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Abstract

Periorbital hyperpigmentation (POH), commonly known as dark circles, is a frequent cosmetic concern encountered in
dermatological practice. Although it is a benign condition, POH has a significant impact on facial aesthetics and
psychological well-being. The etiopathogenesis of POH is multifactorial, involving pigmentary, vascular, structural, and
lifestyle-related factors. Due to this heterogeneity, management remains challenging and often requires a multimodal
approach. This review summarizes the current understanding of the epidemiology, etiopathogenesis, classification, and
management of POH, with special emphasis on the adjunctive role of caffeine and L-lysine in improving periorbital
discoloration and skin quality.
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1.INTRODUCTION

Periorbital hyperpigmentation (POH), or dark circles, is a common cosmetic concern characterized by bilateral
infraorbital skin darkening. It is influenced by multiple factors including pigmentary changes, vascular congestion,
anatomical variations, skin thinning, and lifestyle factors such as stress, sleep deprivation, and nutrition. Management is
challenging due to its multifactorial nature. Conventional therapies—topical agents, chemical peels, laser treatments,
and fillers—yield variable outcomes depending on the underlying cause.

Adjunctive agents like caffeine and L-lysine are emerging as supportive treatments by improving vascular congestion,
dermal thickness, and skin quality. Understanding these factors is crucial for effective management of POH. Recently,
adjunctive agents such as caffeine and L-lysine have gained attention for their potential to improve vascular congestion,
dermal thickness, and skin quality, thereby enhancing the efficacy of conventional treatments. This review aims to
provide an updated synthesis of the literature on POH with particular focus on the emerging roles of caffeine and L-
lysine in its management.

MECHANISM UNDERLYING PERIORBITAL HYPERPIGMENTATION
CAFFIENE:

Caffeine helps reduce periorbital hyperpigmentation primarily by vasoconstriction, which decreases blood pooling and
bluish discoloration. It also has antioxidant properties that protect skin cells from oxidative stress, and anti-inflammatory
effects that reduce edema and puffiness. While it does not directly lighten melanin, caffeine improves the appearance of
dark circles by targeting vascular and edema-related mechanisms, making it an effective adjunct to pigment-targeting
treatments (Herman & Herman, 2013; Draelos, 2014).
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A Systematic review by the Journal of Cosmetic Dermatology (Brady & Shah-Desai, 2025) and International Journal
of Women s Dermatology (2024) show that topical caffeine reduces periorbital puffiness, improves microvascular tone,
and protects skin from oxidative stress, though it does not directly reduce melanin.

Reduces bluish discoloration (vascular component)

Limits oxidative stress — protects skin

Reduces edema and puffiness

Better penetration, non-greasy, 3—5%, 1-2x daily

Modest improvement over 6—8 weeks

Minimal direct effect on melanin; best with other agents

A clinical study presented at the RSU International Research Conference 2024 demonstrated that application of a 3 %
caffeine cream for 12 weeks led to a significant reduction in melanin index and visible improvement in periorbital

pigmentation in participants with Fitzpatrick skin types [II-IV, without adverse effects (Lythuo Kry et al., 2024).

Table- 1: caffeine in gel form:

stress-induced melanogenesis

Aspect Effect / Mechanism Clinical Notes
. L. Constricts superficial capillaries — | Most  effective  on  vascular
Vasoconstriction . . .
reduces bluish discoloration component of POH
. . Scavenges ROS —limits oxidative- | Supports dermal health, indirect
Antioxidant

pigmentation benefit

Anti-inflammatory

Reduces local inflammation and
edema

Useful for puffiness or
inflammatory hyperpigmentation

post-

Formulation (Gel)

Better skin penetration, non-greasy,
suitable for thin periorbital skin

Concentration: 3-5%, applied 1-2
times daily

Clinical Outcome

Modest improvement in periorbital
darkening

Measurable results over 6—8 weeks,
minimal adverse effects
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Fig-1: Structure of Caffiene

ADVANTAGES OF CAFFEINE FOR PERIORBITAL HYPERPIGMENTATION
Constricts superficial periorbital capillaries, reducing bluish discoloration and improving under-eye appearance.

Neutralizes reactive oxygen species (ROS), protecting dermal fibroblasts and limiting oxidative-stress-induced
melanogenesis.

Decreases local edema and inflammation, which often contribute to puffiness and post-inflammatory pigmentation.

Gel formulations allow better percutaneous absorption into thin periorbital skin, are non-greasy, and improve patient
compliance.

Generally well-tolerated with low risk of irritation, making it suitable for sensitive under-eye areas. Can be combined
with other agents (e.g., L-lysine, antioxidants, peptides) for synergistic effects on pigmentation and dermal support.

Easy to use, readily available in topical cosmetic formulations, and can provide visible improvement within weeks.

BENEFITS OF CAFFEINE
Vasoconstriction
Narrows superficial capillaries — reduces bluish/purplish discoloration under eyes.
Antioxidant Properties

Neutralizes reactive oxygen species — protects skin cells and limits oxidative-stress-induced
pigmentation.

Anti-inflammatory Effects

Reduces local inflammation and puffiness — improves under-eye appearance.
Enhances Dermal Microcirculation

Improves nutrient and oxygen delivery to skin — supports healthier skin appearance.
Supports Collagen Protection

Reduces oxidative damage to dermal fibroblasts — may help maintain skin elasticity.

Topical Formulation Advantage (Gel/Cream)

Better penetration into thin periorbital skin; non-greasy and cosmetically acceptable.
Minimal Adverse Effects

Generally well-tolerated, low risk of irritation in sensitive areas.
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L LYSINE:

1. Strengthen Dermis
Collagen synthesis

Reduces thin skin visibility

2. Enhance Skin Barrier
Improves dermal integrity

Prevents vascular prominence and pigmentation visibility

3. Support Tissue Repair
Wound healing & repair

Reduces post-inflammatory hyperpigmentation

4. Anti-aging Support

Maintains skin elasticity & reduces fine lines

5. Synergistic Potential
Enhances effect of topical agents (e.g., caffeine, antioxidants)

Holistic improvement in POH

O

HoN
2 \/\/\‘/LKOH

NH,

L-Lysine

Fig- 2: Structure of L-Lysine

L-lysine supports collagen synthesis and strengthens the dermal matrix, improving skin firmness and reducing the
visibility of underlying vasculature. Topical formulations enhance tissue repair and wound healing, while also
maintaining skin barrier integrity and elasticity. Although direct clinical trials for periorbital hyperpigmentation are
limited, these mechanisms provide a strong rationale for using L-lysine as an adjunctive agent, especially in combination
with caffeine or antioxidants, to improve periorbital skin appearance.
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Topical L-lysine has been shown in clinical trials to enhance dermal repair, collagen synthesis, and tissue regeneration.
These properties make it cosmetically relevant for periorbital skin, where it can strengthen thin dermis, improve
elasticity, and reduce the visibility of underlying blood vessels, indirectly improving dark circles. While direct trials on
periorbital hyperpigmentation are limited, the skin-repair and dermal-strengthening effects of L-lysine provide a strong
rationale for its use as an adjunct in cosmetic formulations.

MECHANISM
o Collagen synthesis: Strengthens dermal matrix — reduces thin skin and vascular visibility.
o Tissue repair: Promotes wound healing — may reduce post-inflammatory pigmentation.
. Skin barrier support: Enhances dermal integrity — improves firmness and resilience.
. Anti-aging effect: Maintains elasticity — reduces fine lines.

Clinical evidence

o Clinical studies show topical lysine is well tolerated, even on compromised skin (Shashikumara
et al., 2023).
o Lysine-hyaluronate improved healing. (Felzani et al., 2011)

Dosage and safety:

Lower range (1-5%) — Regular cosmetic use, daily skin conditioning.

Higher range (5—15%) — Therapeutic / dermal repair use in clinical setting.
IMPLICATION OF GEL
Absorption Profile: L-lysine is hydrophilic (water-soluble), so it penetrates primarily via the stratum corneum into the
epidermis, but deep dermal penetration is limited. Most absorption is local, affecting collagen synthesis and dermal
repair at the site of application.

SYNERGY WITH CAFFIENE

caffeine reduces puffiness via vasoconstriction, while L-lysine supports collagen synthesis and skin firmness, together
improving texture and appearance with minimal systemic absorption.

CONSUMER APPEAL:
A fast-absorbing, non-greasy gel with caffeine and L-lysine visibly reduces puffiness while improving skin firmness and

texture, appealing to consumers seeking safe, daily-use under-eye care. It combines efficacy and gentle formulation for
a multi-functional, rejuvenating skin experience.
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2.RATIONALE:

The combined use of L-lysine and caffeine in topical gel formulations is supported by a clear mechanistic rationale.
Caffeine acts as a vasoconstrictor, reducing microvascular leakage and under-eye puffiness, providing an immediate
visible effect. L-lysine, on the other hand, supports collagen synthesis, dermal repair, and skin elasticity, contributing to
longer-term improvement in skin firmness, texture, and resilience. By targeting both vascular and structural components
of the skin, their combination offers synergistic cosmetic benefits that neither ingredient achieves alone. Both actives
are water-soluble, stable, and compatible with gel formulations, enabling even distribution, controlled delivery, and a
non-greasy, fast-absorbing texture suitable for sensitive skin. This synergy not only enhances functional efficacy but
also aligns with consumer demand for multi-functional, science-backed skincare products, making the combination a
promising approach in under-eye and general cosmetic gel applications.

Gel Formulation, Advantages, and Design Considerations

Gel formulations are non-greasy, fast-absorbing, and stable, improving sensory appeal and daily-use compliance. Design
considerations include maintaining a skin-compatible pH (~5-6), optimizing viscosity for smooth application,
incorporating optional penetration enhancers like hyaluronic acid, and using airless packaging to protect the formulation
from oxidation and contamination. Overall, L-lysine and caffeine gels combine efficacy, stability, and consumer
acceptability, making them a promising platform for under-eye care, skin conditioning, and multi-functional cosmetic
applications.

1. Gel Formulation for L-Lysine and Caffeine

o Formulation Type: Hydrogel (water-based)
. Active Concentrations:
o L-lysine: 1-5% w/w for cosmetic use; up to 15% for dermal repair
o Caffeine: 1-3% w/w
. Excipients:
o Gelling agents for consistency
o Humectants: to enhance hydration and penetration
o Stabilizers: pH adjusters (maintain ~pH 5-6), antioxidants to prevent degradation
. Compatibility: Both L-lysine and caffeine are water-soluble, ensuring uniform distribution in the gel
matrix.

2. Advantages of Gel Formulations

1. Enhanced Absorption: Hydrogel facilitates even distribution and penetration into superficial epidermis,
enhancing local activity.

2. Non-Greasy Texture: Suitable for facial and under-eye application, improving consumer acceptability.
3. Rapid Drying: Provides a light, fast-absorbing finish without residue.

4. Controlled Delivery: Maintains active contact with skin, maximizing efficacy while limiting systemic
absorption.

5. Stability: Water-based gels can stabilize L-lysine and caffeine, minimizing degradation.

6. Consumer-Friendly: Pleasant sensory feel encourages daily use.

3. Design Considerations

. pH Optimization: Maintain gel pH ~5-6 for skin compatibility and lysine stability.
. Viscosity: Adjust gelling agent concentration to achieve spreadable but non-runny gel.
. Penetration Enhancers: Optionally include hyaluronic acid, glycerin, or mild surfactants to improve

epidermal absorption.
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. Packaging: Airless pump or tube to protect from oxidation and contamination.
o Safety: Ensure hypoallergenic formulation, free from irritants, suitable for sensitive periorbital skin.
o Synergy Maintenance: Avoid excipients that might interact with caffeine or lysine to reduce efficacy.
3.CONCLUSION:

Topical gels combining L-lysine and caffeine demonstrate a biologically complementary mechanism for skin care.
Caffeine acts as a vasoconstrictor, reducing puffiness and under-eye fluid accumulation, while L-lysine supports
collagen synthesis, dermal repair, and skin elasticity, contributing to improved texture, firmness, and overall appearance.
Clinical studies on topical L-lysine (up to 15% for dermal repair) and caffeine (1-3% for cosmetic use) indicate good
safety profiles, minimal systemic absorption, and high skin tolerance. When formulated as a fast-absorbing, non-greasy
gel, the combination is suitable for daily application, even on sensitive skin, providing multi-functional cosmetic
benefits. Although direct clinical trials for cosmetic anti-aging or skin-conditioning effects are limited, the mechanistic
rationale and evidence from dermal repair studies support its potential efficacy in consumer skincare products, making
it an attractive option for under-eye care, skin rejuvenation, and texture improvement.
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