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ABSTRACT

Alopecia, commonly referred to as baldness, is a condition in which hair
loss exceeds hair growth. The most prevalent types of alopecia are
androgenetic alopecia (AGA) and alopecia areata (AA). Macroalgae are known
to contain secondary metabolites with significant ecological potential that can
be harnessed for various applications. The main types of macroalgae include
red algae (Rhodophyta), green algae (Chlorophyta), and brown algae
(Phaeophyta). Among the bioactive components found in macroalgae, one of
the notable benefits is their potential as anti-alopecia agents. This review
article aims to summarize the mechanisms by which macroalgae and their
active compounds contribute to alopecia treatment by stimulating hair follicle
growth. The review employs a literature study approach, analyzing secondary
data from several articles sourced from online databases such as PubMed,
ScienceDirect, and Google Scholar, using the keywords "algae for
androgenetic alopecia” and "algae for alopecia." The review presents findings
from 18 articles on various algae species that exhibit potential as alternative
treatments for alopecia, each with distinct mechanisms of action. This
research aims to contribute to the development of herbal medicinal products
derived from macroalgae for the treatment of alopecia.
Keywords: macroalgae, algae, androgenetic alopecia, alopecia areata,
mechanism of action
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INTRODUCTION

compounds is significantly influenced by

Algae represent a vast natural resource in
the ocean (Xu et al,, 2017) and are categorized as
lower plants (Thallophyta), lacking true roots,
stems, and leaves. Based on size, algae are divided
into two categories: microalgae and macroalgae
(Festi, 2022). Macroalgae are characterized by
their macroscopic body form and size, consisting of
fronds that similarly lack true roots, stems, and
leaves (Festi, 2022). Marine algae are further
classified into three major groups based on
pigmentation and chemical composition: (1) brown
algae (Phaeophyceae), (2) red algae
(Rhodophyceae), and (3) green algae
(Chlorophyceae). The composition of algae
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environmental factors such as sunlight intensity,
temperature, pH, salinity, and COzlevels (Zheng et
al, 2023). Macroalgae are among the most

extensively studied and exploited marine
resources, due to the bioactivity of their
components, which are rich in compounds

exhibiting a variety of biological activities. These
compounds are utilized across multiple sectors,
including agriculture, horticulture, cosmetics, and
the food industry [Scieszka & Klewicka, 2019;
André et al, 2021). Algae, particularly among

aquatic flora, are known to contain high
concentrations of polysaccharides, such as
carrageenan, alginate, fucoidan, laminaran,

Indonesian J Pharm 36(1), 2025, 20-45| journal.ugm.ac.id/v3/IJP

Copyright © 2025 by Indonesian Journal of Pharmacy (1JP). The open access articles are distributed under the terms and
conditions of Creative Commons Attribution 2.0 Generic License (https://creativecommons.org/licenses/by/2.0/).



Lilies Wahyu Ariani

agarose, rhamnan, and ulvan, as well as bioactive
polyphenolic compounds (Wang et al., 2017).

Hair loss, commonly referred to as alopecia
or baldness, is a widespread clinical condition
affecting millions of individuals globally and is
often associated with significant emotional and
psychological distress (Qi & Garza, 2014). While
psychological and physical stress are among the
primary causes of hair loss, various other factors
also contribute. Numerous studies have been
conducted to better understand the underlying
causes and pathophysiology of hair loss and to
explore potential treatments aimed at stimulating
hair follicle growth (Pope, 2014). Hair loss can be
influenced by a range of factors, including genetic
predisposition (such as trichodystrophy and
androgenetic  alopecia), coexisting medical
conditions, hormonal imbalances (e.g., thyroid
disease and insulin resistance), immune system
disorders (e.g., alopecia areata and lupus
erythematosus), nutritional deficiencies, and
environmental factors (e.g, drug use and
ultraviolet (UV) radiation). In addition, mental
health issues (e.g., stress and trichotillomania) and
aging can contribute to hair loss. These adverse
factors disrupt the hair growth cycle, reducing the
activity of stem cells and diminishing the
regenerative capacity of hair follicles (Gentile &
Garcovich, 2019).

Alopecia is a prevalent clinical disorder that
can significantly impact a person's quality of life,
making it a considerable concern due to its effects
on hair follicles. Typically, alopecia begins before
the age of 30 and affects individuals of all genders.
In individuals with alopecia, hair follicles shrink,
eventually leading to the cessation of hair
production. Consequently, patients may experience
hair loss, resulting in either partial or total
baldness. Hair loss is typically characterized by
reduced hair density, thinning, or a combination of
both, and it can be attributed to both hormonal and
non-hormonal factors (Choi, 2020). The two most
common types of alopecia are androgenetic
alopecia (AGA) and alopecia areata (AA). AGA is
primarily caused by increased sensitivity of scalp
follicles to dihydrotestosterone (DHT), whereas AA
is often triggered by an autoimmune reaction,
which is one of its primary causes (Meidan &
Touitou, 2001).

Many studies have been conducted to
identify the underlying causes and
pathophysiology of hair loss, with the goal of
developing treatment methods to stimulate hair
follicle growth (Pope, 2014). Hair growth is a
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cumulative process, driven by the coordinated
proliferation and differentiation of cells within the
hair follicle. Hair follicles consist of both epithelial
and dermal components and function as mini-
organs that produce hair shafts. These follicles
undergo a regular cycle of regeneration, known as
the hair cycle, which is characterized by successive
growth phases. This cycle involves three key
stages: the active growth phase (anagen), during
which the previous hair sheds; the brief transition
or regression phase (catagen); and the resting
phase (telogen), which allows the follicle to prepare
for new hair production in response to hormonal
changes (Patel et al, 2015). The anagen phase,
lasting between two and eight years, represents the
active phase of hair growth. The catagen phase is a
short regression period of about 2-3 weeks, during
which the hair follicle shrinks. Telogen, the resting
phase, lasts for approximately three months,
ending with the shedding of the old hair and the
emergence of new hair (Pope, 2014).

The causes of baldness remain poorly
understood, though various treatments have been
developed to address alopecia. According to the
FDA, only two medications are approved for the
treatment of alopecia: Minoxidil, which is applied
topically, and Finasteride, which is taken orally
(Lee et al, 2018). Minoxidil is metabolized by
sulfotransferase in the scalp into minoxidil sulfate,
which stimulates hair follicle cell growth and
reduces hair loss. Finasteride, a 5a-reductase
inhibitor, blocks the conversion of testosterone
into dihydrotestosterone (DHT), a key factor in
androgenetic alopecia (Park & Lee, 2021). Despite
their efficacy, these treatments have notable
drawbacks. Both drugs require long-term use, as
their effects are not permanent, and they are
associated with various side effects (Choi, 2020).
Minoxidil can cause side effects such as facial
hypertrichosis in 3-5% of women and contact
dermatitis in approximately 6.5%. Finasteride,
when taken systemically, has been linked to sexual
dysfunction, mood disorders, and post-finasteride
syndrome, which can include depression. Another
option for treating alopecia is hair transplantation;
however, it is often expensive, as most insurance
plans do not cover the procedure. Additionally, hair
transplantation carries risks, including bleeding
and infection (Lee et al,, 2018). This has led to a
growing interest in alternative medicine, which is
often associated with fewer side effects. Herbal
plants are being explored for their therapeutic
potential in treating various conditions, including
alopecia (Ashique et al., 2020).
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Figure 1. Flow diagram of obtaining inclusion articles that match the key

In light of this, and based on a review of several
articles, this review aims to provide a
comprehensive summary of the mechanisms
through which bioactive compounds derived from
macroalgae can be utilized in the treatment of hair
loss. These compounds demonstrate promising
effectiveness as anti-alopecia agents.

METHODOLOGY

The literature search was conducted using
secondary data, which refers to data collected
indirectly from sources rather than directly from
participants. The data for this review was sourced
from online databases, including Google Scholar,
PubMed, and ScienceDirect, using the keywords
"algae for androgenetic alopecia" and "algae for
alopecia." Given the scarcity of research specifically
discussing the anti-androgenetic and anti-alopecia
properties of algae, the author limited the search to
journals published within the last 15 years. A total
of 18 relevant articles were identified and included
in this review. These articles reported on 18
species of algae that are believed to possess anti-
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alopecia activity, each with different mechanisms
of action. Additional articles were also referenced
to supplement the review.

The selection criteria included articles that
examined herbal plants derived from macroalgae
used for the treatment of alopecia based on animal
trials with biochemical analysis of their mechanism
of action. In addition to macroalgae, microalgae in
the treatment of alopecia were not included in the
study.

RESULTS AND DISCUSSION

From the reviewed articles, 18 species of
algae were identified, each containing different
bioactive compounds, although some compounds
belong to the same chemical group. These
compounds exhibit anti-alopecia activity through
various mechanisms of action, with some algae
species sharing similar pathways. Several studies
have explored the use of algae in treating alopecia,
demonstrating their effectiveness in promoting
hair growth through diverse mechanisms (Figure 1
and Table I).
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In general, the mechanisms that stimulate
hair growth involve key signaling pathways and
growth factors such as Insulin-like Growth Factor 1
(IGF-1), Vascular Endothelial Growth Factor
(VEGF), Epidermal Growth Factor (EGF), Fibroblast
Growth Factor 2 (FGF-2), Endothelial Nitric Oxide
Synthase (eNOS), and the Wnt/(-catenin pathway.
These factors promote hair follicle growth and
regeneration. Conversely, the mechanisms that
inhibit hair growth typically involve 5a-reductase,
which  converts testosterone to dihydro-
testosterone (DHT), as well as Transforming
Growth Factor Beta (TGF-f8) and Fibroblast Growth
Factor 5 (FGF-5), both of which contribute to the
suppression of hair follicle activity and regression.

Polysaccharides are the primary bioactive
components in algae that influence mechanisms
of hair growth. Among these, various other
bioactive compounds are found in Sargassum sp.,
including phlorotannins, terpenoids, chromene,
tetraprenyltoluquinol derivatives, fucoxanthin,
fucoidan, alginate, phenolic acids, catechins,
quercetin, fucosterol, stigmasterol, [-sitosterol,
pheophytin A, and sulfoquinovosyldiacylglycerol.
In addition, Sargassum contains alkaloids,
flavonoids, steroids, meroditerpenoids, and
gentisic acid, all of which are dominant bioactive
compounds contributing to its potential
therapeutic effects (Cahyaningrum et al,. 2016;
Sinurat & Maulida, 2018; Rohimet al., 2019).

Polysaccharides are the primary bioactive
components of algae that influence mechanisms of
hair growth. Their diverse structures confer a wide
range of physical and chemical properties, leading
to various biological activities. Polysaccharides are
polymers of monosaccharides connected by
glycosidic bonds and can be classified into sulfated
and non-sulfated types. Sulfated polysaccharides,
which include fucoidans, agar, carrageenan, and
ulvans, possess unique properties, while non-
sulfated polysaccharides include alginates. The
structural variations among these polysaccharides
contribute to their distinct biological activities
(Sinurat & Maulida, 2018). Among them, sulfated
polysaccharides are particularly notable for their
bioactivity. Their effectiveness is attributed to their
physicochemical properties, including molecular
weight, sulfate content (-OSO3H), and polyphenol
content (Ma et al., 2017).

Algal polysaccharides are primarily located
in the cell walls of algae, with their quantity and
chemical structure varying according to the
species. Three main types of polysaccharides are
identified based on the type of algae: fucan
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predominates in brown algae, sulfated rhamnans
and ulvan are found in green algae, while red algae
primarily contain galactans and carrageenan. The
bioactivity of these polysaccharides is closely
linked to their chemical properties, such as
molecular size, the type and ratio of
monosaccharide constituents, and the nature of
their glycosidic linkages (Indahyani et al., 2019). In
addition, the biological activity of these
polysaccharides is influenced not only by the
sulfation of the molecule but also by factors such as
branch structure, molecular weight, and
monosaccharide composition (He et al., 2016).

The bioactive components of algae that fall
under the polysaccharide group (Table I) include
Cistanche tubulosa and Laminaria japonica (both
containing fucoidan), Tunic Ascidian (which
contains glycosaminoglycans), and Sargassum
glaucescens (also rich in fucoidan).

Fucoidan is a «class of sulfated
polysaccharides predominantly found in the cell
walls of brown algae. It primarily consists of L-
fucose sulfate, along with smaller quantities of
other monosaccharides such as glucose, galactose,
xylose, and uronic acid. The structure of fucoidan
features O-sulfated L-fucopyranose residues linked
through a-(1-2)-, a-(1-3)-, and/or o-(1-4)-
glycosidic chains, resulting in a branched
configuration. The average molecular weight of
fucoidan is approximately 2000 Da, and it is soluble
in water and acidic environments (Rupérez et al.,
2002).

Glycosaminoglycans (GAGs) are long,
unbranched polysaccharides characterized by
repeating disaccharide units. Each disaccharide
unit typically consists of one of two amino sugars:
N-acetylglucosamine (GlcNAc) or N-
acetylgalactosamine (GalNAc), in combination with
a uronic acid, such as glucuronic acid or iduronic
acid (Neri et al., 2022).

The following algae-derived compounds
belong to the polyphenol group: Saccharina
japonica and Undaria pinnatifida (LU): contain
nonacosan-10-ol and f-sitosterol. Ecklonia cava:
rich in phlorofurofucoeckol and phlorotannins.
Polysiphonia morrowii: contains 5-bromo-3,4-
dihydroxybenzaldehyde (BDB). Grateloupia
elliptica: features bromophenols. Brown Algae
[solate 7: contains phloroeckol and phloroglucinol.
Ishige sinicola: rich in octaphlorethol A. Ecklonia
cava: also contains dioxinodehydroeckol. Ishige
okamurae: includes diphlorethohydroxycarmalol.
Grateloupia  elliptica: contains  additional
polyphenols.
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Brown algae (Phaeophyta) contain
significantly higher levels of polyphenols compared
to red and green algae. Among these, phlorotannins
are the predominant polyphenolic compounds
found in brown algae. Phlorotannins exist in
various forms, with several derivative compounds,
including  fucol,  phloroglucinol,  ploretol,
fucoploretol, diploretol, difucol, trifucol,
triphloretol A, triplorethol B, fucoplorethol A, and
fucophlorethol B, among others (Bare et al., 2022).

Phloroglucinol  (PG), a polyphenolic
compound, along with its derivatives eckol and tri-
phloroethol-A, is a secondary metabolite
commonly found in various microorganisms,
particularly in brown and red algae (Park et al,
2011; Blackman & Rogers, 1988). The compound's
structure is primarily characterized by a 1,3,5-
trihydroxybenzene core, contributing to its wide
range of bioactivities (Singh et al, 2009). In
particular, 7-phloroeckol, a derivative of PG, has
been reported to promote hair follicle elongation
and upregulate the expression of hair growth-
related genes (Bak et al.,, 2014).

5-bromo-3,4-dihydroxybenzaldehyde
(BDB), isolated from the red algae Polysiphonia
morrowii, is a halogenated compound, specifically a
brominated phenol, characterized by hydroxylated
and brominated benzene rings. Bromophenols are
common metabolites found in marine organisms,
particularly algae. These basic brominated
phenols—such as 2-bromophenol, 4-bromophenol,
2,4-dibromophenol, 2,6-dibromophenol, and 2,4,6-
tribromophenol—are present across green, brown,
and red algae (Kang et al., 2022; Jacobtorweihen &
Spiegler, 2023).

Nonacosan-10-ol is a long-chain fatty
alcohol, specifically a nonacosane molecule
substituted by a hydroxyl group at position 10. It
functions as a plant metabolite and belongs to the
class of very long-chain and secondary fatty
alcohols. This compound is derived from
nonacosane hydride. In addition, -sitosterol is a
phytosterol commonly found in plant fats and is a
crucial precursor for the synthesis of steroids.
Loliolide, on the other hand, is a monoterpene

lactone, known for its bioactive properties,
including antioxidant and anti-inflammatory
activities.

Diphlorethohydroxycarmalol (DPHC) is a
phlorotannin compound isolated from the brown
algae Ishige okamurae (Kang et al, 2012). In
addition to DPHC, algae also contain other bioactive
compounds with antialopecia properties, namely
compounds in the meroditerpenoid group (Brown
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Algae Loliolide Isolate) and fucoxanthin
(Sargassum muticumAndUndariopsis
peterseniana(apo-9'-fucoxanthinone)).
Meroditerpenoid compounds, such as those found
in Sargassum sp., consist of a polyprenyl chain
attached to a p-benzoquinone or hydroquinone
core. Structural variations in these
meroditerpenoids often occur in the terpene side
chains, which may include functional groups like
exocyclic double bonds, carboxylic acids, alcohols,
or aldehydes (Brklja¢a & Urban, 2015).

Algae, specifically macroalgae, are a rich
source of secondary metabolites that offer
significant potential for various applications. These
organisms produce structurally diverse bioactive
compounds with a broad spectrum of biological
activities (Lestari & Mita, 2013). Some extracts
derived from algae have shown promising activity
in stimulating hair growth. However, the precise
mechanisms behind this activity are not yet fully
understood (Huang et al., 2022).

Hair is a distinctive feature of mammals,
playing a vital role in skin homeostasis by
providing benefits such as thermoregulation,
sebum production, and protection against
ultraviolet (UV) radiation (Houschyar et al., 2020).
To maintain tissue homeostasis, hair follicles go
through a specific growth cycle with three distinct
phases: (anagen, catagen, and telogen) to maintain
tissue homeostasis(Choi, 2018).

The hair growth cycle is intricately regulated
by several factors, including growth hormones and
cytokines. These secreted proteins play a crucial
role in the differentiation and proliferation of hair
follicle stem cells (hfSCs), ultimately driving the
telogen-anagen transition, which is critical for hair
regeneration (Rishikaysh et al., 2014). Factors
contributing to alopecia often include genetics,
androgen levels, stress, and inflammation.

The increased expression of growth
hormone-regulating factors such as insulin-like
growth factor-1 (IGF-1), fibroblast growth factor
(FGF), epidermal growth factor (EGF), keratinocyte
growth factor (KGF), endothelial nitric oxide
synthase (eNOS), Wnt/(-catenin signaling pathway,
and vascular endothelial growth factor (VEGF)
plays a vital role in maintaining the anagen phase
of the hair growth cycle by promoting hair growth.
Conversely, the decreased expression of factors like
transforming growth factor beta (TGF-B), 5a-
reductase, and dihydrotestosterone (DHT), known
as suppressors of hair growth, leads to an increase
in hair follicle apoptosis during the catagen phase
(Danilenko et al., 2021).
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This review identifies 19 species of algae
with potential anti-alopecia properties, each
demonstrating various mechanisms of action. Data
on algae species hypothesized to exhibit anti-
alopecia activity (Table I). The articles offer a
comprehensive summary of the mechanisms of
action for several algae species, including red,
green, and brown algae, that have been studied for
their efficacy in promoting hair growth and treating
alopecia, particularly androgenetic alopecia
(Figure 1).

Hair Morphology and Cycles

Hair is an elastic keratin thread that
originates from the epidermis. The follicle, which
encloses the hair root in a tube-like structure,
consists of both an epithelial part derived from the
epidermis and a connective tissue part from the
dermis. At the lower end of the follicle, it expands
to form the hair bulb, which connects to the hair
papilla via connective tissue. One or more
sebaceous glands, along with a tuft of smooth
muscle, are associated with the hair follicle,
collectively forming the pilosebaceous unit
(Ayuningtyas, 2018).

Hair follicles are an integral part of the skin,
serving to protect internal organs, regulate body
temperature, and play a crucial role in hair
production. The human scalp typically contains
approximately 120,000 hair follicles (HF), which
regulate the hair cycle and contribute to ongoing
hair maintenance. Structurally, HF extends from
the epidermis into the deeper layers of the dermis,
forming a spherical structure at its base. This
structure surrounds the dermal papilla (DP),
composed of dermal papillary cells (DPC),
connective tissue, and a capillary network (Choi,
2020). Hair follicles are associated with sebaceous
glands, apocrine glands, and the arrector pili
muscle (APM), forming pilosebaceous units. Recent
studies have also shown that eccrine glands are
integrated within the pilosebaceous unit (Poblet et
al, 2016; Wall et al, 2022). Scalp hair follicles
aggregate to form a combined pilosebaceous unit,
consisting of one primary follicle and one or more
secondary follicles, all associated with a single APM
and sebaceous gland (Sinclair et al.,, 2015).

Dermal papilla cells (DPC), located at the
base of the hair follicle, play a key role in the hair
cycle by producing growth factors that interact
with various hair follicle cells, including adjacent
matrix cells, the dermal sheath, and stem cells
(Stenn & Pope, 2001; Pope, 2014). DPCs, as specific
mesenchymal components, periodically regulate
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the regeneration of hair follicles (HF). Surrounding
the lower dermal papilla is a layer of hair matrix
keratinocytes, which proliferate during the hair
growth cycle to form hair fibers. In addition, hair
follicle stem cells (HFSCs) reside in the bulge area
of the follicle (Choi, 2020). Hair development is
facilitated by a regulated cross-interaction
between mesenchymal and epithelial cells within
the HF, which are influenced by signals from both
the epidermal and dermal compartments (Hardy,
1992).

Hair follicles are small structures in the skin
where hair growth or loss occurs, driven by
changes in the hair cycle (Pope, 2014). Hair follicles
undergo a lifelong cyclical transformation,
transitioning from the resting (telogen) phase to
the growth (anagen) phase, during which follicular
keratinocytes rapidly proliferate, leading to hair
lengthening and thickening. This is followed by a
regression (catagen) phase, resulting in hair follicle
involution (Chase, 1954; Hardy, 1992). Dermal
papilla cells (DPCs) are specialized fibroblasts that
play a crucial role in regulating the hair cycle
through the secretion of diffusible proteins, such as
insulin-like growth factor-1 (IGF-1), hepatocyte
growth factor (HGF), vascular endothelial growth
factor (VEGF), Wnt signaling/B-catenin, and
transforming growth factor-f (TGF-f) (Herman &
Herman, 2016). These growth factors perform
distinct functions in hair growth regulation, with
TGF-B and fibroblast growth factor-5 (FGF-5)
acting as negative regulators, while VEGF and FGF-
7 serve as positive regulators (Houschyar et al.,
2020). Moreover, TGF-, FGF, and VEGF are closely
related to autophagy (Suzuki et al., 2010) (Belleudi,
etal., 2014) (Spengler et al,, 2020). Autophagy is an
evolutionarily conserved lysosomal degradation
system in eukaryotes that is important for
maintaining cellular homeostasis (Komatsu et al.,
2007) (Ryter et al., 2013). Inhibition of autophagy
has been reported to be associated with hair follicle
regression (Parodi et al.,, 2018).

The regulation of the hair cycle involves
numerous endocrine, autocrine, and paracrine
signaling pathways, many of which are not fully
understood and interact in complex ways. Notably,
the Wnt signaling pathway deserves special
attention, though the specific roles of its members
remain to be fully elucidated. Beta-catenin, a core
component of the Wnt pathway, plays a critical role
in the differentiation of stem cells into follicular
keratinocytes (Huelsken etal.,2001). The transition
from the anagen (growth) to telogen (resting)
phase is induced by transient (3-catenin signaling
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(Celso & Prowse, 2004; Van Mater et al.,, 2003) and
is influenced by the cyclic expression of Bone
Morphogenetic Proteins (BMPs), specifically BMP2
and BMP4, which are produced by dermal
fibroblasts and subcutaneous adipocytes (Plikus et
al,, 2009). Additional regulators include fibroblast
growth factors (FGF 7 and 10), BMP inhibitors
(such as transforming growth factor 2 [TGF-{2]
and noggin), and Wnt7b (Plikus et al,, 2009; Greco
et al., 2009; Oshimori, 2012; Hsu & Li, 2014;
Kandyba, 2014). Furthermore, adipocyte precursor
cells express platelet-derived growth factor
(PDGF)a, which activates PDGF receptors in the
dermal papilla (DP), leading to the activation of hair
germ cells (Festa etal., 2011).

Perifollicular vascularization has been
observed to increase during the anagen phase and
decrease during the catagen phase, correlating with
the over- and under-expression of vascular
endothelial growth factor (VEGF) ORS mRNA (Yano
et al, 2001). Hepatocyte growth factor (HGF), also
known as a spreading factor, has been shown to
stimulate hair follicle growth in vitro (Jindo et al.,
1995; Jindo et al,1998). In addition, insulin-like
growth factor (IGF-1) has been identified as a
significant regulator of hair follicles (Trueb, 2018;
Weger & Schlake, 2005).

Role of Wnt/@-Catenin Signaling in Hair Growth

Among the various signaling pathways
involved in hair follicle (HF) development and
growth, Wnt/B-catenin signaling in dermal papilla
(DP) cells plays a crucial role in the interaction
between DP and epithelial cells in the HF. Wnt
signaling is essential for the growth, regeneration,
and development of hair follicles, as well as the
regulation of cellular proliferation (Wu et al., 2020;
Kang et al,, 2022).

In the Wnt/B-catenin signaling pathway,
secreted proteins bind to Frizzled receptors—a
family of G protein-coupled receptors— (Choi,
2020) and lipoprotein receptor-related protein
(LRP; a receptor tyrosine kinase) co-receptors on
the cell surface. This binding inhibits the activity of
glycogen synthase kinase-3f3 (GSK-3f3), an enzyme
that regulates phosphorylation (Choi, 2020),
resulting in increased levels of free [-catenin
within the cells (Van Mater et al., 2003). Following
Wnt signaling activation, -catenin is translocated
to the nucleus, where it interacts with the
transcriptional regulator T cell lymphoid enhancer
factor-1 (TCF/LEF-1) to activate target gene
expression (Aoki et al., 1999). The degradation of
cytoplasmic B-catenin is regulated by GSK-3f,
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which plays a critical role in reducing the
proliferation of hair follicle progenitor cells
responsible for hair shaft production and in rapidly
inducing the catagen phase. Therefore, inhibition of
GSK-3B may promote hair growth by stabilizing {3-
catenin (Herman & Herman, 2016).

Some algae have been found to promote hair
growth by increasing -catenin levels, making them
a potential alternative therapeutic option for
alopecia (Herman & Herman, 2016). For instance,
Ishige sinicola extract, which contains
octaphlorethol A, has demonstrated the ability to
combat alopecia by stimulating dermal papilla cell
(DPC) proliferation through activation of the -
catenin pathway and inhibition of 5a-reductase
(Kang et al., 2013). In addition, red algae containing
5-bromo-3,4-dihydroxybenzaldehyde (BDB) have
been shown to enhance the length of hair fibers in
mouse vibrissa follicles and increase DPC
proliferation by modulating cell cycle-related
proteins. BDB activates the Wnt/[B-catenin
pathway by phosphorylating GSK-3[ and (3-catenin,
thereby inhibiting the TGF-f pathway, which
promotes the transition to the catagen phase (Kang
etal, 2022).

Loliolide, a monoterpenoid compound
derived from brown algae, has been studied for its
effects on hair growth in human dermal papilla
(DP) cells treated with a concentration of 20 pg/mL
for 48 hours (Choi, 2020). This compound regulates
hair growth and hair loss by inducing AKT
phosphorylation, which leads to the stabilization of
B-catenin. This, in turn, promotes the proliferation
and expression of hair growth regulatory genes in
keratinocytes (Lee et al., 2019).

The main component of brown algae
(Sargassum muticum), apo-9'-fucoxanthinone, has
been shown to promote hair growth by stimulating
dermal papilla cell (DPC) proliferation via
activation of the Wnt/[3-catenin signaling pathway
and the VEGF-R2 pathway (Kang et al,, 2016).In a
study on Undariopsis peterseniana, a 21-day
treatment with this brown algae significantly
increased hair fiber length. In addition, U
peterseniana extract markedly accelerated the
initiation of the anagen phase in vivo. The extract
also increased ERK phosphorylation and elevated
levels of Wnt/[-catenin signaling proteins, such as
glycogen synthase kinase-33 (GSK-3B) and f-
catenin (Kang et al., 2017).

Grateloupia elliptica (red algae) has been
reported to promote the proliferation of dermal
papilla cells (DPCs), which play a crucial role in
regulating the hair cycle. Treatment of isolated rat
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vibrissa follicles with G. elliptica extract resulted in
a significant increase in hair fiber length. In
addition, the extract accelerated the telogen-to-
anagen transition in C57BL/6 mice. To explore the
molecular mechanism underlying this effect, the
activation of Wnt/f-catenin signaling known to
regulate hair follicle development, differentiation,
and hair growth—was investigated. The results
showed that G. elliptica extract activates Wnt/[3-
catenin signaling by increasing [3-catenin levels and
phosphorylated GSK3[ (Kang et al., 2012).

Hair follicle morphogenesis and
development rely on multiple signaling pathways.
Among these, the Wnt/-catenin signaling pathway
is regarded as a key regulator, as the loss of (3-
catenin function an essential signal transducer
within this pathway prevents placode formation
and the subsequent generation of hair follicles
during embryogenesis (Zhang et al., 2016).

The Role of 5a-reductase Signaling in Hair
Growth

The dermal papilla serves as the central hub
for maintaining and regulating hair growth, and it
is a primary target of androgens, which can induce
hair follicle miniaturization and alterations in the
hair cycle. In androgenetic alopecia (AGA), the
anagen phase shortens with each cycle, while the
telogen phase either remains constant or
lengthens. Although the precise mechanisms
behind these changes are still unclear, androgens
particularly dihydrotestosterone (DHT) are known
to play a critical role in the development of AGA in
men. DHT is synthesized from testosterone by the
enzyme 5-a-reductase, which exists in two forms:
type I and type II. These lipophilic enzymes are
predominantly found in intracellular membranes.
Type | 5-a-reductase is primarily located in
sebaceous glands, epidermal and follicular
keratinocytes, dermal papillae, sweat glands, and
the liver, while type I 5-a-reductase is found in
genital skin, the liver, and the prostate. In AGA, hair
loss occurs when the 5-AR (5-a-reductase) enzyme
converts testosterone into DHT, which then binds
to receptors in hair follicles, leading to hair loss
and, eventually, baldness (Lolli et al., 2017).

Some species of algae have been shown to
promote hair growth by inhibiting the synthesis of
dihydrotestosterone (DHT) through the
suppression of 5a-reductase activity. For instance,
the green algae Ecklonia cava has been observed to
increase hair fiber length after topical application
of a 0.5% enzymatic extract of E. cava to the backs
of C57BL/6 mice. Dieckol, a compound extracted

Volume 36 Issue 1 (2025)

from E. cava, stimulates hair growth by promoting
dermal papilla cell (DPC) proliferation and/or
inhibiting 5a-reductase, resulting in a 12.4%
increase in hair follicle length at a concentration of
1 pg/mL (Kang et al, 2012). In addition, the
microalga Tetrathelmis tetrathele (TTE) has been
found to inhibit the production of inflammatory
mediators such as nitric oxide (NO) while
promoting the proliferation of HaCaT keratinocytes
and human follicle dermal papilla cells
(HFDPC). TTE also exhibits inhibitory effects on
S5a-reductase activity (Park & Lee, 2021).
Padina arborescens extract, which contains the
compound -0-myristoyl-2-0-oleoyl-3-0-(a-D-
glucopyranosyl)-glycerol (MOGG), inhibits 5a-
reductase activity by preventing the conversion of
testosterone to DHT, thereby stimulating dermal
papilla cell proliferation, opening KATP channels,
and/or increasing the production of prostaglandin
E2 (PGE2) (Kang et al,, 2020). Research has further
shown that catechols present in flavonoids
effectively inhibit type [ 5a-reductase, and several
polyphenolic compounds are more effective
inhibitors of this enzyme than those targeting type
II (Hiipakka et al., 2002). Moreover, extracts from
Ascidian tunicates demonstrate the highest
proliferative activity in human follicle dermal
papilla (HFDP) cells, significantly inhibiting DHT
production and enhancing HFDP cell proliferation
by 21% and 27% at concentrations of 50 and 100
pg/mlL, respectively, which suggests a potential for
increased hair growth (Neri et al,, 2022). Lastly,
Grateloupia elliptica promotes hair growth by
enhancing dermal papilla cell proliferation,
inhibiting 5a-reductase activity, increasing PGE2
production, reducing lipopolysaccharide (LPS)-
stimulated production of pro-inflammatory
cytokines IL-12, IL-6, and TNF-a, and exhibiting
antifungal activity against Pityrosporum ovale, a
known cause of dandruff (Kang et al.,, 2012).

Role of IGF Signaling in Hair Growth

The production of insulin-like growth factor
1 (IGF-1) in dermal papilla cells plays a crucial role
in promoting hair growth by regulating cell
proliferation and migration during hair follicle (HF)
development (Herman & Herman, 2016). IGF-1’s
proliferative effects on the skin are significant and
may be implicated in the development of heart
failure. Given the presence of IGF-1 receptors on
keratinocytes, it is hypothesized that IGF-1
produced by dermal papilla cells may stimulate
keratinocyte proliferation within the hair follicles,
thereby enhancing hair growth (Ahn et al,, 2012).
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Furthermore, IGF-1 activates cells within the hair
root, extending the anagen (growth) phase and
delaying the catagen and telogen phases of the hair
growth cycle (Herman & Herman, 2016).

Hair follicle (HF) growth and dormancy are
closely linked to IGF activity in dermal papilla (DP)
cells, which is influenced by dihydrotestosterone
(DHT). Among the insulin-like growth factors, IGF-
1 has a more pronounced effect on hair growth
compared to IGF-2. IGF-1 signaling regulates the
hair growth cycle and hair shaft differentiation,
potentially exerting an anti-apoptotic effect during
the catagen phase. Both IGF-1 and IGF-2 help
prevent hair follicles from entering the catagen
phase. Notably, IGF-1 significantly accelerates
linear hair growth and prolongs the overall anagen
phase. The hair growth-promoting effects of IGF-1
are associated with the upregulation of platelet-
derived growth factors A (PDGF-A) and B (PDGF-
B), as well as IGF-1’s anti-apoptotic properties (Ahn
etal, 2012).

In his research, Ecklonia cava, a species of
brown algae, was found to contain various
bioactive compounds, including carotenoids,
fucoidan, and phlorotannin. Polyphenols extracted
from E. cava (ECP) have been shown to enhance
fibroblast survival. Human dermal papilla cells
(hDPCs), which possess fibroblast-like properties
of mesenchymal origin, demonstrated a 30.3%
increase in proliferation following treatment with
10 pg/mL of purified polyphenols from E. cava
(PPE) compared to the negative control (p < 0.001).
Moreover, treatment with 0.1 pg/mL of APD
resulted in a 30.8% elongation of human hair shafts
over a 9-day period compared to the negative
control (p <0.05). Insulin-like growth factor 1 (IGF-
1) mRNA expression increased 3.2-fold in hDPCs
after treatment with 6 pg/mL of APD (p< 0.05),
while vascular endothelial growth factor (VEGF)
mRNA expression was elevated 2.0-fold after
treatment with 3 pg/mL of PPE (p< 0.05). In
addition, treatment with 10 pg/mL of APD
significantly reduced oxidative stress in hDPCs (p <
0.05).

7-Phloroeckol, a phloroglucinol derivative
isolated from marine brown algae, exhibits
antioxidative, anti-inflammatory, and matrix
metalloproteinase (MMP) inhibitory activities. In
this study, 7-phloroeckol promoted the
proliferation of dermal papilla cells (DPCs) and
outer root sheath (ORS) cells. Hair shaft growth
was assessed using a hair follicle organ culture
system, where 7-phloroeckol was shown to
enhance hair shaft elongation in human hair follicle
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cultures. In addition, 7-phloroeckol induced
insulin-like growth factor 1 (IGF-1) mRNA
expression in DPCs and increased IGF-1 protein
concentration in conditioned medium. The results
indicate that 7-phloroeckol significantly promotes
hair growth, with DPC proliferation increasing by
116% and 126%, and ORS cell proliferation by
132% and 126%. Furthermore, hair shaft length
increased to 1.57 mm and 1.84 mm compared to
the control length of 0.96 mm at concentrations of
0.1 pM and 1 uM, respectively. IGF-1 mRNA
expression was elevated 4.98- and 5.37-fold,
corresponding to an increase in IGF-1 secretion to
783 and 841 pg/mlL, respectively.

Role of Vascular Endothelial Growth Factor
(VEGF) in Hair Growth

Vascular endothelial growth factor (VEGF) is
a growth factor that promotes vasculogenesis and
angiogenesis, stimulating hair growth by
enhancing nutrient supply to hair follicles and
increasing the diameter of the follicle base (Gnann
etal, 2013). Transgenic overexpression of VEGF in
keratinocytes of the outer root sheath of hair
follicles  significantly induces perifollicular
vascularization, leading to accelerated hair
regrowth following hair removal and an increase in
both hair follicle and hair shaft size (Yano et al,,
2001). VEGF is secreted by dermal papilla cells
(DPCs) and contributes to hair growth by
promoting the formation of new blood vessels
around the follicles (Miele et al,, 2000; Ozeki &
Tabata, 2003).

Certain algae stimulate hair growth by
affecting the anagen phase, during which vascular
endothelial growth factor (VEGF) expression is
elevated, while it is reduced during the catagen and
telogen phases (Lachgar et al, 1998). Research
conducted by Park (2016) demonstrated increased
expression of insulin-like growth factor 1 (IGF-1) in
mice treated with a Saccharina japonica and
Undaria pinnatifida mixture (LU), as well as
elevated VEGF expression in mice treated with 3%
minoxidil. Polymerase chain reaction (PCR) data
revealed similar patterns of upregulation or
downregulation for both LU and minoxidil
treatments. Mice treated with the LU mixture
exhibited enhanced hair regrowth, along with an
increase in the size and number of follicles.
Hematoxylin and eosin (H&E) staining confirmed
increased hair growth following treatment with the
LU and 3% minoxidil mixture. The LU mixture was
found to have hair growth effects comparable to
minoxidil, with hair growth on day 14 matching
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that observed in the 3% minoxidil group. The LU
mixture significantly (p < 0.05) upregulated genes
associated with hair growth, such as VEGF and IGF-
1, compared to minoxidil and negative controls. In
addition, the LU mixture inhibited the expression of
transforming growth factor-f1 (TGF-f1), a gene
associated with hair loss. Histological analysis
revealed that the induction of anagen-stage hair
follicles occurred more rapidly in the LU and
minoxidil-treated groups than in the control group.
Similarly, Polysiphonia morrowii promotes hair
growth through a comparable mechanism to LU,
stimulating anagen signaling by activating the
Wnt/B-catenin pathway and autophagy, while
inhibiting the TGF-B pathway in dermal papilla
cells (DPCs) (Kang et al., 2022).

Treatment with 10 pg/mL of purified
polyphenols from Ecklonia cava (PPE) increased
human dermal papilla cell (hDPC) proliferation by
30.3% compared to the negative control (p <
0.001). In addition, 0.1 pg/mL of E. cava PPE
resulted in a 30.8% elongation of human hair shafts
over a 9-day period compared to the negative
control (p < 0.05). Insulin-like growth factor-1
(IGF-1) mRNA expression in hDPCs increased 3.2-
fold following treatment with 6 pg/mL of APD (p <
0.05), while vascular endothelial growth factor
(VEGF) mRNA expression increased 2.0-fold after
treatment with 3 pg/mL of PPE (p < 0.05).
Furthermore, treatment with 10 pg/mL of APD
significantly reduced oxidative stress in hDPCs (p <
0.05) (Shin et al,, 2016).

Loliolide, a common monoterpenoid
compound found in brown algae, has been shown
to affect hair growth in dermal papilla (DP) cells,
which are key regulators of hair growth and loss. In
this study, a three-dimensional (3D) DP spheroid
model, which mimics the in vivo hair follicle system,
was used. Biochemical tests demonstrated that low
doses of loliolide increased both the viability and
size of 3D DP spheroids in a dose-dependent
manner. These findings were correlated with
elevated expression levels of hair growth-related
autocrine factors, including vascular endothelial
growth factor (VEGF), insulin-like growth factor 1
(IGF-1), and keratinocyte growth factor (KGF).
Immunoblotting and luciferase-reporter assays
further revealed that loliolide induced AKT
phosphorylation, leading to the stabilization of -
catenin, which is critical for the hair-inductive
properties of DP cells. Loliolide also significantly
enhanced the proliferation and expression of hair
growth regulatory genes in keratinocytes. These
results suggest that loliolide may promote the hair
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growth-inductive capacity of DP cells via the
AKT/B-catenin signaling pathway (Lee et al., 2019).

Role of Transforming growth factor 8 (TGF-8) in
Hair Growth

The transforming growth factor-beta
(TGF-B) pathway plays a crucial role in the
progression of the hair cycle, particularly in the
transition from the anagen phase to the
catagen phase (Foitzik et al.,, 2000). 5-Bromo-3,4-
dihydroxybenzaldehyde (BDB) has been shown to
inhibit the effects of TGF-f1 on dermal papilla cells
(DPCs), thereby preventing the transition to the
catagen phase and prolonging the duration of hair
growth. In this study, BDB, derived from red algae,
promoted hair growth by increasing hair fiber
length in vibrissa follicles cultured ex vivo. BDB
enhanced the proliferation of DPCs, which are key
regulators of hair growth, by modulating cell cycle-
related proteins and maintaining the anagen phase.
This effect was achieved through activation of the
Wnt/B-catenin signaling pathway, stimulation of
autophagy, and inhibition of the TGF-B pathway
(Kang et al,, 2022).

The TGF-B pathway inhibits both hair
growth and epithelial cell proliferation (Foitzik et
al,, 2000; Inui et al,, 2002). Injection of TGF-1 into
mice accelerates the progression to the catagen
phase (Foitzik et al, 2000). Androgens stimulate
the transcription of TGF-f1 mRNA in dermal
papilla cells (DPCs) and inhibit the growth of
keratinocytes co-cultured with androgen-treated
DPCs (Inui et al, 2002). 5-Bromo-3,4-
dihydroxybenzaldehyde (BDB) was found to
inhibit the TGF-B1-induced increase in phospho-
Smad2 levels, suggesting that BDB may offer a
protective  effect against  TGF-B1-induced
keratinocyte apoptosis and subsequent hair loss.

Role of Epidermal growth factor (EGF) in Hair
Growth

Epidermal growth factor (EGF) is a key
growth factor that stimulates hair growth. It is
expressed in the outer root sheath of hair follicles,
promoting cell proliferation and follicle formation
(Hansen et al., 1997). The role of EGF in hair growth
follows a two-step process: (1) EGF is activated in
the hair follicle a few days after birth, facilitating
proper follicle growth and hair fiber production,
and then deactivated when the follicle enters the
catagen phase; (2) EGF is reactivated during the
anagen phase, promoting follicular keratinocyte
migration and hair growth, and deactivated again
in the next catagen phase (Zhang et al,, 2016). In
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both phases, EGF binds to the EGFR/ErbB2
receptor heterodimer. The dimerization of EGFR at
the plasma membrane induces tyrosine kinase
activation and trans-autophosphorylation.
Tyrosine phosphorylation sites in the active EGFR
form a complex network with other signaling
molecules, allowing for precise regulation of the
hair cycle. EGF promotes the proliferation and
migration of outer root sheath (ORS) cells and
upregulates the expression of several follicle-
regulatory genes through the Wnt/f-catenin
signaling pathway (Mak & Chan, 2003). Some algae
utilize this pathway as a mechanism to promote
hair growth.

Role of Endothelial Nitric Oxide Synthase
(eNOS) in Hair Growth

Endothelial nitric oxide synthase (eNOS) is
expressed in follicular papilla cells and plays
a key role in regulating hair follicle growth and
the hair growth cycle. In contrast, inducible
nitric oxide synthase (iNOS) expression tends
to increase in the peripheral tissue of hair
follicles under inflammatory conditions.
Therefore, reduced iNOS expression suggests arole
in promoting hair growth by mitigating
inflammation. Certain macroalgae, particularly
those containing flavonoid compounds, influence
this pathway. Macroalgae rich in polyphenols,
especially flavonoids, exhibit strong anti-
inflammatory properties by inducing eNOS and
inhibiting cyclooxygenase (COX) activity (Sun et al,,
2022).

Nitric oxide (NO) mediates various
physiological effects, ranging from stimulating cell
proliferation to inducing apoptosis or necrosis in
mice (Wolf et al., 2003). NO plays a critical role in
several regulatory processes within the skin,
including angiogenesis, cell proliferation, and
differentiation. Human hair follicles, particularly
the dermal papilla region, are surrounded by a
dense network of capillaries, with vascular
expansion closely linked to the hair cycle phases.
Increased vascularization of hair follicles enhances
hair growth and increases both follicle number and
hair size (Yano et al,, 2001). Dermal papilla cells
have been identified as a source of several factors
that regulate blood supply during different phases
of the hair cycle, such as vascular endothelial
growth factor (VEGF), which induces low levels of
NO through eNOS expression in endothelial cells,
resulting in vasodilation (Blume-peytavi et al,
1998; Yano et al.,, 2001).
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Currently, little is known about the
expression of nitric oxide synthase (NOS) and the
potential role of nitric oxide (NO) in human hair
follicles, particularly regarding its regulatory
function in the physiological hair cycle or its
involvement in androgen-dependent hair
disorders. NADPH-diaphorase staining, which
indicates NOS activity, has only been detected in
specialized keratinocytes forming the outer root
sheath of murine hair follicles. However, further
analysis using antibodies against neuronal NOS
(nNOS) showed no immunoreactivity, suggesting
that the NADPH-diaphorase histochemical assay
may be detecting other NOS isoforms besides the
neuronal variant (Dippel et al., 1994).

Invitro studies of human dermal papilla cells
(DPCs) demonstrate spontaneous nitric oxide (NO)
production, which is further enhanced by
stimulation with lipopolysaccharides (LPS) and
androgens. The constitutive and inducible NO
synthesis observed in these cells is linked to the
expression of endothelial nitric oxide synthase
(eNOS) and inducible nitric oxide synthase (iNOS).
Based on these findings, it has been hypothesized
that androgen-dependent NO production by human
DPCs represents a significant signaling pathway in
human hair follicles (Wolf et al., 2003).

Role of Fibroblast Growth Factor (FGF) in Hair
Growth

Fibroblast growth factors (FGFs) play a
crucial role in human hair follicle development, as
well as in epidermal differentiation and
proliferation (Danilenko, M., Ring, D., & Pierce, F.,
1996). Various members of the FGF family,
including FGF-1, FGF-2, and FGF-7, are expressed
throughout the hair growth cycle. Keratinocyte
growth factor (KGF), also known as FGF-7, is
synthesized by skin fibroblasts and has been shown
to be vital for the development of human hair
follicles and epidermal differentiation and
proliferation (Lee et al., 2018). FGF-7 is localized in
dermal papilla cells (DPCs), where it instructs hair
germ cells to proliferate, initiating a new hair
growth cycle (Greco et al., 2009).

Loliolide, an isolate from brown algae, has
shown a significant effect on hair growth in dermal
papilla (DP) cells, which are the main regulators of
hair growth and loss. This study utilized a three-
dimensional (3D) DP spheroid model that mimics
the in vivo hair follicle system. Loliolide increased
the expression of hair growth-related autocrine
factors, including g VEGF, IGF-1 and KGF and
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stimulated DP cell growth via the AKT/f3-catenin
signaling pathway. Results showed that loliolide
enhanced the viability of HDP spheroid cells up to
100 pg/ml, with the highest viability observed at 20
pug/ml. At this dose, mRNA expression of growth
factors in HDP spheroids also increased (Lee et al.,
2019). Loliolide induced AKT phosphorylation,
leading to B-catenin stabilization, which is crucial
for the hair-inductive properties of DP cells.
Additionally, loliolide upregulated the expression
of DP signature genes, including ALP, BMP2, VCAN,
and HEY1.

FGF signal transduction requires the
involvement of heparin or heparan sulfate
proteoglycans (HSPG) to activate receptor tyrosine
kinases, specifically the FGF receptor (FGFR),
leading to diverse cellular responses induced by
this large family of growth factors (Eswarakumar et
al, 2005). The binding of FGF and HSPG to the
extracellular ligand domain of FGFR triggers
receptor dimerization, followed by activation and
autophosphorylation of several tyrosine residues
in the receptor's cytoplasmic domain.

The Role of Prostaglandin D2 in Hair Growth

Dihydrotestosterone (DHT) and
prostaglandin D2 (PGD2) are key factors
contributing to alopecia and inducing the
miniaturization of hair follicles (Vasserot et al,,
2019). PGD2 levels are elevated in patients with
alopecia, and it reduces wound-induced hair follicle
neogenesis (WIHN) (Garza et al.,, 2012; Nelson et
al,, 2013). PGD2 is known to inhibit hair growth via
its receptor, Gpr44 (Nelson et al., 2013).

Macrophages are inflammatory and immune
effector cells that play a central role in
inflammatory reactions, activated by various
stimuli, including bacterial lipopolysaccharide
(LPS) (Marks-Konczalik et al., 1994; Joung et al,,
2015). LPS, a major component of gram-negative
Escherichia coli cell walls, stimulates the
production of various inflammatory mediators
such as nitric oxide (NO) and prostaglandin E2
(PGE2) (Kaplanski et al., 2003; Liu et al., 2014;
Mittal et al, 2014; Piercing, 1990). Local
inflammation around hair follicles is associated
with the autoimmune condition alopecia areata,
characterized by isolated patches of hair loss on the
scalp and potentially leading to total scalp hair loss
(Chen etal., 2019).

Prostaglandins (PGs) are members of the
eicosanoid family, known for their role in a variety
of normal and pathophysiological responses,
including vascular contraction and relaxation, renal
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filtration, angiogenesis, increased proliferation,
and immune suppression (Harris et al, 2002;
Flowers, 2006). Among them, PGE2 is the most
abundant prostaglandin in the human body,
synthesized from arachidonic acid through the
action of the enzyme cyclooxygenase (COX). PGE2
plays a diverse role, exerting homeostatic,
cytoprotective, inflammatory, and, in some
instances, anti-inflammatory effects (Giuliano &
Warner, 2002; Ricciotti & FitzGerald, 2011).

Recent studies have established a link
between hair regrowth and PGE2. Specifically,
PGE2 has demonstrated moderate growth-
stimulating effects on early anagen hair follicles in
mice, while the PG analogue latanoprost has been
shown to stimulate eyelash growth in humans
(Johnstone & Albert, 2002; Sasaki et al., 2005). In
individuals with androgenetic alopecia (AGA),
prostaglandin D2 synthase (PTGDS) levels are
elevated at both the mRNA and protein levels in
bald scalps compared to hairy scalps. The enzyme
activity of PTGDS produces increased levels of
prostaglandin D2 (PGD2) in bald areas. During the
normal turnover of mouse hair follicles, levels of
Ptgds and PGD2 rise immediately before the
regression phase, suggesting an inhibitory effect on
hair growth. Experimental results indicate that
PGD2 inhibits hair growth in follicle-explored
human hair and when applied topically to mice.
This inhibitory effect on hair growth necessitates
the activation of the PGD2 receptor, GPR44 (a
heterotrimeric guanine nucleotide-coupled
receptor), but not PGD2 receptor 1 (PTGDR).
Additionally, in transgenic K14-Ptgs2 mice, which
express prostaglandin-endoperoxide synthase 2 in
the skin, there is a notable increase in PGD2 levels,
leading to the development of alopecia, follicle
miniaturization, and sebaceous gland hyperplasia
characteristics commonly associated with human
AGA. These findings position GPR44 as a potential
target for therapeutic interventions (Garza et al,,
2012).

Prostaglandin E2 (PGE2), the most abundant
prostaglandin in the human body, is synthesized
from arachidonic acid through the action of the
enzyme cyclooxygenase (COX). PGE2 plays diverse
roles, exerting homeostatic, cytoprotective,
inflammatory, and, in some cases, anti-
inflammatory effects. Notably, it has also been
implicated in  hair = growth  regulation.
Diphlorethohydroxycarmalol (DPHQ), a
phlorotannin compound isolated from the brown
algae Ishige okamurae, exhibits various biological
activities both in vitro and in vivo. This study
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investigates the biological effects and mechanisms
of action of DPHC on prostaglandin synthesis in
HaCaT human keratinocytes. The results
demonstrate that DPHC significantly and dose-
dependently induces PGE2 synthesis in these cells
by increasing the protein and mRNA levels of both
COX-1 and COX-2. Notably, DPHC-induced COX-1
expression occurs prior to that of COX-2.

TTE macroalgae demonstrated the ability to
inhibit the production of inflammatory mediators,
including nitric oxide (NO) and prostaglandin E2
(PGE2), without exhibiting cytotoxicity on LPS-
stimulated 264.7 crude cells. Furthermore, TTE
promoted the proliferation of HaCaT and HFDPC
cells. These results indicate that TTE possesses
anti-inflammatory activity, enhances the growth of
HaCaT and HFDPC cells, and inhibits 5a-reductase
activity (Park et al,, 2021).

Padina arborescens and 1-O-myristoyl-2-
0-oleoyl-3-0-(a-D-glucopyranosyl)-glycerol
(MOGG), the active component, demonstrate
potential in treating alopecia. This is achieved
through  the inhibition of 5a-reductase,
promotion of dermal papillae proliferation,
opening of KATP channels, and/or increased
production of prostaglandin E2 (PGE2) (Kang et al.,
2020).

G. elliptica extract increased PGE2
production in HaCaT cells in a dose-dependent
manner. In addition, the extract exhibited a
significant inhibitory effect on the production of
pro-inflammatory cytokines, including IL-12, IL-6,
and TNF-q, in lipopolysaccharide (LPS)-stimulated
bone marrow-derived dendritic cells (Kang et al,,
2012).

CONCLUSIONS

Research findings on biomarine algae with
anti-alopecia properties are promising, indicating
their potential for development into herbal
medicinal  products. Consequently, further
innovation is warranted to explore the potential of
macroalgae as anti-alopecia agents, particularly
through the formulation of suitable dosage forms.
This includes optimizing transfollicular delivery of
pharmacologically active molecules to enhance
drug release at the target location of hair growth
follicles. By employing appropriate topical dosage
forms on hair follicles, we can minimize hepatic
metabolism and systemic toxicity.
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