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ABSTRACT 

Melanoma is the most aggressive type of skin cancer and has very high rates of mortality. An early stage 

melanoma can be surgically removed, with a survival rate of 99%. Skin cancer has emerged as the fifth most 

commonly reported cancer in the world, causing a burden on global health and the economy. The enormously 

Resin environmental changes, industrialization, and genetic modification have further exacerbated skin cancer 

statistics. Current treatment modalities such as surgery, radiotherapy, conventional Chemotherapy, targeted 

therapy, and immunotherapy are facing several issues related to cost, toxicity, and bioavailability thereby 

leading to declined anti-skin cancer therapeutic efficacy and poor patient compliance.  In this regard, 

nanotechnology offers numerous benefits which could improve the life expectancy of melanoma patients with 

very low adverse effects. Among various Nanomaterials, nanoparticles have endowed exorbitant advantages by 

acting as both therapeutic agents and drug Carriers for the remarkable treatment of skin cancer. The small size 

and large surface area to volume ratio of nanoparticles escalate the skin tumor uptake through their leaky 

vasculature resulting in enhanced therapeutic efficacy.  

I. INTRODUCTION 

Skin carcinoma is one of the most dangerous types of cancer that was described CDKN2A (rare mutation, 12%: 

loss); TP53 (9%) [8] Laennec (melanoma), Jacob (basal cell carcinoma), and Bowen (squamous cell carcinoma 

in  situ) in the years 1804, 1827, and 1912, respectively [1–4]. As of 2020, skin carcinoma is the fifth most 

commonly reported cancer in the world, according to the World Health Organization [5]. In 2022, the American 

Academy of Dermatology (AAD) disclosed that approximately 9,500 people in the United States are diagnosed 

with skin cancer every day. AAD also stated that at least one in five Americans woul exposure d develop skin 

cancer in their lifetime [6, 7]. Other than the United States, the highest incidence rate of skin cancer is also 

perceived in Australia and New Zealand, with an average case of 33 per 1,00,000 residents, followed by 

countries like Norway and Denmark (northern European countries) [5, 8]. Some of the proven risk factors for 

skin cancer include exposure to ultraviolet radiation [9, 10], chemical carcinogens [11, 12], genetic modulation 

[13, 14], fair skin [15], immunosuppression [16–18], etc. 
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Melanoma and it’s types: 

Table 1: The classification of melanomas (by 2018 WHO Classification) and associated genomic alterations 
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The WHO classification of melanoma not only reflects the pathway concept of melanoma pathogenesis but also 

reveals distinct molecular signatures associated with different anatomical locations and levels of patient sun 

exposure. Melanoma lesions associated with low ultraviolet (UV) exposure/CSD (pathway 1) are located mainly 

on the trunk and extremities, and approximately 45 ~ 50% of these tumors carry a BRAF mutation (Table 1)  

II. SEARCH STRATEGIES 

PubMed, Google Scholar, Scopus, and Elsevier databases were searched for the keywords Nanotechnology 

systems, melanoma, transdermal therapy, cancer, nanocarriers, liposomes, Niosomes, transferosomes, 

ethosomes, transethosomes, cubosomes, dendrimer, and Cyclohexatrienes. Out of 165 review and research 
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articles, those published before 2000 (n=42) and With irrelevant titles and abstracts (n=30) were excluded; 93 

articles were reviewed and Discussed. 

III. NANOTECHNOLOGY-BASED DRUG DELIVERY SYSTEMS: 

The use of nanotechnology for drug delivery and cancer imaging can improve efficacy and Reduce toxicity. 

Nanostructure protects the administered drug by prolonging blood circulation And, thereby, improves the drug 

accumulation in the pathological tissues.18,19 The most Important nanotechnology-based drug delivery 

systems as transdermal carriers are vesicular Systems such as liposomes, niosomes, transferosomes, and 

particular systems like polymeric Nanoparticles dendrimers, magnetic nanoparticles, carbon nanoparticles, 

gold nanoparticles, And silica nanoparticles 

3.1. Liposomes  

Liposomes are widely used in pharmaceutics because of their flexibility, efficacy, and various Application routes 

like topical, intravenous, and oral. They are spherical microscopic Nanostructures with an aqueous core 

surrounded by one or more phospholipid bilayers and a Size from 10 nanometers to several micrometers 

depending on the construction technique. They Can accommodate both hydrophobic and hydrophilic drugs 

because two internal and external Phases are required to form a bilayer phospholipid surrounded by an 

aqueous component (Figure 1). Liposomes can be made from both natural (like lecithin and sphingomyelins) 

and Synthetic lipids (like dipalmitoyl)14,21 through different ways like hydration of thin lipid film Followed by 

agitation, sonication, reverse-phase evaporation, and extrusion. Compared with Conventional systems, 

liposomes have a greater therapeutic efficacy (especially for drugs like anticarcinogenics, antifungals, and 

antibiotics), slower drug release, better patient compliance, Less toxicity and higher biocompatibility.14,2 Skin 

penetration and stability of liposomes  lower than other nanocarriers like Transferosomes and ethosomes.23 

Having cholesterol in their structure, liposomes have a rigid Nature and these nanocarriers are unable to reach 

deeper layers and release drug in the Epidermis.24 Although liposomes can be prepared via several methods on 

a laboratory scale, Only a few methods are industrially applicable, the most common of which is ethanol 

injection Followed by extrusion. Extrusion is highly important as the particle size should be strictly Controlled. 

The quality control includes several stages such as pH control at critical steps, filter Integrity test, particle size 

and zeta potential measurements.25 The surface is sometimes Modified and coated with hydrophilic polymers, 

like polyethylene glycol (PEG), to prolong the Liposomes blood circulation half-lives. Incorporating polymers 

into the lipid bilayer increases The liposomes’ hydrophilicity and stability in an aqueous environment. 

Functionalizing the Liposomes with targeting ligands can make them more usable in drug delivery for 

applications Like cancer therapy26 

Vemurafenib-resistant melanoma can be treated by protein kinase C inhibitor anchored BRD4 PROTAC 

PEGylated nanoliposomes. They are formed by using Palmitoyl-DL-carnitine Chloride (PC) as protein kinase C 

inhibitor, 1,2-Dioleoyl-sn-glycero-3 phosphocholine (DOPC), chloroform, and modified hydration method. In-

vitro studies assessed the Cytotoxicity, release, stability, angiogenesis (using human umbilical vein endothelial 

cells), and Migration. A novel chemotherapeutic combination was obtained to treat vemurafenib-resistant 

Melanoma, with the PC enhancing the anti-angiogenesis and anti-vasculogenic effect as well As nanoliposomes 

stability while reducing the size.27 

Different formulations of transdermal peptide-modified vemurafenib-loaded liposomes (Vem-TD-Lip) and their 

inhibitory effects on melanoma cells were studied and examined regarding Various features such as 

intracellular uptake, selective inhibition, penetration, size, and zeta Potential. The nanocarriers were found to 

be regularly cubic, biocompatible, highly stable, Capable of selective inhibition of A375 cells, and deliverable via 

the skin, besides having a low Cellular toxicity. Transdermal modification on the liposomes also improved the 

penetration of Vemurafenib. Safety studies showed that compared with oral and intravenous administration of 

Vem-TD-Lip, local administration caused significantly less damage to the liver, kidney, and lungs. Furthermore, 

the tumor size, relative volume, and weight after two weeks of Administration of Vem-TD-Lip were significantly 

lower than that in the phosphate-buffered Saline. 28 

Dual receptor-recognizing liposomes with paclitaxel (PTX) and hydroxychloroquine contents Were evaluated in 

treating primary and metastatic melanoma via autophagy. The relative rates Of wound healing were 4.82% ± 
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3.06% and 12.59% ± 4.15% after 24 h and 48 h, respectively. The liposomes increased the drug accumulation in 

tumor cells, inhibited migration, and Reduced lung metastasis in vivo. The combination of paclitaxel and 

hydroxychloroquine was Reported as a promising treatment for both primary and metastatic 

melanoma.29Gowda et al.30 assessed the nanoliposomal delivery of A2 inhibitor arachidonyl trimethyl Ketone 

in melanoma treatment by using normal human fibroblast cell lines FF2441, BRAF melanoma cell lines, and 

random human melanoma specimens. The arachidonyl Trimethyl ketone was encapsulated within 

nanoliposomes via sonication followed by extrusion. Drug stability, entrapment efficiency, in-vitro drug-release 

kinetic, cell viability, cellular Proliferation and apoptosis, western blot analysis, and tumorigenicity were 

assessed. Nano Arachidonyl trimethyl ketone at 30 and 40 mg/kg significantly reduced the tumor volume by 

58% and 55%. The liposomes were more cellucidal against cancer cells than the normal human Cells and about 

one-half less toxic to the control cells than the melanoma cell lines. 

 

3.2. Niosomes 

Niosomes are vesicular nanocarriers and synthetic analogs of liposomes that are 100 nm to 2 µm in diameter 

and have an aqueous core enveloped by several layers of nonionic surfactant. They can carry both hydrophobic 

and hydrophilic drugs as they are potential carriers for Sustained and targeted drug delivery (Figure 2). 

Niosomes are biodegradable, Nonimmunogenic, easily controllable in terms of shape/size/fluidity by altering 

the Compositions, have a large capacity for drug loading, can deliver sensitive drugs through Different 

administration routes (intravenous/transdermal/oral), and show better patient Compliance. They are more 

cost-effective and stable than liposomes. These nanocarriers can Deliver several agents like anticarcinogenics, 

anti-inflammatories, and Antimicrobials. Phospholipids and nonionic surfactants enhance penetration as they 

overcome The barrier of transdermal drug delivery. Different mechanisms are involved such as decreasing The 

water loss and consequently hydrating the stratum corneum and loosening the cellular Structure, or improving 

the thermodynamic activity gradient of the drug as a driving force for penetration. Some drawbacks are 

associated with niosomes like physical and chemical Instability, aggregation, fusion of the vesicles, and leakage 

or hydrolysis of the encapsulated Drug.13,31 Niosomes can be prepared through thin-layer hydration, ether 

injection, reverse-Phase evaporation, lipid injection, and microfluidization.32 Surface modification with 

Hydrophilic polymers such as polyethylene glycol can be used for long circulation, while Surface decoration 

with ligands, aptamers, and antibodies is used for target therapy.33 Barani et al.34 investigated a new 

formulation of hydrophobin (HFB1)-coated niosomes as Carriers of cancer cells by using doxorubicin 

hydrochloride, Span® 40 (sorbitan Monopalmitate), polyethylene glycol, cholesterol, and the thin film hydration 

method. Characterization of niosomes’ size and morphology via dynamic light scattering, in-vitro Cytotoxic cell 

assay, and in-vitro drug release tests were done. The niosomes were found to Have almost uniform shape and 

size, a high and negative zeta potential that yielded a stable Formulation, an entrapment efficacy range between 
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45 and 75% (to be increased by adding Vitamin E-acetate), and about 100% doxorubicin release within 4 hours 

at pH=7.4, which Increased by lowering the pH. 

In an attempt to treat breast cancer, pH-sensitive Triaryl-(Z) olefin (TZO as tamoxifen Analog) noisome hydrogel 

was prepared through the handshaking method with components Like span 80 and cholesterol (1:1). 

Crystallinity, entrapment efficacy, stability, and in-vitro anti-Tumor validation were assessed. The results 

showed that the formulation had low retention in The liver after intra-tumor injection, and the anticarcinogenic 

activity was more than tamoxifen; Hence the formulation was proposed as a useful treatment for breast 

cancer.35  

Mirzaei-Parsa et al.36 prepared artemether-loaded niosomes via thin film hydration. Cholesterol, tween, and 

span in different ratios and entrapment efficacy, size, morphology, in-Vitro release, and in-vivo animal 

experiments were done. Higher artemether concentration Yielded a better inhibitory effect. The tumor volume 

significantly decreased by day 6 in the Noisome-treated group compared with the free drug-treated group. 

Shortly, the niosomal Formulation reduced the tumor volume and increased the necrosis in comparison with 

the Attempter, indicating that being loaded on niosomes could improve the anticarcinogenic effect Of 

artemether. 

 

3.3. Transferosomes 

Transferosomes are lipid-based vesicles (<300 nm) with highly elastic and formable structures That show 

stress-response and colloidal stability for up to 3 months. They are comprised of four main parts including 

phospholipids (like phosphatidylcholine and Dipalmitoylphosphatidylcholine), an edge activator (e.g. 

surfactants or bile salts), <10% Ethanol, and water as a vehicle. The edge activators improve the radius of 

curvature and Increase the membrane deformability, which allows them to squeeze through the channels in The 

stratum corneum and, therefore, offer a versatile delivery concept. Hydrophilic and Hydrophobic drugs can be 

respectively accommodated in the aqueous core and phospholipid Bilayer (Figure 3).37,38 

 Their preparation methods include rotary film evaporation, reverse-phase evaporation, Vortexing sonication, 

ethanol injection, and freeze-thaw.39 Transferosomes can accommodate Various drugs such as NSAIDs, 

steroids, and local anesthetics.40 Among their strong points are The targeting ability, lower toxicity, 

prolongation of the drug’s half-lives, and biodegradability. They have high entrapment efficacy, protect the 

medication against metabolic degradation, and Can pass through narrow constrictions; however, they are 

chemically unstable to oxidative Degradation.41 

Unfortunately, transferosomal formulations are costly as they are associated with lipid Excipients; the most 

cost-effective option is phosphatidylcholine.42 More efforts are required To industrially manufacture 

transferosomes with the desired composition, stability, loading, and Particle size. Although the tolerability of 

transferosomal formulations has been clinically Approved, protocols need to be developed to incorporate this 
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technology in other permeation Enhancement techniques such as iontophoresis, electroporation, and 

microneedles.37 

 In a study, Green Synthesized Honokiol Transfersomes were prepared via the modified scalable Heating 

method and tested for the mean particle size, entrapment efficacy, transmission electron Microscopy, in-vitro 

drug release, intracellular uptake of fluorescein-loaded transferosomes, Cytotoxicity, and some biomarker 

analyses. The transferosomes showed the potential to Alleviate the immunosuppressive characteristics of 

B16F10 melanoma in vitro. They also Reduced the expression of the stem-like cell markers CD133, TGFβ, and 

CD47.43 

Paclitaxel-encapsulated cell-penetrating-peptide-modified transfersomes (PTX-CTs) hydrogel For topical 

melanoma treatment was prepared by using the thin-film dispersion Method. Transmission electron 

microscopy showed that PTX was encapsulated in the lipid Bilayer. Evaluating the permeation of the CTs into 

the mice’s skin via the Franz diffusion cell System showed that the penetration of Coumarin 6 fluorescent dye 

within 12 h was about 11.4% in the Coumarin 6-loaded transferosomes versus 4.8% in Coumarin 6-loaded 

liposome. In-vitro Comparisons of different PTX formulations revealed that PTX-CTs had higher tumor 

Penetration and cytotoxicity in the B16F10 cells.44  

3.4. Ethosome 

Ethosome, another vesicular lipid carrier, is mainly made of a phospholipid bilayer, high Ethanol concentration 

(20-40%), and an aqueous inner core that entraps the drug (Figure 4). It Is much smaller and more flexible than 

liposomes and a better solution for hydrophobic drugs. Their tiny size (30 nm to several microns) allows them 

to pass through the skin. They are Distinguished from other lipid carriers by their high concentration of ethanol. 

Other ingredients Can be used such as cholesterol (as membrane stabilizer), permeation enhancer, dyes, and gel 

Formers like carbopol and sodium alginate to produce vesicular gels to prolong the residence Time.21,45 

Ethanol can interact with the polar group region of the lipids and causes increased Membrane fluidity which 

calls the ethanol effect. Besides, lipid penetration and permeation Occur due to the fusion of the ethosomes with 

skin lipids, called the ethosome effect. Because Of the two effects, ethosomes show improved skin 

penetration.46Thanks to some characteristics like bilayer fluidity and lack of side effects, the unique Ethosomes 

system can deliver variable medications like antivirals, anti-inflammatories, and Analgesics into deep layers of 

skin;47,48 however, dermatitis is probable due to the penetration Enhancers like alcohol.49 Moreover, their 

structure improves the entrapment of both Hydrophilic and lipophilic drugs. Ethosomes can be simply prepared 

without special Equipment.50  

Lin et al.51 co-loaded the ethosomes with berberine chloride and evodiamine via single-step Injection for 

melanoma treatment. The viability of B16 melanoma cells was 6.25% by using The highest concentration of 

both drugs (18.6 μg/ml of berberine and 2.25 μg/ml of Evodiamine). The findings approved the anti-melanoma 

effects of the co-loaded ethosomes on B16 cells in tissue culture and are suitable for the treatment of melanoma 

in an animal model. Ma et al.52Evaluated the polyethyleneimine and sodium cholate-modified ethosomes 

complex As multidrug carriers (with cytotoxic drugs like doxorubicin and curcumin) for the transdermal 

Treatment of melanoma by making different formulations with materials like fluorescein rescein 

Isothiocyanate, phosphatidylcholine, and rhodamine B.18 The thin layer evaporation technique Was used and 

cellular uptake, in-vitro transdermal performance, and in-vitro antitumor test Were done. The carrier-wrapped 

drugs had a higher cellular uptake than the nude drug. The anti-tumor activity was higher in the formulations 

with both doxorubicin and curcumin, with The optimal ratio of 7:3 for polyethylenimine and sodium cholate. 

Yu et al.53 prepared the transdermal mitoxantrone ethosomal gel by using hydroxypropyl Methylcellulose, 

phospholipid, mitoxantrone, ethanol, and water. The mitoxantrone-loaded Ethosomes were made via the thin 

film dispersion method. Then, characterization of the Ethosomes, entrapment efficiency, in-vitro permeation, 

cell cytotoxicity on B16 melanoma Cells (on an electrical cell-substrate impedance sensing system with a 

modified chip), and flow Cytometric investigation were assessed. In-vitro permeability across the rat skin, 

cytotoxicity, And anti-melanoma effect in the mitoxantrone ethosome gel were higher than those of the 

Mitoxantrone solution. The tumor inhibitory rate of the gel was 68.44% and the cell uptake of The mitoxantrone 

from the ethosomal gel was high. Having no severe side effect, the Noninvasive mitoxantrone ethosomal gel was 

proposed as a perfect drug delivery system for Melanoma treatment. 
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3.5. Transethosomes 

The novel system of transethosomes (first introduced in 2012) is the combination of ethosomes (lipid and 

ethanol) and transferosomes (lipid and edge activator) with a combination of the Strong points of both systems. 

They are mainly made of phospholipids, high-concentration Ethanol (10-50 %), edge activators (like 

surfactants), and penetration enhancers like propylene Glycol. They are better than their constituents per se in 

transdermal drug delivery because of Their small particle size, high entrapment efficiency, in-vitro release, and 

penetration.54,55 These Nanocarriers have irregular spherical shapes and high vesicle elasticity (Figure 5).56 

Transethosomes can pass through stratum corneum by adhering to lipid lamella after Interacting with the 

disturbed layer. They show improved flexibility and fluidity due to the Ethanol and edge activator and their 

elastic nature allows them pass through the intercellular Pathway.57  

 

Nonetheless, dermatitis, allergic reaction, and skin irritation are among the Transethosomes disadvantages. 57 

Abdulbaqi et al.58 delivered colchicine transdermally through three different formulations of Transethosomal 

gels made with Phospholipon 90G® (PL90G), absolute ethanol, Tween 20®, Sodium stearate, and 

triethanolamine via the cold method. The final gel formulation was formed By incorporating colchicine-loaded 

transethosomes in a pre-prepared gel with a ratio of 4:1 by Using a stirrer and then manual mixing. The 

rheological behavior, ex-vivo skin permeation, and Stability were evaluated and transmission electron 

microscopy was done. The transethosomes had irregular spherical shapes and high entrapment efficacy. The 

final gel formulations also Showed satisfactory stability in refrigerated condition, non-Newtonian plastic flow 
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with no Thixotropy, and high skin permeation rate compared with the non-transethosomal gel. Song et al.59 

loaded voriconazole on conventional liposomes, deformable liposomes, Ethosomes, and transethosomes 

through the thin film hydration method and by using materials Like Lipoid S100 (Phosphatidylcholine soybean 

lecithin), cholesterol, and taurocholic acid Sodium salt (sodium taurocholate). The transethosomes exhibited 

the highest elasticity (conventional liposomes showed the least), permeation rate (11.5±1 g/cm2/h), and skin 

Deposition among all formulations. 

3.6. Cubosomes 

Cubosomes are honeycomb-structured nanoparticles with internal aqueous channels and a large Interfacial 

area. They are formed by hydrating a surfactant and the subsequent formation of the Cubic phase and 

dispersing a solid-like phase into smaller particles. They are comprised of Amphiphilic lipids (usually glyceryl 

monooleate and Phytantriol) that are capable of self-Assembly in water and form cubosomes and stabilizer-like 

Pluronics, especially F127 (Poloxamer 407), which is a poly (ethylene oxide)-poly(propylene oxide)- 

poly(ethylene Oxide) triblock copolymer (Figure 6). This nanocarrier can be simply prepared and used in 

Targeting and controlled-releasing bioactive agents. It can load both hydrophilic and lipophilic Drugs and be 

administered via different routes like oral, intravenous, or topical drug delivery. Major advantages of 

cubososmes are high capacity for drug loading (due to the cubic crystalline Structure), biodegradable lipids, and 

thermodynamic stability; nevertheless, they have Drawbacks like low entrapment efficacy for water-soluble 

drugs.60-62 Moreover, Pharmaceutical drug delivery has been made possible by the cubic liquid crystalline 

phases Because of the cubosomes cubic nanostructure with hydrophobic and hydrophilic loading 

Capabilities.63 Cubosomes can form a thin surface film consisting of a liquid crystal matrix on The mucosal 

surface in topical drug delivery where nanostructure can achieve an optimal Delivery profile and temporary 

protection of a sensitive skin.61 

Cubosomes can be made via either top-down or bottom-up techniques,64 the latter is more Suitable for large-

scale production and is superior to the top-down approach as it requires less Energy input and allows working 

with thermo-sensitive materials.65 These nanostructures can Be modified by adding biotin or folate, antibody 

fragment coupling to PEGylated lipids, protein Labeling, and coating with poly-ε-lysine.66  

 

By using the top-down method, Cytryniak et al.67 prepared cubosomes in Different formulations such as 

DOTAGA-oleylamine conjugate (DOTAGA-OA), doxorubicin DOTAGA-OA, DOTAGA-OA-177Lu (177Lu=lutetium 

177 as darionuclide), and doxorubicin DOTAGA-OA-177Lu. The stability was assessed via dynamic light 

scattering and found to be Acceptable in the doxorubicin DOTAGA-OA-177Lu cubosomes in phosphate-buffered 

saline. Toxicity was evaluated via the MTS assay and showed that the cubosomes were non-toxic to Hela cells up 

to 54 mg/ml concentration, with the doxorubicin DOTAGA-OA-177Lu being the Most toxic of all cubosomes 

(36.5 % of the viable cells). That study revealed that the Combination of cytotoxic drugs such as doxorubicin 

and B-emitting radionuclides as Cubosomes can improve cytotoxicity. Moreover, with the multifunctional 

cubosomes, the Cytotoxic drugs can be used in smaller doses, and thereby their side effects would be prevented. 

Bazylin ska et al.68 prepared polymer-free cubosomes for simultaneous bioimaging and Photodynamic action of 
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photosensitizers in malignant melanoma cells by using monoolein as The building block, phospholipid as the 

stabilizer, and propylene glycol as the hydrotrope. Morphological and topological features of cubosomes loaded 

with Chlorin e6 or meso-Tetraphenylporphine-Mn (III) chloride (photosensitizing dyes) were examined 

through Dynamic light scattering and transmission electron microscopy. The Ce6-loaded cubosomes Reduced 

the MeWo and Me45 cell viability by 90%. Toxicity was low in both formulations. Saber et al.69 loaded the 

cisplatin and a combination of cisplatin-metformin on cubosomes Through emulsification and targeted the 

colorectal cancer cell metabolism. Cell culture (human CRC cell lines and HCT116), cytotoxicity assay (using 

Sulforhodamine B=SRB assay), Glucose/ATP/lactase level examination (cells washed in phosphate-buffered 

saline), lactate Dehydrogenase activity, nicotinamide adenine dinucleotide phosphate (NADPH) oxidase Activity, 

AMPK/total MTOR assessment were done. The half-maximal inhibitory Concentration (IC50) was 15 μM in 

cisplatin, 9.6 μM in cisplatin-loaded cubosomes, and 7 μM In cisplatin-metformin-loaded cubosomes. The drug 

uptake was 1.6 greater in the cubosomal Formulation of cisplatin. The LDH activity increased more in the 

cisplatin-metformin-loaded Formulation (1.6 times) than that in the cisplatin-loaded cubosomes (1.35 times). 

The NADPH Increased by 3.4 times and the p-AMPK increase was the highest in cisplatin-metformin-loaded 

Cubosomes (7.5 times more). 

3.7. Dendrimers 

Dendrimer-based nanocarriers are about to revolve the oncological diagnoses and Treatments.70 Dendrimers 

are hyperbranched and tree-like nanocarriers with spherical, globular Three-dimensional shapes and high 

molecular uniformity. Their main three parts are the central Core, inner branches, and the terminal surface 

water-soluble groups (responsible for the perfect Water solubility). The inner core encapsulates the drugs, 

while the surface is suitable for Targeting and imaging the ligands (Figure 7). These unique properties have 

made the dendrimer A potential nanocarrier for diagnosis and drug/gene delivery.71-73 Researchers suggest 

that Dendrimers interact with phospholipids via the skin which leads to forming defects or nanoscale Holes on 

cell membrane and also report minimal skin irritation and improved deposition and Permeation of many 

drugs.74 

 

Among the advantages of dendrimers are the surface terminals for conjugating drugs/molecular 

Sensors/biopolymers, monodispersity, and internal space for loading hydrophobic drugs in high Capacity. They 

can be used for passive and active targeting and delivering anticarcinogenic Drugs. The amino-terminated 

dendrimers like poly(amidoamine) (PAMAM) And polypropyleneimine dendrimers have greater cytotoxicity 

and intrinsic antiproliferative Effect than those with an anionic surface (like carboxyl, hydroxyl, and acetamido 

groups). High-density charged groups on the surface of dendrimers such as tertiary amines promote Them to 

perfect vehicles for DNA and siRNA.71-73 PAMAM dendrimers have some Shortcomings such as poor 

biocompatibility, high toxicity, and rapid blood clearance due to Positively-charged surfaces at biophysiological 

pH.75 Chemical modification of the surface Charge is a common approach to control the cellular interactions 
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and biodistributions of Dendrimers. Modification of PAMAM dendrimers with neutral or negatively-charged 

groups Has been reported to significantly decrease their toxicity.76  

Bhatt et al.77 prepared different formulations consisting of G4-TOS-PEG-PTX (by conjugating Α-Tocopheryl 

Succinate (α-TOS) and polyethylene glycol on a generation 4 PAMAM Dendrimer (G4 PAMAM) and loaded them 

with paclitaxel), G4-PEG-PTX, G4-TOS-PEG, and Other formulations. Entrapment efficacy, in-vitro release study, 

hemolytic toxicity, cellular Uptake, cytotoxicity, apoptosis, in-vitro therapeutic efficacy (using female 288 

C57BL/6 mice Of 6−8 weeks [weight=18-22 g]), and tumor inhibition were examined. The PTX release from The 

PTX solution within 8 h (≈99%) was faster than that from the G4-PEG-PTX and G4-TOS-PEG-PTX formulations, 

showing the controlled release of PTX over 48 h. The G4-TOS-PEGPTX showed the highest cytotoxicity 

(viability=37.21%), and higher apoptosis (27.3%) than The G4-PEG-PTX formulation (40.7 %). 

Tassano et al.78 evaluated the chromosomal aberrations induced by rhenium-188 labeling PAMAM G4 

dendrimer (188Re-dendrimer). Biodistribution studies, cell culture, and Chromosomal aberration assays 

(melanoma cells from Mus musculus skin B16F1) were done. The biodistribution assay exhibited high liver 

uptake (30%) and renal clearance in melanoma-Bearing mice. The aberrant metaphase was 29.5% in cells 

treated with 15 μCi (0.555 MBq) of The 188Re-dendrimer for 24 h and 7% in the control cells. Accordingly, the 

G4 PAMAM Dendrimers were reported radiolabeled with 188Re through the bifunctional HYNI chelating Agent 

and capable of inducing chromosomal aberration in malignant cells. Hu et al.79 studied different PEGylated 

PAMAM conjugated dendrimers (PPSD and PPCD Conjugates by using acid-sensitive cis-aconityl linkage and 

acid-insensitive succinic linkage Between doxorubicin and polymeric carriers) with different PEGylation degree 

for tumor-Selective targeting of doxorubicin. The cytotoxicity assay exhibited that PAMAM dendrimers Were 

cytotoxic to B16 cells with IC50=1.95 mM; PEGylation reduced the cytotoxicity and Increased IC50. The cellular 

uptake of doxorubicin in PPSD conjugates was remarkably higher Than that in PPCD conjugates. All of the 

formulations could alter the pharmacokinetic Parameters in comparison with doxorubicin solution like 

increasing AUC and all of them were Effective in the prevention of tumor growth  

3.8. Cyclodextrins 

Cyclodextrins are cyclic and cone-shaped oligosaccharides (with a hydrophobic cavity due to The CH2 groups 

and a hydrophilic surface due to the secondary hydroxyl functional Groups) with 6, 7, or 8 glucose units, known 

as α, β, and cyclodextrin, respectively (Figure 8). Cyclodextrins have been remarkably used in gene therapy, cell 

therapy, immunotherapy, and Chemotherapy. These nanocarriers improve the water solubility and stability of 

drugs and Decrease their toxicity to human bodies. Given the overexpression of some ligands like folate 

Receptors on tumor cells, modified cyclodextrins (because of their hydroxyl groups) can be Used for targeted 

therapy. Preparation and storage of cyclodextrins are restricted because of Their instability, sublimation, and 

low aqueous solubility.80,81 Solvent evaporation, slurry Method, and dry mixture are some methods of 

preparing cyclodextrins.82 CyclodextrinsImprove absorption by solubilizing the drug at the absorption cite and 

the interactions with the Free lipids in stratum corneum.83 Despite the numerous cyclodextrin derivatives, only 

a few can be synthesized in industrial-scale, because the complicated multi-step reactions and Purification of 

the products by chromatography restrict them to laboratory scales is possible. The most important βCD-

derivatives are the methylated βCDs which are heterogeneous, Amorphous, and highly aqueous-soluble.84 The 

delivery capability of the CD molecules can be Enhanced by scaffolding them with a polymer graft with cationic 

surface charges. βCD not only Reduces the toxicity of the grafted polymer but also enhances membrane 

absorption And molecular stabilization. Polyethylenimine is the gold standard of gene transfection and CD-

Modified polyethyleneimine derivatives have lower toxicity.85 

Ferraz et al.86 prepared Harman (HAR) βCD in a 1:1 molar ratio and characterized via FTIR, NMR, and SEM. 

Entrapment efficiency, cell viability of normal cells assay (using MTT after 24 h), cell migration assay, apoptosis 

analysis (using caspase-3 activity assay), and Sensitization of A2058 cell to chemotherapy (using MTT) were 

done. In a nutshell, those Findings revealed that βCD-HAR would promote the toxicity more than HAR per se 

with an IC50=23.36 μM. HAR and βCD-HAR decreased the migration rate by 32.23% and 46.37%, Respectively. 

Caspase-3 activity was higher in the cells treated to βCD-HAR compared with The HAR-treated cells. The ability 

of HAR and βCD-HAR to sensitize the A2058 cells was Determined by combining them with dacarbazine, 

vemurafenib, and fluorouracil; they were Found to increase the cytotoxic effects of anticarcinogenic drugs.  
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Sun et al.87 prepared curcumin-hydroxypropyl-βcyclodextrin (Cur/HP-βCD) for melanoma Treatment and the 

solubility was measured. Then, in-situ hydrogels were made with Poloxamer 188 and 407. Photochemical 

stability, curcumin release, permeation, cytotoxicity, and flow Cytometry were evaluated. These cyclodextrins 

increased the stability (from 0.15 to 3.09 Mg/ml) and solubility (from 0.02 to 0.15 mg/ml). The HP-βCD could 

also protect the curcumin From degradation. The IC50 was 702.27 µM in curcumin and 281.88 µM in CUR/HP-

βCD Group, confirming the inhibitory effect of curcumin complexes. Briefly, this study Demonstrated that 

cyclodextrins improved solubility, stability, curcumin release, transdermal Permeation, and cell toxicity.  

Pizzimenti et al.88 prepared hydroxynonenal (HNE) with a derivative of βCD [βCD-poly(4-Acryloylmorpholine) 

conjugate [PACM-βCD] and assessed for in-vitro release, stability (over 12 months), cell culture (A375), cell 

viability, and cellular uptake (via confocal laser scanning Microscopy). The cyclodextrin reduced the number of 

viable cells in comparison with free HNE. Ten µg of the formulation induced apoptosis in HL-60, PC3, and A357 

cells in 24 h Compared with the free HNE-treated cells that showed very low apoptosis. Michel et al.89 prepared 

different formulations of Gemini surfactant-conjugated cyclodextrinsAnd incorporated with poorly-soluble 

curcumin. The size and zeta potential measurements, cell Toxicity assays, Caspase-Glo® 3/7 assays, and mass 

spectroscopy were done.70 The IC50 values For the treated cells were about 0.80 µM for the drug/ 

cyclodextrins and 0.86 µM for the drug/ Cyclodextrin gemini formulations. For the apoptotic assays, the Caspase 

3 and 7 as apoptosis Markers were evaluated. Shortly, this study showed that this formulation was effective in 

Melanoma cell inhibition with IC50 lower than the melphalan and a low toxicity on human Epidermal 

keratinocytes. 

3.9. Solid lipid nanoparticles 

Transdermal use of the solid lipid nanoparticles and nanostructured lipid carriers has yielded Promising 

results.90 The solid lipid nanoparticles (with a size between 40 and 1000 nm) is a Substitution for polymeric 

nanoparticles like liposomes. These systems mainly consist of 0.1-30% w/w solid lipids dispersed in an 

aqueous medium and a surfactant (0.5-5% w/w) as a Stabilizer. The nanostructured lipid carriers with a 40-

50% liquid lipid content were developed As nanoparticles with a higher loading capacity and a lower water 

content of the particle Suspension compared to solid lipid nanoparticles (its water content was 70-99.9%). 

They are Made of solid and liquid lipids mixed in a ratio of 70:30 to 99.9. The lipids used to prepare These 

nanoparticles are triglycerides, fatty acids, waxes, and glycerides 91,92 

Both solid lipid nanoparticles and nanostructured lipid carries are perfect transdermal carriers Due to features 

like biodegradable lipids, low toxicity, high drug penetration, and occlusive Properties that increase skin 

hydration. Lipid nanoparticles can also enhance the stability of Agents that are sensitive to oxidation, light, and 
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hydrolysis. Different preparation techniques Are available, the common step of all of which is the formation of 

oil in water precursor Followed by solidification of the dispersed solid phase.91,92 Occlusion effect after the 

lipid film Formation on the skin has been reported for lipid nanoparticles. It reduces transepidermal water Loss 

and consequently causes skin hydration, which in turns decreases corneocytes packing and Increases the size of 

corneocytes gaps and facilitates the drug penetration to deeper skin Layers.93 Particle growth, unpredictable 

gelation tendency, and burst release are some Disadvantages of solid lipid nanoparticles.94 Different studies 

demonstrated that surface Modification of solid lipid nanoparticles with ligands for receptors overexpressed on 

the surface of cancer cells can improve the uptake of this nanocolloidal drug carrier in the tumor Site.95 By 

using the high-pressure homogenization method, large-scale production can be Obtained in a cost-effective and 

relatively simple way.96 

 

In Banerjee et al.’s study,97 solid lipid nanoparticles modified with Tyr-3-octreotide (PSM) Formulation of 

paclitaxel in a murine melanoma model were studied and cell apoptosis, starch Assay, bio distribution, 

antimelanoma efficacy, cytokine measurement (ELISA), and therapeutic Efficacy were studied. The necrosis and 

apoptosis rate was higher in the PSM group than that In the DTIC group. Both PSM and DTIC treatments 

demonstrated cellular shrinkage and Rounding. The effects of PSM and DTIC on cell migration were examined 

by starch assay and The wound healing was prolonged in the PSM-treated group. The PSM elevated levels of IFN 

Γ, IL 2, IL 12, and TNF α and showed the least lung metastasis in mouse models. Goto et al.98 prepared 

aluminum chloride phthalocyanine-loaded (CIAIPC as a photosensitizer) Solid lipid nanoparticles for 

photodynamic inactivation of melanoma cells via direct Emulsification method and two surfactants, naming 

sorbitan isostearate and polyoxyethylene-40 hydrogenated castor oil. Encapsulation efficacy, biocompatibility, 

stability, photodynamic Therapy efficacy, and MTT assay for cell viability were examined. A stability test using 

the size And zeta potential at 4 degrees showed that CIAIPC SLN was physically and chemically stable For 24 

months. It also had a dose-dependent phototoxic effect on melanoma cells. 

3.10. Inorganic nanocarriers 

These inorganic nanocarriers are currently considered for theranostic processes because of Their large surface 

area, high capacity for drug loading, biocompatibility, and low side effects. They encompass quantum dots, gold 

nanoparticles, silver nanoparticles, graphene oxide Nanosheets, iron oxide nanoparticles, mesoporous silica 

nanoparticles, and carbon tubes, to Name a few. For instance, carbon nanotubes (CNTs) are ordered tubular 

structures that have a Nano-sized diameter. These nanocarriers are made by a single or more layers of carbon 

atoms as Coiled sheets of graphene (Figure 10). According to the acidic and lipophilic nature of stratum 

Corneum, inorganic nanoparticles with positive charge, high surface lipophilicity, and small Particle size could 

penetrate this layer of skin and reach the deeper layers.99 
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Their surfaces or edges can be functionalized by different groups, which improves the Solubility, absorption, 

distribution, and pharmacodynamic properties. The CNTs can be used As the biocompatible vehicle of different 

anticarcinogenic agents for transdermal drug Delivery. Considering all of these aspects, CNTs are a proper 

candidate for melanoma treatment.100,101 Because of their excellent mechanical, thermal, electrical, and 

optical Properties, CNTs have been used for killing malignant cells in previous studies.20,102-104 Carbon 

Nanotubes are not soluble in aqueous media; thus, functionalization is essential for their Biological and 

biomedical applications.105 Table 4 summarizes the advantages, disadvantages, And specific characterization 

of all studied nanotechnology-based drug delivery systems. 

 

IV. CONCLUSION 

With respect to the analysis of the reviewed articles, it can be concluded that melanoma Treatment can benefit 

from the advantages of novel nanocarriers like liposomes, niosomes, and Transferosomes without the adverse 

effects of conventional therapies. Further nanotechnology Studies can be conducted in-vivo on human or animal 

models to assess cell toxicity of these Agents in treatment of melanoma. 
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