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ABSTRACT 
Dermatological issues, spanning from common inflammatory conditions 

to skin aging and cancers, present significant challenges for effective 

treatment. The application of topical medications provides a promising 

method to specifically target skin problems while reducing systemic side 

effects. Rutin, a naturally occurring flavonoid recognized for its strong 

antioxidant, anti-inflammatory, and healing properties, presents 

considerable therapeutic potential for various dermatological 

applications. However, its limited ability to penetrate the skin and low 

bioavailability hinder its clinical effectiveness. Nanotechnology provides a 

practical solution to overcome these challenges by encapsulating Rutin in 

nanoparticles. This review examines the potential of Rutin-loaded 

nanoparticles as innovative surface modification techniques for skin-

related uses. We explore the benefits of   Rutin for skin health, the 

advantages of nanoparticle-delivery systems that are based on 

collaboration, alongside the joint effects of integration Rutin employing 

nanotechnology to improve local effectiveness. In addition, we investigate 

the different types of   nanoparticles suitable for Rutinencapsulation, their 

techniques for enhancing drug delivery, and the promising preclinical and 

recent clinical information supporting the use of Rutin-loaded 

nanoparticles in tackling skin ailments. In the end, we explore the 

challenges and potential avenues for transforming this innovative 

approach into effective clinical topical therapies. 

Keywords 
Dermatological, 

Nanotechnology,  Rutin, 

Topical. 

©2025 The authors 

This is an Open Access article 

distributed under the terms of the Creative 

Commons  Attribution  (CC  BY  NC),  which 

permits  unrestricted  use, distribution, and 

reproduction in any medium, as long as the original 

authors and source are cited. No permission is 

required from the authors or the 

publishers.(https://creativecommons.org/licenses/b

y-nc/4.0/)

1. INTRODUCTION
The skin, acknowledged as the largest organ in the

human body, plays an essential role as a protective

barrier against outside factors. It is vulnerable to

various skin-related issues, including inflammatory

conditions like eczema and psoriasis, infectious

diseases, and skin cancers, pigmentary disorders,

and the effects of aging. Topical therapies are

crucial in skin care, providing a focused approach

to apply medical agents directly to the affected

areas, which reduces overall exposure and potential
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side effects. However, the outer layer corneum, the 

epidermis, poses a significant barrier for drug 

absorption, diminishing the effectiveness of 

multiple topical therapies. Rutin (quercetin-3-O-

Rutinoside), a common flavonoid found in plants 

such as buckwheat, citrus fruits, and apples, has 

garnered significant interest due to its various 

biological impacts, including strong antioxidant 

and anti-inflammatory 

characteristics,vasoprotective, and influences on 

wound recovery. These therapeutic properties 

positionRutinas a practical option for addressing 

different skin issues, such as indications of 

aging,hyperpigmentation, inflammatory skin 

disorders, and tissue restoration. However, 

Rutin'snatural physicochemical characteristics, 

including low water solubility and decreased 

permeability through the stratum corneum, and 

rapid metabolism, pose challenges for its effective 

topical use and absorption at the desired site within 

the skin. 

 

Nanotechnology, which enables the alteration of 

substances at the  nanoscale(1-100 nm), provides 

innovative solutions to address the limitations of 

traditional topical drug delivery. Various types of 

nanoparticles, such as liposomes, solid lipid 

nanoparticles (SLNs), nanostructured lipid 

transporters (NLCs), polymer-based nanoparticles, 

and metallic nanoparticles, can encapsulate 

therapeutic agents like Rutin. This encapsulation 

enhances skin penetration, supports controlled 

release, and allows for targeted delivery 8, 9. By 

incorporating   Rutin into nanoparticles, we can 

boost its solubility, protect it from degradation, 

enhance its ability to infiltrate the layer corneum, 

and promote its accumulation at the specific region 

within the skin10. This analysis seeks to investigate 

the joint efficacy ofRutin-loaded nanoparticlesas 

creative regional treatment methods for various 

skin-related applications, emphasizing the benefits, 

challenges, and potential advancements in this 

rapidly evolving field 1-3. 

 

2. Rutin as Bioactive Compound: 

Rutin, a glycosylated derivative of quercetin and 

part of the flavonoid class of polyphenolic 

compounds, have diverse pharmacological impacts 

that are significant for skin wellness. 

 

2.1 Antioxidant Properties: 

Oxidative stress, caused by reactive oxygen species 

(ROS) due to exposure to UV rays, environmental 

pollution, and routine metabolic processes, is a key 

factor in the development of numerous skin 

problems, including aging, inflammation, and skin 

cancer 4.Rutin exhibits strong antioxidant properties 

by counteracting free radicals, hindering 

lipidperoxidation, and improving the activity of 

natural antioxidant enzymes such as superoxide 

dismutase (SOD) and catalase. This antioxidant 

capability of Rutin can shield skin cells from 

oxidative harm, reducing the negative impacts of 

environmental stressors and promoting skin health 

and anti-aging 5. 

 

2.2 Anti-inflammatory Activity: 

Inflammation plays a vital role in many skin 

conditions, such as eczema, psoriasis, and acne. 

Rutin has shown considerable anti-inflammatory 

properties by influencing multiple inflammatory 

pathways. It can reduce the production of pro-

inflammatory cytokines like TNF-α, IL-1β, andIL-

6, and impede the activity of inflammatory 

enzymes such as cyclooxygenase-2 (COX-2) and 

inducible nitric oxidesynthase (iNOS). By reducing 

the concentrations of inflammatory substances,  

Rutin may help reduce skin irritation, redness, and 

itching, making it a potential treatment for 

inflammatory skin issues 6,7. 

 

2.3 Wound Healing Promotion: 

Wound healing is a multifaceted process that 

encompasses cell growth, movement, and the 

restructuring of the extracellular matrix. Rutin has 

been demonstrated to enhance the healing process 

of wounds by promoting collagen production, the 

creation of new blood vessels, and the renewal of 

the skin layer. It can support the growth and 

movement of fibroblasts, boost collagen 

accumulation, and foster the maturation of blood 

vessels at the injury location, ultimately leading to 

quicker and more effective wound closure. These 

attributes makeRutina promising option for external 

use in managing wounds and promoting healing 

from burns 8. 

 

2.4 Skin Pigmentation Modulation: 

Hyperpigmentation issues, such as melasma and 

post-inflammatory hyperpigmentation, are common 

issues related to the skin.  Rutin has demonstrated 

potential in controlling skin color by inhibiting 

melanogenesis, the process responsible for melanin 

production. It can decrease the activity of 

tyrosinase, an essential enzyme in melanin 

production, and interfere with the transfer of  

melanosomes to keratinocytes. This ability to 

inhibit melanogenesis indicates that Rutinmight be 

advantageous in tackling hyperpigmentation issues 

and promoting a more uniform skin tone 9. 

 

2.5 Photoprotective Effects: 

Ultraviolet (UV) radiation significantly contributes 

to the aging process of the skin,hyperpigmentation, 

and the development of skin cancer. Rutin has 

shown photoprotective properties by absorbing UV 

radiation, counteracting reactive oxygen species 

(ROS) generated by UV exposure, and 
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safeguarding DNA from photo damage. Applying 

Rutin applying it to the skin could help reduce 

damage caused by UV rays, which encompasses 

erythema, photoaging, and the probability of skin 

cancers 10. 

 

3. Nanoparticlesas Distribution Mechanisms for 

Enhanced Surface Delivery: 

Nanotechnology provides a flexible approach to 

enhance the surface utilization of bioactive 

compounds such as Rutin. Due to their unique 

physicochemical characteristics—such as tiny size, 

large surface area, and customizable surface 

features—nanoparticles can address the limitations 

of traditional topical preparations and improve the 

delivery of drugs to the skin 11. 

 

3.1 Enhanced Skin Penetration: 

The tiny size of nanoparticles allows them to 

penetrate the layer corneum effectively, either 

through the intercellular route (between 

corneocytes) or the transcellular route (through 

corneocytes). Nanoparticles can navigate through 

the tight passages of the layer corneum, delivering 

Rutin deeper into the epidermis and dermis, thereby 

reaching target cells and tissues more efficiently 

than larger drug carriers or free drug molecules 12. 

 

3.2 Controlled and Sustained Release: 

Delivery systems based on nanoparticles can be 

configured to provide controlled and extended 

distribution of   Rutin directly at the target site. This 

method of administration can improve the 

therapeutic effects, decrease the frequency of 

doses, and lessen the potential side effects that arise 

from varying drug concentrations in the skin. 

Various nanoparticle materials and production 

methods can be utilized to customize the release 

kinetics ofRutin, ensuring that the efficacy of the 

therapy is maintained throughout time 13, 14. 

 

3.3 Targeted Distribution and Enhanced 

Bioavailability: 

Nanoparticles can be adjusted with targeting 

ligands, such as antibodies, peptides, or aptamers, 

to particularly target unhealthy skin cells or tissues. 

This exact technique can improve the local 

concentration ofRutinat the action location, 

enhancing its therapeutic effectiveness while 

minimizing off-target impacts. Additionally, 

enclosing Rutin in nanoparticles can shield it from 

degradation caused by enzymes and metabolic 

activities in the skin, thereby improving its 

bioavailability and extending its therapeutic 

impacts 15. 

 

3.4 Improved Formulation Durability and 

Cosmetical Acceptability: 

Nanoparticles can enhance the physicochemical 

stability of Rutin, safeguarding it from degradation 

due to light, oxidation, or hydrolysis. This 

improved stability can prolong the shelf life of 

topical products. Furthermore,   nanoparticle-based 

creations can be transformed into aesthetically 

pleasing objects that offer enhanced texture,   

spreadability, and tactile feeling, which could lead 

to better patient compliance and approval 16, 17. 

 

4. Rutin-Loaded Nanoparticles: Joint 

Opportunities for Skin Therapies: 

The combination of Rutin'stherapeutic properties 

coupled with the benefits ofnanoparticle-based 

drug delivery promotes a cooperative strategy for 

developing innovative topical treatments for an 

array of skin conditions. 

 

4.1 Rutin-Loaded Nanoparticles for 

Inflammatory Skin Disorders: 

Rutin-loaded nanoparticleshave shown 

considerable promise in treating inflammatory skin 

conditions like eczema, psoriasis, and dermatitis. 

By encapsulatingRutin in nanoparticles, its ability 

to penetrate the skin is enhanced, allowing targeted 

delivery to inflamed areas within the epidermis and 

dermis. The extended release from these   

nanoparticlescan extend the anti-inflammatory 

advantages of   Rutin, helping to alleviate skin 

redness, itching, and overall inflammation. 

Research conducted on animal models of dermatitis 

and psoriasis has demonstrated that the topical 

application of Rutin-loaded nanoparticles 

significantly lowers skin irritation, enhances 

epidermal thickness, and the amounts of 

inflammatory markers compared to free Rutin or 

traditional formulations 18. 

 

4.2 Rutin-Loaded Nanoparticlesfor Age-Defiance 

and Dermal Shielding: 

The antioxidant and photoprotective qualities of 

Rutin, combined with enhanced skin absorption via 

nanoparticles, position Rutin-loaded 

nanoparticlesas an effective approach for 

safeguarding skin and combating aging. These  

nanoparticles can efficiently transport Rutininto the 

more profound layers of the skin, safeguarding skin 

cells from oxidative harm initiated by UV rays, 

degradation of collagen, and signs ofphotoaging. 

Rutin’sability to stimulate collagen production and 

its antioxidant properties can aid in minimizing 

wrinkles, enhancing skin elasticity, and 

contributing to a more youthful appearance. Items 

containingRutin-loaded nanoparticlescan be 

blended with sunscreens and anti-aging products to 

boost their effectiveness and offer prolonged 

protection against environmental influences 19. 

 

 

 



 Journal of Molecular Science 

Volume 35 Issue 2, Year of Publication 2025, Page 215-220    

   DoI-17.4687/1000-9035.2025.030 

 

218 

4.3 Rutin-Loaded Nanoparticles for Wound 

Healing: 

The wound-healing effects of Rutin can be greatly 

enhanced through the utilization of   nanoparticle 

delivery systems. These Rutin-loaded 

nanoparticlesboost the efficiency of medication 

uptake at the injury location, allowing for an 

ongoing release ofRutinthat encourages fibroblast 

growth, collagen production, and the formation of 

new blood vessels. Research indicates that 

employing Rutin-loaded nanoparticles. 

Administering therapies directly to wound models 

leads to faster wound recovery, improved collagen 

formation, and enhanced re-epithelializationin 

relation to treatments employing free Rutin. This 

pointsto the capacity of Rutin-loaded nanoparticles 

as an effective method for speeding up the healing 

process in chronic injuries, burns, and surgical cuts 
20. 

 

4.4 Rutin-Loaded Nanoparticles for 

Hyperpigmentation Disorders: 

Rutin's ability to inhibit melanogenesis, combined 

with nanoparticle delivery, provides a focused 

strategy for addressing hyperpigmentation 

disorders. These nanoparticles can transport Rutin 

directly to the melanocytesin the outer skin layer, 

effectively preventingtyrosinaseactivity and 

diminished melanin production. The controlled 

release from the  nanoparticlesallows an extended 

inhibition of  melanogenesis, resulting in a 

progressive and effective enhancement of skin 

luminosity. Additional research is required to assess 

the effectiveness ofRutin-loaded nanoparticles in 

treating specific hyperpigmentation issues such as 

melasma and post-inflammatory hyperpigmentation 

in clinical environments 21. 

 

5. Types of Nanoparticles for Rutin Delivery and 

Formulation Strategies: 

A range of nanoparticleshas been investigated for 

the encapsulation and exterior application of   

Rutin, each offering distinct characteristics and 

benefits: 

 

5.1 Liposomes: 

 These are structures encased in membranes made 

up of lipidsbilayers, acknowledged for their 

synergy with biological frameworks and their 

capacity for natural decomposition. They can 

encapsulate both hydrophilic and hydrophobic 

pharmaceuticals, encompassing  Rutin. While 

liposomescan improve skin hydration and 

absorption, their stability could pose challenges. 

 

5.2 Solid Lipid Nanoparticles (SLNs) and 

Nanostructured Lipid Carriers (NLCs): 

Composed of solid lipids (SLNs) or a combination 

of solid and liquid lipids (NLCs), these  

nanoparticlesprovide enhanced stability, increased 

drug loading capacity, and controlled release when 

compared toliposomes. They are similarly very 

compatible with biological systems and cost-

effective for large-scale manufacturing 22, 23. 

 

5.3 Polymeric Nanoparticles: 

 Biodegradable and biocompatible polymers like 

chitosan, PLGA, and hyaluronicacid can be utilized 

to create polymericnanoparticles for Rutin 

encapsulation. These nanoparticlescan be 

customized for specific drug release profiles, 

surface modifications for targeting, and improved 

stability. 

 

5.4 Metallic Nanoparticles: 

 Gold and silver nanoparticles, primarily studied for 

their antimicrobial properties or employed as 

diagnostic tools, can also serve as carriers forRutin. 

However, potential toxicity and compatibility 

issues must be carefully evaluated when employing 

metallic nanoparticles 24. 

 

5.5 Nanoemulsions and Microemulsions: 

 These are uniform blends of oil and water that 

remain stable either thermodynamically or 

kinetically, and are maintained by surfactants. They 

cansolubilize poorly water-soluble drugs like Rutin 

and improve skin penetration. Choosing the right 

type of nanoparticleand the formulation strategy 

depends on various factors, including the desired 

drug release pattern, targeted area within the skin, 

stability needs, biocompatibility, and 

manufacturingfeasibility. Optimizing the 

nanoparticleformulation comprises elements like 

particle dimensions andsurface characteristics 

iscrucial for achieving maximum treatment efficacy 

and skin suitability 25, 26. 

 

6. Advantages, Challenges, and Future 

Directions: 

6.1 Advantages of Rutin-Loaded Nanoparticles: 

• Enhanced Topical Delivery: Nanoparticles 

significantly improve the skin's ability to 

absorbRutin, ensuring it reaches the intended 

site effectively. 

• Controlled and Sustained Delivery: These 

nanoparticles can offer extended therapeutic 

advantages, resulting in less frequent dosing. 

• Targeted Delivery Ability: They can be tailored 

for precise delivery to specific skin cells or 

tissues. 

• Improved Stability and Cosmetical 

Acceptability: Nanoparticlesenhance the 

uniformity of formulations and contribute to 

the general aesthetic appeal of topical 

products. 

• Reduced Systemic Exposure: Employing 

topical application greatly diminishes the 
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chances of systemic side effects when 

contrasted with oral orinjectable methods. 

 

6.2. Challenges and Future Directions: 

• Scalability and Production Costs: Developing 

nanoparticles attaining this on a large scale at a 

reasonable cost poses a significant challenge 

for economic viability. 

• Long-Term Consistency and Duration: It is 

crucial to guarantee thatnanoparticle-based 

formulations maintain their stability and 

durability to be marketable. 

• Skin Irritation and Safety Concerns: A 

thorough evaluation of potential skin irritation, 

toxicity, and long-term safety ofnanoparticles 

is necessary. 

• Clinical Translation: Transitioning from 

preclinical studies to clinical trials and 

ultimately to market-ready products 

necessitates comprehensive clinical evaluation 

and regulatory approvals. 

• Personalized Dermatology: Future research 

could concentrate on customizing Rutin-loaded 

nanoparticle formulations created to address 

distinct patient needs and resolve specific skin 

concerns for personalized dermatological 

treatments. 

• Combination Treatments: Investigating the 

joint effects of Rutin-loaded nanoparticles, the 

addition of extra active elements or treatment 

strategies could improve the efficacy of the 

therapy. 

 

Future studies should aim to address these 

challenges through advanced nanomaterial design, 

enhanced formulation methods, comprehensive 

biocompatibility and safety evaluations, and 

meticulously structured clinical trials. Additionally, 

exploring innovative nanomaterials and methods 

for altering surfaces will be crucial. 

 

CONCLUSION: 
Rutin-loaded nanoparticles offer a creative method 

to improve the localized management and 

therapeutic effectiveness of Rutin in skincare. By 

addressing the constraints of traditional topical 

products, these nanoparticles can efficiently 

transport Rutin to specific areas of the skin, 

enhancing its antioxidant, anti-inhibitory, tissue-

healing, and pigment-modulating characteristics. 

Initial studies have shown considerable potential of 

Rutin-loaded nanoparticles in tackling various skin 

issues, such as inflammatory conditions, signs of 

aging, wounds, and   hyperpigmentation. Despite 

current challenges pertaining to scalability, 

stability, and real-world implementation in medical 

environments, ongoing research and technological 

improvements are facilitating the creation of 

effective and clinically applicable topical 

treatments using Rutin-loaded nanoparticles. This 

innovative approach has the potential to transform 

dermatological care and improve outcomes for 

those dealing with various skin conditions. 
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