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Skin aging is a complex biological process driven by intrinsic factors such as genetic
predisposition and hormonal changes, as well as extrinsic factors including ultraviolet
(UV) radiation, pollution, and lifestyle influences. These factors contribute to oxidative
stress, inflammation, collagen degradation, and cellular senescence, ultimately leading
to visible signs of aging such as wrinkles, loss of elasticity, and uneven pigmentation.
In recent years, there has been growing interest in natural bioactive compounds as safer
and more effective alternatives to synthetic anti-aging agents. Crocus sativus L.
(saffron), a valuable medicinal plant, has emerged as a promising candidate due to its
rich phytochemical composition, particularly crocin, crocetin, safranal, and picrocrocin.
These bioactive constituents exhibit potent antioxidant, anti-inflammatory, and
photoprotective properties, which play a crucial role in mitigating the key mechanisms
of skin aging. Saffron compounds act by scavenging reactive oxygen species (ROS),
inhibiting matrix metalloproteinases (MMPs), enhancing collagen synthesis, and
modulating critical cellular signaling pathways such as nuclear factor-kappa B (NF-«B)
and mitogen-activated protein kinase (MAPK). Furthermore, saffron demonstrates
significant pharmacological activities, including skin rejuvenation, anti-wrinkle effects,
and wound healing potential. Its incorporation into cosmeceutical formulations such as
creams, gels, and advanced delivery systems like phytosomes, liposomes, and nano
formulations has enhanced its stability, bioavailability, and therapeutic efficacy. Despite
these promising attributes, challenges such as high cost, variability in phytochemical
content, and limited clinical evidence remain.
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INTRODUCTION

Aging is a complex and inevitable biological
process characterized by progressive deterioration
of physiological functions and increased
susceptibility to chronic disorders, including
neurodegenerative, cardiovascular, and metabolic
diseases .At the cellular level, aging is driven by
interconnected mechanisms such as oxidative
stress, mitochondrial dysfunction, telomere
shortening, DNA damage, and cellular senescence.
Among these mechanisms, oxidative stress plays a
central role through excessive generation of
reactive oxygen species (ROS), resulting in
damage to proteins, lipids, and nucleic acids.

Skin aging is of the most visible
manifestations of the aging process and 1is
influenced by both intrinsic and extrinsic factors
[4]. It is characterized by structural and functional
alterations in the skin, including collagen
degradation, reduced elasticity, wrinkle formation,

dryness, and pigmentation abnormalities. With

one

increasing life expectancy and growing awareness
regarding skin health, there is a rising demand for
effective and safer anti-aging therapies.

In recent years, natural products have attracted
considerable attention as potential anti-aging
agents because of their safety, biocompatibility,
and multi-targeted mechanisms of action. Among
various medicinal plants,
(saffron) has emerged as a promising candidate

Crocus sativus L.

due to its rich phytochemical composition and
diverse pharmacological properties. The major
bioactive constituents of saffron, including crocin,
crocetin, safranal, and picrocrocin, possess potent
antioxidant, anti-inflammatory, and
photoprotective activities that may help prevent
oxidative stress-induced skin damage and delay
the aging process.

1.1 Aging and Skin Aging
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Biological aging is characterized by a gradual
decline in cellular function and regenerative
capacity, ultimately leading to tissue degeneration
and functional impairment. In the skin, aging is
associated with both structural and biochemical
that affect its appearance
physiological function. During the aging process,
the epidermis becomes thinner, while the dermis
shows reduced fibroblast activity and decreased
synthesis of  extracellular (ECM)
components, including collagen and elastin.

alterations and

matrix

Collagen and elastin are the principal structural
proteins responsible for maintaining skin strength,
elasticity, and firmness. Age-related degradation
of these proteins results in wrinkle formation, loss
of elasticity, and skin sagging [6]. In addition,
reduced production of natural moisturizing factors
and impaired barrier function contribute to
dryness, rough texture, and reduced hydration.
These cumulative changes lead to visible signs of
skin aging such as fine lines, wrinkles, uneven
pigmentation, and decreased skin tone.

1.2 Intrinsic and Extrinsic Factors

Skin aging is influenced by a combination of
intrinsic (endogenous) and extrinsic
(environmental) factors [4]. Intrinsic aging, also
known as chronological aging, is a natural and
genetically programmed process that occurs over
time. It is associated with hormonal alterations,
decreased cellular turnover, reduced collagen
synthesis, telomere shortening, mitochondrial
dysfunction, and accumulation of cellular damage.

Extrinsic aging is primarily caused by
environmental factors such as ultraviolet (UV)
radiation, pollution, smoking, and unhealthy
lifestyle habits. Among these, UV radiation is
considered the major contributor to photoaging.
UV exposure induces the generation of reactive
oxygen species (ROS) and activates signaling
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pathways including nuclear factor-kappa B (NF-
kB) and activator protein-1 (AP-1), which
stimulate matrix metalloproteinases (MMPs)
responsible for collagen degradation.
Furthermore, environmental pollutants and
cigarette smoke accelerate skin aging by
enhancing oxidative stress, inflammation, and

cellular damage.
1.3 Need for Natural Anti-Aging Agents

Conventional anti-aging therapies and cosmetic
products often provide only temporary benefits
and may be associated with adverse effects such as
skin irritation, hypersensitivity reactions, and
long-term toxicity. Consequently, there has been
increasing interest in natural products as safer and
more effective alternatives for anti-aging therapy.

Natural anti-aging agents are rich in bioactive
compounds such as polyphenols, flavonoids,
carotenoids, and terpenoids, which possess strong
antioxidant and anti-inflammatory properties.
These compounds can neutralize reactive oxygen
species (ROS), inhibit inflammatory mediators,
and protect cellular components from oxidative
damage, thereby slowing the aging process.

In addition, natural compounds exert multi-
targeted effects by modulating several molecular
pathways involved in aging, including oxidative
stress, inflammation, apoptosis, and collagen
degradation. Their safety, biocompatibility, and
therapeutic efficacy make them attractive
candidates for incorporation into pharmaceutical
and cosmeceutical formulations.

1.4 Overview of Crocus sativus

Crocus sativus L., commonly known as saffron, is
a perennial herbaceous plant belonging to the
family Iridaceae. It is primarily cultivated for its
dried red stigmas, which are extensively used as a
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spice, coloring agent, flavoring agent, and
traditional herbal medicine. Major saffron-
producing regions include Iran, India (particularly

Jammu and Kashmir), Spain, and Greece.

The therapeutic potential of saffron is mainly
attributed to its major bioactive constituents,
including crocin, crocetin, safranal,
picrocrocin. These phytochemicals exhibit a broad
spectrum of pharmacological activities such as

and

antioxidant, anti-inflammatory, neuroprotective,
antimicrobial, and anti-aging effects.

Traditionally, saffron has been widely used in
Ayurvedic, Persian, and traditional medicinal
systems for the management of various disorders
including depression, asthma, gastrointestinal
disturbances, and cardiovascular diseases. Recent
scientific investigations have highlighted its
potential role in preventing skin aging through
reduction of oxidative stress, inhibition of
inflammatory  pathways, protection against
ultraviolet-induced damage, and enhancement of
collagen synthesis.

2. Phytochemistry of Crocus sativus

The pharmacological potential of Crocus sativus
(saffron) is primarily attributed to its unique and
complex phytochemical composition. The dried
stigmas of saffron contain a wide range of
bioactive constituents, including carotenoids,
glycosides, volatile oils, flavonoids, and phenolic
compounds. These phytochemicals are responsible
for saffron’s characteristic color, taste, aroma, and
diverse pharmacological such as
antioxidant, anti-inflammatory, neuroprotective,

and anti-aging effects.

activities

The major phytochemical classes present in
saffron include apocarotenoids such as crocin and
crocetin, volatile monoterpene aldehydes such as
safranal, and glycosidic compounds such as
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picrocrocin. In addition, minor constituents
including flavonoids, vitamins, minerals, and
phenolic compounds may contribute

synergistically to its therapeutic efficacy.
2.1 Major Bioactive Constituents

The major bioactive constituents of Crocus sativus
include crocin, crocetin, safranal, and picrocrocin,
each  contributing  significantly  to  its
pharmacological properties.

Crocin

Crocin is a water-soluble carotenoid glycoside
responsible for the characteristic deep red color of
saffron. It exhibits potent antioxidant activity
through scavenging of reactive oxygen species
(ROS) and inhibition of lipid peroxidation. In
addition, crocin demonstrates anti-inflammatory,
anti-apoptotic, anti-aging  effects by
modulating oxidative stress pathways and cellular
signaling mechanisms.

and

Crocetin

Crocetin is a lipophilic dicarboxylic carotenoid
formed through hydrolysis of crocin . Due to its
lipophilic nature, crocetin exhibits improved
membrane permeability and bioavailability,
facilitating effective interaction with biological
systems. Crocetin possesses antioxidant, anti-
inflammatory, anti-apoptotic, and mitochondrial
protective properties, thereby reducing cellular
damage associated with aging and oxidative stress.

Safranal

Safranal is a volatile monoterpene aldehyde
responsible for the characteristic aroma of saffron.
It is generated during the drying and storage
process through degradation of picrocrocin.
Safranal exhibits antioxidant, antimicrobial,
anticonvulsant, and neuroprotective activities,
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which contribute significantly to the therapeutic
and anti-aging potential of saffron.

Picrocrocin

Picrocrocin is a glycosidic compound responsible
for the bitter taste of saffron and acts as the
precursor of safranal. Although comparatively less
studied, picrocrocin contributes to antioxidant
activity and plays an important role in maintaining
saffron quality and stability during processing and
storage.

2.2 Chemical Properties

The major bioactive constituents of saffron
possess distinct physicochemical properties that
influence their biological activity, stability, and
therapeutic applications. Crocin is highly water-
soluble glycosidic structure,
whereas crocetin is lipophilic and demonstrates
superior ~ membrane  permeability.  These
differences  significantly  influence  their
absorption, distribution, metabolism, and overall
bioavailability.

because of its

The stability of saffron constituents is strongly
affected by environmental factors such as light,
temperature, oxygen, humidity, and pH. Crocin is
particularly sensitive to heat and light, resulting in
degradation and loss of color intensity as well as
biological activity during improper storage
conditions. Similarly, safranal, being highly
volatile, may undergo evaporation or degradation
during processing and storage.

The conjugated double-bond systems present in
crocin and crocetin contribute to their potent
antioxidant properties by facilitating electron
donation and free radical scavenging.
Furthermore, the presence of functional groups
such as glycosidic and carboxylic moieties
influences their interaction with biological
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membranes,
pathways.

enzymes, and cellular signaling

2.3 Extraction and Standardization

Efficient extraction and standardization of saffron
bioactive compounds are essential for ensuring
product quality, safety, and therapeutic efficacy.
techniques been
employed for the isolation of saffron constituents,
including extraction wusing ethanol,
methanol, and water, Soxhlet extraction,
ultrasound-assisted  extraction, microwave-
assisted extraction, and supercritical fluid
extraction. Among these methods, supercritical

Various extraction have

solvent

CO: extraction is considered highly effective
because it preserves thermolabile compounds and
provides extracts of high purity and stability.

The extraction yield and phytochemical
composition of saffron extracts are significantly
influenced by factors such as solvent polarity,
extraction temperature, extraction time, pressure
conditions, and quality of plant material.
Therefore, optimization of extraction parameters is
essential for obtaining reproducible and
therapeutically effective extracts.

Standardization of saffron is commonly performed
using  chromatographic and  spectroscopic
techniques such as high-performance liquid
chromatography (HPLC), gas chromatography
(GC), liquid chromatography—mass spectrometry
(LC-MS), and spectrophotometric
International quality standards such as ISO 3632
classify saffron quality based on the concentration
of crocin (color strength), safranal (aroma), and
picrocrocin (taste).

analysis.

Proper standardization is necessary to ensure
batch-to-batch consistency, therapeutic efficacy,
safety, and  regulatory = compliance in
pharmaceutical and cosmeceutical formulations. It
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also helps prevent adulteration and maintain the
authenticity and quality of saffron-based products.

3. Mechanisms of Skin Aging

Skin aging is a complex biological process
involving multiple interconnected molecular and
cellular pathways. It is primarily driven by
oxidative stress, collagen degradation, ultraviolet
(UV)-induced damage, chronic inflammation, and
These
collectively contribute to structural and functional
deterioration of the skin, resulting in visible
manifestations such as wrinkles, loss of elasticity,
dryness, and pigmentation abnormalities.

cellular senescence. mechanisms

3.1 Oxidative Stress and Reactive Oxygen Species
(ROS)

Oxidative stress plays a central role in the aging
process and occurs due to an imbalance between
the production of reactive oxygen species (ROS)
and the antioxidant defense systems of the body.
ROS, including superoxide anions, hydroxyl
radicals, and hydrogen peroxide, are generated
during normal cellular metabolism as well as
through external factors such as ultraviolet
radiation, pollution, and smoking.

Excessive ROS production causes oxidative
damage to cellular macromolecules including
DNA, proteins, lipids, and mitochondrial
components, thereby impairing normal cellular
function and accelerating the aging process. In
addition, oxidative stress activates several
intracellular signaling pathways, particularly
nuclear factor-kappa B (NF-kB) and mitogen-
activated protein kinase (MAPK), which promote

inflammation, apoptosis, and cellular damage.

The depletion of endogenous antioxidant defense
mechanisms, including dismutase
(SOD), catalase, glutathione peroxidase, and

superoxide

5971 | Page



Yusuf Khan, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 5, 5967-5983 [Review

reduced glutathione, further aggravates oxidative
stress and contributes significantly to skin aging
and tissue degeneration.

3.2 Collagen Degradation and  Matrix

Metalloproteinases (MMPs)

Collagen is the major structural protein of the
dermal extracellular matrix and is responsible for
maintaining skin strength, elasticity, and firmness.
During the aging process, collagen synthesis
gradually decreases while collagen degradation
increases, resulting in wrinkle formation and loss
of skin elasticity.

Matrix metalloproteinases (MMPs), particularly
MMP-1 (collagenase), MMP-3, and MMP-9, play
a crucial role in the degradation of collagen and
other extracellular matrix (ECM) components. The
expression of MMPs is significantly upregulated
by oxidative stress and ultraviolet radiation
through activation of transcription factors such as
activator protein-1 (AP-1) and NF-«B.

This imbalance between collagen synthesis and
degradation leads to structural disorganization of
the dermal matrix, contributing to visible signs of
skin aging such as wrinkles, sagging, and reduced
skin firmness.

3.3 UV-Induced Damage (Photoaging)

Ultraviolet (UV) radiation is considered the most
important environmental factor responsible for
premature skin aging, commonly referred to as
photoaging. Both UVA and UVB radiation
penetrate the skin and induce excessive generation
of ROS, resulting in oxidative stress and cellular
damage.

UV  exposure activates signaling pathways
including NF-xB and AP-1, which stimulate the
production of pro-inflammatory cytokines and
matrix metalloproteinases, thereby promoting

N\

2R

o "'\\'1‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

~E

s

collagen degradation and inflammation. In
addition, UV radiation causes direct DNA damage,
mutations, mitochondrial  dysfunction, and
impairment of cellular repair mechanisms, which

increase the risk of skin carcinogenesis.

Clinically, photoaged skin is characterized by deep
wrinkles, texture, hyperpigmentation,
dryness, reduced elasticity, and uneven skin tone.

coarse

3.4 Inflammation and Cellular Aging

Chronic inflammation is a major contributor to the
aging process and is commonly referred to as
“inflammaging”. It involves persistent activation
of immune and inflammatory responses, leading to
the release of pro-inflammatory mediators such as
tumor necrosis factor-alpha (TNF-a), interleukins
(IL-1 and IL-6), and other cytokines.

These inflammatory mediators enhance oxidative
stress, activate matrix metalloproteinases, and
accelerate degradation of extracellular matrix
proteins, thereby contributing to skin aging and
tissue damage. Chronic inflammation also
promotes cellular state  of
irreversible cell-cycle arrest in which senescent
cells remain metabolically active and secrete

inflammatory mediators collectively known as the

senescence, a

senescence-associated  secretory  phenotype
(SASP).

Accumulation of senescent cells impairs tissue
regeneration and perpetuates chronic
inflammation, creating a self-amplifying cycle that
accelerates skin aging. Furthermore,

mitochondrial dysfunction, telomere shortening,
and persistent DNA damage exacerbate cellular
aging and reduce the regenerative capacity of the
skin.

4. Molecular Mechanisms of Anti-Aging

Activity
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The anti-aging potential of Crocus sativus is
mediated through multiple molecular mechanisms
targeting the major pathways involved in skin
aging, including oxidative stress, inflammation,
collagen degradation, and dysregulation of cellular
signaling pathways. The principal bioactive
constituents of saffron, namely crocin, crocetin,
and safranal, act synergistically to protect skin
cells, maintain extracellular matrix integrity, and

delay age-associated cellular damage.
4.1 Antioxidant Mechanism

Oxidative stress is considered one of the primary
causes of skin aging and results from excessive
production of reactive oxygen species (ROS) that
overwhelm the endogenous antioxidant defense
system. Bioactive constituents of Crocus sativus,
particularly crocin and crocetin, exhibit potent
antioxidant activity by scavenging free radicals
and reducing oxidative damage to cellular
biomolecules.

These  compounds  enhance  endogenous
antioxidant defense mechanisms by increasing the
activity of antioxidant enzymes such as superoxide
dismutase (SOD), catalase, and glutathione
peroxidase. In addition, saffron constituents
inhibit lipid peroxidation and protect proteins,
lipids, and DNA from oxidative injury. Through
these mechanisms, saffron helps preserve cellular
integrity, delay cellular senescence, and maintain
skin health.

4.2 Anti-inflammatory Activity

Chronic inflammation, often referred to as
“inflammaging,” plays a significant role in the
progression of skin aging. Crocus sativus exhibits
notable anti-inflammatory activity through
modulation of inflammatory mediators and
signaling pathways.

U
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Crocin and safranal suppress the activation of
factor-kappa B (NF-«xB), a key
transcription factor involved in the production of
pro-inflammatory cytokines such as
necrosis factor-alpha (TNF-a), interleukin-1 (IL-
1), and interleukin-6 (IL-6). Inhibition of these
inflammatory mediators reduces inflammation-
induced cellular damage and slows the progression
of aging-related skin alterations. Furthermore,

nuclear

tumor

saffron bioactives may attenuate inflammatory
responses associated with UV exposure and
oxidative stress, thereby contributing to improved
skin protection and repair.

4.3 Collagen Protection and MMP Inhibition

Collagen degradation is a hallmark feature of skin
aging and is mainly mediated by matrix
metalloproteinases (MMPs), particularly MMP-1,
MMP-3, and MMP-9. Increased expression of
MMPs leads to breakdown of collagen and
extracellular matrix (ECM) proteins, resulting in
wrinkle formation and loss of skin elasticity.

The bioactive compounds of saffron help preserve
collagen integrity by inhibiting MMP expression
and activity. Crocin has been reported to suppress
activator protein-1 (AP-1)-mediated signaling
pathways, thereby reducing collagen degradation.
In addition, saffron promotes fibroblast
proliferation and collagen synthesis, which helps
maintain dermal structure and improve skin
firmness and elasticity. These combined effects
contribute to reduction of wrinkles and prevention
of premature skin aging.

4.4 Photoprotective Effects

Ultraviolet (UV) radiation is one of the major
external factors responsible for premature skin
aging, commonly known as photoaging. Exposure
to UV radiation induces ROS generation,
oxidative stress, inflammation, DNA damage, and
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activation of MMPs, ultimately leading to collagen
degradation and cellular dysfunction.

Saffron and its bioactive constituents exhibit
significant photoprotective properties against UV-
induced skin damage. Crocin and crocetin protect
skin cells from UV-induced apoptosis and
injury by scavenging ROS
modulating inflammatory signaling pathways.
Additionally, inhibits ~ UV-induced
activation of MMPs, thereby preserving collagen
structure and reducing wrinkle formation. These
protective effects contribute to maintenance of

skin integrity and prevention of photoaging.

oxidative and

saffron

4.5 Modulation of Cellular Signaling Pathways

The anti-aging activity of Crocus sativus is further
mediated through regulation of several cellular
signaling pathways involved in oxidative stress
response, inflammation, apoptosis, and cell

survival.

Key pathways modulated by saffron bioactives
include:

e NF-«xB pathway: Suppresses inflammation
and oxidative stress

« MAPK  (Mitogen-Activated  Protein
Kinase)  pathway:  Regulates  cell
proliferation, differentiation, apoptosis,

and stress responses

e Nrf2 (Nuclear factor erythroid 2-related
factor 2) pathway: Enhances cellular
antioxidant defense by upregulating

detoxifying and antioxidant enzymes

Activation of the Nrf2 pathway stimulates the
expression of antioxidant enzymes and
cytoprotective proteins, thereby protecting cells
against oxidative damage. Simultaneously,
inhibition of NF-xB and MAPK signaling

N\

2R

o "'\\'1‘/’ INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

~E

s

pathways reduces inflammatory responses and
cellular stress, contributing to the overall anti-
aging and skin-protective effects of saffron.

5. Pharmacological Activities

Crocus sativus exhibits a broad spectrum of
pharmacological that
significantly to its anti-aging and dermatological
potential. These activities are mainly attributed to
its major bioactive constituents, including crocin,
crocetin, safranal, and picrocrocin, which exert
antioxidant, anti-inflammatory, photoprotective,
and tissue-regenerative effects. The
multifunctional nature of these compounds

activities contribute

enables saffron to target multiple pathways
associated with oxidative stress, inflammation,
collagen degradation, and skin damage.

5.1 Antioxidant Activity

The antioxidant activity of Crocus sativus is one
of its most important pharmacological properties.
The major saffron constituents, particularly crocin
and crocetin, effectively scavenge reactive oxygen
species (ROS) and reduce oxidative stress, which
is a major contributor to aging and cellular
damage.

These bioactive compounds enhance endogenous
antioxidant defense systems by increasing the
activity of antioxidant enzymes such as superoxide
dismutase (SOD), catalase, and glutathione
peroxidase. In addition, saffron inhibits lipid
peroxidation and protects cellular
macromolecules, including DNA, proteins, and
lipids, from oxidative injury. Through these
mechanisms, saffron helps prevent premature
aging, maintain cellular integrity, and support
overall skin health.

5.2 Anti-inflammatory Activity

5974 | Page



Yusuf Khan, Int. J. of Pharm. Sci., 2026, Vol 4, Issue 5, 5967-5983 [Review

Chronic inflammation is closely associated with
skin aging and several dermatological disorders.
Crocus sativus exhibits potent anti-inflammatory
activity by modulating inflammatory signaling
pathways and suppressing the production of pro-
inflammatory mediators.

Crocin and safranal inhibit activation of nuclear
factor-kappa B (NF-kB), thereby reducing the
expression of inflammatory cytokines such as
tumor necrosis factor-alpha (TNF-a), interleukin-
1 (IL-1), and interleukin-6 (IL-6). This
suppression of inflammatory responses helps
minimize tissue damage, reduce oxidative stress-
induced inflammation, and delay aging-associated
skin alterations. Furthermore, saffron may help
alleviate inflammation induced by environmental
stressors such as UV radiation and pollution.

5.3 Skin Rejuvenation and Anti-wrinkle Effects

Saffron plays an important role in skin
rejuvenation and wrinkle reduction through
multiple protective and regenerative mechanisms.
Its antioxidant activity protects skin cells from
oxidative stress and prevents cellular damage
associated with aging.

Saffron bioactives enhance collagen synthesis and
support fibroblast proliferation, both of which are
essential for maintaining skin elasticity, firmness,
and structural integrity. In addition, saffron
inhibits metalloproteinases (MMPs),
enzymes responsible for collagen degradation and

matrix

extracellular matrix breakdown. This inhibition
helps reduce wrinkle formation and prevent skin

sagging.

Furthermore, saffron improves skin hydration and
texture, leading to smoother and healthier skin
appearance. Its photoprotective effects against
ultraviolet  (UV)-induced damage  further
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contribute to prevention of photoaging and
maintenance of youthful skin characteristics.

5.4 Wound Healing Activity

Crocus sativus has demonstrated promising
wound healing potential due to its antioxidant,
anti-inflammatory, and antimicrobial properties.
Saffron promotes tissue regeneration by enhancing
cell proliferation, collagen deposition,
angiogenesis, and extracellular matrix remodeling,
all of which are essential processes in wound

healing.

Crocin has been reported to accelerate wound
closure by reducing oxidative stress and
inflammatory responses at the site of injury.
Additionally, saffron extracts help maintain a
favorable healing environment by preventing
microbial supporting
regeneration. These combined effects contribute to

faster repair and improved healing

infections and skin
tissue

outcomes.

The wound healing properties of saffron highlight
its potential application in dermatological
therapies, skin repair formulations, and
cosmeceutical products aimed at improving
overall skin health and regeneration.

6. Cosmeceutical Applications

The growing demand for natural and effective
skincare solutions has led to increased interest in
cosmeceuticals derived from medicinal plants.
Crocus sativus (saffron), owing to its rich
phytochemical ~ composition  and  potent
antioxidant,  anti-inflammatory, and  skin-
protective properties, has emerged as a valuable
ingredient in modern cosmeceutical formulations.
Its bioactive compounds—crocin, crocetin, and
safranal—play a significant role in improving skin
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health, preventing premature aging, and enhancing
overall skin appearance.

6.1 Herbal Formulations

Saffron has been widely used in traditional herbal
formulations for skincare due to its therapeutic and
cosmetic benefits. It is commonly incorporated
into face packs, herbal oils, and skin tonics aimed
at improving complexion, reducing pigmentation,
and promoting skin rejuvenation.

The antioxidant properties of saffron help
neutralize reactive oxygen species (ROS), thereby
protecting the skin from oxidative damage and
environmental stressors. In addition, its anti-
inflammatory activity aids in soothing irritated
skin and reducing redness and inflammation.

Modern herbal formulations often combine saffron
with other plant-based ingredients such as aloe
vera, turmeric, and sandalwood to enhance its
efficacy through synergistic effects. These
formulations are widely used for skin brightening,
hydration, and anti-aging purposes.

6.2 Anti-aging Creams and Gels

Saffron is increasingly being incorporated into
topical formulations such as creams and gels
designed for anti-aging applications. These
formulations aim to deliver saffron bio actives
directly to the skin, where they exert their
protective and regenerative effects.

Saffron-based creams and gels help reduce
wrinkles and fine lines by enhancing collagen
synthesis and inhibiting matrix metalloproteinases
(MMPs), which are responsible for collagen
degradation. Additionally, these formulations
improve skin elasticity, hydration, and texture,
resulting in a more youthful appearance.
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The use of advanced formulation strategies, such
as phytosomal gels and nano-based delivery
systems, has further improved the stability,
penetration, and bioavailability of saffron
constituents in topical applications. These
innovations enhance the therapeutic effectiveness
of saffron in cosmeceutical products.

6.3 Dermatological Uses

Beyond cosmetic applications, Crocus sativus has
shown promising potential in dermatological
treatments. Its bioactive compounds exhibit
antimicrobial, anti-inflammatory, and wound
healing properties, making it useful in managing
various skin conditions.

Saffron has been explored for the treatment of
hyperpigmentation, acne, and inflammatory skin
disorders due to its ability to regulate melanin
production and reduce inflammation. Its
antioxidant properties also protect the skin from
UV-induced damage, thereby
photoaging and maintaining skin integrity.

preventing

Furthermore, saffron-based formulations have
demonstrated efficacy in promoting wound
healing by enhancing cell proliferation, collagen
deposition, tissue regeneration. These
properties make saffron a versatile agent in both
therapeutic dermatology and cosmetic skincare.

and

7. Advanced Drug Delivery Systems

Despite the significant therapeutic potential of
Crocus sativus, its clinical and cosmeceutical
applications are often limited by poor
bioavailability, low stability, and limited skin
permeability of its bioactive constituents such as
crocin and crocetin. To overcome these
challenges, advanced drug delivery systems have
been developed to enhance the solubility, stability,
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targeted delivery, and therapeutic efficacy of
saffron bio actives.

These novel delivery approaches improve dermal
penetration, protect active compounds from
degradation, and allow controlled and sustained
release, making them highly suitable for anti-aging
applications.

7.1 Phytosomes

Phytosomes are advanced drug delivery systems in
which plant bioactive compounds are complexed
with phospholipids, typically phosphatidylcholine,
to improve their bioavailability and membrane
permeability. Unlike conventional herbal extracts,
phytosomes form a lipid-compatible molecular
complex that enhances the absorption of polar
phytoconstituents.

In the case of Crocus sativus, phytosomal
formulations of crocin and crocetin have shown
improved stability and enhanced penetration
through the skin barrier. The phospholipid
facilitates better interaction with
biological membranes, leading to increased dermal
absorption and therapeutic efficacy.

complex

Phytosomes also provide protection against
degradation caused by environmental factors such
as light and oxidation. Due to these advantages,
phytosomal gels containing saffron extracts are
being axtuBHO explored for anti-aging and
dermatological applications.

7.2 Liposomes

Liposomes are spherical vesicles composed of one
or more phospholipid bilayers enclosing an
aqueous core. They are widely used as carriers for
both hydrophilic and lipophilic drugs due to their
biocompatibility and ability to encapsulate diverse
compounds.

U

‘\Z‘:ri:\',\} INTERNATIONAL JOURNAL OF PHARMACEUTICAL SCIENCES

7

Saffron bio actives, particularly crocin
(hydrophilic) and crocetin (lipophilic), can be
effectively incorporated into liposomal systems.
Liposomes enhance the penetration of these
compounds into deeper layers of the skin and
provide controlled release, thereby improving their

therapeutic performance.

Additionally, liposomes protect sensitive
compounds from degradation and reduce irritation,
making them suitable for topical applications.
Liposomal formulations of saffron have
demonstrated improved antioxidant and anti-aging

effects in dermal delivery systems.
7.3 Nano formulations

Nano formulations, including nanoparticles, nano
emulsions, nanogels, and solid lipid nanoparticles,
represent a cutting-edge approach for enhancing
drug delivery efficiency. These systems operate at
the nanoscale, allowing improved surface area,
enhanced permeability, and targeted delivery of
active compounds.

Nano formulations of Crocus sativus bio actives
offer several advantages, such as increased
solubility, improved stability, and enhanced skin
penetration. For example, nano emulsions
containing saffron extracts facilitate better
absorption through the stratum corneum and
provide uniform distribution across the skin.

Nanoparticles also enable controlled and sustained
release of active constituents, reducing the
frequency of application and improving patient
compliance. Furthermore, nanogels combine the
benefits of hydrogels and nanoparticles, providing
enhanced hydration along with efficient drug
delivery.

These advanced nano-based
particularly promising for anti-aging applications,

systems are
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as they effectively target the underlying
mechanisms of skin aging, including oxidative
stress, inflammation, and collagen degradation.

8. Safety and Toxicity

Crocus sativus (saffron) is generally regarded as
safe when used within recommended therapeutic
limits and has a long history of use in traditional
medicine as well as in food preparations. Its
favorable safety profile is mainly attributed to the
relatively low toxicity of its major bioactive
constituents, including crocin, crocetin, safranal,
and picrocrocin.

Preclinical studies have demonstrated that saffron
and its constituents exhibit low acute and chronic
toxicity at therapeutic doses. Experimental animal
studies indicate that oral administration of saffron
extracts is generally well tolerated and does not
produce significant toxic effects on major organs
such as the liver, kidneys, or heart when
administered at moderate doses. Similarly, crocin
has shown minimal cytotoxicity toward normal
cells and possesses a relatively high safety margin.

However, adverse effects may occur at higher
doses. Excessive consumption of saffron,
generally above 5 g/day, has been associated with
symptoms such as nausea, vomiting, dizziness, dry
mouth, headache, and gastrointestinal
disturbances. Very high doses (approximately 20
g or more) may result in severe toxicity, including
hemorrhage,  neurotoxicity, @ and  uterine
stimulation, which may increase the risk of
miscarriage during pregnancy. Therefore, saffron
should be used cautiously in pregnant women and

in individuals with underlying medical conditions.

Topical application of saffron in dermatological
and cosmeceutical formulations
considered safe and well tolerated. Studies
involving creams, gels, and lotions containing

is generally
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saffron extracts have reported minimal skin
irritation and low incidence of allergic reactions.
Nevertheless, patch testing is recommended before
prolonged topical use to minimize the risk of
hypersensitivity reactions.

Standardization and quality control are important
factors in ensuring the safety and efficacy of
saffron-based products. Variability in
phytochemical composition, contamination, and
adulteration may influence both therapeutic
and International quality
standards, such as ISO 3632 specifications for
saffron, play an important role in maintaining

purity,

activity toxicity.

consistency, and saffron

preparations.

safety of

Although existing preclinical and limited clinical
studies support the safety of saffron, further well-
designed clinical trials are necessary to establish
long-term safety, standardized dosage regimens,
pharmacokinetic profiles, and possible drug
interactions associated with saffron and its
bioactive constituents.

9. Clinical Evidence

The therapeutic potential of Crocus sativus has
been increasingly supported by clinical studies
investigating its antioxidant, anti-inflammatory,
neuroprotective, and dermatological effects.
Although the majority of clinical research has
focused on neurological and systemic disorders,
emerging evidence suggests that saffron may also
provide beneficial effects in skin health and anti-
aging applications.

Several randomized controlled trials (RCTs) have
demonstrated the antioxidant and
inflammatory properties of saffron in human
subjects. Supplementation with saffron extracts
has been reported to reduce oxidative stress
markers and improve antioxidant status, both of

anti-
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which are important in delaying aging-related
cellular damage. These systemic effects may
indirectly contribute to improved skin health by
reducing  oxidative injury and  chronic
inflammation.

Clinical and experimental studies have also
highlighted the potential role of saffron in
improving  skin-related Topical
formulations containing saffron extracts have been
associated with enhanced skin hydration,
elasticity, and overall skin appearance, likely due
to their antioxidant activity and ability to support
collagen synthesis. In addition, saffron has shown

conditions.

potential in reducing hyperpigmentation and
improving skin tone through regulation of
melanogenesis and protection against oxidative
stress-induced skin damage.

Furthermore, studies investigating the wound
healing potential of saffron have demonstrated
encouraging results. Topical application of
saffron-based formulations has been associated
with accelerated wound closure, enhanced tissue
regeneration, increased collagen deposition, and
reduced inflammation. These findings support the
possible application of saffron in dermatological
therapy and skin repair formulations.

Apart from dermatological applications, saffron
has  been studied for its
neuroprotective and antidepressant effects in
clinical settings. Several clinical trials have

extensively

demonstrated that saffron supplementation can
improve  symptoms of  mild-to-moderate
depression, with efficacy comparable to
conventional antidepressants such as fluoxetine
and imipramine, while producing fewer adverse
effects. These findings further support the
therapeutic versatility and safety profile of saffron
in human use.
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Despite these promising findings, the current body
of clinical evidence has several limitations. Many
available studies involve small sample sizes, short
study durations, and variability in dosage forms
and formulations, which limit the ability to draw
definitive conclusions. Moreover, there remains a
lack of large-scale, well-controlled clinical trials
specifically evaluating the anti-aging
dermatological effects of saffron.

and

Therefore, further clinical investigations are
required to establish standardized dosage
long-term safety, pharmacokinetic
profiles, and therapeutic efficacy of saffron in anti-
aging and cosmeceutical applications. Well-
designed randomized controlled trials focusing on
topical formulations and advanced drug delivery
systems, such as phytosomes, liposomes, and
nanoformulations, are essential to validate the
clinical potential of Crocus sativus in dermatology

and skin aging management.

regimens,

10. Challenges and Limitations

Despite the promising anti-aging and therapeutic
potential of Crocus sativus, several challenges and
limitations hinder its widespread application in
pharmaceutical and cosmeceutical fields.

One of the primary challenges is the high cost and
limited availability of saffron. The labor-
intensive harvesting process, which involves
manual collection of stigmas, significantly
increases production costs, making saffron one of
the most expensive natural products. This restricts
its large-scale utilization in commercial
formulations.

Another major limitation is the variability in
phytochemical composition. The concentration
of key bioactive compounds such as crocin,
crocetin, and safranal can vary depending on

factors like geographical origin, cultivation
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practices, harvesting time, and processing
methods. This variability affects the consistency,
efficacy, and reproducibility of saffron-based
products.

Poor bioavailability and stability of saffron
constituents also present significant challenges.
Crocin is highly water-soluble but exhibits limited
membrane permeability, while crocetin, though
more lipophilic, may undergo rapid metabolism.
Additionally, these compounds are sensitive to
environmental factors such as light, heat, and
oxygen, leading to degradation and reduced
therapeutic activity.

The lack of
formulation methods further complicates the use
of saffron in clinical and commercial applications.
Different extraction techniques yield varying
compositions of active constituents, making it
difficult to establish uniform quality standards.
Although guidelines such as ISO standards exist,
their implementation is not always consistent

standardized extraction and

across industries.

Another critical limitation is the insufficient
clinical evidence, particularly in the context of
dermatological and anti-aging applications. Most
available studies are preclinical or involve small
sample sizes, short durations, and heterogeneous
study designs [143]. This limits the ability to draw
definitive conclusions regarding efficacy, optimal
dosage, and long-term safety.

Potential safety concerns at high doses also need
to be considered. While saffron is generally safe at
therapeutic levels, excessive intake may lead to
adverse effects such as  gastrointestinal
disturbances, dizziness, and, in extreme cases,
toxicity. Therefore, proper dosage regulation is
essential.
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Finally, formulation challenges such as poor skin
penetration and limited retention of active
compounds in topical applications reduce the
overall effectiveness of  saffron-based
cosmeceuticals. Although advanced drug delivery
systems like phytosomes and nano formulations
have shown promise, their scalability and cost-
effectiveness remain concerns.

11. Future Perspectives

The growing interest in natural anti-aging agents
has positioned Crocus sativus as a promising
candidate for future research and development in
dermatology and cosmeceuticals. However, to
fully harness its therapeutic potential, several areas
require further exploration and advancement.

One of the key future directions is the
development of advanced drug delivery systems
to enhance the bioavailability, stability, and
targeted delivery of saffron bioactive compounds.
Technologies such as phytosomes, liposomes,
nano emulsions, and nanogels offer significant
potential in improving dermal penetration and
controlled release of crocin, crocetin, and safranal.
Integration of these systems with Quality by
Design (QbD) approaches can further optimize
formulation parameters and ensure consistent
product quality.

Another important area is the standardization
and quality control of saffron extracts.
Establishing uniform guidelines for cultivation,
harvesting, extraction, and processing is essential
to minimize variability in phytochemical
composition and ensure reproducibility of
therapeutic outcomes. Advanced analytical
techniques such as high-performance liquid
chromatography (HPLC) and mass spectrometry
should be employed for accurate characterization
and quantification of active constituents.
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The expansion of clinical research is crucial for
validating the anti-aging and dermatological
benefits of saffron. Large-scale, randomized
controlled trials with standardized formulations
and well-defined endpoints are needed to establish
efficacy, optimal dosage, and long-term safety.
Special emphasis should be placed on topical
applications and cosmeceutical formulations.

Future studies should also focus on molecular and
mechanistic investigations to better understand
the interactions of saffron bioactives with cellular
signaling pathways involved in aging, such as NF-
kB, MAPK, and Nrf2 pathways. This will provide
deeper insights into its multi-targeted mode of
action and support evidence-based therapeutic
applications.

The integration of saffron into multifunctional
cosmeceutical products represents another
promising direction. Combining saffron with other
bioactive compounds or herbal extracts may
produce synergistic effects, enhancing its anti-
aging efficacy. Additionally, the development of
personalized skincare solutions based on
individual skin types and conditions could further
improve treatment outcomes.

From an industrial perspective, efforts should be
made to address the cost and scalability
challenges associated with saffron production.
Advances in agricultural practices, biotechnology,
and synthetic biology may help improve yield and
reduce production costs, making saffron-based
products more accessible.

Finally, the application of nanotechnology and
green chemistry approaches in the formulation
of saffron-based products can contribute to
sustainable and eco-friendly development. These
approaches not only enhance efficacy but also
align with the growing demand for
environmentally responsible products.
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14Crocus sativus (saffron) has emerged as a
promising natural agent with significant potential
in the prevention and management of skin aging.
Its rich phytochemical composition, particularly
crocin, crocetin, safranal, and picrocrocin,
contributes to a wide range of pharmacological
activities, including antioxidant,
inflammatory, photoprotective, and collagen-
preserving effects. These bioactive compounds
effectively target the key mechanisms of skin
aging, such as oxidative stress, matrix
metalloproteinase  (MMP)-mediated collagen
degradation, ultraviolet (UV)-induced damage,

anti-

and chronic inflammation.

The ability of saffron to modulate critical
molecular pathways, including NF-xB, MAPK,
and Nrf2, further supports its role as a multi-
targeted anti-aging agent. In addition, its
demonstrated pharmacological activities—such as
skin rejuvenation, anti-wrinkle effects, and wound
healing—highlight its potential applications in
both therapeutic dermatology and cosmeceutical
formulations.

The incorporation of saffron into advanced drug
delivery  systems, including phytosomes,
liposomes, and nano formulations, has
significantly improved its bioavailability, stability,
and dermal penetration. These technological
advancements have enhanced the efficacy of
saffron-based formulations, particularly in topical
applications such as creams and gels.

Despite these promising attributes, several
challenges remain, including high cost, variability
in  phytochemical composition, limited
bioavailability, and insufficient large-scale clinical
evidence. Addressing these limitations through
standardization, optimization of formulations, and
well-designed clinical trials is essential for the
successful translation of saffron into mainstream
dermatological and cosmeceutical use.
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In conclusion,
multifunctional and potent natural anti-aging agent
with substantial therapeutic potential. Future
research focusing on clinical validation, advanced
formulation strategies, and mechanistic insights

Crocus sativus represents a

will be crucial to fully exploit its benefits and
establish its role in modern skincare and anti-aging
therapies.

12. CONCLUSION

Crocus sativus (saffron) represents a potent natural
agent with significant promise in anti-aging and
dermatological  applications. Its  bioactive
constituents, including crocin, crocetin, safranal,
and picrocrocin, exert strong antioxidant and anti-
inflammatory effects that directly target the
fundamental mechanisms of aging,
oxidative stress, inflammation,
collagen degradation.

such as

chronic and

Saffron has demonstrated the ability to modulate
key molecular pathways involved in skin aging,
including NF-«B, MAPK, and Nrf2 signaling,
thereby protecting cellular integrity and promoting
skin regeneration. Its role in enhancing collagen
synthesis, inhibiting matrix metalloproteinases
(MMPs), and reducing UV-induced damage
further supports its effectiveness in preventing
wrinkle formation and maintaining skin elasticity.

In addition to its biological effects, the integration
of saffron into advanced drug delivery systems
such as phytosomes, liposomes, and nano
formulations has significantly improved its
stability, bioavailability, and dermal penetration.
These technological advancements enhance the
therapeutic ~ efficiency = of  saffron-based
formulations in cosmeceutical applications.

However, despite these promising findings,
several challenges remain, including variability in
phytochemical composition, high cost, limited
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large-scale clinical evidence, and formulation-
related constraints. Addressing these limitations
through  standardized extraction = methods,
optimized formulations, and well-designed
clinical trials is essential for its successful
translation into clinical and commercial use.

Overall, Crocus sativus holds substantial potential
as a multifunctional, natural anti-aging agent.
Future research focusing on clinical validation,
molecular insights, and advanced formulation
strategies will be crucial in establishing its role in
modern dermatology and cosmeceutical science.
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