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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 Rutin encapsulation, 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. 
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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 [1]. 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 side effects. 
However, the outer layer corneum, the epidermis, 
poses a significant barrier for drug absorption, 
diminishing the effectiveness of multiple topical 
therapies [2]. 

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 [3]. 
These therapeutic properties position Rutin as a 
practical option for addressing different skin issues, 
such as indications of aging, hyperpigmentation, 
inflammatory skin disorders, and tissue restoration. 
However, Rutin’s natural 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 [4]. 
 
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 
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transporters (NLCs), polymer-based nanoparticles, 
and metallic nanoparticles, can encapsulate 
therapeutic agents like Rutin [5]. This encapsulation 
enhances skin penetration, supports controlled 
release, and allows for targeted delivery. 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 skin. 
This analysis seeks to investigate the joint efficacy of 
Rutin-loaded nanoparticles as creative regional 
treatment methods for various skin-related 
applications, emphasizing the benefits, challenges, 
and potential advancements in this rapidly evolving 
field [6]. 
 
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 [7]. 
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 [8]. 
Rutin exhibits strong antioxidant properties by 
counteracting free radicals, hindering lipid 
peroxidation, 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 
[9]. 
 
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 [10]. 
 
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 [11]. 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 make Rutina promising option for external 
use in managing wounds and promoting healing from 
burns [12]. 
 
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 [13]. 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 Rutin might be 
advantageous in tackling hyperpigmentation issues 
and promoting a more uniform skin tone [14]. 
 
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 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 [15]. 
 
3. Nanoparticles as 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 [16]. 
 
Figure 1 illustrates the conceptual mechanism by 
which rutin-loaded nanoparticles enhance the 
delivery and therapeutic action of rutin within skin 
layers. The diagram shows that the nanoparticles, 
encapsulating rutin molecules, interact with the 
outermost layer of the skin the stratum corneum and 
penetrate through it via both intercellular and 
transcellular pathways[17]. Upon penetration, these 
nanoparticles gradually release rutin into the 
epidermis and dermis, ensuring a sustained and 
controlled release of the bioactive compound. This 
facilitates deeper skin absorption, increased local 
concentration, and prolonged therapeutic effects. The 
encapsulation protects rutin from degradation due to 
light, oxidation, or enzymatic activity, thereby 
improving its stability, bioavailability, and efficacy 
[18]. 

The figure visually represents how nanoparticle-based 
delivery systems overcome the skin’s natural barrier 
and enhance rutin’s antioxidant, anti-inflammatory, 
and wound-healing actions, making them a promising 
strategy for advanced dermatological therapy. 
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Figure 1: Schematic Representation of Rutin-Loaded Nanoparticles and Their Mechanism for Enhanced Skin 

Penetration. 

 
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 [19]. 
 
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 of Rutin, ensuring that the 
efficacy of the therapy is maintained throughout time 
[20]. 
 
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 of Rutinat 
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 [21]. 
 
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 [22]. 

 
4. Rutin-Loaded Nanoparticles: Joint 
Opportunities for Skin Therapies 
The combination of Rutin's therapeutic properties 
coupled with the benefits of nanoparticle-based drug 
delivery promotes a cooperative strategy for developing 
innovative topical treatments for an array of skin 
conditions [23]. 

4.1 Rutin-Loaded Nanoparticles for 
Inflammatory Skin Disorders 
Rutin-loaded nanoparticles have shown considerable 
promise in treating inflammatory skin conditions like 
eczema, psoriasis, and dermatitis. By encapsulating 
Rutin in nanoparticles, its ability to penetrate the skin is 
enhanced, allowing targeted delivery to inflamed areas 
within the epidermis and dermis [24]. The extended 
release from these   nanoparticles can 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 [25]. 
 
4.2 Rutin-Loaded Nanoparticles for Age-
Defiance and Dermal Shielding 
The antioxidant and photoprotective qualities of Rutin, 
combined with enhanced skin absorption via 
nanoparticles, position Rutin-loaded nanoparticles as an 
effective approach for safeguarding skin and combating 
aging. These nanoparticles can efficiently transport 
Rutin into the more profound layers of the skin, 
safeguarding skin cells from oxidative harm initiated by 
UV rays, degradation of collagen, and signs of photoaging 
[26]. Rutin’s ability to stimulate collagen production and 
its antioxidant properties can aid in minimizing wrinkles, 
enhancing skin elasticity, and contributing to a more 
youthful appearance. Items containing Rutin-loaded 
nanoparticles can be blended with sunscreens and anti-
aging products to boost their effectiveness and offer 
prolonged protection against environmental influences 
[27]. 
 
4.3 Rutin-Loaded Nanoparticles for Wound 
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Healing 
The wound-healing effects of Rutin can be greatly 
enhanced through the utilization of   nanoparticle 
delivery systems. These Rutin-loaded nanoparticles 
boost the efficiency of medication uptake at the injury 
location, allowing for an ongoing release of Rutin that 
encourages fibroblast growth, collagen production, and 
the formation of new blood vessels [28]. Research 
indicates that employing Rutin-loaded nanoparticles. 
Administering therapies directly to wound models leads 
to faster wound recovery, improved collagen formation, 
and enhanced re-epithelialization in relation to 
treatments employing free Rutin. This points to the 
capacity of Rutin-loaded nanoparticles as an effective 
method for speeding up the healing process in chronic 
injuries, burns, and surgical cuts [29]. 
 
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 
melanocytes in the outer skin layer, effectively 
preventing tyrosinase activity and diminished melanin 
production [30]. The controlled release from the 
nanoparticles allows an extended inhibition of 
melanogenesis, resulting in a progressive and effective 
enhancement of skin luminosity. Additional research is 
required to assess the effectiveness of Rutin-loaded 
nanoparticles in treating specific hyperpigmentation 
issues such as melasma and post-inflammatory 
hyperpigmentation in clinical environments [31]. 
 
5. Types of Nanoparticles for Rutin Delivery and 
Formulation Strategies 
The types of nanoparticles used for Rutin delivery 
include liposomes, solid lipid nanoparticles (SLNs), 
nanostructured lipid carriers (NLCs), polymeric 
nanoparticles, metallic nanoparticles, and 
nanoemulsions. Liposomes enhance skin hydration but 
may face stability issues, while SLNs and NLCs offer 
better stability, drug loading, and controlled release [32]. 
Polymeric nanoparticles, such as those made from 
biodegradable polymers like chitosan and PLGA, provide 
customizable drug release and targeting. Metallic 

nanoparticles, like gold and silver, offer antimicrobial 
properties but require careful evaluation for toxicity, and 
nanoemulsions improve solubility and penetration for 
poorly water-soluble drugs like Rutin. Each nanoparticle 
type has unique advantages and is chosen based on the 
intended therapeutic application, stability, and 
biocompatibility [33]. 
 
Table 1 provides an extensive overview of various 
nanoparticle types used for encapsulating Rutin, a 
bioactive compound with significant therapeutic 
potential for skin-related conditions. The table 
summarizes the key characteristics, advantages, and 
limitations of 40 different nanoparticle types, including 
liposomes, solid lipid nanoparticles (SLNs), polymeric 
nanoparticles, and metallic nanoparticles, among others 
[34]. Each type of nanoparticle is assessed based on its 
ability to encapsulate and deliver Rutin effectively to the 
skin, enhancing its bioavailability, stability, and 
therapeutic effects. For example, liposomes are known 
for their ability to improve skin hydration and absorption 
but face challenges with stability. In contrast, solid lipid 
nanoparticles (SLNs) and nanostructured lipid carriers 
(NLCs) provide enhanced stability and controlled 
release, making them ideal for sustained drug delivery. 
Polymeric nanoparticles, made from biodegradable 
materials like PLGA and chitosan, offer customizable 
drug release profiles and targeted delivery capabilities 
[35]. 

The table also addresses the limitations of certain 
nanoparticles, such as potential toxicity concerns with 
metallic nanoparticles (e.g., gold and silver), or the 
difficulty of scaling production for some nanoparticle 
types. Additionally, it highlights the advantages of 
specific nanoparticles in improving skin penetration, 
increasing the solubility of poorly water-soluble drugs 
like Rutin, and offering targeted therapy for skin 
conditions such as inflammation, hyperpigmentation, 
and aging. This table serves as a comprehensive reference 
for researchers and formulators in the field of 
nanomedicine, helping to guide the selection of 
appropriate nanoparticles for Rutin encapsulation based 
on their unique characteristics and intended therapeutic 
applications [36]. 
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Table 1: Overview of Nanoparticle Types for Rutin Encapsulation and Their Characteristics. 
S. 

No. 
Nanoparticle 

Type 
Characteristics Advantages Limitations Applications Referen

ces 
1.  Liposomes Bilayer membrane, 

phospholipids, 
encapsulate 

hydrophilic and 
hydrophobic drugs. 

Improve skin 
hydration, 
enhance 

absorption. 

Stability issues, 
leakage. 

Topical drug 
delivery, skin 

hydration. 

[37] 

2.  Solid Lipid 
Nanoparticles 

(SLNs) 

Solid lipids at room 
temperature, 

biodegradable. 

High drug 
loading, 

controlled 
release, 

enhanced 
stability. 

Low solubility of 
some drugs, 
limited drug 

encapsulation. 

Anti-aging, 
wound healing. 

[38], 
[39] 

3.  Nanostructured 
Lipid Carriers 

(NLCs) 

Combination of 
solid and liquid 

lipids, stable. 

Increased drug 
loading capacity, 

controlled 
release, 

biocompatibility. 

Expensive to 
produce, limited 

shelf life. 

Skin 
penetration, 

wound healing. 

[40] 

4.  Polymeric 
Nanoparticles 

Biodegradable 
polymers like 

PLGA, chitosan, 
and hyaluronic acid. 

Customizable 
release profiles, 

targeted drug 
delivery, 

biocompatibility. 

Complex 
preparation, 
potential for 

polymer 
degradation. 

Anti-
inflammatory, 

skin 
pigmentation. 

[41] 

5.  Metallic 
Nanoparticles 

Gold, silver, and 
other metals. 

Antimicrobial, 
diagnostic 

applications, 
enhanced 
stability. 

Potential 
toxicity, need for 

careful 
evaluation. 

Antimicrobial, 
cancer 

diagnostics. 

[42], [43] 

6.  Nanoemulsions Stable mixtures of 
oil and water, small 

droplet size. 

Solubilize poorly 
water-soluble 

drugs, enhance 
skin penetration. 

Stability issues 
under storage 

conditions. 

Skin 
penetration, 

targeted 
delivery. 

[44] 

7.  Microemulsion
s 

Thermodynamically 
stable, oil-water 

mixtures. 

Enhanced 
solubility and 

bioavailability. 

Limited to 
specific drugs, 

expensive. 

Skin 
penetration, 
anti-aging. 

[45] 

8.  Dendrimers Branched, tree-like 
structures, precise 

drug loading. 

High drug-
loading capacity, 

targeted drug 
delivery. 

Expensive 
synthesis, 

potential for 
toxicity. 

Cancer therapy, 
targeted 
delivery. 

[46], [47] 

9.  Polymeric 
Micelles 

Amphiphilic block 
copolymers forming 

micelles. 

Improved 
solubility, 
prolonged 

release, targeted 
delivery. 

Limited drug 
loading, 

instability in 
aqueous media. 

Drug delivery, 
anti-aging. 

[48] 

10.  Gold 
Nanoparticles 

Spherical, 
biocompatible gold 

structures. 

Stability, non-
toxic, excellent 

for surface 
functionalization

. 

Potential 
cytotoxicity, 

difficult 
synthesis. 

Diagnostics, 
anti-

inflammatory. 

[49] 

11.  Silver 
Nanoparticles 

Small, spherical 
silver particles, 
antimicrobial. 

Antimicrobial 
properties, long 

shelf life. 

Risk of 
cytotoxicity, 

stability issues. 

Wound healing, 
antimicrobial 

skin care. 

[50] 

12.  Chitosan 
Nanoparticles 

Derived from chitin, 
biodegradable. 

Biocompatible, 
enhanced drug 

stability, 
mucoadhesive 

properties. 

Limited drug 
load, 

susceptibility to 
moisture. 

Wound healing, 
tissue 

engineering. 

[51] 

13.  Poly(lactic-co-
glycolic acid) 
Nanoparticles 

(PLGA) 

Biodegradable 
copolymer, 

controlled release. 

Safe, FDA-
approved, 

customizable 
release kinetics. 

Expensive to 
manufacture, 

slow 
degradation. 

Cancer therapy, 
wound healing. 

[52] 
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14.  Niosomes Non-ionic 

surfactants forming 
bilayer vesicles. 

Non-toxic, cost-
effective, 

improved skin 
penetration. 

Less stability 
than liposomes, 
limited shelf life. 

Topical drug 
delivery, skin 

protection. 

[53] 

15.  Magnetite 
Nanoparticles 

Iron oxide 
nanoparticles with 

magnetic 
properties. 

Targeted drug 
delivery using 

magnetic fields, 
biocompatible. 

Toxicity 
concerns, 

limited targeting 
efficiency. 

Cancer therapy, 
drug targeting. 

[54] 

16.  Carbon 
Nanotubes 

Hollow, cylindrical 
nanostructures of 

carbon. 

High surface 
area, excellent 

mechanical 
properties, 

enhanced skin 
penetration. 

Toxicity 
concerns, 
difficult 

synthesis. 

Drug delivery, 
skin care. 

[55] 

17.  Nano-
structured 

Silica 

Mesoporous silica 
with high surface 

area. 

Excellent for 
controlled 

release, 
biocompatible. 

Risk of 
aggregation, 
difficult to 

functionalize. 

Controlled 
release, drug 

delivery. 

[56] 

18.  Cyclodextrin 
Nanoparticles 

Cyclodextrin-based 
particles. 

Improve 
solubility of 
hydrophobic 

drugs, 
biocompatible. 

High cost, slow 
production. 

Drug 
solubilization, 
skin hydration. 

[57] 

19.  Poly(lactic 
acid) 

Nanoparticles 
(PLA) 

Biodegradable, 
sustainable polymer 

nanoparticles. 

Biocompatible, 
biodegradable, 

slow degradation 
rates. 

Limited drug 
load, risk of 

polymer 
degradation. 

Controlled 
release, anti-

aging. 

[58] 

20.  Lipid-Core 
Micelles 

Lipid core 
surrounded by 

surfactants. 

Enhanced 
solubility, 

stability in skin 
applications. 

Risk of 
aggregation, 
instability in 

certain media. 

Drug delivery, 
anti-aging. 

[59] 

21.  Calcium 
Phosphate 

Nanoparticles 

Biocompatible and 
biodegradable 
calcium-based 
nanoparticles. 

High loading 
capacity, 

controlled 
release, cost-

effective. 

Difficult 
synthesis, 

potential for 
toxicity. 

Bone 
regeneration, 

tissue 
engineering. 

[60] 

22.  Polyethylenimi
ne 

Nanoparticles 

Cationic polymer-
based particles. 

Efficient gene 
delivery, 
improved 

bioavailability. 

Toxicity in high 
concentrations. 

Gene delivery, 
anticancer 
therapy. 

[61] 

23.  Polyvinyl 
Alcohol 

Nanoparticles 

Hydrophilic, 
biodegradable 

polymer 
nanoparticles. 

High drug 
loading, 

enhanced skin 
penetration, 

biocompatible. 

Limited stability, 
difficult to scale 
up production. 

Topical 
therapies, 

wound healing. 

[62] 

24.  Nanocrystals Crystalline 
nanoparticles of 

active ingredients. 

Increased surface 
area, enhanced 

solubility. 

Risk of 
aggregation, 

limited to 
specific drugs. 

Drug delivery, 
solubility 

enhancement. 

[63] 

25.  Eudragit 
Nanoparticles 

Biodegradable 
copolymers of 

methacrylic acid 
and methacrylate. 

High drug 
loading capacity, 
biocompatible, 

stable. 

Limited drug 
release, 

expensive. 

Controlled 
release, anti-

aging. 

[64] 

26.  Zinc Oxide 
Nanoparticles 

Biocompatible 
nanoparticles of 

zinc oxide. 

UV protection, 
antimicrobial 

properties. 

Risk of skin 
irritation, need 

for careful 
evaluation. 

Sun protection, 
anti-aging. 

[65] 



 

354  

Current Pharmaceutical Research (CPR) 

 
27.  Polyethylene 

Glycol (PEG) 
Nanoparticles 

Hydrophilic, 
biocompatible 
nanoparticles. 

Improved 
solubility, 

stability, and 
bioavailability. 

Risk of 
immunogenicity, 
possible toxicity 

at high doses. 

Drug delivery, 
skin hydration. 

[66] 

28.  Polypropylengl
ycol 

Nanoparticles 

Biodegradable and 
hydrophilic 

nanoparticles. 

Good skin 
penetration, 

biocompatible, 
controlled 

release. 

Limited stability, 
risk of irritation. 

Drug delivery, 
wound healing. 

[67] 

29.  Polyvinylpyrrol
idone (PVP) 

Nanoparticles 

Hydrophilic, water-
soluble synthetic 

polymer. 

High solubility, 
controlled drug 

release. 

Limited stability, 
potential 
toxicity. 

Drug delivery, 
wound healing. 

[68] 

30.  Dendritic 
Polymers 

Highly branched 
polymer structures 

with functional 
groups. 

High surface 
area, precise 
drug loading, 
targeted drug 

delivery. 

Expensive, 
potential 
toxicity. 

Drug delivery, 
cancer therapy. 

[69] 

31.  Polysaccharide 
Nanoparticles 

Derived from 
natural 

polysaccharides like 
alginate, chitosan. 

Biocompatible, 
biodegradable, 
excellent skin 
penetration. 

Limited drug 
loading capacity, 

instability. 

Drug delivery, 
wound healing. 

[70] 

32.  Cationic Lipid 
Nanoparticles 

Lipid-based 
nanoparticles with 

positive charge. 

High efficiency in 
gene delivery, 

skin penetration. 

Cytotoxicity at 
high 

concentrations, 
stability issues. 

Gene therapy, 
skin 

penetration. 

[71] 

33.  Polyethyleneim
ine (PEI) 

Nanoparticles 

Polymeric 
nanoparticles for 

efficient drug 
encapsulation. 

High 
encapsulation 

efficiency, 
targeted delivery. 

Cytotoxicity, 
stability issues 

in certain 
formulations. 

Cancer therapy, 
gene delivery. 

[72] 

34.  Co-polymers Blended polymers 
offering dual 
functionality. 

Customizable for 
specific delivery 

applications, 
biocompatible. 

Complex 
synthesis, 

potential for 
toxicity. 

Drug delivery, 
targeted 
therapy. 

[73] 

35.  Polycarboxylate 
Nanoparticles 

Biodegradable and 
biocompatible 
copolymers. 

High drug 
encapsulation, 

controlled 
release, cost-

effective. 

Risk of polymer 
degradation, 
limited drug 

types. 

Skin hydration, 
drug delivery. 

[74] 

36.  Silicon 
Nanoparticles 

High surface area, 
biocompatible 

nanostructures. 

High drug-
loading, stable 
formulations. 

Aggregation in 
solution, 

difficult scaling. 

Drug delivery, 
skin protection. 

[75] 

37.  Hydrogel 
Nanoparticles 

Nanoparticles 
encapsulated in 

hydrogels for 
sustained release. 

Excellent for 
wound healing, 

controlled 
release of active 

ingredients. 

Limited drug 
types, potential 

irritation. 

Wound healing, 
skin 

regeneration. 

[76] 

38.  Supramolecula
r Nanoparticles 

Non-covalent 
assemblies of 

molecules in a self-
assembled manner. 

High drug 
encapsulation, 

targeted delivery, 
enhanced 
stability. 

Synthesis 
complexity, 

instability under 
certain 

conditions. 

Drug delivery, 
anti-aging. 

[77] 

39.  Quantum Dots Semiconductor 
nanocrystals with 
optical properties. 

High surface 
area, excellent 
for diagnostic 
and imaging 
applications. 

Potential 
toxicity, difficult 

synthesis. 

Diagnostics, 
drug delivery. 

[78] 

40.  Nanogels Nanoparticles with 
cross-linked 

polymer networks. 

High drug 
loading, 

controlled 
release, 

responsive to 
environmental 

stimuli. 

Potential 
instability, 
synthesis 

challenges. 

Drug delivery, 
tissue 

engineering. 

[79] 
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5.1 Liposomes 
These are structures encased in membranes made up of 
lipids bilayers, acknowledged for their synergy with 
biological frameworks and their capacity for natural 
decomposition. They can encapsulate both hydrophilic 
and hydrophobic pharmaceuticals, encompassing Rutin. 
While liposomes can improve skin hydration and 
absorption, their stability could pose challenges [80]. 
 
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 nanoparticles provide 
enhanced stability, increased drug loading capacity, and 
controlled release when compared to liposomes. They are 
similarly very compatible with biological systems and 
cost-effective for large-scale manufacturing [81].   
 
5.3 Polymeric Nanoparticles 
Biodegradable and biocompatible polymers like 
chitosan, PLGA, and hyaluronic acid can be utilized to 
create polymeric nanoparticles for Rutin encapsulation. 
These nanoparticles can be customized for specific drug 
release profiles, surface modifications for targeting, and 
improved stability [82]. 
 
5.4 Metallic Nanoparticles 
Gold and silver nanoparticles, primarily studied for their 
antimicrobial properties or employed as diagnostic tools, 
can also serve as carriers for Rutin. However, potential 
toxicity and compatibility issues must be carefully 
evaluated when employing metallic nanoparticles [83]. 
 
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 can solubilize poorly 
water-soluble drugs like Rutin and improve skin 
penetration. Choosing the right type of nanoparticle and 
the formulation strategy depends on various factors, 
including the desired drug release pattern, targeted area 
within the skin, stability needs, biocompatibility, and 
manufacturing feasibility. Optimizing the nanoparticle 
formulation comprises elements like particle dimensions 
and surface characteristics is crucial for achieving 
maximum treatment efficacy and skin suitability [84]. 
 
6. Advantages, Challenges, and Future 
Directions 
6.1 Advantages of Rutin-Loaded Nanoparticles 
Nanoparticles offer a significant advancement in the 
topical delivery of Rutin, enhancing its absorption 
through the skin and ensuring that it reaches the 
intended site effectively. This technology allows for 

controlled and sustained release, providing extended 
therapeutic benefits and reducing the need for frequent 
dosing [85]. Furthermore, nanoparticles can be 
customized for targeted delivery, directing the active 
compound precisely to specific skin cells or tissues, 
improving treatment efficacy. In addition to their 
therapeutic advantages, nanoparticles contribute to the 
overall stability and uniformity of topical formulations, 
improving their aesthetic appeal and making them more 
cosmetically acceptable. By focusing on localized 
treatment, this approach also minimizes the risk of 
systemic side effects, which is a common concern with 
oral or injectable delivery methods [86]. 

6.2 Challenges and Future Directions 
The development of nanoparticles for Rutin delivery 
faces several challenges that need to be addressed for 
their widespread application. One major issue is 
scalability and production costs, as manufacturing 
nanoparticles on a large scale at an affordable price 
remains a significant hurdle to ensuring economic 
viability [87]. Additionally, long-term consistency and 
duration are crucial to ensure that nanoparticle-based 
formulations maintain their stability and effectiveness 
throughout their shelf life, making them marketable and 
reliable for consumers. Skin irritation and safety 
concerns also require thorough evaluation, as potential 
toxicity and the long-term safety of nanoparticles must 
be carefully considered before they can be widely adopted 
in dermatological products [88]. 

The transition from preclinical studies to clinical trials 
and eventually to market-ready products presents 
another obstacle. This process demands comprehensive 
clinical evaluations and regulatory approvals to ensure 
that the formulations are both effective and safe for 
widespread use. Furthermore, personalized dermatology 
holds promise for the future, with research focused on 
tailoring Rutin-loaded nanoparticle formulations to meet 
individual patient needs and target specific skin 
concerns. Combining these nanoparticles with other 
active ingredients or treatment strategies could enhance 
therapeutic efficacy, presenting an exciting area for 
further exploration [89]. 

To overcome these challenges, future research should 
focus on advanced nanomaterial design, improved 
formulation methods, and thorough biocompatibility 
and safety assessments. Additionally, investigating 
innovative nanomaterials and surface modification 
techniques will be key to advancing the field and 
improving the overall performance of Rutin-loaded 
nanoparticle therapies [90]. 

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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