www.ijcrt.org © 2024 1JCRT | Volume 12, Issue 12 December 2024 | ISSN: 2320-2882

IJCRT.ORG ISSN : 2320-2882

éi\ﬁ INTERNATIONAL JOURNAL OF CREATIVE
RESEARCH THOUGHTS (1JCRT)
@B/ An International Open Access, Peer-reviewed, Refereed Journal

Exploring The Therapeutic Potential Of Sepia:
Unveiling The Critical Role Of Melanin And
Estrogen In Human Health — A Literature Review

L Prof. Dr. K. Kripakar Reddy, 2K. Chamundeshwari, 3Dhruv Shenk

'Head of the Department, 2 Intern, 2 Intern
!Department of Homoeopathic Materia Medica,
'Devs Homoeopathic Medical College & Hospital, Hyderabad, India

Abstract: This article explores the multifaceted roles of cuttlefish, particularly focusing on Sepia officinalis,
in enhancing human health. It discusses the biological characteristics of cuttlefish, including their unique
anatomy and intelligence, and highlights the significance of their ink, which contains melanin and various
bioactive compounds. The ink exhibits antimicrobial and potential anticancer properties, along with effects
on haematopoiesis, hypertension, inflammation, and oxidative stress. Additionally, the article examines the
role of estrogen and its receptors in cephalopods, detailing their involvement in reproductive processes and
the broader implications for understanding endocrine functions in invertebrates. A comparative analysis of
symptoms associated with cuttlefish ink and hypoestrogenemia further underscores its.potential health
benefits. This comprehensive overview emphasizes the importance of further research .into cephalopod
biology and its applications in medicine, potentially leading to novel therapeutic approaches.
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I. Cuttlefish Overview

Some creatures are so fascinating; they not only appear unique but also provide a better life to mankind with
their amusing innate properties. One among those amazing creatures is Cuttlefishes scientifically named as
Sepia officinalis.

Cuttlefish, belonging to the suborder Sepiida within the class
Cephalopoda, are marine mollusks closely related to squids,
octopuses, and nautiluses. One of their unique features is the
cuttlebone, an internal structure that plays a critical role in
buoyancy regulation [1].

1.1 Physical Characteristics

e Eyes and Tentacles: Cuttlefish possess W-shaped pupils that

enhance vision, especially in low light. They are equipped with

Figure 1 : Cuttlefish eight arms and two tentacles, all of which are fitted with denticulate
suckers to grasp and manipulate prey [2].
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o Size: Cuttlefish typically range in size from 15 to 25 cm in length, with the giant cuttlefish (Sepia
apama) reaching up to 50 cm and weighing over 10.5 kg [3].

1.2 Intelligence and Behavior

Cuttlefish are among the most intelligent invertebrates, with a remarkably large brain-to-body size ratio. Their
advanced cognitive abilities are reflected in their problem-solving skills, complex behaviors, and sophisticated
camouflage mechanisms [4]

1.3 Lifespan and Migration

The typical lifespan of a cuttlefish is 1-2 years. These animals are migratory, spending the spring and summer
months inshore for spawning before migrating to deeper waters (100-200 meters) during the colder months

[5].
1.4 Common Cuttlefish (Sepia officinalis)

o Habitat: Sepia officinalis is found in the Mediterranean, North Sea, and Baltic Sea and can thrive in
brackish waters [6].
e Size: This species can grow up to 49 cm in length and weigh up to 4 kg [7].

1.5 Anatomy of Sepia officinalis (Common Cuttlefish)

Sepia officinalis, commonly referred to as the common cuttlefish, exhibits anatomical features uniquely suited
for predation and adaptation to its environment.

1. Body Structure

e Mantle: The body is encased in a muscular, elongated mantle that protects the internal organs and the
cuttlebone. The flexibility of the mantle allows for jet propulsion and rapid shape changes [8].

o Cuttlebone: This internal structure is vital for buoyancy regulation, allowing the cuttlefish to maintain
neutral buoyancy in water [6].

2. Arms and Tentacles

e Arms: Eight arms surround the head, each equipped with suckers for capturing and manipulating prey

[9].
o Tentacles: Two longer tentacles are used for reaching out to secure prey. These tentacles are also
covered with suckers at their tips to help in prey capture [10].

3. Eyes

e Thelarge eyes of S. officinalis feature W-shaped pupils, enhancing vision in low-light environments.
Their color vision aids in communication and camouflage [11].

4. Circulatory and Respiratory Systems

o Circulatory System: The cuttlefish possesses a closed circulatory system, with blood vessels and a
heart that transport oxygen and nutrients throughout the body [12].

e Respiratory System: Gills beneath the mantle extract oxygen from water, and water is expelled
through the siphon for both propulsion and respiration [13].
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5. Camouflage Mechanism

o Chromatophores: Specialized skin cells allow the cuttlefish to rapidly alter its color and pattern.
These cells contain pigments that expand or contract to change the cuttlefish’s appearance [13].

e Leucophores and Iridophores: In addition to chromatophores, leucophores reflect light, and
iridophores generate iridescent colors to further aid in camouflage [11].

6. Digestive System

e Mouth and Beak: The cuttlefish’s mouth contains a powerful beak for breaking down prey, while a
toothed, tongue-like structure called a radula assists in food processing before digestion [10].

Il. Structure of Sepia officinalis Ink Gland
The ink gland is an essential defense mechanism of Sepia officinalis.
1. Anatomy of the Ink Gland

e Theink gland consists of the ink sac, which acts as a storage reservoir, and the accessory gland, which
synthesizes and secretes the ink. This system connects to the rectum via a duct, and when threatened,

neural stimuli trigger the release of ink through the siphon, creating a smokescreen to help the
cuttlefish escape [11].

2. Chemical Composition of Ink
e The ink primarily contains melanin, responsible for its dark color. Additionally, it includes a variety

of biomolecules such as glycoproteins, enzymes, and polysaccharides, which contribute to its viscosity
and ability to form a dense cloud in water [13].

Parameter Crude Ink Melanin Phase Melanin-Free Ink
pH 7.30 nd 7.40
Water (%) 65.54 53.40 924
Lipids (%) 0.18 0.05 049
Proteins (%) 15.75 15.90 2.51

Ash (Minerals) (% 578 640 1 81

Carbohvdrates (%) 13.75 24.25 0.79

Table 1 Chemical Composition of Ink

3. Function of Ink

o Defense Mechanism: The ink disrupts a predator’s vision, creating an opportunity for the cuttlefish
to escape. It may also contain bioactive compounds that affect the predator’s sensory systems, further
hindering pursuit [12].

o Camouflage: The ink can also blend into the surrounding environment, enhancing the cuttlefish’s
ability to remain concealed [12].
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I11.Properties of Sepia officinalis Ink [12].
1. Color

e The ink is dark brown or black due to melanin, and when expelled, it forms an opaque cloud that
obscures the cuttlefish from its predator's view.

2. Viscosity and Adhesion

e The ink's high viscosity allows it to form a persistent cloud. Its adhesive properties enable it to stick
to surfaces or the predator’s sensory organs, impairing their detection abilities.

3. Toxicity

e The ink contains various bioactive compounds that irritate predators' sensory structures, such as
chemoreceptors and mechanoreceptors, deterring them from attacking

4. Antioxidant and Antimicrobial Properties

e Recent research suggests that the ink also has antioxidant and antimicrobial properties, which may
provide further protection against oxidative damage and microbial infections

IV. Melanin: Multifaceted Roles and Physiological Functions in Human Biology

Melanin, a complex polymer synthesized by melanocytes, plays crucial roles in various physiological
processes beyond pigmentation. It provides significant protection against environmental stressors and
contributes to the maintenance of cellular integrity in multiple tissues. This pigment is not only involved in
coloration but also serves vital functions in skin protection, neuroprotection, and ocular health [10].

4.1 Photo protective Mechanism of Melanin in the Skin

In the integumentary system, melanin functionsas a crucial photo protective agent, safeguarding the skin from
ultraviolet (UV) radiation. It absorbs and disperses harmful UV rays, thereby minimizing damage to deeper
skin layers, particularly the epidermis and dermis. This protective action significantly reduces the formation
of DNA lesions that could lead to mutagenesis and skin cancer. Moreover, melanin plays a vital role in
mitigating oxidative damage by scavenging reactive oxygen species (ROS) induced by UV exposure [11].

4.2 Neuroprotective Functions of Melanin in the Central Nervous System

Melanin is also present in the central nervous system (CNS), particularly in the substantia nigra and basal
ganglia. In these regions, melanin acts as an endogenous antioxidant, protecting dopaminergic neurons from
oxidative stress. This role is particularly significant in the prevention of neurodegenerative diseases like
Parkinson's disease, where melanin’s scavenging properties help maintain neuronal integrity. Furthermore,
melanin may modulate neurotransmitter activity, providing resilience against neuroinflammatory and
neurodegenerative processes [12].

4.3 Melanin in Ocular Tissues: A Defense Mechanism for Vision

Melanin plays a crucial role in the ocular system, particularly in the iris and retina. In the iris, melanin controls
light entry, regulating pupil constriction in response to ambient light conditions. In the retina, melanin serves
as a filter for UV and high-energy visible light, protecting photoreceptor cells from light-induced oxidative
damage. Thisaction is pivotal in preserving retinal health and reducing the risk of diseases such as age-related
macular degeneration (AMD) [13].

4.4 The Role of Melanin in Hair Follicle Pigmentation and Protection
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Within the hair follicle, melanin dictates the coloration of hair, with variations in eumelanin and pheomelanin
determining the spectrum of hair colors. Beyond pigmentation, melanin provides an additional layer of
protection against UV radiation for the scalp, preventing photo aging and sunburn. The gradual loss of
melanocytes in hair follicles leads to the graying process, which is a result of both genetic predisposition and
age-related decline in melanogenic activity [13].

4.5 Systemic Role of Melanin: Antioxidant and Immunomodulatory Properties

Melanin’s systemic functions extend beyond pigmentation. It has been implicated in cellular homeostasis,
acting as a potent antioxidant to neutralize reactive oxygen species (ROS) and reactive nitrogen species
(RNS). These species are by-products of cellular metabolism and external environmental stressors. By
maintaining the balance between oxidative and reductive processes, melanin contributes to the stability of
cellular functions and plays an essential role in immune modulation and overall tissue homeostasis [11].

V. Hormonal Regulation of Melanin Synthesis by Estrogen [14,15]

Melanin, a biopolymer synthesized by melanocytes, is regulated by several physiological processes, including
hormonal influences. Estrogen, a key steroid hormone, plays a critical role in modulating melanogenesis.
Through its receptors on melanocytes, estrogen activates intracellular signaling pathways that enhance
melanin production, particularly during hormonal fluctuations such as pregnancy or contraceptive use. This
section discusses the direct influence of estrogen on melanocyte function and melanin biosynthesis.

5.1 Estrogen-Induced Pigmentation Changes: Regional Effects

Estrogen influences pigmentation patterns across various regions of the body, leading to site-specific increases
in melanin production. This localized effect is particularly evident in areas such as the areola and linea nigra
during pregnancy. The interplay between estrogen, progesterone, and melanocyte-stimulating hormones
modulates pigmentation in these regions, highlighting the specificity of estrogen's action on melanocyte
activity and melanin distribution.

5.2 Protective Role of Estrogen in Skin Pigmentation and Photo protection

Estrogen plays a crucial role in photo protection by modulating melanin levels in response to ultraviolet (UV)
radiation. The hormonal regulation of melanogenesis facilitates the absorptionand scattering of UV radiation,
thereby protecting skin cells from DNA damage. A decline in estrogen-levels, as seen in postmenopausal
women, results in reduced melanin production and increased susceptibility to UV-induced damage,
emphasizing estrogen's protective function against photo aging and skin carcinogenesis.

5.3 Molecular Mechanisms of Estrogen Receptors in Melanocytes

Estrogen exerts its effects on melanocytes via estrogen receptors (ERa and ER), which trigger signaling
pathways such as the MAPK and cAMP pathways. These molecular cascades activate key enzymes involved
in melanogenesis and modulate the transfer of melanin to keratinocytes. The activation of these pathways
underscores the importance of estrogen in both the regulation of melanin synthesis and the maintenance of
skin pigmentation balance.

5.4 Conclusion: Estrogen as a Key Regulator of Melanin Homeostasis

Estrogen is a critical regulator of melanin synthesis and distribution, with significant effects on skin
pigmentation. By influencing melanocyte activity, estrogen ensures the production of melanin for photo
protection and aesthetic pigmentation. The hormonal regulation of melanogenesis plays a role in physiological
changes in pigmentation during different life stages, including pregnancy, contraceptive use, and menopause.
The understanding of estrogen’s effects on melanin offers insights into the dynamic processes of skin
pigmentation and its protective roles.

COMPARISON OF SYMPTOMS OF SEPIA & HYPOESTROGENEMIA
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Characteristic Sepia Hypoestrogenemia

I. Menstrual cycle | Mensestoo late & scanty irregular Irregular

Il. Reproductive Dryness of external genitalia Vaginal dryness

organs

I11.Intercourse Vagina painful, especially on coition Painful sex

V. Weakness General weariness Fatigue

V. Hot Flashes Hot flashes at Menopause with weakness | Present
and Perspiration

VI. Mind Indifferent to those loved best, averse to | Mood swings
occupation, irritable, sad , weeps easily

VII.  Weight Suited for slim women Weight gain

Table 2 : Comparison of Symptoms of Sepia & Hypoestrogenemia

V1. Conclusion:

Sepia (Cuttlefish) and its ink, particularly the melanin component, demonstrate considerable therapeutic
potential in human health. Melanin plays a pivotal role in photo protection, neuroprotection, and immune
modulation, with significant implications for preventing UV-induced skin damage, oxidative stress, and
neurodegenerative disorders. Furthermore, estrogen's regulatory influence on melanogenesis highlights a
crucial interaction between hormonal regulation and pigmentation processes, particularly in conditions like
hypoestrogenemia. The comparison between Sepia and hypoestrogenemia suggests that Sepia may offer
therapeutic benefits in managing hormonal imbalances, reproductive health, and skin-related conditions.
Continued investigation into the bioactive properties of Sepia may lead to the development of novel, evidence-
based natural treatments

VIII.
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