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Barleria lupulina Lindl., colloquially referred to as “Penawar Seribu Bisa,” is a
member of the Acanthaceae family. It has been a traditional remedy among indigenous
communities in northern Malaysia, revered for its efficacy in treating various ailments
owing to its rich medicinal properties and plethora of bioactive compounds. The
objective of this study is to assess the antioxidant properties of B. lupulina leaves,
elucidate the presence of bioactive compounds, and explore their potential application
in cosmeceutical formulations. The assessment of antioxidant activities involved a
combination of conventional and modern extraction techniques, including Soxhlet
Extraction (SE), Ultrasound-Assisted Extraction (UAE), and Microwave-Assisted
Extraction (MAE). Statistical analysis utilized both the One Variable At Time
(OVAT) approach and Response Surface Methodology (RSM) to obtain the optimal
conditions for extracting the highest levels of antioxidant bioactive compounds.
Various antioxidant assay methods were employed, encompassing Total Phenolic

Content (TPC), Total Flavonoid Content (TFC), as well as 1,1-diphenyl-2-



picrylhydrazyl (DPPH) and 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulfonic acid)
(ABTS) assays. The findings revealed Microwave-Assisted Extraction (MAE) as
notably an efficient technique, with optimal extraction conditions identified as 80%
ethanol at 600 W for 30 seconds. A comprehensive analysis utilizing Ultra-High-
Performance Liquid Chromatography-Quadrupole Time-of-Flight Mass Spectrometry
(UHPLC-QTOF/MS), Gas Chromatography-Mass Spectrometry (GCMS), and
Fourier-Transform Infrared Spectroscopy (FTIR) successfully identified 26
compounds with both cosmetic and medicinal properties. The toxicity evaluation
utilizing Inductively Coupled Plasma-Mass Spectrometry (ICP-MS) revealed that the
concentration of metals remains within acceptable limits. Additionally, the Brine
Shrimp Lethality Assay (BSLA) demonstrated no mortality effects from the extracts
on brine shrimp. Thus, these findings affirm the non-toxicity of the B. lupulina leaf
extracts. A functional cosmetic analysis using in vitro method demonstrated that the
extracts may serve as natural photoprotective agents and natural inhibitors of
tyrosinase, collagenase and elastase. In therapeutic assessment, the extracts
demonstrated anti-inflammatory activities by increasing of interleukin-10 and
decreasing of interleukin-6 and interleukin-8. The extracts may facilitate wound
healing by showing cell migration as early 4 hours after injury and fully close after 24
hours treatment. The comprehensive development and characterization of the
cosmeceutical formulation demonstrated that the facial serum had favorable textural
qualities and desirable rheological properties, making it a promising potential in
enhancing skin conditions. This innovative approach to formulating cosmeceuticals,
particularly through the incorporation of active ingredient sourced from B. lupulina

leaf extracts, has led to the creation of highly effective products with significant



benefits for skin health. These advancements hold great promise for the cosmeceutical

industry, offering valuable ingredients derived from plant-based materials.

Keywords: Barleria lupulina Lindl. One Variable At Time (OVAT), Response

Surface Methodology (RSM), Microwave-Assisted Extraction (MAE), cosmeceutical

SDG: GOAL 3: Good Health and Well-being
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Barleria lupulina Lindl., secara santai dirujuk sebagai “Penawar Seribu Bisa,”
merupakan ahli keluarga Acanthaceae. la telah diguna secara tradisional di kalangan
komuniti asli di utara Malaysia kerana keberkesanannya dalam merawat pelbagai
penyakit dan sifat perubatannya yang kaya dengan pelbagai sebatian bioaktif.
Matlamat kajian ini adalah untuk menilai sifat antioksidan daun B. lupulina,
mengenalpasti sebatian bioaktif yang hadir, dan meneroka aplikasi potensinya dalam
formulasi kosmeutikal. Penilaian aktiviti antioksidan melibatkan gabungan teknik
pengekstrakan konvensional dan moden, termasuk Pengekstrakan Soxhlet (SE),
Pengekstrakan Bantuan Gelombang Bunyi (UAE), dan Pengekstrakan Bantuan
Gelombang Mikro (MAE). Analisis statistik menggunakan pendekatan Satu
Pembolehubah Pada Satu Masa (OVAT) dan Metodologi Permukaan Tindak Balas
(RSM) untuk mendapatkan keadaan optimum dalam mengekstrak sebatian bioaktif

antioksidan tertinggi. Pelbagai kaedah ujian antioksidan digunakan, termasuk

iv



Kandungan Fenolik Total (TPC), Kandungan Flavonoid Total (TFC), serta ujian 1,1-
difenil-2-pikrilhidrazil (DPPH) dan 2,2’-azino-bis(3-etilbenzotiazolin-6-sulfonat)
(ABTS). Penemuan menunjukkan Pengekstrakan Bantuan Gelombang Mikro (MAE)
teknik yang sangat berkesan, dengan keadaan pengekstrakan optimum dikenalpasti
sebagai 80% etanol pada 600 watt selama 30 saat. Analisis menyeluruh menggunakan
Kromatografi Cecair Prestasi Ultra-Tinggi-Kuadrupel Masa Penerbangan/
Spektrometri Jisim (UHPLC-QTOF/MS), Kromatografi Gas-Massa Spektrometri
(GCMS), dan Spektroskopi Infra Merah Transformasi Fourier (FTIR) berjaya
mengenal pasti 26 sebatian dengan sifat kosmetik dan perubatan. Penilaian toksisiti
menggunakan Inductively Coupled Plasma-Mass Spectrometry (ICP-MS)
menunjukkan kepekatan logam berada dalam had yang diterima. Tambahan pula,
Bioasai Kemautan Udang Brin (BSLA) menunjukkan tiada kesan kematian daripada
ekstrak ke atas udang air garam. Oleh itu, penemuan ini mengesahkan bahawa ekstrak
daun B. lupulina adalah tidak toksik. Analisis kosmetik menggunakan kaedah dalam
vitro menunjukkan ekstrak boleh berfungsi sebagai agen semulajadi fotoprotektif dan
perencat tirosinase, kolagenase, dan elastase. Dalam penilaian terapeutik, ekstrak
menunjukkan aktiviti anti-radang dengan peningkatan interleukin-10 dan penurunan
interleukin-6 dan interleukin-8. Ekstrak tersebut boleh memudahkan penyembuhan
luka dengan menunjukkan migrasi sel seawal 4 jam selepas kecederaan dan penutupan
penuh selepas rawatan 24 jam. Pembangunan dan pencirian komprehensif formulasi
kosmeutikal menunjukkan serum muka mempunyai tekstur yang baik dan sifat
rheologikal yang diingini, menjadikannya berpotensi dalam meningkatkan keadaan
kulit. Pendekatan inovatif untuk membentuk kosmeutikal, terutamanya dalam
penggunaan bahan aktif yang diperoleh dari ekstrak daun B. lupulina, telah

menghasilkan produk yang sangat berkesan dengan manfaat yang ketara untuk



kesihatan kulit. Kemajuan ini menjanjikan untuk industri kosmeutikal, menawarkan

bahan berharga yang berasal dari bahan tumbuhan.

Kata Kunci: Barleria lupulina Lindl. Satu Pembolehubah Pada Satu Masa (OVAT),
Metodologi Permukaan Tindak Balas (RSM), Pengekstrakan Bantuan Gelombang

Mikro (MAE), kosmeutikal

SDG: GOAL 3: Good Health and Well-being
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

Plants have been used for millennia for their extraordinary potential in treating and
preventing oxidative stress-related disorders. Plants are rich in a broad range of
naturally occurring antioxidants, distinct in their composition, physicochemical
properties, sites of occurrence, and mechanisms of action (Salehi et al., 2020). Plant
compositions may vary according to geography, climate (Jargalsaikhan et al., 2021;
Li et al, 2019), and the processing technique used in the extraction

(Gopalasatheeskumar et al., 2022; Azwanida, 2015).

Phytochemicals, the bioactive compounds derived from plants, exhibit potent
antioxidant properties, along with other beneficial effects such as antibacterial, anti-
inflammatory, and other biological properties (Phan et al., 2018; Kara$ et al., 2017).
They are commonly categorized into primary and secondary metabolites based on
their respective roles in metabolic processes. Primary metabolites are integral to
fundamental functions like respiration, growth, cell division, photosynthesis, and food
storage. Secondary metabolites, on the other hand, are produced in limited quantities
and often at specific growth stages. They are primarily involved in plant defense
against various stresses, including biotic and abiotic factors such as light intensity,
temperature, water availability, and soil composition. These factors collectively
impact the productivity and quality of plants (Ramphinwa et al., 2023; Oulahal &
Degraeve, 2022). The effectiveness of phytochemicals in promoting health hinges on

their purity and structural stability. The extraction process of phytochemicals can be



influenced by factors such as the matrix containing the phytochemical, extraction
method, solvent choice, temperature, and duration, which, in turn, can significantly
impact the yield, purity, and structural integrity of the extracted compounds (Kumar

etal., 2023).

Naturally derived ingredient-based products have garnered global popularity owing to
their safety, compatibility with all skin types, minimal side effects, and widespread
availability that synthetic ingredients often lack (Goyal et al., 2022). This shift can be
attributed to consumers’ increasing awareness of the adverse health and environmental
impacts associated with synthetic chemicals. Plants, a longstanding natural resource,
have been utilized for centuries, and their positive effects on human skin are well-
acknowledged. Traditional plant-based skincare remedies, ranging from teas and
infusions to ointments and lotions, have historically been employed to address various
skin concerns, including discolorations and changes in elasticity, as well as certain
medical conditions (Tabassum & Hamdani, 2014). Cosmetic formulations enriched
with bioactive compounds not only meet diverse skincare needs effectively but also
boast greater eco-friendliness compared to conventional cosmetics. Plant extracts
incorporated into cosmetic products serve as reservoirs of biologically active
substances that exert significant effects on human skin. These extracts exhibit a broad
spectrum of properties, offering therapeutic benefits for conditions like acne, psoriasis,
or atopic dermatitis while also contributing to skincare through attributes such as
antioxidant, antibacterial, astringent, moisturizing, regenerating, cleansing,

smoothing, or lightening effects (Michalak, 2023).



Barleria lupulina Lindl., a member of the Acanthaceae family, is indigenous to East
Africa (Mauritius), Eastern India, and Bangladesh (Banerjee et al., 2021). The
hophead philippine violet is its common name and goes by several regional names.
These include Penawar seribu bisa (Malaysia), Landik (Indonesia), Sa-let-pangpon,
Chong-ra-ar (Thailand), Kanta vishalyakarni (India), and Neel saireyak (Sanskrit)
(Ismail-Suhaimy et al., 2021). In Malaysia, it is extensively cultivated in the north and
is used as an alternative medicine by indigenous people (Samuel et al., 2010).
Traditionally, the plant leaves have been employed for medicinal purposes, addressing
a range of conditions such as snakebites, swelling, body aches, cough, fever, eczema,
itches, bleeding wounds, and rheumatism (Banerjee et al., 2021; Kumari & Dubey,
2016; Moin et al., 2012). These leaves possess a range of pharmacological properties,
such as antibacterial, anti-inflammatory, antidiabetic, antiulcer, antimitotic, diuretic,
saluretic, kaliuretic, antiarthritic, antiviral, psychopharmacological, anticancer,
analgesic, antioxidant, and immunomodulatory activities (Sawarkar et al., 2023;
Banerjee et al., 2021; Gangaram et al., 2021). Over time, researchers have identified
and elucidated various phytoconstituents, with saponins, glycosides, resins, steroids,
phenolic compounds, alkaloids, tannins, and flavonoids emerging as predominant
components (Sawarkar et al.,2023). This knowledge positions the herb as a promising
candidate for the isolation of biomarkers, potentially paving the way for the

development of novel drugs.

Cosmetics can improve an individual’s appearance and personality, making them a
daily necessity. Cosmetics can be segmented into the following categories: skin care
(cream, toner, moisturizer, serum, face mask, and others), makeup (foundation,

lipsticks, eyebrows, and others), hair care (shampoo, conditioner, along with others),



and fragrances (perfumes). Cosmeceuticals are cosmetic products that contain active
ingredients, such as vitamins, minerals, antioxidants, and peptides, that provide
therapeutic or medicinal benefits to the skin. They are designed to improve the health
and appearance of the skin by delivering targeted and scientifically validated active
ingredients that can improve the texture, tone, and overall quality of the skin. (Nguyen
et al., 2020; Pandey et al., 2019; Milam & Rieder, 2016). Over the years, a growing
fascination with medicinal and cosmetic products derived from plant materials has
been noted in highly developed nations. Numerous studies have highlighted the
positive impacts of various plants and their constituents on skin health, encompassing
moisturizing effects (e.g., Hydrangea serrata), anti-aging properties (e.g., Euphorbia
characias), antimicrobial attributes (e.g., Betula pendula), antioxidant qualities (e.g.,
Rosmarinus officinalis), anti-inflammatory features (e.g., Helianthus annuus),
regenerative capabilities (e.g., Aloe vera), wound healing potential (e.g., Agrimonia
eupatoria), photoprotective activities (e.g., Calea fruticose), anti-tyrosinase activity
(e.g., Schisandra chinensis), serving as coloring agents (e.g., Hibiscus sabdariffa) and
providing protective and aromatic elements (e.g., Verbena officinalis) (Michalak,

2023).

The term “Reactive Oxygen Species” (ROS) refers to a wide variety of oxidant
molecules with vastly diverse properties and biological functions, ranging from cell
signaling to cell damage (Sies et al., 2022). ROS is a by-product of cellular metabolism
produced by all living things. Organisms have antioxidant defenses, such as enzymes,
proteins, and micronutrients; however, an overproduction or failure in the antioxidant
system may allow ROS to accumulate, triggering “oxidative stress” (Sies et al., 2017).

An increase in oxidative stress can have severe repercussions on biological systems,



including the deterioration of molecules such as nucleic acids, lipids, and proteins,
which can significantly harm health (Carocho & Ferreira, 2013). Exogenous sources
of ROS may include nutrients, alcohol, medications, industrial solvents, heavy metals,
transition metals, air pollution, physical stressors (UV, X-rays, and others), and

lifestyle (Jimenez et al., 2022).

Antioxidants are defined broadly as any substance that delays, prevents, or eliminates
oxidative damage to a target molecule (Gutteridge & Halliwell, 2000). Studies have
shown that antioxidants are implicated in various human health-related processes,
including illness treatment, prevention, and general health maintenance, due to their
capacity to lower oxidative stress (Neha et al., 2019). Antioxidant compounds inhibit
the chain reaction of oxidation by a variety of mechanisms. The natural antioxidant
defense consists of endogenous antioxidants generated by the body and exogenous

antioxidants taken from external sources (Mut-Salud et al., 2016).

The skin is a dynamic organ comprising various cell types and structures
synergistically working to maintain the integrity of the cutaneous barrier and combat
external stressors. In addition to averting desiccation, shielding against chemical
damage, and preventing hypothermia, this protective barrier defends the body from
potential pathogens through employing a sophisticated innate immune response and a
co-adapted community of commensal microorganisms (Smythe & Wilkinson, 2023).
Skin reflects culture, lifestyle, age, and general health. Skin with even color, tone, and
pigmentation, as well as a smooth surface, is frequently regarded as an indication of
health and beauty (Cavinato, 2019). Every day the skin is constantly exposed to

various harmful factors that induce oxidative stress. This is why the skin, among all



organs, is the most prominent in revealing indications of aging or dermal
transformations. Aging and environmental pollution, especially ultraviolet (UV)
radiation, are two of the most significant physiological changes that can adversely

affect the skin’s appearance (Krutmann et al., 2017; Rodan et al., 2016).

The global cosmetic market is booming, with its size reaching USD 277.67 billion in
2020, and is expected to reach a valuation of more than USD 400 billion by 2028
(Fortune Business Insights, 2021). The growth is fueled by a couple of trends; one
is the rising demand for anti-aging products, with the market expected to increase at a
compound annual growth rate (CAGR) of about 8% from 2022 to 2030, from an
estimated USD 60 billion in 2021 to USD 120 billion by 2030 (Custom Market
Insights). Two is the significant use of skin-whitening products, with 15% of the
global population using them, particularly in Asia (Pillaiyar et al., 2017). Recognizing
this market potential, The Malaysian External Trade Development Corporation
(MATRADE) identifies the opportunities for Malaysia’s beauty industry to capitalize
on export growth and solidify the country’s position within the global beauty market.
As a result of this expanding market, research efforts are intensifying to enhance
consumer contentment by incorporating natural ingredients and innovating the most

efficient delivery mechanisms.

Thus, this study sought to develop a cosmeceutical product incorporating Barleria
lupulina Lindl. leaf extracts. Emphasis was placed on determining an efficient
extraction method to yield optimal antioxidant components and evaluating the

functional cosmetic attributes and medicinal properties inherent in the plant to meet



the specified objective. Following the formulation, the cosmeceutical product was

subjected to in vitro evaluation to validate its efficacy and safety.

1.2 Problem Statement

Cosmetic products are widely utilized globally, and their efficacy in enhancing
physical appearance and personal hygiene is undeniable. Furthermore, the utilization
of these cosmetic items has experienced a surge in popularity due to technological
advancements, evolving fashion trends, and the allure of a luxurious lifestyle.
Cosmetics contain a number of different components. However, certain components
incorporated in cosmetics, such as heavy metals, hydroquinone, and microorganisms,
have the potential to cause a range of health issues, including neurotoxicity,
carcinogenic health effects, oxidative stress, skin allergies, and skin ulcers (Li et al.,
2021; Ghaderpoori et al., 2020). In addition, excessive amounts of certain components
can be toxic and lead to major health concerns. Metals like lead carbonate and mercury
chloride are utilized in cosmetic products due to their cleansing and skin-whitening
properties (Ababneh & Al-Momani, 2018). However, they may result in allergic
responses and can permeate the skin’s appendages or traverse the intercellular and
intracellular routes, ultimately entering the human circulatory system (Arshad et al.,
2020). Hydroquinone is commonly found in fairness creams since it inhibits the
production of melanin and treats melasma. Regardless, the prolonged utilization of
these products has been documented to result in unfavorable outcomes such as
inflammation, skin inflammation, degradation of melanin, and ochronosis (Chisvert et
al., 2010; Moldovan et al., 2017). Although they are necessary components of
cosmetics, many components, such as flavors and preservatives, are known to cause

allergic reactions upon application or consumption (Sharmeen et al., 2021).



Considering the demand for cosmeceutical products, significant efforts were made to
develop a safer formulation for consumers. In this perspective, the present study aimed
to develop cosmeceutical formulations using natural sources of plant-based active
components in formulations for topical applications that are potentially safer and more
effective. Furthermore, research suggests that natural ingredients are more readily
assimilated by the superficial layers of the skin, which can reduce skin allergy issues

(Linetal., 2017).

Throughout history, Barleria lupulina Lindl. leaves have been utilized topically in
traditional medicine to address a wide array of ailments, ranging from snakebites and
dog bites to swelling, boils (painful, pus-filled bumps that develop under the skin
caused by a bacterial infection), and rheumatism. Remarkably, this plant boasts an
extensive array of pharmacological properties, including antibacterial, anti-
inflammatory, antidiabetic, and antiviral activities, among others. Researchers have
meticulously examined various phytoconstituents over time, identifying prevalent
components such as saponins, glycosides, resins, steroids, phenolic compounds,
alkaloids, tannins, and flavonoids. This knowledge positions the plant as a promising

resource for pharmaceuticals and potentially the development of innovative cosmetics.

Plant constituents exhibit significant variation depending on geographical origin,
climatic conditions (Jargalsaikhan et al., 2021), and extraction methods (Abubakar &
Haque, 2020). This variability necessitates a comprehensive approach to natural
product evaluation. Therefore, the present study was undertaken to screen the
chemical constituents using several methods, evaluate their antioxidant capacity, and

determine their functional cosmetic and therapeutic properties. The challenges of this



study were optimizing the extraction conditions to obtain optimal antioxidant activity

using efficient methods and developing a suitable formulation to ensure the stability

and efficacy of active ingredients and product safety.

1.3

Objectives

The general objective of the study was to optimize the conditions for extracting

antioxidants from Barleria lupulina Lindl. leaves, evaluate their antioxidant capacity,

functional cosmeceutical activities, therapeutic properties, and efficacy as a

cosmeceutical product for topical application.

The following are the specific objectives:

To optimize the extraction conditions of B. lupulina Lindl. leaf extracts for

maximum antioxidant activity.

To identify the bioactive compounds of B. lupulina Lindl. leaf extracts using
Gas Chromatography—Mass  Spectrometer (GC-MS), Ultra-high-
performance liquid chromatography-quadrupole time-of-flight mass
spectrometry (UHPLC-QTOF/MS), and Fourier-transform infrared
spectroscopy (FTIR).

To evaluate the safety of B. lupulina Lindl. leaf extracts using Inductively
Coupled Plasma-Mass Spectrometry (ICP-MS) and Brine Shrimp Lethality
Assay.

To determine the functional cosmeceutical properties and therapeutic

properties of B. lupulina Lindl. leaf extracts.

To develop a cosmeceutical formulation containing B. lupulina Lindl. leaf

extracts and to evaluate the in vitro efficacy and safety of formulation.



1.4 Scope of Study

In this study, the exploration of B. lupulina Lindl. as an alternative active ingredient
in cosmeceutical formulations is divided into six stages. The first stage is the
optimization of extraction conditions for maximum antioxidant activities using One-
Variable-At-Time (OVAT) and Response Surface Methodology (RSM). The second
stage is the identification of compounds via GC-MS, UHPLC-QTOF/MS, and FTIR.
The third stage is the determination of the toxicity level by using ICP-MS and Brine
Shrimp Lethality Assay, followed by the evaluation of the functional cosmeceutical
properties. These include photoprotective activity, anti-tyrosinase activity, anti-
elastase activity, and anti-collagenase activity. The evaluation of the therapeutic
properties of the extract, such as cytotoxicity, anti-inflammatory activity, and wound
healing properties, are performed in in vitro studies. The final stage is the development
of the cosmeceutical formulation, i.e., facial serum containing B. lupulina Lindl. leaf
extracts (BLLE) and the evaluation of their stability, physiochemical properties,

efficacy, and safety.

1.5 Significance of Study

The objective of this research is to investigate the most effective extraction methods
for obtaining the greatest level of antioxidant activity of B. lupulina Lindl. The
identification of compounds and their associated functional cosmeceutical and
therapeutic properties may provide valuable insights for the cosmetic and

pharmaceutical sectors.
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