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ABSTRACT

A meroterpene phenol with promise anti-aging, anti-inflammatory, and antibacterial qualities, bakuchiol has
attracted a lot of interest in the cosmetics business. This review paper offers a thorough analysis of bakuchiol's
topical application, emphasizing its physicochemical characteristics, sources, bioactivities, nanotechnology delivery
methods, and toxicological and regulatory issues. The main source of bakuchiol is the seeds of the Asian natural
medicinal plant Psoralea corylifolia. But because of its poor seed germination rates and high seedling mortality,
this plant is vulnerable. The review covers methods for reviving plants from fragments of roots as well as ways to
confirm the legitimacy of the plant and stop fakes. Bakuchiol has antifungal, antibacterial, antioxidant, anti-
inflammatory, antiaging, depigmenting, and anticancer properties that are the principal skin bioactivities.
Bakuchiol is a promising substitute for topical retinoids because it has been demonstrated to have retinol-like effects
on gene expression. Research conducted in vivo has indicated noteworthy decreases in photodamage,
hyperpigmentation, wrinkles, and acne severity when bakuchiol is used either by itself or in conjunction with other
products. The development of novel bakuchiol skin delivery methods, including micro- and nano-sized systems for
medical and cosmetic uses, is also covered in the review. These delivery methods seek to strengthen bakuchiol's
transdermal distribution and its physicochemical characteristics. Lastly, taking into account user safety as well as
the influence on the environment, the paper discusses regulatory challenges, metabolic considerations, and
toxicological concerns associated to the use of bakuchiol in cosmetic and dermo pharmaceutical formulations. As a
result, readers will have a thorough understanding of the potential of bakuchiol as a natural retinol-like component
in medicinal and cosmetic applications for skin health and youthfulness

Keyword: - Bakuchiol, plant-based skincare, Anti-aging, Psoralea corylifolia, Meroterpene, Antioxidant.

1. INTRODUCTION

A naturally occurring substance called bakuchiol exists in the seeds and leaves of the Psoralea corylifolia plant,
consequently referred as babchi. Bakuchiol, traditionally utilized in Chinese and Ayurvedic medicine, has drawn a
lot concerning interest recently as a possible skincare substitute for retinoids, especially retinol. In contrast to retinol,
which is an artificially produced form of vitamin A, bakuchiol is a non-sensitizing substance derived from plants.
Despite having a very different structure from retinoids, it has comparable effects on the skin. It has been
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demonstrated that bakuchiol possesses anti-aging properties through inducing the creation of collagen, diminishing
the visibility of fine lines and wrinkles, and enhancing skin elasticity. [1,2] Its antibacterial, anti-inflammatory, and
antioxidant qualities also make it a good choice for treating acne and other skin issues. Bakuchiol's improved
tolerability over conventional retinoids is one of its main benefits. Retinoids have a number of negative effects that
can limit its use, especially for people with sensitive skin, including as dryness, inflammation, and photosensitivity.
[3,4] For people who cannot take retinoids, bakuchiol is a desirable alternative because it is generally well-tolerated
and has fewer documented side effects. As a novel, plant-based substitute for retinoids, bakuchiol provides better
tolerability along with comparable skin benefits. As it becomes more and more well-known in the skincare sector,
more research is necessary to properly comprehend its modes of action, effectiveness, and potential as a
commonplace ingredient in skincare products. [2,4,5]

Background history of Bakuchiol: Mehta et al. isolated this meroterpenoid for the first time in 1966 from the seeds
of Psoralea corylifolia, a plant used in traditional Chinese and Ayurvedic medicine. The Sanskrit word "Bakuchi,"
which refers to the plant, is the source of the name "Bakuchiol”. The commercial use of bakuchiol, under the brand
name Sytenol A, started in 2007, despite the fact that its complete synthesis was achieved in 1973. Due to its
antibacterial, anti-inflammatory, and antioxidant qualities, it has drawn attention and shown promise in treating skin
disorders and as a retinol substitute for anti-aging benefits. Clinical research has shown that, when compared to
retinol, it is more effective in improving photoaging and enhancing skin tolerability. [4-6]

Psoralea corylifolia has long been used in traditional Chinese and Ayurvedic medicine: Bakuchiol, also known as
Psoralea corylifolia, has a long history of traditional usage in Traditional Chinese Medicine (TCM) and Ayurveda.
Ayurvedic medicine: Psoralea corylifolia is highly regarded in Ayurveda for its effectiveness in treating a variety of
skin disorders, including vitiligo (leukoderma) and other skin ailments like psoriasis and eczema. The seeds are
applied externally in a variety of forms, such as pastes and ointments. Their anti-inflammatory, aphrodisiac, and
diuretic qualities are also used internally. Furthermore, the plant is used to treat conditions including asthma, fever,
and digestive issues and is said to balance the doshas, especially Kapha and Vata. [5,6]

According to traditional Chinese medicine (TCM), Psoralea corylifolia is used to maintain the health of the kidneys
and spleen and is seen as having a warm temperament. It is known for its antibacterial and anti-inflammatory
qualities and is mostly used to treat skin conditions, including vitiligo. Additionally, the seeds are utilized to improve
fertility and treat ailments including osteoporosis and nephritis. Because of its many therapeutic uses, Psoralea
corylifolia has, in general, been a vital component of conventional medical procedures. Figure 1.1 gives structural
illustration of bakuchiol [6-8]

Fig 1.1: Structure of bakuchiol
1.1 Sources of Bakuchiol:

1.1.1 Natural Sources: The majority of bakuchiol comes from natural plant sources; Psoralea corylifolia is the most
famous of these. The key bakuchiol sources and their importance are described in depth in the following sections:
Botanical Description of Psoralea corylifolia, also known as the Babchi Plant:
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A perennial herbaceous plant in the Fabaceae family is called Psoralea corylifolia. Asia's tropical and subtropical
regions, which include Southeast Asia, China, and India, are home to it. Trifoliate leaves and tiny purple or white
blooms adorn this normally 30- to 60-cm-tall plant.[4]

* Parts Used: The seeds and leaves of the babchi plant are the main sources of bakuchiol. Compared to other sections
of the plant, the seeds have a larger concentration of bakuchiol.

* Traditional Use: Psoralea corylifolia has been utilized for its therapeutic qualities, including as treating skin
diseases, rheumatism, and digestive disorders, in traditional Chinese and Ayurvedic medicine. Known as "Babchi,"”
the seeds have played a significant role in various folk treatments.

* Extraction Techniques: A variety of techniques, such as solvent extraction, steam distillation, and supercritical fluid
extraction, are used to extract bakuchiol from the seeds and leaves. High yields of bakuchiol are frequently achieved
by solvent extraction using ethanol or methanol. [10]

1.1.2. Additional Plant Sources: Although Psoralea corylifolia is the main source, bakuchiol has also been found in
other plants, albeit usually in smaller amounts:

» Psoralea glomerata (Babchi): It has also been discovered that Psoralea glomerata, a different species in the
Psoralea genus, contains bakuchiol. Although it is not as widely used, this plant can provide bakuchiol in some
areas.

* Psoralea leschenaultia: Although bakuchiol content in this plant, which grows in India and Southeast Asia, has
been recorded, it is usually found at lesser concentrations than in Psoralea corylifolia.

Synthetic and Partial Synthetic Production: Advancements in synthetic and semi-synthetic bakuchiol production
methods have coincided with growing interest in the compound, frequently with the goal of ensuring a steady supply
and lowering expenses related to natural extraction.

* Chemical Synthesis: By creating synthetic pathways, chemists may now create bakuchiol from less complex
chemical components. To create the bakuchiol structure, these techniques usually entail intricate organic

procedures such as cyclization’s and oxidations.

* Benefits: By eliminating reliance on natural sources and lowering environmental effect, synthetic synthesis offers
exact control over the purity and quantity of bakuchiol. [9]

Semisynthetic method:

* Microbial Fermentation: New research has looked into using genetically altered bacteria or yeast to ferment
bakuchiol. By using metabolic engineering, bakuchiol can be biosynthesised from less complex substrates in this
method.

* Plant Cell Cultures: Bakuchiol can also be made semi-synthetically by cultivating plant cells. It is not necessary to
cultivate the whole plant on a big scale in order to create bakuchiol; these cell cultures can be kept under regulated
conditions.

Industrial production: Commercial manufacturing of bakuchiol frequently blends natural extraction with synthetic
and semi-synthetic interprets due to the increasing demand for the ingredient in pharmaceuticals and cosmetics. By
using this strategy, the market's demands are met and a steady supply of superior bakuchiol is guaranteed. Table 1.1
gives classification of bakuchiol [4,10]

Table 1.1: Classification of Bakuchiol

Category Scientific name
Kingdom Plantae

Division Magnoliophyte
Class Magnoliopsida
Order Fabales

Family Fabaceae
Subfamily Faboideae

Genus Psoralea

Species Psoralea
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1.2 GEOGRAPHICAL DISTRIBUTION:

A plant-derived component called bakuchiol is widely used for dermatological products, mostly as a natural
substitute for retinol. While it can be found in many different plants, Psoralea corylifolia, which is frequently
referred to as babchi, is the primary source of it in terms of seeds and leaves. This is an in-depth examination of its
geographic distribution:

India: Native to a Indian subcontinent, Psoralea corylifolia is a widely distributed species there. It has long
been employed in Unani and Ayurvedic medical treatment.

China: The plant is originating to China as well, where it has long been utilized in traditional Chinese
medicine.

Southeast Asia: Malaysia, Vietnam, Thailand, and other different nations in Southeast Asia are home to
Psoralea corylifolia.

Africa: Although less widespread, the plant is present in various parts of Africa, notably Ethiopia.

Other Regions: Psoralea corylifolia can be cultivated in various portions of the world with comparable
climates, including certain tropical and Mediterranean regions, even though it appears most frequently in
these places. The expansion of the plant is correlated with warm, tropical, and subtropical climates, as these
are the conditions under which it usually grows.

1.3 COLLECTION AND CULTIVATION:

1.3.1 Seed Collection:

>

Harvested Seeds: Both manual labour and a thresher are used to remove the seeds from the harvested plant
material. The seeds undergo cleaning and drying in the shade to lower their moisture content after
threshing. Extracting Bakuchiol, Preparation: The dried seeds are crushed to a coarse powder.

Removing Solvents: Using a solvent such as ethanol, methanol, or hexane, bakuchiol is separated from the
seed powder. For the bakuchiol to dissolve, the solvent is poured through the powdered seed.

Purification: To get a crude extract, the extract is filtered and the solvent is evaporated at a lower pressure.
To isolate pure bakuchiol, the crude extract is further refined utilizing methods such as column
chromatography.

3.Quality Assurance: Testing: High-Performance Liquid Chromatography (HPLC) is used to test the
finished product for bakuchiol concentration and purity. Storage: To avoid deterioration, bakuchiol should
be kept out of the sun and heat in sealed containers. [11,12]

1.3.2 Cultivation of bakuchiol:

25517

Soil and Climate Requirements: Climate: Tropical and subtropical locations are ideal for Psoralea
corylifolia growth. It needs a warm environment with lots of sunshine. 20°C to 35°C is the optimal
temperature range.
Soil: The plant loves sandy loam soil that drains well and has a pH of 6.5 to 7.5, which is slightly acidic to
neutral. Although it may thrive in a variety of soil types, including saline and low soils, rich soils provide
the highest yields. [13,14]

Propagation: Seeds: The most often used means of propagation is by means of seeds. To improve
germination, seeds should be steeped in warm water for 12 to 24 hours prior to planting. Sowing: At a
depth of 1-2 cm, seeds are sown straight onto the field. Early monsoon season (June-July) is the ideal time
to seed. Plant spacing: Plants should be arranged in rows, with a distance between each row of around 60 to
75 centimetres.

Field Preparation:

Preparation of Land: Deep plowing and leveling are necessary for the land. Compost or farmyard manure
are examples of organic manure that should be added to the soil to increase fertility.

Invasions: To avoid competition for nutrients, regular weeding is essential, especially in the early phases of
development.

Irrigation: Plants need to be watered moderately, especially in the early stages of development and
flowering. Root rot can result from over-irrigation, hence it should be avoided.

Fertilization:

Fertilizers organic: Before sowing, it is recommended to apply well-decomposed organic manure.
Fertilizers with chemicals (nitrogen, phosphorus, and potassium) fertilizers can be applied in a balanced
manner; however, misuse should be avoided to protect the ecosystem.
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e Control of Pests and Diseases: Typical Pests: Plants may be attacked by caterpillars and aphids. Pests can
be managed with the help of organic insecticides, such as neem oil. Diseases: Powdery mildew and other
fungal diseases can affect the plant. Air circulation and proper spacing contribute to a lower incidence of
illness.

Harvesting: When Should | Harvest? The plant takes 4-5 months to reach maturity. When the seeds get
dark brown or black, harvesting is complete. Method: After cutting the entire plant closely to the ground,
the seeds are harvested by threshing.[15]

2. BIOSYNTHESIS OF BAKUCHIOL:

Chart 2.1 illustrates the biosynthesis of Bakuchiol, a natural compound found in the Psoralea corylifolia plant. The
process involves two distinct branches:[10]

1. Phenylpropanoid Pathway: This pathway originates from the amino acid Phenylalanine and leads to the formation
of P-Coumaric acid.

2. Mevalonate Pathway: This pathway starts with Acetyl-CoA and Acetoacetyl-CoA and culminates in the formation
of Geranyl pyrophosphate (GPP). [2,10]

Key Enzymes:

. Phenylalanine ammonia lyase
. Cinnamate 4-hydroxylase

. HMG-CoA reductase

. Mevalonate kinase

1. Precursor Molecules: The biosynthesis of bakuchiol starts with phenylalanine, an amino acid that serves as a
precursor for many phenylpropanoids and terpenoids in plants

2. Formation of Cinnamic Acid: Phenylalanine undergoes deamination (removal of an amino group) by the enzyme
phenylalanine ammonia-lyase (PAL), forming cinnamic acid.

3. Coumarin Pathway: Cinnamic acid is hydroxylated by cinnamate 4-hydroxylase (C4H) to form p-coumaric acid.
P-coumaric acid is further hydroxylated to form 4-hydroxycinnamic acid, which is a key intermediate in the
biosynthesis of many coumarins.

4. Formation of the Prenylated Phenol: The pathway involves the prenylation (attachment of a prenyl group) of a
phenolic compound. The prenylation is likely catalyzed by a prenyltransferase enzyme, leading to the formation of a
prenylated intermediate.

5. Cyclization and Reduction: The prenylated intermediate undergoes cyclization and reduction reactions to form
bakuchiol. These reactions are mediated by enzymes specific to the plant’s metabolic pathways, leading to the final
bakuchiol structure, which is a monoterpene phenol.

6. Final Product: The result of these reactions is bakuchiol, which is a meroterpene, combining features of both
phenolic and terpenoid structures.

This biosynthetic pathway is part of the plant's secondary metabolism, which produces compounds that help in
defense against herbivores, pathogens, and environmental stresses. The exact enzymes and steps can vary between
species and environmental conditions. [16,17]
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Chart 2.1 Bio-synthesis of bakuchiol

3. MECHANISM OF BAKUCHIOL:

3.1 Anti-Neuroinflammatory Effect :

Fig 3.1 illustrates the anti-neuroinflammatory effects of Bakuchiol, a compound found in the plant Psoralea
corylifolia. It focuses on how Bakuchiol interacts with a specific signaling pathway in microglia cells, which are

immune cells in the brain. [4,18]
» Key Components:

Cell Membrane: This is the outer boundary of the BV-2 microglia cell.

LPS (Lipopolysaccharide): A molecule that triggers inflammation and is often used in research to study

inflammatory responses.
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Fig.3.1 Mechanism of Bakuchiol
BV-2 microglia: A type of microglia cell commonly used in research.

MAPK (Mitogen-Activated Protein Kinase): A family of proteins involved in various cellular processes, including
inflammation.

ERK and P38: Two specific types of MAPK proteins.
Bakuchiol: The compound of interest, shown to inhibit the activity of P38.

Inflammatory action: Processes that promote inflammation, including the production of molecules like NO, PGE2,
INOS, COX-2, and IL-6.

1. LPS Stimulation: The pathway is initiated by the exposure of BV-2 microglia cells to Lipopolysaccharide
(LPS), a component of bacterial cell walls that triggers an inflammatory response.

2. MAPK Activation: LPS binds to receptors on the cell membrane, leading to the activation of Mitogen-
Activated Protein Kinases (MAPKS).

3. ERK and P38 Activation: MAPK activation results in the phosphorylation and activation of two key
downstream kinases: Extracellular Signal-Regulated Kinase (ERK) and p38.

4. Inflammatory Response: Activated ERK and P38 induce the production of various inflammatory mediators,
including Nitric Oxide (NO), Prostaglandin E2 (PGE2), Inducible Nitric Oxide Synthase (iNOS),
Cyclooxygenase-2 (COX-2), and Interleukin-6 (IL-6).

5. Bakuchiol Intervention: The image indicates that Bakuchiol inhibits the activation of both ERK and P38,
effectively blocking the inflammatory response.

6. Anti-Neuroinflammatory Effect: By suppressing the production of inflammatory mediators, Bakuchiol
exerts an anti-neuroinflammatory effect, potentially protecting neurons from damage. [19,20]

Anti-neuroinflammatory effect: The overall outcome of Bakuchiol's action, reducing inflammation in the brain.
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3.2 Antimicrobial Mechanism:

Bakuchiol's capacity to prevent the growth of certain bacteria, such as Streptococcus mutans, a major cause of dental
cavities, is the main way that it demonstrates its antimicrobial qualities.

Its antibacterial action consists of: Bactericidal Effects: Bakuchiol significantly inhibits the development and
adhesion of bacteria, exhibiting bactericidal action against both Gram-positive and Gram-negative bacteria.
Preventing the Formation of Biofilms: This action impedes the growth of bacterial colonies known as biofilms,
which can become more resistant to therapy. Stability in Temperature and pH: Bakuchiol is adaptable to a wide
range of conditions and retains its antibacterial effectiveness in a variety of pH values.

By efficiently addressing microbial infections, these mechanisms support its possible application in skincare and
oral care formulations. [5,20]

3.3 Antioxidant Mechanism:
The antioxidant mechanism of bakuchiol involves several intricate processes and pathways that help neutralize
oxidative stress and protect cells from damage. Here’s a detailed overview of its antioxidant mechanisms: [21,22]

1.Scavenging of Reactive Oxygen Species (ROS): Direct Radical Scavenging: Bakuchiol directly neutralizes
various types of ROS, including superoxide anions (O2"), hydroxyl radicals (OH), and hydrogen peroxide (H-0:).
By scavenging these reactive species, bakuchiol prevents them from causing oxidative damage to cellular
components such as lipids, proteins, and DNA. [23,24]

2. Modulation of Antioxidant Enzyme Activity: Enhancement of Endogenous Antioxidant Enzymes: Bakuchiol
induces the activity of key endogenous antioxidant enzymes, such as: Superoxide Dismutase (SOD): Catalyzes the
conversion of superoxide radicals into hydrogen peroxide and oxygen, reducing oxidative stress. Catalase:
Decomposes hydrogen peroxide into water and oxygen, mitigating potential oxidative damage. Glutathione
Peroxidase (GPx): Reduces hydrogen peroxide and lipid peroxides, playing a critical role in cellular antioxidant
defense. Regulation of Antioxidant Gene Expression: Bakuchiol activates transcription factors like Nuclear Factor
Erythroid 2-Related Factor 2 (Nrf2), which upregulates the expression of genes encoding antioxidant enzymes and
other protective proteins. [25-27]

3. Inhibition of Lipid Peroxidation: Prevention of Lipid Peroxide Formation: Bakuchiol inhibits the oxidation of
lipids in cell membranes, a process known as lipid peroxidation. By preventing lipid peroxidation, bakuchiol
protects cell membranes from damage and maintains cellular integrity.

4. Protection of Cellular Macromolecules: DNA Protection: By reducing oxidative stress, bakuchiol helps protect
DNA from oxidative damage, which can lead to mutations and contribute to aging and cancer. Protein Protection:
Bakuchiol prevents oxidative modifications of proteins, including the formation of protein carbonyls and advanced
glycation end-products (AGEs), which are associated with cellular dysfunction and aging. [24,26]

5. Reduction of Oxidative Stress-Induced Inflammation: Interference with Inflammatory Pathways: Bakuchiol
reduces oxidative stress-induced inflammation by inhibiting pathways that lead to the production of inflammatory
cytokines. This effect is partly mediated by its antioxidant properties, which limit the activation of inflammatory
signaling cascades.

6. Stabilization of Cellular Redox Status: Maintenance of Redox Homeostasis: Bakuchiol contributes to the
maintenance of a balanced cellular redox state by modulating the levels of oxidants and antioxidants. This balance is
crucial for preventing oxidative stress and ensuring proper cellular function. [28-30]

7. Synergistic Effects with Other Antioxidants: Complementary Antioxidant Action: Bakuchiol may work
synergistically with other antioxidants present in the skin or diet, enhancing the overall antioxidant capacity and
providing more comprehensive protection against oxidative damage. [30,31]

3.4 Anti-cancer Mechanism:

1. Induction of Apoptosis: Bakuchiol has been shown to induce apoptosis (programmed cell death) in various
cancer cell lines. This involves activation of caspases, disruption of mitochondrial membrane potential, and release
of cytochrome c. Studies have indicated that Bakuchiol can upregulate pro-apoptotic proteins like Bax and
downregulate anti-apoptotic proteins like Bcl-2. [32-35]

2. Cell Cycle Arrest: Bakuchiol can halt the cell cycle at specific phases, preventing cancer cells from dividing and
proliferating. It has been observed to induce cell cycle arrest at the G1 and S phases. This effect is associated with
the regulation of cyclin-dependent kinases (CDKSs) and their inhibitors. [36,37]
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3. Inhibition of Angiogenesis: Bakuchiol may suppress the formation of new blood vessels (angiogenesis), which is
essential for tumor growth and metastasis. This effect is likely mediated through the inhibition of vascular
endothelial growth factor (VEGF) and other angiogenic factors.[38]

4. Anti-Inflammatory Effects: Chronic inflammation is linked to cancer development. Bakuchiol’s anti-
inflammatory properties can contribute to its anti-cancer effects by reducing inflammation and oxidative stress. This
involves inhibition of inflammatory mediators like cytokines and chemokines. [38-42]

5. Modulation of Signaling Pathways: Bakuchiol has been shown to interfere with various signaling pathways
involved in cancer cell growth and survival, such as the PI3K/AKT, MAPK, and NF-kB pathways. By inhibiting
these pathways, Bakuchiol can suppress cancer cell proliferation and promote apoptosis. [42-46]

6. Targeting Cancer Stem Cells: Cancer stem cells are responsible for tumor initiation and recurrence. Bakuchiol has
demonstrated the potential to target these cells by inhibiting their self-renewal capacity and inducing apoptosis. [46-
50]

3.5 Anti-inflammatory Mechanism:

Bakuchiol’s anti-inflammatory effects are mediated through several intricate biochemical mechanisms that reduce
inflammation and mitigate related cellular damage. Here’s a detailed overview of how bakuchiol exerts its anti-
inflammatory actions: [26,50,51]

1. Inhibition of Pro-inflammatory Cytokines: Reduction of Cytokine Production: Bakuchiol inhibits the production
of key pro-inflammatory cytokines, such as tumor necrosis factor-alpha (TNF-a), interleukin-1p (IL-1B), and
interleukin-6 (IL-6). This action is crucial in reducing the inflammatory response and subsequent tissue damage.
Regulation of Cytokine Signaling: By modulating the signaling pathways that lead to cytokine production, bakuchiol
helps in maintaining a balanced immune response. [52-55]

2. Modulation of Nuclear Factor-kappa B (NF-xB) Pathway: Inhibition of NF-kB Activation: NF-xB is a
transcription factor that, when activated, triggers the expression of various pro-inflammatory genes. Bakuchiol
inhibits the activation of NF-kB, thus preventing the transcription of genes involved in inflammation. Preventing
IkB Degradation: NF-«B is typically kept in the cytoplasm in an inactive form bound to IkB proteins. Bakuchiol
may prevent the degradation of IkB, thereby keeping NF-«kB sequestered and inactive. [56-58]

3. Reduction of Oxidative Stress: Scavenging Reactive Oxygen Species (ROS): By scavenging ROS, bakuchiol
reduces oxidative stress, which is a significant contributor to inflammation. High levels of ROS can activate various
inflammatory pathways, so their reduction helps in mitigating inflammation. Preservation of Antioxidant Defenses:
Bakuchiol helps maintain the activity of cellular antioxidant enzymes, which further decreases oxidative stress and
prevents inflammatory damage.[59]

4. Inhibition of Inflammatory Enzymes: Cyclooxygenase (COX) Inhibition: Bakuchiol inhibits COX enzymes,
particularly COX-2, which are involved in the production of prostaglandins that promote inflammation and pain.
This inhibition helps reduce inflammatory responses. Lipoxygenase (LOX) Pathway Modulation: Bakuchiol affects
the LOX pathway, which is involved in the synthesis of leukotrienes, another group of inflammatory mediators. By
modulating this pathway, bakuchiol reduces the inflammatory response.59,60,61]

5. Impact on Immune Cell Function: Modulation of Macrophage Polarization: Bakuchiol influences the polarization
of macrophages from a pro-inflammatory M1 phenotype to an anti-inflammatory M2 phenotype. This shift helps in
resolving inflammation and promoting tissue repair. Inhibition of Leukocyte Activation: Bakuchiol can modulate the
activation and migration of leukocytes (white blood cells) involved in inflammatory responses, thereby reducing
inflammation and tissue damage.

6. Regulation of Inflammatory Pathways: Mitogen-Activated Protein Kinases (MAPKSs) Pathway: Bakuchiol
inhibits the MAPK pathway, which includes ERK, JNK, and p38 MAPKSs. These pathways are crucial for the
activation of inflammatory transcription factors and the production of inflammatory cytokines. Janus Kinase/Signal
Transducer and Activator of Transcription (JAK/STAT) Pathway: Bakuchiol may also affect the JAK/STAT
signaling pathway, which is involved in the transcription of pro-inflammatory genes.

7. Enhancement of Skin Barrier Function: Strengthening the Skin Barrier: Bakuchiol improves the skin barrier
function, which helps in reducing inflammation triggered by external irritants and pathogens. A stronger skin barrier
minimizes inflammatory responses and supports overall skin health. [62,63]
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4. EXTRACTION METHODS:

4.1 Solvent Extraction:

Bakuchiol from Psoralea corylifolia is commonly isolated via solvent extraction. The procedure is outlined in full
below: [64,65]

1.Plant Material Preparation Extraction: Gather the mature leaves or seeds of Psoralea corylifolia that have a high
level of bakuchiol.

Drying: By removing moisture from the plant material, drying promotes extraction efficiency and helps stop
bakuchiol from degrading. For the solvent to work upon as much surface area as possible, grind or crush the dry
plant material into a coarse powder. Grinding: To increase the surface area that the solvent may operate upon, crush
or grind the dried plant material into a coarse powder.

2.Selection of Solvent Typically solvents include acetone, methanol, ethanol, and hexane. The extraction's accuracy
and selectivity may be impacted by the solvent selection.

properties of a solvent: The best solvent to use is one that can dissolve bakuchiol with the least amount of unwanted
chemicals being extracted.

3.Extracting Method Maceration involves soaking the powdered plant in the selected solvent. Typically, the plant
material to solvent ratio falls between 1:5 and 1:10. Let it sit for a while (around 24 to 48 hours), stirring it now and
again to improve extraction.

Filtration: To get rid of solid plant remains, filter the mixture after maceration. A vacuum filtration system, filter
paper, or a sieve can be used for this.

Re-extraction (Optional): To guarantee the highest yield, the extraction process may occasionally be carried out
again using a new solvent. Sequential extraction is the term for this procedure.

4.Extracting Solvents Utilizing evaporation procedures, extract the solvent from the filtrate. Two popular techniques
are simple evaporation in a fume hood or rotating evaporation, which lowers the solvent under low pressure. The
bakuchiol is isolated by concentration of the solvent-free extract. Any residues of solvent may be eliminated by
processing this further.

5. Analysis and Purification: If required, use further techniques such as chromatography (e.g., column
chromatography) to separate bakuchiol from other components in order to purify the extract.

Analysis: To determine the purity and concentration of bakuchiol in the final extract, use analytical methods such as
high-performance liquid chromatography (HPLC).

6.Conditions for Storage: To stop deterioration, keep the finished bakuchiol extract in a cold, dark area. The stability
and effectiveness of the chemical are preserved under ideal storage conditions. [66-69]

4.2 Steam Distillation:

1. Plant Material Preparation

When there is a high concentration of bakuchiol in the plant parts (leaves or seeds), harvest them.
Cleaning: Give the plant material a quick rinse to get rid of any debris or pollutants. The plant material can be
chopped or ground to expand its surface area, which improves the extraction efficiency. [70,71]

Steam Distillation Equipment Setup

Distillation Unit: A steam generator, a receiving flask, a condenser, and a distillation flask are usually included in
the setup.

Steam Generator: Generates steam that is used to flow through the plant material.
Distillation Flask: This vessel holds the plant material and let’s steam flow through.

Condenser: Cools and condenses the vapours of essential oils and steam into a liquid.
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Receiving Flash: Gathers the condensed liquid, which has water and essential oil in it.
Steam Distillation Procedure

Loading Fill the distillation flask with the prepared plant material.

Steam Generation: To make steam, heat the water in the steam generator.

Steam Passage: Pass the steam through the plant material in the flask used for distillation. Volatile substances, such
as bakuchiol, are carried by the steam.

Condensation: The volatile chemicals and steam are sent into the condenser, where the steam cools and condenses
back into liquid form.

Separation:; The condensed liquid is gathered in the receiving flask, containing water and the essential oil.
Bakuchiol separation

2.Decantation: Let the liquid in the receiving flask to partition into two layers: essential oil and water (hydrosol).
The layer of essential oils will contain bakuchiol. Using a separating funnel or decantation, carefully extract the
essential oil from the aqueous layer.

3.Purification and Concentration

Purification: If required, use methods like fractional distillation or chromatography to further purify the essential oil
in order to separate bakuchiol.

Concentration: If necessary, concentrate the essential oil to increase the bakuchiol concentration.
4.Examining and Keeping

Analytical techniques like gas chromatography (GC) can be used to ascertain the amount and purity of bakuchiol
present in the essential oil.

5.Storage: To keep it from degrading, keep the purified bakuchiol cold and dark. To preserve the stability of the oil,
use airtight containers.[72]

4.3 Cold Pressing:

Utilizing a mechanical process called cold pressing, oils are mechanically extracted from plant materials—usually
seeds or fruits—without the use of heat. The following crucial procedures would be involved in the extraction of
bakuchiol, is given in the flow chart 4.1
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Flow Chart 4.1 Cold Pressing Method of Extraction
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1.Preparation

Harvesting: Gather Psoralea corylifolia plant ripe seeds.

Cleaning: Give the seeds a good cleaning to get rid of any dirt, debris, or contaminants.

2. Drying: To lower the moisture content of the seeds and enhance oil extraction while preventing spoiling, drying is
frequently used. To prevent too much heat, this can be done in a controlled setting.
3. Crushing: To break the dry seeds into smaller bits, they are mechanically crushed or ground. This expands the oil
extraction surface area.

4. Cold Pressing:

Pressing: The crushed seeds are put into a cold press, which applies pressure using a mechanical or hydraulic press.
By applying pressure, the oil is extracted from the seeds while the temperature remains low.
No Heat: Applying heat is not done during the cold pressing process, which is its primary characteristic. This stops
oxidation and aids in maintaining the integrity of delicate substances like bakuchiol.

5.Separation:

Filtration: Following pressing, the oil and solid seed residue combination is filtered. In this stage, the extracted oil is
separated from the leftover seed cake. Allowing the oil to settle for a while can help get rid of any last bits of small
particles.

6. Storage: To keep the extracted oil from deteriorating, it is kept in sealed containers in a cold, dark environment.
Maintaining the effectiveness and purity of the bakuchiol requires proper storage.

Since heat would normally break down delicate molecules, cold pressing maintains the extracted oil's inherent
qualities, including bakuchiol. For the extraction of premium natural oil, this approach is frequently chosen.[73,74]

4.4 Supercritical fluid Extraction:

1. Preparation: Harvesting: Gather the ripe seeds of Psoralea corylifolia, the plant that yields bakuchiol.
Cleaning and Drying: To get rid of impurities and lower the moisture level, clean and dry the seeds. In order to
prevent problems during extraction, this is crucial.

2. Crushing: To enhance the surface area that the supercritical fluid may interact with, crush the dried seeds into a
coarse powder. Extractive efficiency is increased as a result. [84,85]

3. Setup for Supercritical Fluid Extraction:

Supercritical Liquid: The most often utilized fluid is supercritical CO2. Because CO2 possesses characteristics of
both a gas and a liquid in its supercritical form, it may efficiently permeate through solids and dissolve molecules.
Extraction Chamber: The supercritical fluid is introduced to the powdered material once it is placed into the
extraction chamber. [86,87]

4.Extraction Process:

Pressurization: In order to get the CO2 to its supercritical condition, pressure is used. Generally, 31.1°C (88°F) to
70°C (158°F) of temperature and pressure are needed for supercritical COx.

Material Flow: The supercritical CO: is then sent through the extraction chamber that holds the ground seeds
powder. Bakuchiol and other compounds can be dissolved from the plant material due to the strong solvating power
of COz in this condition.

Controlling the solvating power of CO2 can facilitate the selective extraction of bakuchiol while reducing the
extraction of undesirable compounds. This is achieved by varying the temperature and pressure.

5. Separating:

Collection: Once the dissolved bakuchiol is added to the CO., it leaves the extraction chamber and is sent to a
separation vessel.
Decompression: The pressure in the separation vessel is lowered, allowing the CO2 to return to its gaseous form.
Bakuchiol precipitates out when CO: runs out of solvating power.

Filtration: The bakuchiol is collected and, if required, might undergo further purification.

6.Post-Processing: Recycling CO2: This step makes the process more sustainable because CO2 may be recovered
and utilized again in later extraction procedures.

Purification: To further isolate and purify bakuchiol, more purification procedures like chromatography may be used
as needed. [84,92]

7.Storage: Finished Product: To preserve its stability and efficacy, the extracted bakuchiol is kept in sealed
containers away from heat and light. [89-92]

Benefits of Fluid Extraction Under Supercritical Conditions:
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1.High-purity  extraction of certain chemicals is made possible via selective extraction.
2. No Solvent Residues: Because CO2 leaves no residue, it is the perfect choice for situations where purity is
essential.

3. Eco-Friendly: CO2 is recyclable and a somewhat safe solvent. [85,86]

4.5 Ultrasonic Extraction:

The process known as "ultrasonic extraction” makes use of ultrasonic waves to improve the extraction of chemicals
from plant materials. This technique works very well for removing substances from Psoralea corylifolia seeds, such
as bakuchiol. An extensive rundown of the ultrasonic extraction procedure is provided below in flow chart 4.2:

[73,74]

Preparation
1. Harvest mature seeds
2. Clean seeds
3. Dry seeds

Grinding
* Grind seeds into coarse
powder

!

Ultrasonic Extraction
1. Select appropriate solvent
2. Place ground seeds and solvent in
extraction vessels
3. Apply ultrasonic waves
4. Adjust duration and intensity

l

Separation
1. Filter mixture
2. Remove solvent

Post-Processing
1. Purification
2. Store extract in airtight container

END

Flow chart 4.2 Ultrasonic Extraction Method

1. Preparation Harvesting: Gather Psoralea corylifolia's fully developed seeds.

Washing: To get rid of any impurities and dirt, wash the seeds. Reducing the moisture level of the seeds by drying
aids in improved extraction and inhibits the development of microorganisms.

2. Grinding

Pulverize the desiccated seeds until they form a rough paste. This boosts extraction process efficiency by increasing
surface area.

3. The Ultrasonic Extraction Setup

Picking a Solvent: Pick a suitable solvent that has the ability to dissolve bakuchiol. Ethanol, methanol, and/or a
combination of solvents are typical solvents.

Extraction Vessel: Fill an extraction vessel that can withstand ultrasonic treatment with the powdered seeds and
solvent.
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4. Process of Ultrasonic Extraction Sonic Waves: Using high-frequency sound waves (usually between 20 kHz and 1
MH?z), ultrasonic extraction produces cavitation in the solvent. The development and disintegration of tiny bubbles
inside the liquid is referred to as cavitation.

Effect of Cavitation: Shock waves and microturbulences generated by the severe pressure fluctuations brought on by
cavitation intensify the rupture of plant cell walls and facilitate the release of bakuchiol into the solvent.
Processing: A probe or bath that uses ultrasonic waves is used to expose the extraction vessel to these vibrations.
The material and intended yield determine how long and how hard the ultrasonic treatment should be applied. [75-
77]

5.Separation Filtration: Following the ultrasonic extraction process, strain the mixture to extract the bakuchiol-
containing liquid extract and discard the solid materials.

Removal of Solvent: If required, use methods such as rotary evaporation to remove the solvent. By doing this, the
extract is concentrated and the bakuchiol is separated.

6. Post-Processing Purification: If more purification is required, other techniques such liquid-liquid extraction or
chromatography may be used to further isolate and purify bakuchiol.

Storage: To preserve the final bakuchiol extract's efficacy and stability, keep it in sealed containers in a cold, dark
area. [78-80]

Benefits of Ultrasonic Extraction Efficiency:

1.Better than traditional techniques in terms of extraction yield and speed.

2.Selective extraction: It is possible to maximize the extraction of desired molecules and minimize the extraction of
undesirable ones.

3.Decreased Solvent Use: Effective extraction may be accomplished with a smaller amount of solvent, which is
better for the environment. [80-83]

All things considered, ultrasonic extraction is an effective approach that improves the selectivity and efficiency of
extracting chemicals from plant materials, such as bakuchiol. As such, it is useful for both research and industrial
applications. [88,92]

5. COSMETIC USES OF BAKUCHIOL.:

The cosmetics industry has taken a keen interest in bakuchiol, a plant-derived chemical, due to its possible
advantages. It is said to be a milder substitute for retinol, providing comparable anti-aging and skin-improving
benefits without the irritant side effects. Common cosmetic use is mention in figure 5.1 [93]

e

Acne Treatment

Anti-Aging

USES OF

BAKUCHIOL

Skin Brightening

N RIS J PPN

i ]

Skin texture

Calming and Soothing improvement

Fig.5.1 Uses of Bakuchiol for Cosmetic Purpose
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5.1 Anti-aging Benefits:

1.Diminishes wrinkles and fine lines: Bakuchiol increases the synthesis of collagen, which enhances skin suppleness
and minimizes the visibility of fine lines.

2.Improves skin texture: By encouraging cell turnover and exfoliation, it aids in the refinement of skin texture.
3.Evens out skin tone: Bakuchiol can aid skin tone by minimizing dark patches and hyperpigmentation. [94,95]

5.2 Acne Treatment:

1.Anti-inflammatory characteristics: The anti-inflammatory qualities of bakuchiol can aid in lowering acne-related
redness and swelling.

2.Balances the production of sebum: By keeping sebum production in check, it can help avoid clogged pores and
possible outbreaks. [96,97]

5.3 Skin Brightening:

1.Inhibits melanin production: Bakuchiol has the ability to lessen the synthesis of melanin, the pigment that causes
uneven skin tone and dark patches on the skin.

2.Brightens complexion: Bakuchiol helps to brighten the skin by lowering hyperpigmentation and increasing skin
clarity. [98,99]

5.4 Soothing and Calming:

1.Antioxidant qualities: Bakuchiol's antioxidant activity aids in shielding the skin from oxidative stress and
environmental harm.

2.Minimizes sensitivity of the skin: It can calm inflamed skin and lessen redness.[100]

5.5 Other Potential Benefits:

1. Moisturizing: According to certain research, bakuchiol may have moisturizing qualities that enhance the skin's
ability to hold moisture.

2.Sun protection: The antioxidant qualities of bakuchiol may provide some protection against UV ray damage, even
though it is not a direct sunscreen. [100,101]

6. ADVERSE EFFECTS:

Bakuchiol is generally well-tolerated, but some side effects can occur, particularly with prolonged use. Common
side effects are shown in figure 6.1 include: [69,102]

6.1 Skin Irritation: Mild irritation, scaling, or dermatitis may arise, especially in sensitive individuals.

6.2 Contact Dermatitis: Rarely reported but possible, often linked to other ingredients in formulations rather than
bakuchiol itself

6.3 First Redness and Peeling: As a result of higher cell turnover, some consumers may briefly suffer redness or
peeling.

6.4 Gastrointestinal Issues: Ingesting bakuchiol may result in nausea, vomiting, and gastritis. [103]
When using large dosages or continuous use, especially when sourced from the Psoraleae Fructus source, there are
worries about liver damage.

For women who are expecting or nursing, caution is suggested because safety during these times is not well
established. [104,105]
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Fig.6.1 Side Effects of Bakuchiol

7. CONCLUSION:

Bakuchiol is a potentially useful component for skincare products that is extracted from Psoralea corylifolia seeds. It
provides a strong substitute for conventional anti-aging ingredients because of its capacity to lessen fine wrinkles,
enhance skin texture, and lessen hyperpigmentation. Bakuchiol is soft on the skin, making it appropriate for
sensitive people, in contrast to certain strong treatments. In addition to promoting general skin health, its anti-
inflammatory qualities shield the skin from environmental harm. Even though study backs up the advantages of
bakuchiol, more research is required to maximize its application in cosmetics. Bakuchiol's gentle nature and
established effectiveness position it as a major participant in the beauty market as consumer interest in natural and
effective skincare rises. This plant-based substance has the potential to transform skincare regimens and produce
healthier, more youthful-looking skin with more research.

In conclusion, Bakuchiol stands out among ingredients in the pursuit of healthier, more youthful skin due to its
shown cosmetic advantages and mild profile, which promises to satisfy the changing needs of contemporary
skincare customers.
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