-tumorigenic monoclonal cell

lines that could be used for studies of skin biology and differentiation (Colombo et al., 2012; Wilson,

2013). HaCaT cells are favored in this research because of their immortalized nature and high cell

density. In addition, they are proven to be similar to keratinocytes in the skin in the production of

cytokines (Colombo et al., 2012; Wilson, 2013). Although other cell lines, like the typical human

epidermal keratinocytes, exist, these cells are not immortal, so they have a limited passage number

(Adiyanto, 2022).

7
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Figure 2.3. Cultured Human Immortalised Keratinocytes (HaCaT) cells.

2.4 Antioxidants

The skin produces antioxidants in the form of melanin to protect itself from UV damage.

However, these can be depleted and require an exogenous source to replenish and prevent the skin

from oxidative damage.

2.4.1 Ascorbic Acid

Ascorbic acid (AA), known as Vitamin C, is a micronutrient with antioxidant abilities against

UV irradiation (Fernández-García, 2014). AA is an essential nutrient required for human growth,

collagen hydroxylation, and amidation of peptides, among others (Angjaya, 2022). In addition, AA can

protect the skin from oxidative stress by donating electrons to the free radicals by targeting ROS and

suppressing inflammatory tissue responses (Fernández-García, 2014; Pehlivan, 2017). Food items

containing AA and phenolic compounds also contribute to endogenous photoprotection, where using

these micronutrients could aid in preventing the skin from UVB irradiation damage. Because of these

reasons, AA is chosen as a comparator for the cytoprotective abilities of the LO bark extract against

UVB irradiation.

2.4.2 2,2-diphenyl-1-picrylhydrazyl (DPPH) Assay

There are two ways that the antioxidants react with the free radicals, which are through

hydrogen atom transfer (HAT), or single electron transfer (SET) reactions (Liang & Kitts, 2014). The

HAT reaction involves the removal of the hydrogen electron of the antioxidant, making the

antioxidant a radical, whereas in a SET reaction, which the DPPH reaction mechanism is based on,
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utilizes single electron is transfer from the nucleophile to the substrate, making the antioxidant a

radical cation (Liang & Kitts, 2014).

DPPH assay is a method of testing the antioxidant activity of the assay first developed by

Blois in 1958 (Kedare & Singh, 2011). DPPH acts upon free radicals in a way that binds the molecule

to a free radical from ROS and reduces it, resulting in the color change from a deep violet color into a

colorless solution, which is seen in Figure 2.4 (Nagarajan et al., 2006; Garcia et al., 2012). This testing

method is most commonly used for plant and fruit extracts, making it suitable for testing the activity

of LO bark extract (Nagarajan et al., 2017; Kedare & Singh, 2011). Another reason that the DPPH

assay is suitable to test the antioxidant properties of the LO extract is due to its simple, rapid,

inexpensive, and commonly used method in the testing of free radical activity of various samples

because of its stable, quick, and its ability to react with weaker antioxidants; allowing to assess

several samples at a time (Kedare & Singh, 2011; Garcia et al., 2012).

The DPPH solution is a stable free radical violet in color at room temperature (Kedare &

Singh, 2011; Garcia et al., 2012). DPPH assay relies on the free radical scavenging activity of

antioxidants towards the solution, where the free radical in the antioxidants utilizes electron transfer

to reduce the nitrogen in the DPPH solution, turning the DPPH solution clear (Garcia et al., 2012;

Kedare & Singh, 2011). The presence of antioxidants will reduce the 2,2-diphenyl-1-picrylhydrazyl

compound into 1,1-diphenyl-1-picrylhydrazyl (Angjaya, 2022).

Figure 2.4. Mechanism of the reaction of DPPH molecules against an antioxidant. R:H represents an antioxidant
molecule, whereas R• represents an antioxidant radical (Liang & Kitts, 2014)

2.5 Phytochemicals

2.5.1 Flavonoid

Flavonoids are one of the phytochemicals ubiquitously present in various fruits and

vegetables, along with plant barks, leaves, and other parts of plants (Panche et al., 2016; Kumar &
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Pandey, 2013; Ullah et al., 2020). They are polyphenolic compounds containing a benzopyrone

structure in different positions (Panche et al., 2016; Kumar & Pandey, 2013). Flavonoids are utilized in

skincare products, cosmetics, and dyes due to their beneficial properties (Ullah et al., 2020).

Flavonoids possess antimicrobial, antioxidant, anti-inflammatory, and anticarcinogenic properties

(Panche et al., 2016; Kumar & Pandey, 2013). Its antioxidant properties can be seen in plant tissues,

as it defends tissues exposed to abiotic and biotic stresses (Kumar & Pandey, 2013). Furthermore, its

antioxidant properties were found in high levels in both in vitro and in vivo systems (Kumar & Pandey,

2013). Because of this, the presence of flavonoids is desired in LO extract.

2.5.2 Tannin and Phenolic

Tannins are complex phenolic compounds in various plants that can remove unstable

proteins by utilizing hydrogen bonding (Basheer et al., 2022). They are known through their

structure, which contains two to three phenolic hydroxyl groups on a phenyl ring (Okuda & Itto,

2011). In addition, phenolic compounds are known to possess polyphenolic properties, which include

anticarcinogenic, antimicrobial, and antioxidant activities, where they can protect cells from

oxidative damage caused by ROS (Chung et al., 1998; Okuda & Itto, 2011). Polyphenols could also

help defend against UV irradiation (Kupina et al., 2018). As phenolic compounds are vital

components in antiaging, anti-inflammatory responses, and antioxidant activities, the presence of

tannin and phenolic compounds are desired in the LO extract (Lin et al., 2021).

2.5.3 Alkaloid

Alkaloids are nitrogen-containing compounds derived from amino acids isolated from plants

(Ferreira, 2022; Heinrich et al., 2021). They are known for their antiviral, anti-inflammatory, and

anticancer properties in treating various human diseases (Ferreira, 2022; Kurek, 2019). In addition,

alkaloids also have a potential for antioxidant activities, which could be further developed (Dey et al.,

2020). Because of this, alkaloids in LO extract could also prove beneficial in protecting the skin

against oxidative stress caused by UVB exposure.

2.5.4 Saponin

Saponins are steroidal, and triterpene glycosides are found naturally in plants (Mugford &

Osbourn, 2012). Its name is due to the soaplike properties of the compound (Mugford & Osbourn,

2012). They play a role in plant defense due to their antimicrobial, anticarcinogenic,

anti-inflammatory, antifungal, antiparasitic, and antifeedant properties (Moses et al., 2014). Because

of this, saponins play a role in the defense against cardiovascular diseases (Singh & Chaudhuri, 2018).

Saponins are desired in LO extract due to their anti-inflammatory properties.
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CHAPTER 3: MATERIALS & METHODS

3.1. Materials

The Litsea oppositifolia bark extract was provided by the Department of Pharmacy of the

University of Indonesia. This Litsea oppositifolia bark extract was obtained by maceration using

ethanol as a solvent. The final result of extraction is in the form of paste with a mass of 2.5 grams.

The reagent of 3-(4,5-Dimethylthiazol-2-yl)-2,5-Diphenyltetrazolium Bromide (MTT) for cell viability

assay was purchased from Thermo Fisher Scientific.

3.2 Characterisation of the Litsea oppositifolia extract

3.2.1 Phytochemical screening

The LO bark extract was diluted in type III (distilled) water into a concentration of 2000 parts

per million (ppm) for the phytochemical screening of the extract. Phytochemical screening of the LO

bark was obtained from a preliminary study using the same bulk of extract. As the screening of the

phytochemicals is qualitative, the assays were performed in monoplicate. Therefore, only

phytochemicals with positive results from the phytochemical screening were further quantified.

3.2.1.1 Flavonoid

The protocol for flavonoid characterization was adapted from Kancherla et al. (2019). First,

two to three drops of 2N sodium hydroxide were added into 2 mL of the diluted LO extract solution.

A color change to yellow would indicate the presence of flavonoids. Two to three drops of 2N

hydrochloric acid were subsequently added, returning the color from yellow to colorless, confirming

the presence of flavonoids in the extract.

3.2.1.2 Tannin & Phenolic

The protocol for tannin and phenolic characterization was adapted from Kancherla et al.

(2019). For this screening, 2 mL of 5% iron (III) chloride (FeCl3) was added to 1 mL of the diluted

extract solution. A color change from colorless to dark blue/green-black indicates a positive tannin

result.

3.2.1.3 Alkaloid

The protocol for alkaloid screening was adapted from Kancherla et al. (2019). In the alkaloid

screening, 5 mL of ethanol was added to 2 mL of 2000 ppm LO extract solution, followed by adding 2

mL of Mayer’s reagent drop by drop. A positive alkaloid result would result in the formation of a

white precipitate.
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3.2.1.4 Saponin

The protocol for the saponin screening was adapted from Jayapriya & Shoba (2014). During

the saponin screening, 5-8 mL of hot water was added to 2 mL of the diluted LO extract solution,

followed by vigorous shaking for at least 10 seconds. After shaking, any bubbles formed were

measured. If a foam were present and were higher than 1 cm, the result would confirm the presence

of saponin in the extract.

3.2.2 Total Phenolic Content (TPC)

The observation of TPC was conducted in a preliminary study using the same batch of

extract. The protocol for quantifying phenolics was adapted from the second edition of Farmakope

Herbal of the Indonesian Ministry of Health (2017) and Aryal et al. (2019). Phenolic characterization

of the LO extract was conducted utilizing the Folin-Ciocalteu assay. The LO extract (80 mg) was mixed

with 10 mL methanol and stirred for 30 minutes. After stirring, the solution was filtered into a 10 mL

volumetric flask, and methanol was added until the line.

Furthermore, 2.5 mL of 7.5% Folin-Ciocalteu reagent was added to 500 µL of the extract, and

the solution was incubated for 8 minutes at room temperature. Then, another 2 mL of 1% sodium

hydroxide was added to the solution, followed by another incubation for 1 hour. After incubation, the

absorbance was measured using a spectrophotometer (Shimadzu 1280) at a wavelength of 730 nm

against the Folin-Ciocalteu reagent as the blank. As a standard, gallic acid was diluted in ethanol in

concentrations ranging from 100, 70, 50, 30, 15, and 5 µg/mL. The absorbance of the LO bark extract

was measured against the gallic acid standard curve, where they will be converted into Gallic Acid

Equivalents (GAE) using Equation 3.1. The assay was conducted in triplicate to ensure reliability.

𝐺𝐴𝐸:  𝐶×𝑉
𝑊×1000

Equation 3.1. Gallic Acid Equivalent Formula. C: concentration of extract against standard curve (ppm); V: volume of
solvent used to dilute the extract; W: mass of extract diluted (g)

3.2.3 Total Flavonoid Content (TFC)

The observation of TFC was conducted in a preliminary study using the same batch of

extract. The protocol for quantifying the flavonoids was adapted from the second edition of

Farmakope Herbal of the Indonesian Ministry of Health (2017) and Aryal et al. (2019). In TFC

characterization, 10 mL of methanol was added to 80 mg of the LO extract and mixed for 30 minutes,

followed by filtration. For the observation, 1.5 mL of ethanol, 0.1 mL of 1 M sodium acetate, 0.1 mL

of 10% aluminum chloride (AlCl3), and 2.8 mL of type III (distilled) water were added to 500 µL of the

solution, followed by shaking. After incubation for 30 minutes at room temperature, the absorbance

was measured using a spectrophotometer (Shimadzu 1280) at a wavelength of 415 nm against
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aluminum chloride as blank. Then, ethanol was added to quercetin as a standard, followed by a serial

dilution at 125, 100, 75, 50, and 25 µg/mL concentrations. Finally, the absorbance of the LO bark

extract was measured against the quercetin standard curve, where they will be converted into

Quercetin Equivalents (QE) using Equation 3.2. The assay was conducted in triplicate to ensure

reliability.

𝑄𝐸:  𝐶×𝑉
𝑊×1000

Equation 3.2. Quercetin Equivalent Formula. C: concentration of extract against standard curve (ppm); V: volume of
solvent used to dilute the extract; W: mass of extract diluted (g)

3.2.4 Total Alkaloid Content (TAC)

The observation for TAC was conducted in a preliminary study using the same batch of

extract. The protocol used for the alkaloids quantification was adapted from Mythill et al. (2014).

Firstly, 50 mg of LO bark extract was diluted in 25 mL of methanol. Next, Bromocresol green (BCG)

solution was prepared prior to the quantification by heating 34.9 mg of BCG with 1.5 mL of 2N

sodium hydroxide and 2.5 mL type III (distilled) water, followed by dilution to 500 mL with type III

water. Finally, a pH 4.7 phosphate buffer solution was prepared by adding citric acid (4.2 grams in

100 mL type III water) to 2 M sodium phosphate (7.16 grams Na2HPO4 in 100 mL type III water).

In order to quantify for alkaloids, 0.5 mL of 2 N HCl was added to 500 µL of extract solution,

followed by adding 2.5 mL each of BCG solution and phosphate buffer. The resulting solution was

transferred to a separating funnel, where chloroform was added at intervals of 0.5, 1, 1.5, and 2 mL,

along with vigorous shaking. Next, the separated chloroform was diluted into 5 mL using chloroform,

where the absorbance was measured using a spectrophotometer (Shimadzu 1280) at a wavelength

of 470 nm against solutions without the addition of BCG. Then, as a standard, type III (distilled) was

added to atropine, followed by a serial dilution at 100, 80, 60, 40, and 20 µg/mL concentrations. The

absorbance of the LO bark extract was measured against the atropine standard curve, where they

will be converted into Atropine Equivalents (AE) using Equation 3.3. The assay was conducted in

triplicate to ensure reliability.

𝐴𝐸:  𝐶×𝑉
𝑊×1000

Equation 3.3. Atropine Equivalent Formula. C: concentration of extract against standard curve (ppm); V: volume of
solvent used to dilute the extract; W: mass of extract diluted (g)

3.2.5 2,2-diphenyl-1-picrylhydrazyl (DPPH) Assay

The protocol for the DPPH assay was adapted from Angjaya (2022). In order to conduct the

DPPH assay, 3.9432 mg of DPPH powder was first added to 100 mL methanol to make 0.1 mM DPPH

solution. In reaction tubes, 1.5 mL of DPPH solution was then added into 1.5 mL of LO bark extract
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serial dilutions at concentrations of 1000, 500, 250, 125, 62.5, 31.25, 15.625, and 7.8125 ppm. As a

standard, 1.5 mL of AA at concentrations of 100, 50, 25, 12.5, 6.125, and 3.125 ppm was mixed with

1.5 mL of DPPH solution. As blank, 1.5 mL of DPPH were added to 1.5 mL methanol. The map for the

assay could be seen in Figure 3.1. The reaction tubes would then be incubated in the dark at room

temperature for 30 minutes. After incubation, 200 µL of each samples were pipetted into a 96-well

plate as technical replicates, where the absorbances of LO extract and its standard were measured in

a plate reader (TECAN Infinite®M200 NanoQuant) at a wavelength of 517 nm, measuring the

standard curves of AA and LO. The assay was conducted in triplicate to ensure reliability. In order to

calculate the free radical scavenging activity, the following equation was used:

𝐹𝑟𝑒𝑒 𝑟𝑎𝑑𝑖𝑐𝑎𝑙 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑎𝑐𝑡𝑖𝑣𝑖𝑡𝑦 (%) =  𝑏𝑙𝑎𝑛𝑘− 𝑠𝑎𝑚𝑝𝑙𝑒
𝑏𝑙𝑎𝑛𝑘  × 100%

Equation 3.4. Free radical scavenging ability formula

Figure 3.1. 96-well plate map for DPPH Assay. The treatments are DPPH + methanol (blank; green), DPPH + LO extract at
different ppm (blue), and DPPH + AA at different ppm(purple). Concentration of DPPH + LO from top to bottom: 1000,

500, 250, 125, 62.5, 31.25, 15.625, and 7.8125 ppm; concentration of DPPH + AA from top to bottom: 100, 50, 25, 12.5,
6.125, and 3.125 ppm.

3.3 In vitro testing in HaCaT cells

The protocol for the cell culture was adapted from Hartrianti et al. (2022).

3.3.1 HaCaT cell culture

The HaCaT cells were obtained from the Indonesia International Institute of Life Sciences

(i3L). The cells were thawed and maintained in complete Dulbecco’s Modified Eagle Medium

(cDMEM), which was Dulbecco’s Modified Eagle Medium (DMEM) with 10% Fetal Bovine Serum (FBS)
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added. The DMEM is made by dissolving DMEM powder in 500 mL of type 1 water. In addition, 10 mL

of penicillin-streptomycin (Pen-Strep) and 3.7 grams of sodium bicarbonate were added to the

DMEM solution. The HaCaT cells were then maintained in a CO2 incubator at 37°C and a CO2

concentration of 5%. The cells were passaged every 2-3 days to prevent over-confluency.

3.3.2 UVB light exposure optimization

UVB light exposure optimization was conducted to identify the suitable time and distance of

UVB light exposure that kills around 50% of the seeded cells to be deemed cytotoxic. In the

optimization, passaged cells were counted, where 1 104 of the HaCaT cells from culture were×

seeded in three wells of a 96-well plate for four replicates, with the addition along with four blanks

(media only) and were incubated in the CO2 incubator at 5% CO2 and 37°C for 24 hours until

confluency of around 90%. The cells were then exposed to UVB in the lamp box (T5 HO 12” Reptisun

15W 5.0 UVB) in the incubator at a distance of 10 and 15 centimeters from the UVB light source and

at a time of 3 hours, 6 hours, and 24 hours. As a control, another 96-well plate underwent the

identical initial 24-hour incubation and was also incubated for 3 hours, 6 hours, and 24 hours, but not

in the lamp box.

The cell viability of the cells was measured after the incubation period by adding 10 µL of

3-[4,5-dimethylthiazol-2-yl]-2,5 diphenyl tetrazolium bromide (MTT) reagent. In order to prevent

degradation of the MTT reagent during the treatment, the addition of the MTT reagent was

conducted with minimal light exposure. Before the three-hour incubation, the plates were covered

with aluminum foil to prevent reagent degradation. The plates were then incubated for three hours

at 37°C and a CO2 concentration of 5%. After incubation, the MTT reaction was stopped using a

mixture of isopropanol and hydrochloric acid; the absorbance of the plates were measured using a

plate reader (TECAN Infinite®M200 NanoQuant) at a wavelength of 570 nm. Cell viability of the cells

were calculated using the following formula:

𝐶𝑒𝑙𝑙 𝑣𝑖𝑎𝑏𝑖𝑙𝑖𝑡𝑦 (%) =  𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑠𝑎𝑚𝑝𝑙𝑒 − 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘
𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑛𝑒𝑔𝑎𝑡𝑖𝑣𝑒 𝑐𝑜𝑛𝑡𝑟𝑜𝑙 − 𝑎𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒 𝑜𝑓 𝑏𝑙𝑎𝑛𝑘  × 100%

Equation 3.5. Cell viability formula

The time of incubation and the distance of which the cell viability decreases by 50% was

selected for the following cytotoxic and cytoprotective assays.

3.3.3 Cytotoxicity assay of Litsea oppositifolia extracts and ascorbic acid

Cytotoxicity assay of LO extracts and ascorbic acid was conducted to identify the

concentrations of the extracts and its comparator (AA) that kills around 50% of the cells, where cell
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viability lower than 50% was deemed cytotoxic. In cytotoxicity assay, passaged HaCaT cells were

counted, where 1 104 cells were seeded into the wells of a 96-well plate, followed by an incubation×

of 24 hours in the CO2 incubator at 5% CO2 and a temperature of 37°C. The cells were then treated

with treatments of the LO bark extract and AA as a comparator, as seen in the map in Figure 3.2, and

incubated at 5% CO2 and 37°C. The duration of the treatments followed the best result from the UVB

optimization, which was for either 3, 6, or 24 hours.

After the incubation time had passed, an MTT assay was conducted to determine the cell

viability through the addition of 10 µL of MTT reagent. In order to prevent degradation of the MTT

reagent during the treatment, the addition of the MTT reagent was conducted with minimal light

exposure. Before the three-hour incubation, the plates were covered with aluminum foil to prevent

reagent degradation. The plates will then be incubated for three hours at 37°C and a CO2

concentration of 5%. After incubation, the reaction was stopped using a solution of hydrochloric acid

and isopropanol, followed by measurement of the absorbance of the plates using a plate reader

(TECAN Infinite®M200 NanoQuant) at a wavelength of 570 nm. Cell viability of the cells was

calculated using Equation 3.5. If the cell viability is less than 50%, the concentration of said treatment

will not be used in the cytoprotective analysis of the LO extract. The assay was conducted in

fourplicates to ensure the reliability of the data.

Figure 3.2 96-well plate for the cytotoxic assay. The treatments include: cDMEM only (blank; green), cells + cDMEM
only (negative control; orange), cells + media + LO extract at different ppm (blue), and cells + media + AA at different
ppm (purple). Concentration is decreasing from the top for LO and AA treatments (200, 100, 50, 25, 12.5, 6.25 ppm)

3.3.4 Cytoprotective assay

In the cytoprotective assay, seeded HaCaT cells treated with LO bark extract and its

comparator (AA) were treated under UVB light irradiation determined from the UVB light
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optimization to identify the cytoprotective abilities of the treatments. HaCaT cells were seeded to a

96-well plate with a seeding density of 1 104 cells, followed by incubation for 24 hours in a CO2×

incubator at 5% CO2 and a temperature of 37°C. The cells were then treated with the LO bark extract

and AA as a comparator at concentrations determined from the cytotoxic assay. The map for the

96-well plate can be seen in Figure 3.3. The plates will undergo UVB radiation in the lamp box at a

time and distance predetermined by the UVB irradiation optimization at 5% CO2 and 37°C. After the

incubation at a predetermined time and distance, the cell viability was conducted with an MTT assay,

where 10 µL of MTT reagent was used. In order to prevent degradation of the MTT reagent during

the treatment, the addition of the MTT reagent was conducted with minimal light exposure. Before

the three-hour incubation, the plates were covered with aluminum foil to prevent reagent

degradation. The plates were then incubated for three hours at 37°C and a CO2 concentration of 5%.

After incubation, the reaction was first stopped using a mixture of hydrochloric acid and isopropanol;

the absorbance of the plates was measured using a plate reader (TECAN Infinite®M200 NanoQuant)

at a wavelength of 570 nm. Cell viability of the cells was calculated using Equation 3.5. Results from

the cytoprotective assay were compared against the data obtained from the cytotoxic assay. The

assay was conducted in fourplicates to ensure the reliability of the data. The data obtained from the

research were presented using GraphPad Prism version 9.3.1 as a mean with ± standard deviation.

Saphiro-Wilk test was used to calculate the normality of the data, followed by a one-way ANOVA and

Dunnet’s post hoc test. A p-value of less than 0.05 was desired as this result signifies a statistically

significant data.

Figure 3.3. 96-well plate for the cytoprotective assay. The treatments include: cDMEM only (blank; green), cells +
cDMEM only (negative control; orange), cells + media + LO extract at different ppm (blue), and cells + media + AA at

different ppm (purple), the concentrations for blue and purple were decided from the cytotoxicity test, where
concentrations deemed cytotoxic from the cytotoxic assay were omitted for this analysis.
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CHAPTER 4: RESULTS AND DISCUSSION

4.1 Litsea oppositifolia bark extract characterization

4.1.1 Phytochemical screening

Phytochemical compounds that were analyzed in this research are flavonoids, phenolics,

alkaloids, and saponins. An alkaline reagent test (2N NaOH) was added to the LO extract to detect

the presence of flavonoids in the LO bark extract. As the solution turned yellow upon adding 2 N

NaOH and back to colorless when added with 2 N HCl, it confirmed the presence of flavonoids in the

extract. A color change to yellow results from NaOH breaking the flavonoid bonds to form

acetophenone, which is yellow (Fransina et al., 2019).

A ferric chloride test was performed for the qualitative screening of phenolic compounds.

After adding 5% iron (III) chloride solution to the extract, a color change to green was observed, thus

confirming the presence of phenolics. This color change is attributed to the complex formation

between iron chloride (III) and phenols in the extract, which turns the solutions into various colors,

including red, green, violet, and blue (Anwar et al., 2019).

In the qualitative screening for alkaloids, Mayer's test was conducted. After adding Mayer's

reagent to the extract and ethanol, the presence of alkaloids was confirmed as there was a slight

precipitate formation. This result is attributed to forming a potassium-alkaloid complex that could be

seen as a precipitate (Parbuntari et al., 2018).

The LO extract solution was shaken vigorously in the qualitative screening for saponin. After

10 minutes, little to no frothing was observed on the solution, which indicates the lack of saponin in

the extract. The result of the phytochemical screening is summarized in Table 4.1 below. In addition,

because the preliminary results showed the presence of flavonoids, phenolics, and alkaloids, these

phytochemicals were screened quantitatively for their exact values.

Table 4.1. Phytochemical screening result of LO bark extract. “+” indicates a positive result, while “-” indicates a negative
result

Compound Presence

Flavonoids +

Phenolics +

Alkaloids +

Saponin −
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4.1.2 Total Phenolic Content

Total Phenolic Content (TPC) was conducted to quantify the number of phenolics found in

the LO bark extract during the phytochemical screening. The Folin-Ciocalteu assay was used to

quantify the total phenolic content in the LO bark extract. The Folin-Ciocalteu test works in a way

that the reagent reacts with phenols, forming a molybdenum (V) complex, which is blue in color

(Everette et al., 2010). Although the Folin-Ciocalteu test is a rapid and simple method to quantify

phenolic compounds, it is non-specific to phenolics (Bibi Sadeer et al., 2020). However, the

Folin-Ciocalteu test does not quantify the number of phenolics on its own, but rather its reducing

capabilities compared to the comparator, which in this case is gallic acid (Hossain et al., 2011).

Therefore, Gallic acid (C₆H₂(OH)₃CO₂H) is used as a comparator for the Folin-Ciocalteu test as it is

inexpensive, natural, and a stable phenol (Malta & Liu, 2014; Aswar et al., 2021). Besides that, gallic

acid is commonly used as a standard for total phenolic content analyses, allowing better comparisons

between different data samples (Mu'nisa et al., 2018).

The TPC of the LO bark extract was measured at an absorbance of 730 nm, where the results

for TPC quantification were plotted in a graph (Figure 4.1) of absorbance against concentration in

parts per million (ppm). The black circle represented the gallic acid standard's absorbance, whereas

the blue square represented the absorbance for the LO bark extract. It was determined that the LO

bark extract contained 42.630 ± 0.682 mg GAE/g, whereas, in one gram of LO bark extract, there

would be the equivalent of 42.630 milligrams of gallic acid in a gram of LO bark extract with a

deviation of 0.682 mg.

Figure 4.1. Total Phenolic Content quantification of LO extract against quercetin as a standard. Black circle: Gallic acid
standard curve absorbances; Blue square: LO extract absorbance; Standard curve equation: ,𝑦: 0. 007155𝑥 + 0. 03298

R squared value: 0.9712; p-value: <0.0001.

Compared to a preliminary study by Zakhrifah (2019), the TPC of the LO bark extract is

352.744 mg GAE/g. This is nearly double the phenolics of the extract in n-hexane and six times the

amount of gallic acid equivalent in the plant's leaf. The difference in the TPC could be attributed to
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the degradation of the extract, as it was exposed to multiple freeze-thaw cycles when it was going to

be used, and the sourcing of the plant, as the extract could be obtained from a different source.

Comparisons of the phenolic compounds to the same genus, namely Litsea garciae and Litsea

cubeba, were also conducted. Similar to Litsea oppositifolia, Litsea garciae is also an evergreen plant

found in tropical and subtropical regions with various health benefits (Wulandari, Kusuma, &

Kuspradini, 2018). Litsea garciae that was also macerated contained phenolic content with 40 mg

GAE/g in n-hexane and ethyl acetate, along with 90 mg GAE/g in ethanol solution (Wulandari,

Kusuma, & Kuspradini, 2018).

4.1.3 Total Flavonoid Content

Total Flavonoid Content was conducted to quantify the flavonoids in the LO bark extract

confirmed through the phytochemical screening. In addition, the AlCl3 test was conducted to further

quantify the number of flavonoids in the extract. The aluminum (III) chloride colorimetric test

quantifies flavonoids by the formation of acid stable complexes with the hydroxyl and keto groups of

flavones and flavonols and are also capable of forming labile complexes with the A and B ring of

flavonoids, which will produce a yellow color (Ahmed & Iqbal, 2018; Pontis et al., 2014). Quercetin

(C15H10O7) was used as a standard for the AlCl3 as it is highly researched and is abundantly found in

plants (Panche et al., 2016). Other than that, quercetin also has keto and hydroxyl groups, which are

capable of forming complexes with aluminum (III) chloride and therefore is a strong flavonoid

(Masturi et al., 2018).

The TFC of the LO bark extract was measured at an absorbance of 415 nm, where the results

obtained from the TFC quantification were plotted in a graph (Figure 4.2) of absorbance against

concentration in ppm. The black circle represented the quercetin standard's absorbance, whereas

the blue square represented the absorbance for the LO bark extract. The concentration obtained in

ppm was then converted into mg QE/g. As a result, it was determined that the LO bark extract

contained 0.993 ± 0.401 mg QE/g, where 0.993 milligrams of quercetin as an equivalent with a

standard deviation of 0.401 mg would be present in 1 gram of Litsea oppositifolia bark extract.

However, these results of the flavonoid characterization are significantly lower than those of the

same assay being conducted on Litsea noronhae blume, as they have a flavonoid content of around

60-70 mg QE/g as opposed to the 0.993 mg QE/g of LO bark extract (Ayu, 2019).
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Figure 4.2. Total Flavonoid Content quantification of LO extract against quercetin as a standard. Black circle: Quercetin
standard curve absorbances; Blue square: LO extract absorbance; Standard curve equation: ,𝑦: 0. 0033139𝑥 + 0. 0274

R squared value: 0.986; p-value: <0.0001.

4.1.4 Total Alkaloid Content

Total Alkaloid Content was conducted to quantify alkaloids in the Litsea oppositifolia bark

extract, which was confirmed through the phytochemical screening. In quantifying the alkaloid

content, an assay using bromocresol green (BCG) and chloroform. This method was selected as it is a

simple, efficient, and sensitive method to quantify the alkaloids in the extract (Fadhil et al., 2007).

The mechanism by which this assay works is that the alkaloids form a stable yellow complex with the

BCG, which is extractable using chloroform (Fadhil et al., 2007). The compound selected as the

standard is atropine (C17H23NO3), as atropine is a natural principal alkaloid that is abundantly found in

plants with various uses in the medical field, such as analgesics and sedatives (Jakabová et al., 2012).

The TAC of the LO bark extract was measured at an absorbance of 470 nm, where the results

obtained from the TAC quantification were plotted in a graph (Figure 4.3) of absorbance against

concentration in ppm. The black circle represented the atropine standard's absorbance, whereas the

blue square represented the absorbance for the LO bark extract. The p-value is also less than 0.0001,

making the data statistically significant. The concentration obtained in ppm was then converted into

mg AE/g. It was determined that the LO bark extract contained 7.715 ± 1.414 mg AE/g, where 0.940

milligrams of atropine as an equivalent with a standard deviation of 1.414 mg would be present in 1

gram of LO bark extract.
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Figure 4.3. Total Alkaloid Content quantification of LO extract against quercetin as a standard. Black circle: Atropine
standard curve absorbances; Blue square: LO extract absorbance; Standard curve equation: ,𝑦: 0. 001021𝑥 + 0. 04058

R squared value: 0.9111; p-value: <0.0001

4.1.5 2,2-diphenyl-1-picrylhydrazyl (DPPH) Assay

The DPPH solution is a stable free radical violet in color at room temperature (Kedare &

Singh, 2011; Garcia et al., 2012). DPPH assay relies on the free radical scavenging activity of

antioxidants towards the solution, where the free radical in the antioxidants utilizes electron transfer

to reduce the nitrogen in the DPPH solution, turning the DPPH solution clear (Garcia et al., 2012;

Kedare & Singh, 2011). The presence of antioxidants will reduce the 2,2-diphenyl-1-picrylhydrazyl

compound into 1,1-diphenyl-1-picrylhydrazyl (Angjaya, 2022). In the DPPH assay, the lower the half

maximal inhibitory concentration (IC50), the better the compound's antioxidant activity. This is

because of the lower concentration required to scavenge half of the antioxidants in the DPPH

solution, where to be considered a good antioxidant, the IC50 has to be lower than 50 ppm (Olugbami

et al., 2014; Jadid et al., 2017). The DPPH solution is utilized due to its fast, simple, and highly

sensitive properties that could detect weaker antioxidants albeit its sensitivity towards light and

ability to react with other radicals (Bibi Sadeer et al., 2020; Garcia et al., 2012).

The solvent used for the DPPH assay is methanol, which was selected as it is more efficient

when compared to ethanol and isopropanol (La et al., 2021). As for the standard, ascorbic acid was

chosen due to its ability to scavenge free radicals from the aqueous phases of the cells and

circulatory system, simulating conditions inside the body (Beyer, 1994). Other than that, other

researchers commonly use ascorbic acid, allowing easier comparison, which is a natural and

abundant alternative to gallic acid, which could be harmful to humans (Researchgate, 2013).

The results from the DPPH assay were measured in a plate reader at an absorbance of 517

nm. LO bark extract was plotted against AA a graph (Figure 4.4) of percent (%) inhibition against

concentration in ppm. The blue circle represented LO extract, whereas the black square represented

AA. From the graph, it was observed that the IC50 of the LO extract is 48.660 ppm ± 3.97, whereas the
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IC50 of AA was observed at 3.853 ppm ± 2.27. Based on these results, it could be concluded that

ascorbic acid had stronger antioxidant activity in comparison to Litsea oppositifolia bark extract.

Figure 4.4. DPPH assay results of LO bark extract (blue) and Ascorbic acid (black). R squared value LO extract: 0.9660; R
squared value Ascorbic Acid: 0.9946.

Although the IC50 of the LO bark extract is considered strong, it is still higher than that of the

LO bark extract in ethanol conducted in a preliminary study by Zakhrifah (2019), where the IC50 of the

extract was 8.31 ± 0.04 ppm. Zakhrifah (2019) also showed that LO bark extract in ethanol had the

highest antioxidant activity compared to other solvents and parts of the plant, such as ethyl acetate

and n-hexane, and the leaf of the plant instead of the bark. As mentioned previously, a higher IC50

signified a weaker antioxidant activity. The difference in the IC50 of these extracts could be attributed

to the extract degradation, as the extracts were stored in the freezer prior to usage, and the plant

source of the extracts might be different. When compared to other species of the same genus,

namely Litsea cubeba and Litsea angulata, LO bark extract had stronger antioxidant activity, where

their bark macerated in ethanol showed an IC50 of 19.26 ppm and 26.81 ppm, respectively

(Wulandari et al., 2018; Kuspradini et al., 2019).

4.2 In vitro assay in HaCaT cell

4.2.1 UVB light irradiation optimization

The time for optimizing the UVB irradiation towards the HaCaT cells was 3, 6, and 24 hours at

a distance of 10 and 15 centimeters from the light source. This time was chosen as the time UV

radiation is strongest during the day is between 10 am and 4 pm, which is for 6 hours (EPA, 2022).

The consideration for 3 hours was that the duration is half of the strongest UV radiation, whereas, for

24 hours, it is an attempt to ensure cell death. The effect of UVB light irradiation on HaCaT cells was

analyzed by exposing the seeded HaCaT cells with a density of 1 104 cells to UVB light at distances of×
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10 and 15 centimeters from the light source and at a time of 3, 6, and 24 hours. After exposure

towards the designated time and distance, the cell viability was assessed using a

3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium (MTT) assay. MTT assay (seen in Figure 4.5) is a

colorimetric assay that utilizes the NADPH from cellular respiration in the mitochondria to reduce the

tetrazolium dye in the MTT reagent into formazan crystals, which are purple (Kuete et al., 2017).

Yellow                                                                   Purple

Figure 4.5. MTT Assay mechanism (Kamiloglu et al., 2020)

However, this only works in viable cells; therefore, the formazan formed is proportional to

the viability of the cells (Wachsmann & Lamprecht, 2012). The formazan has to be solubilized using

organic solvents to a colored solution, where the absorbance would be measured at 570 nm (Kuete

et al., 2017).

The results for UVB irradiation on HaCaT cells for the time of 3 hours are seen in Figure 4.5

below, where the graph is plotted as cell viability (%) of the HaCaT cells against the different types of

treatment. The treated cells at a distance of 10 cm and 15 cm showed a cell viability of 73.49% ±

24.97 and 69.75% ± 20.69, respectively.

Figure 4.6. UVB Irradiation optimization of HaCaT cells at 3 hours.The data is presented as mean ± standard deviation.
Black: Control (did not undergo UV irradiation); Orange: Underwent UV irradiation from a distance of 10 cm. Yellow:

Underwent UV irradiation from a distance of 15 cm.
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The results of UVB irradiation towards HaCaT cells at a time of 6 hours are seen in Figure 4.6

below, where the graph is plotted as cell viability (%) of the HaCaT cells against the different types of

treatment. The cells exposed at a distance of 10 cm showed a cell viability of 54.13% ± 9.47, while

the treated cells at a distance of 15 cm showed a cell viability of 49.81% ± 7.64.

Figure 4.7. UVB Irradiation optimization of HaCaT cells at 6 hours. The data is presented as mean ± standard deviation.
Black: Control (did not undergo UV irradiation); Orange: Underwent UV irradiation from a distance of 10 cm. Yellow:

Underwent UV irradiation from a distance of 15 cm.

Lastly, UVB irradiation was done on the HaCaT cells at 24 hours, as seen in Figure 4.7, where

the graph is plotted as cell viability (%) of the HaCaT cells against the different types of treatment.

The control for the 24-hour optimization showed a cell viability of 100% ± 13.25. Against the control

cells, the treated cells at a distance of 10 cm showed a cell viability of 19% ± 9.19, whereas the

treated cells at a distance of 15 cm showed a cell viability of  10.35% ± 2.52.
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Figure 4.8. UVB Irradiation optimization of HaCaT cells at 24 hours. The data is presented as mean ± standard deviation.
Black: Control (did not undergo UV irradiation); Orange: Underwent UV irradiation from a distance of 10 cm. Yellow:

Underwent UV irradiation from a distance of 15 cm.

The results from the UV irradiation optimization showed that exposure of the HaCaT cells to

the UVB light is indeed cytotoxic to the cells, as the cell viability decreased even in the shortest

amount of exposure. The adverse effects of UVB irradiation could be seen, where the UVB light

causes damage to the HaCaT cells by inducing ROS formation that causes oxidative stresses that may

result in melanoma (Han et al., 2021). This is further supported by excessive ROS formation in the

skin allowing the keratinocytes to enter apoptosis (Dutordoir & Bates, 2016). Excessive UV exposure

also promotes cytokine secretion that induces inflammation that could lead to hyperkeratosis,

thickened stratum corneum, the outermost layer of the epidermis (Kim et al., 2013; D'Orazio et al.,

2013; Farci & Mahabal, 2022). HaCaT cells exposed to UVB exposure by Kim et al. (2013) also showed

that the cell viability of the cells decreases as UVB irradiation increases. These cells were selected as

the skin model as it stimulates keratinocytes, which are most abundantly present in the epidermis of

the skin, where the UVB radiation penetrates, as it does until the stratum basale, which is the

innermost part of the epidermis (Yousef et al., 2021; Wang et al., 2019; Han et al., 2021).

As the UVB irradiation optimization at 3 hours yielded a high standard deviation, and the

optimization at 24 hours was too cytotoxic for the cells, UVB irradiation for 6 hours was chosen for

the subsequent cytotoxic and cytoprotective assays. For the cytoprotective assay, irradiation from a

distance of 15 cm will be chosen due to its cell viability under 50% and a lower standard deviation

compared to irradiation from a distance of 10 cm.
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4.2.2 Cytotoxic assay

The cytotoxic assay was conducted to assess the toxicity of a test compound, the Litsea

oppositifolia bark extract, and its comparator ascorbic acid against the cells, which in this case is

HaCaT, by measuring its cell viability after exposure to the test compound (Riss et al., 2019). A

substance would be considered cytotoxic if, after exposure to the substance, the cell viability of the

treated cells was reduced by 50% (Ogbole et al., 2017). Ascorbic acid was chosen as the comparator

for the cytotoxicity assay as it has been confirmed to suppress ROS generation in cell culture

experiments (Wu et al., 2020).

Cytotoxic assay of the Litsea oppositifolia bark extract and ascorbic acid was conducted in a

time of 6 hours, following the results from the UVB light irradiation optimization test. Seeded cells to

a density of 1 104 were first incubated for 24 hours until confluent before adding LO bark extract×

and AA treatments, as seen on the map in Figure 3.2. Next, the treated cells were incubated for 6

hours before washing and adding MTT reagent for the assay. The cells were then incubated for

another three hours before adding stop solution and assessing the cell viability through the plate

reader at a wavelength of 570 nm.

The cytotoxic assay results of Litsea oppositifolia bark extract can be seen in Figure 4.8,

where the graph is plotted as cell viability (%) of HaCaT cells against the concentration of LO bark

extract in ppm. The graph was plotted as mean ± standard deviation. Based on the graph, it could be

observed that the cell viabilities of the HaCaT cells in the range of LO bark extract concentrations are

more than or almost equal to 100%, albeit the high standard deviations. Because of this, it could be

concluded that the extract is not cytotoxic toward the HaCaT cells up to the 200 ppm concentration,

and all concentrations will be used in the cytoprotective assay. One-way ANOVA was performed on

the graph after passing the normality test, but no significant difference was observed from the

control.
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Figure 4.9. Cell viability of HaCaT cells when treated with LO bark extract after 6 hours of incubation. The data is
presented as mean ± standard deviation. Black: negative control (cells with no treatment); Concentrations of LO bark

extract is increasing from dark blue to light blue.

On the other hand, the cytotoxicity results of ascorbic acid can be seen in Figure 4.9, where

the graph is plotted as cell viability (%) of HaCaT cells against the concentration of AA in ppm. The

graph was presented as mean ± standard deviation. Based on the graph, it could be observed that

the cell viability of the HaCaT cells started to decrease significantly at 50 ppm of ascorbic acid,

indicating that the ascorbic acid starts to be cytotoxic towards the cells at 50 ppm. The decrease in

cell viability might be attributed to the generation of extracellular H2O2 as the mechanism of ascorbic

acid (Fröhmberg et al., 2020; Wu et al., 2020). Because of this, the ascorbic acid concentrations used

in the cytoprotective analysis would only be up to 50 ppm. One-way ANOVA was performed after

passing the normality test, but no significant difference was observed from the control. A high

standard deviation was observed from the LO bark extract and AA testing, which could be attributed

to pipetting errors throughout the experiment and uneven distribution of the seeding density of the

cells.
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Figure 4.10. Cell viability of HaCaT cells when treated with ascorbic acid after 6 hours of incubation. The data is
presented as mean ± standard deviation. Black: negative control (cells with no treatment); Concentrations of ascorbic

acid are increasing from dark purple to light purple.

4.2.3 Cytoprotective assay

The cytoprotective assay was conducted to assess the ability of the LO bark extract and AA to

protect the cells against UVB radiation. Cytoprotective assay of the Litsea oppositifolia bark extract

and ascorbic acid was conducted in 6 hours and from a distance of 15 cm from the UVB light source

following the results from the UVB light irradiation optimization test. Seeded cells to a density of 1×

104 were first incubated for 24 hours until confluent before adding LO bark extract and AA

treatments, as seen on the map in Figure 3.3, omitting the wells for ascorbic acid at 100 and 200

ppm. The treated cells were then incubated for 6 hours and at a distance of 15 cm from the UVB

lamp before washing and adding MTT reagent for the assay. The cells were then incubated for

another three hours before adding stop solution and assessing the cell viability through the plate

reader at a wavelength of 570 nm.

The result for the cytoprotective assay could be seen in Figure 4.10, where the graph is

plotted as HaCaT cell viability (%) against concentration in ppm. The graph was presented as mean ±

standard deviation. Based on the graph, all concentrations of the LO bark extract showed a

cytoprotective effect compared to the untreated cell, with a significant protective effect at 100 ppm

of LO bark extract. This is due to the higher cell viability of all treatments above the 0 ppm treatment,

and the statistical significance of P<0.05 when one way ANOVA was conducted, after passing the

normality test. These results showed that LO bark extract indeed had cytoprotective effects towards

UVB irradiation.
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Figure 4.11. Cytoprotective assay results of LO bark extract after six hours of UVB incubation time from a distance of 15

cm towards HaCaT cells. The data is presented as mean ± standard deviation. Black: negative control (did not enter UV
box); Grey: untreated cells irradiated with UV. Concentrations of LO bark extract is increasing from dark blue to light

blue. * indicates statistical significant difference against the negative control (P<0.05). **** indicates a statistical
significant difference against the negative control (P<0.0001).

On the other hand, the cytoprotective results of ascorbic acid can be seen in Figure 4.11,

where the graph is plotted as cell viability (%) of HaCaT cells against the concentration of AA in ppm.

The graph was presented as mean ± standard deviation. Based on the graph, it could be observed

that the cell viability of the treated HaCaT cells showed a significant cytoprotective effect at

concentrations of 25 ppm and 50 ppm. This could be attributed to the increased cell viability when

compared to the 0 ppm treatment, and when one way ANOVA was conducted after the normality

test had passed, a statistical significance of P<0.01 and P<0.05 were observed at AA treatments of 25

and 50 ppm respectively. The decrease in statistical significance between ascorbic acid treatments at

concentrations of 25 ppm and 50 ppm could be attributed to the the generation of extracellular H2O2

as the mechanism of ascorbic acid, as observed in the cytotoxic assay of ascorbic acid (Fröhmberg et

al., 2020; Wu et al., 2020). The results would signify that ascorbic acid had better cytoprotective

ability when compared to LO bark extract, as a lower concentration was required to reach a

significant cytoprotective effect.
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Figure 4.12. Cytoprotective assay results of ascorbic acid after six hours of UVB incubation time from a distance of 15 cm

towards HaCaT cells. The data is presented as mean ± standard deviation. Black: negative control (did not enter UV box);
Grey: untreated cells irradiated with UV. Concentrations of ascorbic acid are increasing from dark purple to light purple.

* indicates statistical significant difference against the negative control (P<0.05). ** indicates a statistical significant
difference against the negative control (P<0.01).

Results from the cytoprotective assay were supported by the DPPH assay, as ascorbic acid

had a significantly lower IC50 when compared to LO bark extract, which indicated that ascorbic acid

was still a stronger antioxidant when compared to LO bark extract. However, results from the DPPH

assay confirmed that both are strong antioxidants, as the IC50 of both treatments is less than 50 ppm,

which is eligible to be considered a strong antioxidant. In addition, results from quantifying

phenolics, flavonoids, and alkaloids also confirmed the presence of such phytochemicals in different

amounts, which further supports the antioxidant properties of LO bark extract.
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CHAPTER 5: CONCLUSION AND RECOMMENDATIONS

Litsea oppositifolia bark extract was measured for its cytoprotective ability against UVB

exposure due to its antioxidant properties, which is also present in other Litsea plants. This research

combined the preliminary results of TPC, TAC, TFC, and phytochemical screening of the extract, also

with evaluation of the antioxidant content through DPPH assay, followed with cytotoxic and

cytoprotective assay towards HaCaT cells after optimization of the UVB exposure. Although the DPPH

assay showed that LO bark extract is a strong antioxidant with an IC50 of 48.660 ppm ± 3.97, it is still

weaker than ascorbic acid with an IC50 of 3.853 ppm ± 2.27.

Prior to the cytotoxic and cytoprotective assays of the LO bark extract, UVB optimization was

carried out, where the optimum time and distance that kills roughly 50% of the HaCaT cells were

determined at 6 hours from a distance of 15 cm. Cytotoxicity assay for LO bark extract showed no

cytotoxic activity, whereas for AA, the decrease in cell viability at 50 ppm was determined to be

cytotoxic and therefore the concentration of AA at 100 and 200 ppm were not used for the

cytoprotective assay. The cytoprotective assay showed that LO bark extract exhibited cytoprotective

abilities at 100 ppm when exposed to UVB light. However, AA still had stronger cytoprotective

abilities at lower concentrations, namely 25 and 50 ppm. Therefore, although it was confirmed that

LO bark extract exhibited antioxidant activity and cytoprotective abilities, it is still inferior when

compared to AA.

For further research, fresh extract should be made to ensure no degradation occurred prior

to the experiment, followed by improvement of aseptic techniques and laboratory skills to prevent

contamination and unwanted errors. Comparing the extraction method and solvent used for

obtaining the LO bark extract for its phytochemical may also be a viable option. Identifying the

compounds that might be contained in the extract that could exert protective abilities against UV

radiation could also be attempted using LC-MS. A major limitation in this research is the lack of study

of the effects of the LO bark extract towards the gene expression of the cells, therefore gene

expression analyses could be conducted to further investigate the effects of LO bark extract towards

the cells.
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APPENDICES

Table 6.1. Raw data of the DPPH assay of LO bark extract

Concent
ration
(ppm)

7.8125 16.625 31.25 62.5 125 250 500 1000

29.9340 25.9864 38.4925 43.9627 62.2498 59.1242 71.8737 65.7574

16.4824 19.2821 32.8930 44.8241 63.8622 63.2161 71.4429 64.5513

16.9993 20.6174 33.3668 48.5714 66.1881 63.6468 72.5197 67.3941

Table 6.2. Raw data of the DPPH assay of ascorbic acid

Concentrati
on (ppm)

3.215 6.25 12.5 25 50 100

29.9340 25.9864 38.4925 43.9627 62.2498 59.1242

16.4824 19.2821 32.8930 44.8241 63.8622 63.2161

16.9993 20.6174 33.3668 48.5714 66.1881 63.6468

Table 6.3. Raw data of the UVB irradiation optimization

Time (hours) Control 10 cm 15 cm

3 108.7624904 62.04428841 57.78022583

87.85549577 58.27707264 57.82153677

103.3820138 103.2811234 93.63811622

6 94.17213431 47.66899767 49.13937867

110.4978773 49.71694972 57.7665827

95.32998842 65.001665 42.52728799

24 108.9585474 9.497251859 7.800829876

84.78074683 27.85321694 10.40536227

106.2607057 19.75428387 12.85668688
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Table 6.4. Raw data of the cytotoxic assay of LO bark extract

Control 6.25 12.5 25 50 100 200

82.5834 167.9725 186.3949 199.1001 174.4839 136.2096 68.5548

120.8576 122.234 207.0408 159.2377 55.532 66.4902 136.2096

96.559 105.7173 147.009 131.9217 153.2028 89.0418 166.702

Table 6.5. Raw data of the cytotoxic assay of ascorbic acid

Control 6.25 12.5 25 50 100 200

82.5834 51.0852 100.4764 112.7051 59.9788 45.2091 60.7729

120.8576 101.4293 141.1329 150.0265 82.8481 69.8253 62.9963

96.559 198.4648 127.1572 151.1382 121.5987 63.4727 73.3192

Table 6.6. Raw data of the cytoprotective assay of LO bark extract

Control 0 6.25 12.5 25 50 100 200

82.5834 35.5744 52.7498 48.3835 45.8497 45.5448 57.6476 46.8643

120.8576 48.2795 57.5871 45.6123 40.2946 48.7501 62.04 40.8709

96.559 40.3388 60.4809 54.5136 40.8886 53.3525 67.7794 38.6339

Table 6.7. Raw data of the cytoprotective assay of ascorbic acid

Control 0 6.25 12.5 25 50

82.5834 35.5744 54.9227 57.0467 76.493 60.7255

120.8576 48.2795 55.5732 57.4857 77.2944 69.3437

96.559 40.3388 59.6501 57.354 72.2572 64.2483
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