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Abstract 

Background 

Melanoma is one of the most aggressive type of skin cancer, with high incidence rate and 

mortality, throughout the world. Despite of noteworthy development in melanoma 

treatment, the destructive nature of the disease makes it difficult for clinicians to manage the 

condition. Hence, there is need remains to achieve improved therapeutic activity and overall 

survival time using herbal constituents, which can offer improved efficacy over existing 

chemotherapy, in melanoma therapy. Resveratrol (RV) and piperine (PI) are the model 

drugs of choice for their potential antimelanoma activity. However, their clinical application 

is limited due to their poor pharmacokinetic properties. 

 

Objectives 

The current research work aims to investigate the effect of Cubosomal nanoformulation of 

RV and PI against Melanoma.Hence the objectives of thestudy are: 

1. To formulate, evaluate and optimize RV and PI loaded cubosomal nanoformulation. 

2. To study anticancer activity of optimized cubosomal nanoformulation against 

Melanoma.  

 

Methodology 

The RV and PIloaded cubosomes (RPC) were prepared by Fragmentation techniques using 

high-speed homogenization method followed by probe sonication. A 3
2 

factorial design was 

used for the optimization of the RPC using Design-Expert® software. The prepared 

formulations were characterized for entrapment efficiency, particle size, shape and zeta 

potential. The optimized RPC5 formulation was subjected to in vitro release study, in vitro 

cell culture studies (cytocompatibility, cytotoxicity and cell uptake studies). Cubosomal gel 

(RPC-gel) was formulated from the optimized RPC5 and characterized for pH, viscosity and 
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ex vivo skin permeation and retention studies. In vivo skin toxicity and pharmacodynamic 

(prophylactic and therapeutic treatment modalities) studies of RPC-Gel was performed in 

B16F10 cells induced melanoma bearing BALB/c mice. 

Results 

The optimized cubosome formulation (RPC5) containsthe cubicshaped nanoparticles with a 

mean particle size and zeta potential of 110±3.30 nm and -34.3 ± 1.04 mV respectively. The 

entrapment efficiency of RV and PI entrapped inside the RPC was 88.12 ± 1.54 and 85.17 ± 

0.25% respectively. In vitro drug release of optimized RPC demonstrated biphasic drug 

release with diffusion-controlled release of RV (92.7 ± 2.08%) and PI (72.48 ± 3.36%). 

Optimized RPC was further formulated into cubosomal gel (RPC-Gel) by using carbopol     

( 1% w/v) and the prepared gel was evaluated for ex vivo permeation and deposition which 

shows better drug permeation and deposition in mice skin layers in comparison to RP-Gel. 

Cell compatibility studies of free RV and PI (RP) and RPC5 was evaluated against mouse 

fibroblast culture (L929) which showed no significant difference in cellviability, which 

confirms its cytocompatibility. In vitro cytotoxicity studies in A375 cells demonstrated an 

improved anticancer activity of RPC5 in comparison with free RP. These outcomes were 

supported by a cell uptake study in A375 cells, in which RPC5 exhibited a higher uptake 

than RP. Furthermore, images obtained from fluorescent microscopy forA375 cells after 3 

and 5 h of incubation showed higher internalization of coumarin 6 (C6) loaded cubosome 

(C6-CUB) as compared to those of the free C6.Stability study showed the ability of RPC to 

maintain their stability at room temperature. Composition of RPC-Gel has been proved non-

irritant to the mice skin. Apharmacodynamic investigation revealed a significant reduction 

in tumor growth and significant increase in the body weight in RPC-Gel treated melanoma-

bearing BALB/c mice when compared to control (non-treated) melanoma-bearing BALB/c 

mice. These findings were supported by histopathological analysis, of tumor tissues of 

BALB/c mice demonstrated extensive tumor necrosis in the same mice on treatment with 
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RPC-Gel. The results of in vitro and in vivo studies thereby proposing, RPC-Gel to be a 

promising drug delivery system bytopical application for the melanoma treatment.  

 

Conclusion 

These results implied that delivery of RPC substantially controlled the melanoma condition, 

hence RPC can be considered as a promising nano drug delivery system in the management 

of melanoma skin cancer. 

 

Keywords:Resveratrol; Piperine; cubosome; melanoma; cell uptake; pharmacodynamic 
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1. INTRODUCTION 

1.1 BACKGROUND 

Melanoma: 

Melanoma is the most lethal kind of skin cancer and is a malignant type of tumor originating 

from uncontrolled proliferation of melanocytes. Ultraviolet (UV) irradiation from sunlight is the 

main environmental risk factor for melanoma skin cancer development. The occurrence of 

annual cases of melanoma has been increased by nearly 50% worldwide over the last decade, 

which predominates in United sates of America, New Zealand, Australia, and North European 

countries (1).  According to Global Cancer Statistics, in 2018 about 2,87,723 new cases and 

60,712 deaths were reported worldwide (2). Nowadays, the treatments recommended for 

melanoma are surgery, radiation therapy, chemotherapy, immunotherapy, and targeted therapy. 

Surgery is preferred in melanoma patients with early stages (I-IIIB), whereas radiotherapy is 

rarely used in primary tumor treatment of skin, bone, and brain metastases. In advanced and 

metastatic melanoma, chemotherapy is the first line treatment given either individually or in 

combinations with immunotherapy or targeted therapy. These therapies are either less effective 

enough or can cause severe adverse effects and assist in development of multi-drug resistance. 

After extensive clinical trial research, very few drugs like dacarbazine, Interferon-2b, 

Interleukin-2, Ipilimumab, Ontak, Dabrafenib have been approved by USFDA (3). Despite of 

this noteworthy development in melanoma treatment, patients with advanced-state metastatic 

melanoma revealed the median overall survival time, which is less than 6 months (1). Hence 

there is need remains to achieve improved therapeutic activity and overall survival time using 

herbal constituents, which can offer improved efficacy over existing chemotherapy, in 

melanoma therapy. 
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Resveratrol (RV) is a nutraceutical which have exciting pharmacological potential and attracted a 

lot of research attention in last decade owing to its demonstration of antioxidant, 

cardioprotective, neuroprotective, immunomodulatory, anti-inflammatory and anticancer 

properties (4). RV has been reported for various anti-cancer activities against thyroid cancer, 

breast cancer, leukemia, colon cancer, prostate cancer, ovarian cancer, melanoma, liver 

cancer and squamous cell cancer (5). Despite of its promising therapeutic effects, RV has got 

limited success due to its poor solubility, instability, and poor oral bioavailability resulting from 

its fast metabolism (6). In order to increase its therapeutic applicability and to overcome these 

issues, a transdermal approach has been selected. In addition to this, a combination strategy 

which may afford additive or synergistic effect along with bioavailability enhancement of RV in 

effective management of melanoma has been selected by using piperine.  Piperine (PI) is a 

natural alkaloid found in Piper nigrum and Piper longum and has been used not only as food 

spices but also as potential therapeutic agent for various diseases including obesity, 

inflammation, arthritis, depression, and different types of cancers. Also, PI acts as a 

bioavailability enhancer for so many other drugs (7). The major obstacle in transdermal delivery 

of these phytoconstituents is the stratum corneum, a barrier in the penetration and diffusion 

through the skin. Hence, an approach is needed to develop a nanoparticulate drug delivery 

system which can overcome this barrier with effective delivery of these phytoconstituents at 

targeted melanocytes.   

RESVERATROL 

Resveratrol (RV) (3,4,5-trihydroxystilbene) is a naturally occurring phytoalexin and 

polyphenolic compound present in a numerous types of dietary sources including grapes, plums, 

peanuts and red wine.  
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Figure 1 shows the molecular structure of trans-RV. It is highly hydrophobic with a partition 

coefficient of 3.1 and an aqueous solubility of 0.03 g/L. Despites its poor aqueous solubility, it is 

expected to demonstrate high membrane permeability due to its lipophilicity. It is freely soluble 

in ethanol and dimethyl sulfoxide. RV exists in two geometric isomers, cis and trans. The trans-

isomer is more abundant and biologically active than the cis-isomer. However, trans-isomer of 

RV can be easily isomerized to the cis-isomer when exposed to sunlight, or ultraviolet (UV) light 

at 360 and 254 nm (4).  

Resveratrol (RV) 
(3,4,5-trihydroxystilbene)

 

Figure 1: Chemical structure of Resveratrol (RV) 

RV as therapeutic agent in treatment of different diseases: 

RV has since received an increasing scientific attention, leading to investigation on its biological 

activity, and to numerous publications. RV was first isolated from white hellebore (Veratrum 

grandiflorum) plant. This natural polyphenol has been detected in more than 70 plant species, 

and is also found in discrete amounts in red wines and various food products. Today a number of 

therapeutic actions have been reported by RV viz. anti-carcinogenic, anti-inflammatory, anti-

diabetic, anti-microbial, cardioprotective, neuroprotective, anti-ageing, anti-oxidant and anti-

viral activities (8) (Figure 2).    
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Figure 2: Biological activities of Resveratrol (RV) 

However, because RV has been shown in vitro and in vivo to have chemopreventive and 

chemotherapeutic effects on cancers by targeting multiple pathways, it is a promising anticancer 

agent. Resveratrol affects all three stages of carcinogenesis: initiation, promotion, and 

progression (9). 

Many studies of RV have been reported for anti-melanoma activity like, in doxorubicin resistant 

murine melanoma cells, the potency of RV has been demonstrated by inducing apoptosis and 

inhibiting the growth of melanoma tumors in mice (10), whereas in another study it was 

demonstrated that RV in combination with temozolomide acts as an effective cytotoxic agent 

against melanoma cells (11). In addition to this, RV also acts as a radiation sensitizer for 

melanoma treatment (12) and apoptosis inducer and growth inhibitor for human melanoma cells 

(13). Due to its poor bioavailability the in vivo anti-cancer effects of RV are strongly limited 

(14). Hence approach is to be done, to increase its bioavailability using either by bioenhancer or 

nanotechnology. 
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PIPERINE (PI) 

Piperine (PI) is a natural alkaloid found in Piper nigrum and Piper longum belongs to Piperaceae 

family. Figure 3 shows PI molecular structure.  PI has been used not only as food spices but also 

as potential therapeutic agent for various diseases including obesity, inflammation, arthritis, and 

different types of cancers (7) (Figure 4). 

Piperine (PI) 
[5-(3,4-methylenedioxyphenyl)-2,4-pentadienoylpiperidine]  

or (1-piperoylpiperidine)  

Figure 3: Chemical Structure of Piperine (PI) 

Piperine as therapeutic agent in treatment of different diseases: 

 

Figure 4: Biological activities of Piperine (PI) 
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PI has anticancer and antitumor activity which can be due to its immunomodulatory properties, 

including the activation of cellular and humoral immune responses (15). It inhibits cytochrome 

P450 3A4 (CYP3A4) and P-glycoprotein by which bioavailability of other drugs can be 

enhanced (16). Many studies have shown PI as a prominent phytoconstituent that can be used in 

the melanoma treatment. It was found that PI decreased lung metastasis induced by B16F10 

melanoma cells by the activation of antioxidative protection enzymes and modulating lipid 

peroxidation (17). Clinical trials have been conducted to assess the efficacy of PI in a 

bioavailability enhancement of other phytoconstituents. The anti-proliferative effects of PI were 

observed in mouse and human melanoma cell lines, which demonstrated cytotoxic effects 

produced by apoptosis and cell cycle arrest at G1 phase in both SK MEL 28 and B16 F0 cell 

lines (18). But, due to intense first-pass metabolism, pH-mediated metabolism to piperidine and 

photoisomerization, leads to difficulty in the administration of PI (19,20). Many studies have 

been reported for PI combination with RV which has shown potential synergistic effect with 

enhanced bioavailability. This combination approach has been potentiated antidepressant, 

anticancer and other activities (21–24). A nanoparticulate approach needs to be taken to increase 

their effectiveness for better targeting to melanoma.  

Transdermal drug delivery system 

Transdermal delivery represents an attractive alternative to oral and parental delivery of drugs. 

The major advantages include 

 Bypass first pass metabolism in liver. 

 Avoidance of gastrointestinal problems. 

 Noninvasive and self administration.  

 Controlled drug plasma level.  
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 Reduction in undesirable side effects. 

 Reduced dosing frequency. 

 Better for drugs with short half life. 

 Easily terminate the treatment any time. 

 Increased patient compliance. 

 Inexpensive. 

In transdermal delivery of drugs, the skin penetration of the drug is limited as a result of the 

barrier function of the highly organized structure of the stratum corneum, outermost layer of the 

skin. Several approaches have been presented to improve the skin permeation such as chemical 

modification of the active molecule, applying a skin permeation enhancer and iontophoresis that 

facilitates the breakthrough of the stratum corneum barrier. With the advancement of skin 

penetration strategies, various anticancer therapeutics ranging from lipophilic small-molecule 

drugs to hydrophilic biomacromolecules, can be administered transdermally, offering an optional 

regimen in the treatment of melanoma (25).  

Transdermal deliveries have shown enormous therapeutic potential in the treatment of skin 

cancer with reduced adverse effects. Most of transdermal applications focus on the treatment of 

superficial skin cancer as the drugs can concentrate in the tumor tissue after overcoming the skin 

barrier (Figure 5). The crucial issue in topical formulations is to increase the thermodynamic 

activity of the active molecule in the vehicle while decreasing it in skin, which results in 

increasing the partition of the molecule from vehicle to skin and decreasing the barrier function 

of the skin (26). Hence there is need of novel nanotechnology which could effectively deliver the 

drug through the skin in targeting melanoma. 
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Figure 5: Schematic representation of melanoma development in the human skin and 

possible mechanism of drug loaded nanoparticles transport through the stratum corneum 

barrier 

CUBOSOMES 

As nanotechnology makes drug delivery systems much smaller, lighter, stronger, cleaner, more 

specific and more precise, there is enough evidence to believe that nanomedicine would bring 

hope for better management of melanoma. Polymeric nanoparticles, liposomes, dendrimers, 

cubosomes, polymersomes and niosomes are currently leading the research interest in targeting 

and curing skin cancers. From all these nanoparticles cubosome have somewhat more application 

for melanoma skin cancer. 

Cubosome is bicontinuous cubic liquid crystalline structure formed as colloidal dispersion in 

water with the help of suitable surfactants can result into nanostructured systems. Generally 

cubosomes have particle size 100 to 300 nm.
 
Cubosomes are the hydrated surfactant structures 

that can self- associate to form a bicontinuous liquid cubic crystal phase maintaining its 

thermodynamic stability (Figure 6). These are viscous isotropic binary systems, the highly 
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twisted lipid bilayer and high surface area (~400 m
2
/g) of cubosomes results in higher adjuvant 

incorporation (26). The main structural components of cubosomes include first amphiphilic 

lipids such as Monoolein/ Glyceryl monooleate (GMO), or phytantriol (PHYT) and second 

stabilizer like Pluronic F-127. Oral, ophthalmic, mucosal, topical, parentral (intravenous) and 

intranasal etc. are preferred potential routes of delivery of cubosomes. 

Structure of Cubosomes 

 

Figure 6: Schematic representation of Cubosome 

Advantages of Cubosomes (27) 

 Improved thermodynamic stability. 

 Maximum drug loading capacity because of increased surface area. 

 Encapsulate hydrophilic, lipophilic and amphiphilic drugs. 

 Biodegradable lipid imparting bioadhesive and biocompatible properties. 

 Administered by different ways of routes. 

 Sustained, targeted and controlled drug release achieved. 

 Very simple method of preparation. 
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  Bicontinuous cubic liquid crystalline phase of cubosomes even stable in excess 

water. 

 These are an excellent vehicle to protect the sensitive drug such as peptides and 

proteins, from the enzymatic degradation and in vivo degradation.  

Method of preparation (28) 

There are two main approaches typically used to produce cubosome dispersions: (i) top-down 

and (ii) bottom-up approaches. 

The top-down approach requires the dispersion of an extremely viscous lipid or bulk cubic phase 

into the aqueous solution using High-pressure homogenization and sonication techniques in 

which the high energy is created. The bottom-up approach is one in which a single phase liquid 

precursors is prepared using a hydrotrope (e.g., chloroform, ethanol), which is miscible with 

water insoluble lipids and finally diluted into a two phase regime of cubosomes coexisting with 

an excess aqueous phase.  

Applications of cubosome  

 Sustained drug release.  

 Topical treatment of Burns. 

 Melanoma therapy. 

 Improved ophthalmic drug delivery. 

 Carriers of cosmeceuticals actives. 

 Theranostic applications. 

 Delivery of protein vaccines. 

 pH responsive drug delivery from cubic phase matrices. 

 Protein entrapment and PEGylation of cubosomes. 
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1.2 REVIEW OF LITERATURE 

Naves et al., (2017) extensively reviewed types of skin cancer with special emphasis on the 

melanoma, the targeting strategies, drugs used for chemotherapy treatment, nanotechnology 

approach to treat melanoma with some case studies. This review suggests that enhanced 

permeability and retention is the basis for using nanotechnology, aiming for topical drug 

delivery. Authors have reported a case study involving two different approaches for targeting 

melanoma skin cancer therapy, namely, magnetic-based core–shell particles and electrospun 

mats. The literature mentioned indicates the controlled delivery of drug-loaded nanofibers for 

melanoma skin cancer therapy. The details mentioned thus suggest that possibilities to enhance 

the topical drug delivery after massaging the skin, or pulling out the follicles may be an 

alternative route for the therapeutic absorption (29). 

Kurangi et al., (2018) summarizes the research work in melanoma chemoprevention and 

treatment using the herbal phytoconstituents. Phytoconstituents like carotenoids, flavonoids, 

some polyphenols, piperine alkaloid, and sulforaphane have been mentioned for their high 

anticancer potential mostly which is being used for melanoma treatment or prevention. Relevant 

mechanisms involved in the pharmacological effects of these phytochemicals are also explained. 

Most of the phytoconstituents have been reported for both in vitro and in vivo antimelanoma 

activity (30). 

Johnson et al., (2011) examined the activity of piperine in the enhancement of pharmacokinetic 

parameters of resveratrol via inhibiting its glucuronidation. The major problem in achieving 

desire activity of resveratrol is poor in vivo bioavailability due its fast metabolism. It was found 

from the in vivo study in C57BL/6 mice that piperine co-administration with resveratrol, have 

significantly increased the degree of exposure of resveratrol (229%) and the maximum serum 
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concentration (Cmax; 1544%). The results obtained thus demonstrated that piperine has 

significantly increased the bioavailability of resveratrol (24).  

Carletto et al., (2016) formulated resveratrol-loaded poly(ε-caprolactone) nanocapsules and 

evaluated for its antimelanoma activity using in vitro and in vivo model. These developed 

nanocapsules were spherically-shaped and negative charged with size less than 150 nm, and high 

encapsulation efficiency. Resveratrol-loaded nanocapsules decreased cell viability and 

proliferation of melanoma cells (B16F10). In vivo results in subcutaneously induced C57BL/6J 

mice showed that resveratrol-loaded nanocapsules have decreased the tumor volume and 

increased the necrotic area and inflammatory infiltrate of melanoma as compared to free 

resveratrol. The metastasis and pulmonary hemorrhage was prevented by using developed 

nanocapsules. Therefore, the results obtained showed that resveratrol-loaded nanocapsules can 

effectively used in the treatment of melanoma progression and thus provides an improvement in 

the melanoma condition (31). 

Fofaria et al., (2014) evaluated in vitro cytotoxic activity of piperine in B16 F0, SK MEL 28 

and A375 melanoma cells. Piperine treatment inhibited the growth of all types of melanoma cells 

in concentration and time-dependent manner. The growth inhibitory effects of piperine were 

mediated by cell cycle arrest of melanoma cells in G1 phase and using apoptosis induction 

mediated through reactive oxygen species generation. The results obtained showed that ROS 

generated played an important role in inducing DNA damage and activation of checkpoint kinase 

1 leading to G1 cell cycle arrest and apoptosis (18). 

Nadia et al., (2014) developed and characterized silver sulfadiazine loaded cubosome 

nanoparticles for the topical treatment of burn infections. An emulsification process was used in 

the preparation of cubosome dispersion using different concentrations of a lipid, surfactant, and 
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stabilizer. The optimum formulae of cubosome dispersion (monoolein 82.5%, polyvinyl alcohol 

2.5% and poloxamer 407 15%) were incorporated in a chitosan (1.5%), carbopol 940 (1%) or 

chitosan/carbopol mixture based hydrogels, to form cubosomal hydrogels (cubogels). The 

prepared cubosomes were nano sized with cubic shape structure. In vivo study in the male wister 

rats and histopathological results demonstrated that the prepared cubogels were successful in the 

treatment of deep second degree burn which showed excellent healing results with least side 

effects in comparison with the marketed product (32).
 

Sharma et al., (2015) formulated and evaluated fluconazole loaded cubosomal gel for the 

treatment of fungal infections. Different cubosomal formulations were prepared by top down 

technique (using sonication followed by homogenization) and optimized using central composite 

design. Different ratios of drug, lipid and polymer have been used to evaluate the effect on 

dependent variables like entrapment efficiency and permeability (6
th

 h). The formulated 

cubosomes were characterized for particle size, entrapment efficiency, drug permeability and 

surface morphology. Optimized cubosome formulation was found with cubic shaped 

nanoparticle with particle size, % entrapment efficiency and drug permeability was 171 nm, 

83.3%, and 91.89 % respectively. The optimized cubosome dispersion was further converted to 

cubosomal gel by using 1% carbopol.  In vitro antifungal study showed that cubosomal gel has 

enhanced antimicrobial effect on Candida albicans strain in comparison to marketed Flucose gel, 

which may be due to high drug loading and enhanced diffusion of the drug (33).
 

Tupal et al., (2016) investigated the effect of the formulated Doxorubicin loaded solid lipid 

nanoparticles for topical treatment of skin cancer. The prepared nanoparticles were characterized 

for particle size, entrapment efficiency, zeta potential and surface morphology. In vitro and in vivo 

cytotoxicity of optimized formulation were evaluated on murine melanoma (B16F10) cells by 
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MTT assay and melanoma induced Balb/C mice, respectively. Melanoma in Balb/C mice was 

induced by subcutaneous injection of B16F10 cells (2 × 10
6
).

 
In vitro study results revealed that 

Doxorubicin nanoparticles are more prone to cytotoxic in comparison with Doxorubicin solution. 

Animal study demonstrated that Doxorubicin nanoparticles (low and high dose) significantly 

reduced the tumor volume in comparison to free doxorubicin solution (34). 

Khan et al., (2015) prepared 5- Fluorouracil loaded transfersomal system and evaluated for the 

skin cancer treatment. Transfersomal formulations were prepared using Span-80 and Tween-80, 

and evaluated for vesicle size, shape, deformability, entrapment efficiency, and in vitro skin 

permeation. Gel formulation was prepared by incorporating optimized transfersome into 

carbopol 940 gel (1%) and evaluated for its in vivo anticancer activity. The gel formulation 

showed better drug penetration and deposition through the skin as compared to marketed gel. In 

vivo study in swiss albino male mice showed that the transfersomal gel was non-irritant to the 

mice skin and reduced the tumor size maximally in comparison with marketed gel. The in vivo, 

histopathological and biochemical results suggested that 5- Fluorouracil loaded transfersomal gel 

is an effective carrier for topical delivery in the treatment for skin cancer (35).
 

Safwat et al., (2018) prepared and evaluated 5- Fluorouracil loaded gold nanoparticle for local 

application in the treatment of skin cancer. 5- Fluorouracil was loaded onto gold nanoparticles 

capped with cetyltrimethylammonium bromide using ionic interactions. The molar ratios of 5- 

Fluorouracil/cetyltrimethylammonium bromide and pH have affected the entrapment efficiency 

of 5- Fluorouracil and drug release from the gold nanoparticle. 5- Fluorouracil loaded gold 

nanoparticle gel and cream prepared from the nanoparticle dispersion was evaluated for their 

viscosity, skin permeability and in vivo anticancer study. In vivo anticancer study in C57BL/6 

mice were performed by implanting subcutaneous A431 skin cancer cells (4 × 10
5
) and started 
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topical application of gel and cream on 24
th

 day of visualization of tumor in mice. The results 

obtained demonstrated that 5- Fluorouracil loaded gold nanoparticle gel and cream has 

significantly reduced the tumor volume and increased the body weight of mice (36). 
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1.3 JUSTIFICATION 

The incidence of melanoma has increased in the last decade which accounts 75% of all skin 

cancer death every year, and is expected to continue to rise for the next 20 years. If melanoma is 

found and treated in its early stages, the chances of recovery are very good. If melanoma 

detection is not done early, then it can grow deeper into the skin and metastasize to other parts of 

the body. Once it has evolved to malignant melanoma, it is difficult to cure and results in a high 

death rate. The current clinical approach and therapy for melanoma includes surgery, 

chemotherapy or immunotherapy, and/or the combination of the two. Surgery remains the best 

intervention for patients with early stage melanoma. The combination of chemotherapy or 

immunotherapy is associated with higher response rates than single-agent therapy but this has 

not translated into improved survival. Major obstacles in the successful treatment of melanoma 

are development of multi-drug resistance and severe adverse effects. Therefore, interest has been 

grown for phytoconstituents having high anti-cancer potential mostly to be used for the treatment 

of melanoma. 

The phytoconstituents such as resveratrol and piperine have exciting pharmacological potential 

against melanoma and have recently attracted a lot of research attention. Both the 

phytoconstituents exerts the different therapeutic activity viz. antioxidant, anti-cancer, anti-

inflammatory, anti-diabetic, anti-microbial, cardioprotective, and neuroprotective. However, 

poor pharmacokinetic properties like low aqueous solubility, extensive first pass metabolism and 

low photostability problems results in poor bioavailability by parenteral or oral route which 

hinders an immense potential of resveratrol. To overcome these problems, resveratrol and 

piperine in combination can be delivered transdermally. However, stratum corneum is the main 
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barrier in transdermal delivery which decreases the permeability of these phytoconstituents 

through the skin and their high lipophilicity which resulted into poor local bioavailability. 

To improve the stability, safety and efficacy of resveratrol and piperine for melanoma therapy, 

an emerging approach have been employed by a novel potential nanocarrier i.e. cubosome. The 

cubosomes have bioadhesion, thermodynamic stability, high loading capacity, penetration 

enhancement property and ability to encapsulate hydrophilic, lipophilic and amphiphilic drugs by 

which their potential utility in melanoma can be enhanced over other nanocarriers. 

Many researchers have demonstrated resveratrol and piperine as potential phytoconstituents that 

can be used for the treatment of melanoma. However, the applicability of resveratrol and 

piperine loaded cubosomal nanoformulation as novel drug delivery system for targeting 

melanoma has not been performed so far. Thus, in the present investigation, an attempt is being 

made to design resveratrol and piperine loaded cubosomal nanoformulation and evaluate its 

efficacy in the treatment of melanoma. 
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1.4 OBJECTIVES AND PLAN OF WORK 

AIM 

To investigate the effect of cubosomal nanoformulation of resveratrol and piperine against 

Melanoma. 

OBJECTIVES 

• To formulate, evaluate and optimize resveratrol and piperine loaded cubosomal 

nanoformulation. 

• To study anticancer activity of optimized cubosomal nanoformulation against Melanoma.  

STUDY PLAN 

 

 

 

 

 

 

 

 

 

 

HPLC method development for Resveratrol and Piperine 

 

Cubosome formulation 

 

Optimization and characterisation of prepared Cubosome 

 

Stability study of optimized Cubosome 

 

Formulation and characterisation of Cubosomal gel 

 

In vitro and In vivo anticancer study 

 

Preformulation Study 
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2. MATERIALS AND METHOD 

Table 1: List of Instruments 

S.No. Instrument name Model Make 

1  Electronic balance AUW 220D Shimadzu 

2  Magnetic stirrer RCT Basic IKA 

3  FTIR IR Affinity-1S Shimadzu 

4  Differential scanning calorimetry DSC-60 Shimadzu 

5  High-performance liquid 

chromatography 

LC-20AD 

Prominence 

Shimadzu 

6  pH meter CyberScan pH 510 Eutech Instruments 

7  Homogenizer T25 digital Ultra Turax IKA 

8  Probe sonicator Rivotek™ Ultrasonic 

sonicator 

Riviera Glass Pvt 

Ltd 

9  Bath sonicator CPX 1800 H-E Branson 

10  Inverted microscope TCM 400 Labomed 

11  High resolution-transmission 

electron microscope 

JEM, 2100 Jeol 

12  Zetasizer Nano ZS Malvern instruments 

13  High speed refrigerated Centrifuge Floor model 7000 Kubota 

14  Franz diffusion cell   V6B-02 and 31011 Perme Gear 

15  Homogenizer RQT-127A Remi Laboratory 

Instruments 

16  Fluorescence microscope BX41 Olympus 

17  Ultra-low temperature freezer U410-86 New Brunswick 

18  Freeze dryer Alpha 1-2 LD plus Christ 

19  X-ray diffractometer PW-3710 Philips 

20  CO2 incubator Galaxy 170R New Brunswick 

21  Microtiter plate reader Lisa Plus Rapid Diagnostic 

Pvt. Ltd. 

22  Viscometer CAP 2000+ Brookfield 

23  Micro centrifuge Spinwin MC-02 Tarson 
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Table 2: List of chemicals 

S.No. Chemical Supplier 

1  Resveratrol Sami Labs Ltd., Bangalore, India 

2  Piperine Sami Labs Ltd., Bangalore, India 

3  Glyceryl monooleate Mohini Organics Pvt. Ltd., Mumbai. 

4  Pluronic F-127 Sigma Aldrich, USA 

5  Potassium dihydrogen phosphate Merck, India 

6  Sodium hydroxide Merck, India 

7  Coumarin 6 Sigma Aldrich, USA 

8  Mannitol Himedia Laboratories, India 

9  3-(4,5-dimethylthiazol-2-yl)- 2,5-

diphenyltetrazolium bromide (MTT) 

Sigma Aldrich, USA 

10  Ethidium bromide Sisco Research Laboratories Pvt. 

Ltd, India 

11  Acridine orange Himedia Laboratories, India 

12  4',6-Diamidino-2-phenylindole (DAPI) Sigma Aldrich, USA 

13  Dimethyl sulfoxide Qualigens, India 

14  Carbopol 934 Lubrizol Advanced Materials India 

Private Limited, India 

15  Acetonitrile Fisher Scientific, India 

16  Methanol Fisher Scientific, India 

17  Chloroform Fisher Scientific, India 

18  Ortho phosphoric acid Fisher Scientific, India 

19  Paraformaldehyde Himedia Laboratories, India 

20  Fetal bovine serum Gibco, USA 

21  Dulbecco’s modified Eagle’s medium 

(DMEM) 

Gibco, USA 
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2.1 Analytical method for simultaneous estimation of RV and PI 

HPLC (Shimadzu HPLC prominence system, LC-20AD, Japan) associated with prominence 

diode array (PDA) detector, pump (LC-20AD), autosampler, degasser and column oven was 

used to estimate the RV and PI concentration at common isosbestic point. Briefly, sample 

solutions were run on the chromatographic system using Luna C18 column (4.6 × 250 mm i.d.; 

particle size 5 μm, Phenomenex, USA) and eluted with a mobile phase comprising of acetonitrile 

: phosphate buffer (ACN:PB; pH 6, 55:45 % v/v). The pH of buffer was adjusted to 6 using 

sodium hydroxide. The flow rate of the mobile phase was kept at 1 mL/min with 35 °C column 

temperature. Samples and mobile phase were filtered through filter membranes (PVDF, 0.45 µm) 

prior to HPLC analysis. For simultaneous quantification of RV and PI, the common isosbestic 

point (330 nm) was selected for further analysis. 

2.1.1 Preparation of stock and standard solutions: 

Methanolic stock solutions (1 mg/mL) of RV and PI were prepared individually and used for 

calibration standard preparations of both the drugs in the series of concentrations of 0.25 to 8 

µg/mL, by diluting stock with mobile phase. All solutions were kept in light resistant volumetric 

flasks to prevent possible photoisomerization.  

2.1.2 Validation studies: 

Validation of developed method was done by using system suitability, linearity, limit of 

detection (LOD), limit of quantification (LOQ), precision, accuracy and robustness as per ICH 

guidelines. The linearity was determined by evaluating a series of concentrations of RV 

and PI standards (0.25-8 µg/ml) in triplicates. Both inter-day (on three succeeding days) and 

intra-day (on the same day) precision analysis were performed at different concentrations (low, 

medium and high) under the same analytical conditions. In accuracy (recovery) study known 
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concentrations of RV and PI were spiked to their preanalyzed sample and its percentage recovery 

was evaluated by correlating the original and measured concentration. LOD (limit of detection) 

and LOQ (limit of quantification) are the analytes lowest detectable and quantifiable 

concentration which gives signal to noise ratio of 3:1 and 10:1 respectively. LOD and LOQ was 

calculated from slope and standard deviation (SD) of intercept, such as [LOD=3.3 (SD/slope)] 

and [LOQ=10 (SD/slope)]. 

2.2 Experimental design of the study 

A 2-factor 3-level (3
2
) factorial design was utilized to optimize the RPC, wherein concentrations 

of lipid - GMO (X1) and stabilizer - PF-127 (X2) were selected as independent variables and 

particle size (PS, Y1), and entrapment efficiency (EE, Y2) were selected as the response 

variables (Table 3). Optimization was done with the help of Design-Expert software (Version 

7.0.0, Stat- Ease Inc., MN, USA).  

Table 3: Variables utilized in 3
2
 factorial design for the RPC nanoformulation 

Coded level -1 (low) 0 (medium) +1 (high) 

Independent variables 

X1- Lipid (%w/w) 3 5 7 

X2- Stabilizer (%w/w) 0.5 1 1.5 

Dependent variables 

Y1– Particle size Minimize 

Y2- Entrapment efficiency Maximize 

2.3 Preparation of RV and PI-loaded cubosome (RPC) 

RPC was prepared by using top-down method. Fragmentation techniques were used to formulate 

cubosomes using high-speed homogenization method followed by probe sonication (37). Briefly, 
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PF-127 and GMO were liquefied in separate container on a magnetic stirrer at 65°C. RV and PI 

(each 0.1% w/v) was added in melted GMO and was mixed with liquefied PF-127 solution. This 

mixture was then added drop by drop to preheated water with constant stirring on a magnetic 

stirrer. Homogenization (IKA T25 digital Ultra Turax, Germany) was performed at 15,000 rpm 

for 15 min to form a fine dispersion and thereafter, probe sonicated (RivoTEK, Mumbai) for 5 

min to form RPC nanoformulation. Coumarin–6-loaded cubosomes (C6-CUB, 0.05% w/v) was 

also formulated using the same procedure, except both drugs were replaced with Coumarin–6.  

 2.4 Freeze-drying 

In order to perform the DSC, XRD and FTIR studies, it is important to convert the 

cubosome nanodispersion to a powder form. The powder of Blank cubosome (BC) and 

optimized RPC were obtained by lyophilization. In the lyophilization process mannitol (5% 

w/v) was added to cubosome dispersion as a cryoprotectant. The frozen (using ultra-low-

temperature freezer at -20°C and -80 °C sequentially for 24 h) cubosome formulations were 

lyophilized by using Christ freeze dryer (Alpha 1-2 LD plus, Germany) in main drying and 

final drying stages. The dried powder was stored in air tight container for further analysis. 

2.5 Characterization of prepared RPC 

2.5.1 Physicochemical characterization of RPC  

A) Particle size (PS), polydispersibility index (PDI), and zeta potential (ZP) 

The physicochemical characterization of RPC was done for the average particle size, their 

distribution i.e. PDI, and ZP values as per the standard protocol using dynamic light scattering 

(DLS), and M3-phase analysis light scattering (PALS) techniques, respectively, using Zetasizer 

Nano ZS90 (Malvern Instruments, Malvern, United Kingdom). 
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B) Fourier-transform infra red (FTIR) spectroscopy 

FTIR spectroscopy of pure RV, PI, GMO, PF-127 and RPC nanoformulation were performed by 

KBr pellet method and spectras were run (4000-400 cm
-1

) using FTIR spectrophotometer (IR 

Affinity-1S, Shimadzu, Japan). 

C) Differential scanning calorimetry (DSC)  

DSC analysis of pure RV, PI, GMO, PF-127 and RPC nanoformulation were performed by 

heating (30-350 
o
C at 5 

o
C/min under constant Nitrogen supply) the aluminum pans containing 

the samples to determine the thermal behavior of drugs and their mixtures using DSC (DSC, 

DSC-60, Shimadzu, Kyoto, Japan). 

D) X-ray diffraction (XRD) 

XRD analysis (Xpert MPD, Philips Holland) of pure RV, PI, blank cubosome (BC) and RPC 

nanoformulation were performed using standard protocols to provide information about 

crystalline properties for the samples. 

E) pH and viscosity 

The pH value and rheological properties of RPCs were also determined as per the standard 

procedure using digital pH meter (CyberScan pH 510, Eutech instruments) and Brookfield 

viscometer (CAP 2000+, Brookfield Engineering Laboratories, MA, USA) respectively. 

2.5.2 Entrapment efficiency (EE) 

The RPC dispersion samples were centrifuged (High Speed Refrigerated Centrifuge, Floor 

Model, 7000, Kubota, Japan) at 15000 rpm for 30 min (37). The supernant liquid was collected, 

diluted appropriately and analyzed for the RV and PI content by using the developed HPLC 

method. The percent EE was determined as:  

      
     

 
      ----(1) 
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A- Total amount of RV and PI added in cubosome dispersion, and B - amount of RV and PI in 

supernant 

2.5.3 Transmission electron microscopy (TEM) 

The morphology of RPC was observed by high-resolution TEM (Jeol/JEM, 2100). A drop of 

diluted RPC was placed on a 200-mesh carbon-coated copper grid and stained with 2 % w/v 

phosphotungstic acid solution for 2 min. The grid was air-dried and observed under TEM 

(200kV and 40,000X) to get images along with a random selected area electron diffraction 

(SAED) . 

2.5.4 In vitro RV and PI release from RPC 

In vitro RV and PI release from optimized RPC was determined by using a dynamic dialysis 

method (USP II method) (38). The drug release study was done by using a tablet dissolution 

testing apparatus (Electrolab, EDT-08LX) equipped with low-volume conversion kit (EDT-

08L/08L x 150 ml, Figure 7) which was specifically utilized for nanoformulation.  

 

Figure 7: Dissolution testing apparatus (Electrolab, EDT-08LX) equipped with low volume 

conversion kit (EDT-08L/08L x 150 ml)  
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Briefly, RPC nanoformulation (5 mL) was transferred to a dialysis bag, which was immersed in 

100 mL of PBS (pH 6.8) containing Tween 80 (1.5%). The temperature of the dissolution 

medium was kept at 37±0.5 
o
C with stirring speed of 50 rpm. The aliquots (1 mL) were 

withdrawn at specific time intervals. The withdrawn aliquots of the drug release medium were 

replaced with same volume of fresh buffer to maintain the sink condition. Concentrations of RV 

and PI released in the dissolution medium were determined by using HPLC method, as specified 

above. The drug release mechanism from cubosome formulation was determined by using 

different drug release kinetic models (39). 

2.6 Stability study 

In the short-term stability study, the cubosome nanoformulations were placed at room 

temperature away from light for 3 months and were then evaluated by estimating the mean PS, 

PDI, ZP, and % EE. Sample solutions were analyzed in triplicates (40). 

2.7 Formulation and characterization of resveratrol and piperine loaded cubosomal gel 

(RPC-Gel) 

For better skin applicability, the optimized RPC was formulated as RPC-Gel using Carbopol 934 

(41). The RPC-Gel was prepared by directly incorporating carbopol 934 (1% w/v) into the 

optimized batch of RPC with constant stirring on a magnetic stirrer for 4 h. RV and PI gel (RP-

Gel) was formulated to compare with RPC-Gel.  The gel thus obtained was checked visually for 

its color, homogeneity, spreadability, and analyzed for its pH and viscosity. The drug content of 

the gel was determined by dissolving weighed, accurate quantity of RPC-Gel (0.1 g) in 10 mL of 

methanol. For complete solubilization of the drug, the solution was stirred at 500 rpm for 15 min 

and sonicated for 4 min. Finally, the solution was filtered using 0.45 μm syringe filter and 
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evaluated by HPLC after suitable dilution. The drug content was indicated in terms of percentage 

(42). 

2.7.1 Ex vivo skin permeation and retention study 

Ex vivo RV and PI permeation from RPC-Gel (equivalent of 0.5 mg of each RV and PI) through 

the skin of balb/c mice (25 ± 5 g) was carried out using PermeGear Franz diffusion cell with a 

diffusion surface area of 1.767 cm
2
 and receptor chamber containing methanolic PBS (pH 6.4; 

50:50, 12 ml, 37.0 ± 0.5 °C, and 100 rpm stirring). At specific time intervals, the aliquots (1 mL) 

were withdrawn and evaluated by HPLC. The withdrawn aliquots were replaced with the same 

volume of buffer to maintain sink conditions. The different parameters from the permeation 

study were estimated as follows.  

                             
         

    
                     -------------------(2) 

                              
 

                                            
--------(3) 

                        
                  

                         
      --------------------------------(4) 

At the end of study after 24h, the amount of RV and PI deposited within the skin was 

investigated. Briefly, the cut section of skin was homogenized (RQT-127A, Remi, India) with 

methanol and extracted for RV and PI. The final aliquot obtained was filtered (0.45 μm) and 

evaluated for RV and PI content using HPLC (35).  

2.8 In vitro assays of RPC for targeting melanoma 

Human melanoma (A375), mice melanoma (B16F10) and normal mouse fibroblast (L929) cell 

lines were procured from the National Centre of Cell Sciences, Pune, India.  

Cells were grown in a mixture of Dulbecco's Modified Eagle Medium (DMEM), Fetal Bovine 

serum (FBS,10 %) and Pen step antibiotics (1 %) in CO2 incubator (Eppendorf, New Brunswick, 

Galaxy 170R, Germany) at 37 °C  with 95% humidity.  
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2.8.1 In vitro cytotoxicity study  

MTT (3-[4, 5-dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium bromide) assay was used to 

measure the cytotoxic effects of resveratrol and piperine (RP), blank cubosome (BC), and 

optimized RPC on A375 and L-929 cell lines (43). Briefly, both cell lines were cultured in 96-

well plates (6 x 10
3
cells/well) and incubated for 24 h with DMEM media at 37°C with 95% 

humidity in CO2 (5%) incubator. After 24 h, the media was discarded and replaced with fresh 

media with different concentrations of RP solution and optimized RPC (2.5 - 80.0 μg/mL) and 

the control were treated with equal volumes of media and BC without any test compound 

followed by incubation for 48 h. After the incubation period, the media from each well was 

discarded and the wells were gently washed with PBS. Subsequently, cells were treated with 20 

μL of MTT solution (5mg/mL in PBS) and the plate was re-incubated at 37 °C for 4 h. After 4 h, 

the supernatant was discarded and dimethyl sufoxide (DMSO) (100 μL) was added to each well 

to dissolve the formazan crystals and analyzed by plate reader (Lisa Plus, India) to calculate the 

% cell viability.  

2.8.2 Cell uptake studies by fluorescence microscopy  

For qualitative cell uptake study, A375 cells were cultured in 6-well plates (5 x 10
4
 cells/well) 

and incubated overnight. The cells were treated with coumarin–6 (C6) solution and coumarin–6-

loaded cubosomes (C6-CUB) (equivalent to 1µg/mL of C6) for 3 h and 5 h of incubation. Cells 

were fixed with 4% paraformaldehyde (PFA) (Merck, India) and observed under a fluorescence 

microscope (44). 

For quantitative cellular uptake analysis, A375 cells were incubated with equivalent 

concentrations of RP, and optimized RPC (equivalent to 10 µg/mL) at 37 °C and 5 % CO2 for 5 

h. After incubation, the media was discarded and the cells were washed four times with PBS and 
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lysed with 0.1% Triton X-100 followed by extraction with methanol for complete dissolution of 

RV and PI. Subsequently, centrifugation (10 min with 10,000 rpm) was performed, the cell 

lysate and supernatant obtained were used to analyze by HPLC (45). 

2.8.3 Live and dead cell study and DAPI staining 

A375 cells were seeded in 6-well plates (5 x 10
4
 cells/well) in DMEM medium for 24h. The cells 

were treated with RP and optimized RPC (IC50value) for 48 h, washed with PBS, and fixed with 

4% PFA. Cells were then treated with ethidium bromide (EB) and acridine orange (AO) (each 5 

μg/mL) for half an hour, and DAPI (0.1 mg/mL in PBS) for 10 min at 37
o
C with 5% CO2. 

Following incubation, the cells were washed with PBS for removing extra dye and the images of 

the cells were captured by fluorescence microscope (46). 

 2.9 In vivo evaluation of RPC-Gel 

The animal experimental protocol was confirmed by the Committee for the Purpose of Control 

and Supervision of Experiments on Animals (CPCSEA) and the Institutional Animal Ethics 

Committee (IAEC), KLE College of Pharmacy, Belagavi, India (Ethical approval Letter No.: 

KLECOP/CPCSEA-Reg. No. 221/Po/Re/S/2000/CPCSEA/Res.26-13/10/2018). BALB/c male 

mice (25–30 g) were used for skin penetration, skin irritation and toxicity, and anticancer studies. 

The animals were housed in cages at room temperature (25 ± 3°C) and relative humidity of 30–

70%, under 12 h-12 h light-dark cycle. 

2.9.1 Skin irritancy and toxicity study 

A skin irritancy test was performed to assess cubosomal gel compatibility with BALB/c mice 

skin. Two groups were made with three mice each. The first and second groups received 

applications of the RPC-Gel and marketed gel (Flonida 5%), respectively. This test was 

performed to confirm the cubosomal gel compatibility with the skin. Topical dose (equivalent to 
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20 µg of each of RV and PI) was applied to the left ear of the mouse using medical spatula with 

right ear as control. Observation was done every 7 days to check for erythema occurrence, which 

indicates cutaneous vascular dilatation. The average score obtained from the scoring scale of 

each day and finally the data interpretation was done as per Uttley and Van Abbe (1973) scoring 

method (47). Acute or sub-acute toxicity of the above gels were evaluated as per the procedure 

reported by Draize et al. (1944) (48). The first group was kept as sham control (no treatment) 

whereas the second group served as positive control (20% sodium lauryl sulfate [SLS] solution). 

The third and fourth groups had been applied with RPC-Gel and marketed gel locally, 

respectively. Daily application was done on the same area of mice. Grading of erythema and 

edema was done based on the scale of 0–4 at 1, 24, 48, and 72 h for the toxicity assessment (49). 

The application of gel was continued for 28 days after which the mice were sacrificed, and the 

treated skin part was collected and was processed for histopathological examination to check the 

toxicity of the developed RPC-Gel formulation (50,51). 

2.9.2 In vivo anticancer study 

Before injection of cells, the skin on the dorsal surface of the BALB/c male mice (25-30g) was 

shaved. Melanoma was induced in BALB/c male mice by injecting B16F10 cells (5 x 10
5
) 

subcutaneously on the dorsal part (right side) of the mice (34,52). The experimental mice were 

divided into six groups, each group with six mice (Table 4). The application of formulation was 

continued up to the 6
th

 week. The tumor volume and body weight was measured on each week 

using a Vernier caliper and digital weighing balance respectively (53). Tumor volume was used 

as a parameter for tumor inhibition in anti-tumor activity (54) and it is calculated by following 

equation. 

              
                   

 
     -------------(5) 
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Table 4: The experimental design for in vivo anticancer study 

 

2.9.3 Histopathological analysis 

At 7
th

 week, mice from each groups were sacrificed, the tumor tissues were removed and fixed 

with 10% formalin. Sections of the tumor tissues were stained with hematoxylin –eosin (H & E 

stain) dye and the images were observed under the light microscope (Olympus, Delhi). 

Group Treatment 

Animals 

required 

I 

Normal control 

Normal control- mice fed with standard diet 6 

II 

Carcinogen control 

Carcinogen control - subcutaneous (s.c.) injection of B16F10 

cells (5 x 10
5
) 

6 

Prophylactic treatment [From 1
st
 day of s.c. injection of B16F10 cells (5 x 10

5
)] 

III 

Marketed Gel 

Carcinogen control + simultaneous application of Marketed 

Gel (Flonida 5%; equivalent to 50 mg/kg of 5-Flurouracil) – 

Daily 

6 

IV 

RPC-Gel 

Carcinogen  control +  simultaneous application of RPC Gel 

(equivalent to 50 mg/kg of RV and PI) – Daily 

6 

Therapeutic treatment [Starting from 14
th

 day of  s.c. injection of B16F10 cells (5 x 10
5
)] 

V 

Marketed Gel 

Carcinogen + Marketed Gel (Flonida 5%; equivalent to 50 

mg/kg of 5-Flurouracil) – Daily 

6 

VI 

RPC-Gel 

Carcinogen + RPC gel (equivalent to 50 mg/kg of RV and 

PI) – Daily 

6 
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3.  Statistical analysis 

The optimization of the RPC nanoformulations was accomplished using Design-Expert® 

software (Stat-Ease Inc., MN, USA). The Analysis of variance (ANOVA) was used to confirm 

the significance of the model and model terms. The statistical analysis of in vitro and in vivo 

studies was performed using GraphPad Prism software (GraphPad Software Inc., CA, USA).  
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4. RESULTS  

4.1 HPLC method development of RV andPI 

The UV spectra of methanolic solutions of drugs (10 µg/ml) were obtained in the range of 200–

400 nm, in which RV exhibited maximum absorption at 306 nm while PI at 341 nm. Based on 

the UV spectra, detection wavelength 330 nm was selected as an isosbestic point, where both the 

drugs show maximum absorption (Figure 8). 

 

Figure 8:UV spectra of resveratrol (RV) and piperine (PI) showing an isosbestic point 

HPLC analysis was performed in simultaneous for RV and PI and the retention time was found 

to be 3.3 and 9.19 min at 330 nm respectively. The HPLC chromatogram for methanolic solution 

of RV and PI and both the drugs loaded in the cubosome (RPC) were shown in Figure 9.The 

system suitability parameters were found to be within the acceptance limits; relative standard 

deviation of the peak area (% RSD<2.0%), tailing factor (T<2.0) and number of theoretical 
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plates (N>2000). The regression analysis data for the calibration curve shows linear relation over 

the concentration range of 0.25–8 μg/mL for RV and PI. The correlation coefficient (R
2
) value 

was found to be > 0.999. The regression equation for RV and PI calibration curve was y = 

77001x + 2858 and y =63831x – 4212 respectively (Figure 10). The % RSD values for 

intraday precision was ranged between 0.14-0.49% (for RV) and 0.24-0.77% (for PI) and 

for interday precision were ranged from 0.49-1.96% (for RV) and 0.63-1.96% (for PI). 

The mean percentage recovery of RV and PI were ranged between 98.06-101.47% and 

98.51-101.74% respectively. The LOD and LOQ values were 0.02 and 0.08 µg/ml for RV and 

0.04 and 0.11µg/ml for PI respectively. The slight variation in the flow rate, and mobile phase 

composition has insignificant effect on the chromatographic parameter such as % RSD of the 

retention time (<2.0%). 

 

Figure 9: HPLC Chromatogram of methanolic solution of Resveratrol (RV) and Piperine 

(PI) (A) and both drugs loaded in the cubosome (B) 
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Figure 10: Linearity of chromatograms (A) Resveratrol (RV) and (B) Piperine (PI) 

 

4.2 Preparation, optimization and characterization of RPC 

RPC was prepared using high speed homogenization followed by probe sonication method. 

Since it is observed that lipid and stabilizer concentration are two most important factors 

governing performance properties of cubosome namely PS, and % EE. A 3
2
 full factorial design 

was employed to yield an optimized formulation. The factor combination and performance 

properties of cubosome formulation batches are listed in Table 5.  
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Table 5: Observed responses from 3
2
 factorial design of RPC formulation batches 

Batch Independent 

variables 

Dependent variables PDI ZP 

( mV) 

X1 X2 X1 

(% 

w/w) 

X2 

(% 

w/w) 

Y1 (nm) Y2 (%) 

RV 

Y2 (%) 

PI 

RPC1 -1 -1 3 0.5 144 ± 6.25 60.07 ± 1.21 58.98 ± 0.85 0.13 ± 0.04 -31.1 ± 0.17 

RPC2 -1 0 3 1 113 ± 4.19 65.19 ± 1.14 65.03 ± 0.15 0.17 ± 0.07 -26.5 ± 0.53 

RPC3 -1 +1 3 1.5 99 ± 2.16 67.0 ± 0.85 69.10 ± 0.85 0.24 ± 0.14 -28.1 ± 0.55 

RPC4 0 -1 5 0.5 143 ± 4.09  72.83 ± 0.75 72.22 ± 0.98 0.28 ± 0.15  -31.6 ± 0.29 

RPC5 0 0 5 1 110 ± 3.30 88.12 ± 1.54 85.17 ± 0.25 0.16 ± 0.07 -34.3 ± 1.04 

RPC6 0 +1 5 1.5 102 ± 1.25 82.30 ± 1.35 80.37 ± 0.75 0.32 ± 0.11 -24.9 ± 1.67 

RPC7 +1 -1 7 0.5 160 ± 3.74 49.87 ± 0.25 48.13 ± 0.32 0.28 ± 0.13 -49.7 ± 0.96 

RPC8 +1 0 7 1 149 ±2.49 59.03 ± 0.95 56.27 ± 0.55 0.21 ± 0.09 -32.2 ± 0.26 

RPC9 +1 +1 7 1.5 134 ± 2.16 63.90 ± 0.79 58.30 ± 0.36 0.29 ± 0.11 -40.1 ± 1.10 

mean ± SD, (n=3), X1 - GMO (% w/w), X2 – Pluronic F127 (%w/w), Y1 - Particle size (nm), 

Y2 - Entrapment efficiency (%), PDI – Polydispersibility  index, ZP- Zeta potential (mV) 

4.2.1 Particle size analysis 

Mean PS of formulated RPC ranged between 99-160 nm (Table 5). The polynomial equation 6 

generated from the Design-Expert
® 

Software shows the effect of independent variables on the 

particle size of RPC. 

                                               
         

 ------- (6) 

Where PS is particle size, X1 and X2 is GMO and PF-127 concentration (%w/w), respectively. 
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The effect of GMO (X1) and PF-127 (X2) on the particle size is illustrated in Figure 11A and 

11D. The equation and graph shows that the GMO concentration was directly proportional with 

particle size whereas PF-127 concentration was inversely correlated to it.  

4.2.2 Analysis of entrapment efficiency (EE) 

EE is an important parameter used to determine drug delivery capability of cubosome 

nanoformulation. The EE was found to be in the range of 49.87 - 88.12 % and 48.13 - 85.17 % 

for RV and PI respectively as shown in Table 5. The polynomial equation 7 and 8 shows the 

effect of independent variables on the EE of RV and PI respectively. 

                                           
        

 ………….. (7) 

                                            
        

 ………….. (8) 

The effect of GMO (X1) and PF-127 (X2) on the EE is illustrated in Figure 11B, C, E and F. The 

equation and graph shows that the PF-127 concentration was directly proportional with % EE 

whereas GMO concentration was inversely proportional to it.  

The results obtained for all cubosome formulation batches were simultaneously fitted to the 

different polynomial models using theDesign Expert
® 

Software to obtain the best suitable model. 

Based on the results, the quadratic model was observed as best-fit model (Table6). The quadratic 

model has given the high values of multiple correlation coefficients (R
2
).The PRESS values for 

quadratic model were small compared to the other polynomial models. For both response 

variables, the predicted R
2
 is in reasonable agreement with the adjusted R

2
 that means the 

difference is less than 0.2 (Table 6). 
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Table 6: Summary of results of regression analysis for dependent variables 

Models SD R
2
 

Adjusted 

R
2
 

Predicted 

R
2
 

PRESS Remark 

Response 1: Particle size 

Linear 10.67 0.8294 0.7725 0.6423 1433.28  

2FI 10.89 0.8519 0.7631 0.4093 2367.06  

Quadratic 4.97 0.9815 0.9506 0.8146 742.81 Suggested 

Response 2 (a): Entrapment efficiency of RV 

Linear 0.74 0.2043 -0.0609 -0.5752 6.43  

2FI 0.80 0.2155 -0.2552 -2.0268 12.35  

Quadratic 0.18 0.9763 0.9369 0.8137 0.76 Suggested 

Response 2 (b): Entrapment efficiency of PI 

Linear 11.89 0.2552 0.0070 -0.4636 1667.84  

2FI 13.03 0.2552 -0.1917 -1.8584 3257.26  

Quadratic 2.85 0.9785 0.9428 0.8293 194.51 Suggested 

SD-Standard deviation, PRESS-Predicted residual error sum of square, 2FI-Two-factor 

interaction, R
2
: multiple correlation coefficients 

The ANOVA results for the suggested quadriatic model mentioning an adequate precision, 

which measures the signal to noise ratio, was found to be 16.254 for PS and 12.907 and 14.731 

for % EEof RV and PI respectively, which is >4 considered as desirable. 
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Figure 11:2D-contour (A, B, C), 3D-response surface (D, E, F) displaying the effect of 

GMO  and PF-127 on particle size, and EE of RPC formulations. 
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4.2.3 Selection of optimized cubosomal dispersion 

The optimized cubosome batch was selected from the nine cubosome formulations based on the 

requirement of maximum entrapment efficiency and lowest particle size. Based upon the results 

obtained for dependent variables, RPC5 batch having the concentrations of GMO (5 % w/w) and 

PF-127 (1% w/w) was selected for further evaluation studies, as it is having maximum EE 

(88.12% and 85.17% for RV and PI respectively) with less particle size (110 nm). The optimized 

cubosome batch (RPC5) was used for further evaluation studies. 

4.3 Characterization of cubosomes 

4.3.1. ZP and PDI  

The ZP and PDI values ofall RPC batches are shown in Table 5. The ZP and particle size 

distribution of optimized cubosome batch (RPC5) were shown in Figure 12. The PDI of all 

prepared RPC nanoparticles ranged between 0.13-0.32, indicating the narrow homogeneous 

particle size distribution. The ZP was found to be in the range of -24.9 to -49.7mV (Table 5).  

 

Figure 12:Particle sizedistribution (A), and ZP (B) of optimized cubosome formulation 

(RPC5)  
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4.3.2. FTIR spectrum analysis 

The infrared spectra of RV, PI, GMO, PF-127, and RPC5 are shown in Figure 13.  

 

 

Figure 13: FTIR spectra of RV(A), PI (B), PF-127 (C), GMO (D), and RPC5 (E) 

The FTIR peak values of RV displayed at the wave numbers of 3300 and 1512 cm
-1

, for –OH 

and C=C functional group respectively, whereas, PI displayed at the wave numbers of 1635 and 

1508  cm
-1

, for C=O and C=C functional group respectively.  

FTIR spectra of GMO represents the peak at the wave numbers of 1739 and 3402 cm
-1 

for C=O 

and –OH  functional group respectively, while PF-127 at 1465, 1342, 2968, and 342cm
-1 

for 

C=O, C=C, –OH , -CH3 functional group respectively. 
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The FTIR spectra of the RPC5 exhibited all the major characteristic peaks with slight shifting 

for GMO and PF-127, representing the absence of any interaction between the RV and PI with 

these excipients. Similarly, RPC5 spectra showed slightly shifted but reduced characteristics 

peaks of RV and PI which indicates the entrapment of RV and PI in the cubosomes 

nanoparticles. 

4.3.3. TEM analysis 

The surface morphology and structure of optimized RPC nanoformulation (RPC5) was evaluated 

and confirmed by high resolution transmission electron microscopy (HR-TEM) imaging. These 

cubosome particles appeared to be cubic, uniform, smooth surface with less curvature (Figure 

14A and B). The scattered particles are in the nano range. A random selected area electron 

diffraction (SAED) pattern of RPC nanoparticles indicated the brightness nature surrounding to 

centrally placed lid, which exhibits crystalline nature for the cubosome nanoparticles (Figure 

14C). 

 

Figure 14:HR-TEM (A and B) and SAED (C) images of optimized cubosome nanoparticles 

(RPC5) 
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4.3.4. DSC Analysis 

The DSC curves of pure RV, PI, GMO, PF-127, mannitol and optimized-RPC (RPC5) are shown 

in Figure 15. The DSC thermogram of pure RV and PI (figure 15B and A), demonstrated a sharp 

endothermic peak at 269.39 °Cand 132.34 °C respectively corresponding to its melting 

temperature, such sharp peak indicates the crystalline state of the drug. The lipid GMO exhibit a 

common feature of temperature dependent phase transition which shows endothermic peak at 

33.21 °C (figure 15C), whereas the stabilizer PF-127 (figure 15E) showed endothermic peak at 

59.81 °C due to its melting. Mannitol which was used as cryoprotectant to obtain the freeze dried 

powder of RPC had shown a sharp endothermic peak at 176.70 °C (figure 15D). 

In the DSC thermogram of RPC5 (figure 15F), the lower shift of mannitol endothermic peak was 

detected at 158.11 °C, due to the formation of bicontinuous structures in the cubosome 

nanoformulation. In the same DSC thermogram of RPC5, the RV and PI sharp peaks were 

completely disappeared, indicating its conversion to the non-crystalline state. These results 

suggest that the RV and PI were molecularly encapsulated in the bicontinuous structure of the 

cubosome. 
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Figure 15:DSC thermogram of PI (A), RV (B), GMO (C), Mannitol (D), PF-127 (E), and 

RPC5 (F). 

4.3.5. XRD study 

XRD patterns of pure RV, PI, RPC5 and BC are shown in Figure 16. The diffractogram of the 

pure RV and PI exhibited characteristic specific sharp crystal peaks at diffraction angles (2θ) of 

16.34, 19.14, 22.31, 28.24 and at 14.15, 22.52, and 25.80 respectively, indicating their crystalline 

nature. However, these high intensity peaks of RV and PI disappeared in the X-ray diffraction 

pattern of RPC5. Moreover, the powder X-ray diffraction pattern for the RPC5 was without any 

remarkable difference when compared to the powder X-ray pattern for BC. These results follow 
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the DSC findings which indicates that the RV and PI was molecularly dispersed or in non-

crystalline state when incorporated into the bicontinuous structures of cubosome. 

 

Figure 16:XRD patterns of RV (A),  PI (B), BC (C), and RPC5 (D). 

4.3.6. pH value measurement and rheological behavior for RPC 

The pH values and viscosities of all cubosome batches are listed in table 7. The pH values for all 

RPC batches were found to be in the range of 5.64 to 6.78. The cubosome formulations showed 

viscosity values that ranged from 3.57 to 19.97cP. Increasing the amount of GMO and PF-127 in 



4. Results 

 

KLE College of Pharmacy, Belagavi Page 46 
 

the RPC nanoformulations led to the formation of more liquid crystal-like materials that 

increased the formulation viscosity. 

Table 7: pH values and viscosities of RPC nanoformulations 

Formulation Code pH Viscosity (cP) 

RPC1 5.64 ±0.04 3.57 ±0.04 

RPC2 6.12 ±0.04 3.85 ±0.04 

RPC3 6.46 ±0.06 3.65 ±0.05 

RPC4 6.96 ±0.05 7.82 ±0.07 

RPC5 6.43 ±0.07 7.97 ±0.05 

RPC6 6.69 ±0.04 8.09 ±0.06 

RPC7 6.72 ±0.09 15.06 ±0.08 

RPC8 6.80 ±0.08 17.79 ±0.09 

RPC9 6.78 ±0.09 19.97 ±0.06 

Values represent mean ± SD (n=3) 

4.3.7. Drug release study  

The in vitro drug release profile of RV and PI from cubosome and their solution are represented 

in Figure 17. The release study of RV and PI from the optimized batch of RPC nanoformulation 

(RPC5) and RV and PI (RP) solution in phosphate buffer pH 6.8 containing Tween 80 was 

evaluated by the tablet dissolution testing apparatus equipped with low volume conversion kit. A 

rapid and complete release of RV and PI from RP solution was obtained in 12 h. Generally, the 

bicontinuous cubosome nanoformulations shows a biphasic burst release with a release 

mechanism of diffusion from the cubic-phase matrix structure (1). The RV and PI drug release 

from the cubosome was biphasic, with an initial burst release of approximately 22.43% and 
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16.40% respectively in 1 h, followed by sustained prolonged drug release was observed up to 24 

hr (Figure 17).  

After fitting the results of dissolution study of RPC5 with the different release kinetic models, 

Higuchi model had shown the best fitting with the highest R
2
 of 0.923 and 0.936 for RV and PI 

respectively. 

 

Figure 17: In vitro release profiles of RV and PI from aqueous solution (RP solution) and 

optimized batch of cubosomes (RPC5) (mean±SD, n=6).  

4.4 Stability study 

The optimized cubosome dispersion was studied for the stability study stored for 3 months at 

room temperature and were characterized for the PS, PDI, ZP, EE, and % drug release. The 

results are summarized in the table 8. 
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Table 8: Results showing characterization of optimized cubosomal dispersion at 0 month 

and after 3 months stored at Room Temperature 

mean ± SD (n=3). 

PS- Particle size, EE- Entrapment efficiency, PDI- Polydispersibility index, ZP- Zeta potential, 

RV- Resveratrol, PI- Piperine 

4.5 Formulation of RPC-Gel 

The cubosomal gel was formulated from the optimized batch (RPC5) of cubosome dispersion 

(equivalent to 0.1% w/v of RV and PI) by directly dispersing Carbopol (1% w/v) as gel former. 

Methyl paraben (0.05 % w/v) was incorporated as preservative in RPC-Gel. Visual appearance, 

spreadability, and clarity of prepared cubosomal gel were observed for the presence of any 

particulate matter. SimpleRP-Gel was formulated by dispersing RV and PI (each 0.1% w/v)into 

Carbopol dispersion (1% w/v). 

4.6 Characterization of cubosomal gel (RPC-Gel) 

Various parameters of the RP-Gel and RPC-Gel were evaluated, and the results were mentioned 

in Table 9.  

  

Optimized 

RPC batch 

(RPC5) 

PS (nm) 

%EE 

PDI 

ZP 

( mV) 

%Drug release 

RV PI RV PI 

0 month 110 ±3.3 88.12±1.54 85.17±0.25 0.16±0.07 -34.3±1.04 92.7±2.08 72.48±3.36 

3 months 120 ±7.23 86.23±0.72 84.05±0.34 0.19±0.09 -34.55±1.51 95.49±1.40 75.08±3.54 
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Table 9: Characterization of RPC- Gel and RP- Gel 

Formulation pH Viscosity (cP) 

Drug content (%) 

RV PI 

RPC-Gel 6.79 ± 0.09 145.9 ± 0.9 97.53 ± 1.39 99.28 ± 1.43 

RP- Gel 4.25 ± 0.08 110.2 ± 0.8 86.77 ± 1.68 90.72 ± 1.19 

mean ± SD (n=3). 

Both the prepared gels were found to be white, viscous creamy formulations with a smooth and 

homogenous appearance and pH value were found to be 6.79 and 4.25 for the RPC-Gel and RP-

Gel, respectively. RP-Gel has slightly acidic pH compared to RPC-Gel, due to the Carbopol 

content which can decreases the pH of the RP-Gel, whereas, in addition to Carbopol, the GMO 

and PF-127 may stabilize the pH of RPC-Gel. The viscosity of the gel formulation was 

determined by using Brookfield viscometer, which was found to be 110 and 145 cP for RP- and 

RPC-Gel, respectively. The drug content of the RPC-Gel was found to be 97.53% and 99.28 % 

for RV and PI respectively, which showed that the RPC nanoparticles were uniformly and 

properly distributed in the gel formulation. 

4.6.1. Ex vivo skin permeation and retention studies 

The ex vivo skin permeation and retention of RV and PI across the hair removed mouse skin was 

carried out using a Franz diffusion cell apparatus. The RPC-Gel was compared with RP-Gel for 

cumulative amount of drug permeated for 24 h, transdermal flux, permeability coefficient, 

amount of drug deposited and enhancement ratio, and the results are depicted in Table 10.  

The results indicate that the cumulative amount of RV and PI permeated from the RPC-Gel was 

176.35 and 148.97 µg/cm
2 

andthat of from RP-Gel was 34.12 and 28.54 µg/cm
2
respectively. 

Permeation flux value for RPC-Gel was found to be 4.15 and 3.51 µg/cm
2
/h whereas the RP-Gel 
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showed the value of 0.80 and 0.67 µg/cm
2
/h for RV and PI respectively. Furthermore, the 

permeability coefficient and enhancement ratio for RPC-Gel was found to be higher than RP-

Gel. The amount of RV and PI deposited in the skin were 10.36 and 11.47 µg/cm
2 

respectivelyfor RPC-Gel which was considerably higher than RP-Gel. 

Table 10: Result of ex vivo skin permeation and retention study of the RPC-Gel and RP-

Gel 

Formulation Drug Cumulative 

amount 

permeated 

(µg/cm
2
 ) 

Permeation 

flux 

(J,μg/cm
2
/h) 

Permeability 

coefficient 

(Kp, cm/h) 

Enhance-

ment 

ratio 

Quantity of 

skin 

deposition 

(µg/cm
2
 ) 

RPC-Gel RV 176.35±1.47 4.15 ± 0.03 11.19 ×10
-3

 5.18 10.36 ± 0.77 

PI 148.97±1.16 3.51 ± 0.03 9.45 ×10
-3

 5.23 11.47 ± 0.93 

RP-Gel RV 34.12 ± 1.93 0.80 ± 0.05 2.16 ×10
-3

 1.0 9.15 ± 0.98 

PI 28.54 ± 1.41 0.67 ± 0.03 1.81 ×10
-3

 1.0 8.69 ± 0.90 

mean ± SD (n=3) 

4.7 In vitro assays of RPC for targeting melanoma 

4.7.1 In vitro cytotoxicity study 

The in vitro cytotoxicity of pure RV and PI drugs (RP solution), BC, and optimized RPC were 

investigated against the L929 and the A375 cell lines over a period of 48h by MTT viability 

assay at different drug concentration (2.5 - 80.0 μg/ml). The viability of the L929 cells treated 

with different drug concentrations (Figure 18B) of different formulations remained in the range 

of 95-100% related to the untreated cells. The results obtained showed that BC does not have any 

cytotoxic effects to both L929 and A375 cells, which demonstrate their cytocompatibility and 
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significance as a bio-nanomaterial for targeting melanoma (Figure 18A and 18B). The RP 

solution and RPC have also does not shown cytotoxicity against normal L929 mouse fibroblast. 

Both RP solution and RPC showed no significant difference in cell viability which confirms its 

cytocompatibility (Figure 18B). But, in case of A375 human melanoma cells treated with RP 

solution and RPC, we found a significant reduction of cell viability in a concentration dependent 

manner (Figure 18A), where RPC demonstrated significantly higher cytotoxicity against A375 

cells when compared to RP solution. The half maximal inhibitory concentration (IC50) values of 

RP solution and RPC were found to be 51.75 and 17.04 μg/ml respectively. The enhanced 

cytotoxic activity of RPC in comparison to RV and PI solution could be because of enhanced 

uptake of cubosome nanoparticles by A375 cells. 

 

Figure 18: In vitro cytotoxicity of RP solution, Blank cubosome (BC), and Optimized RPC 

were investigated against the A375 human melanoma (A) and L929 mouse fibroblast (B) 

cell lines.  
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4.7.2 Cell uptake studies by fluorescence microscopy 

Cellular uptake efficiency was evaluated by HPLC and fluorescence microscopy method for 

quantitative and qualitative methods, respectively (56). The cells treated with C6 solution 

showed no fluorescence up to 3 h (Figure 19A). Whereas, the cells under treatment with C6-

CUB have shown maximum fluorescence intensity than that of C6 at the end 3 and 5h treatment 

period (Figure 19A-D), suggesting the enhanced cellular internalization of C6-CUB into the 

melanoma cells as compared to C6 solution. For the quantitative estimation of cell extract after 

5 h treatment, the HPLC analysis showed 48.16 ± 8.30 % and 76.30 ± 7.42% for RV and 45.16 ± 

8.30 and 79.30 ± 7.42% for PI, the cellular internalization of resveratrol and piperine (RP) drug 

solution and RPC, respectively.Bar graph representing (quantitative cell uptake) maximum 

cellular uptake of RPC in A375 cells compared to RV and PI solution at the end of 5 h of 

incubation evaluated by HPLC (p<0.01; Figure 19M). 

4.7.3 DAPI staining and Live and Dead cell assay 

The apoptotic profile of RP drug solution and RPC nanoformulation on A375 cells was evaluated 

qualitatively after 48 h of exposure using fluorescent microscope. The normal intact nuclei with 

blue DAPI staining have been reported by untreated cells and the cells on treatment with BC 

(Figure 19E-F). The cells treated with drug solution and RPC had shown nuclear blebbing, 

fragmentation and small apoptotic bodies which are the evidences of apoptotic induction. In 

comparison to non-treated and BC treated cells, it was found that drug solution and RPC 

nanoformulation induced apoptosis in human melanoma cells. (Figure 19G-H). 

The AO/EB dye mixtures were used to stain live and dead A375 cells on treatment with BC, 

drug solution and RPC. Figure 19I-J reveals that untreated A375 cells and cells on treatment with 

BC showed green fluorescence due to penetration of AO into the live cells through intact cell 
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membranes.After the incubation (48 h) of cells with IC50 concentrations of drug solution and 

RPC, the cells exhibited orange-to-red nuclear staining, with EB entering through ruptured cell 

wall membranes of dead cells which causes nuclei condensation and apoptotic bodies, suggesting 

significant cell death (Figure 19K-L).  
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Figure 19. Fluorescence microscopic images showing qualitative cell uptake using (I) C-6 

and C-CUB for 3h and 5h (A-D), (II) DAPI staining assay (E-H) and (III) live and dead 

cells assay using AO/EB staining (I-L) in A375 cells for RP solution, BC, and RPC. Bar 

graph is representing quantitative cell uptake for RP solution and RPC (M). 

4.8 In vivoevaluation of RPC-Gel 

4.8.1 Skin irritancy and toxicity study 

The skin irritancy was performed for RPC-Gel and marketed gel as per by Uttley and Van Abbe 

(1973) test (3). It was found that the mean score of the skin irritancy for the RPC-Gel and 

marketed gel were 6.71 and 7.29, respectively (Table 11). The study demonstrated non-irritancy 

property of the developed cubosomal gel, as the values lie between 0-9. 
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Table 11: Scores of skin irritancy study for RPC-gel and Marketed gel as per Uttley and 

Van Abbe method  

Formulation 

Score after (day) Mean score 

values 1 2 3 4 5 6 7 

RPC-Gel 6 7 7 8 7 6 6 6.71 

Marketed gel 6 6 7 8 8 8 8 7.29 

(n=3) 

The Draize test was used to perform acute and 28-days sub-acute skin toxicity study of RPC-gel 

and marketed gel (Table 12). The grading pattern 0-4 was used in this skin irritation test based on 

development of erythema and edema(4). The scoring was done for the data interpretation is as 

follows: 

0–0.9: non-irritant and safe for human skin 

1–1.9: mild irritant and need of preventive measures 

2–3: irritant and not safe for topical use 

Table 12: Score obtained after application of formulation for the skin irritation study 

(Draize method) 

Formulation Erythema Edema 

 1h 24h 48h 72h 1h 24h 48h 72h 

Normal control 0 0 0 0 0 0 0 0 

RPC-GEL 0 0 0.67 0.67 0 0 0 0 

Marketed gel 0 0 0.67 0.67 0 0 0 0 

20% SLS 0 0.67 2.33 2.33 0 1.67 2.33 3 
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(n=3); Scores are defined as 0=no erythema, 1=very slight erythema (light pink), 2=well defined 

erythema (dark pink), 3=moderate to severe erythema (light red), 4=severe erythema (extreme 

redness). Similarly defined for edema. 

There was no sign of erythema and edema after treatment of cubosomal gel in acute toxicity 

study. Marketed gel showed negligible erythema with absence of edema. SLS (20% w/v), a 

positive control in this study, caused reddening of skin which has shown high irritation with 

moderate to severe erythema and edema. In sub-acute toxicity study, after repeated application of 

above formulations up to 28 days have shown same results.  

Also, the skin toxicity capability of formulated RPC-Gel and marketed gel were estimated by 

performing histopathology study of treated skin after 28 days of application (5). Figure 20 (A–D) 

shows the histopathological images of mice skins of normal control group, RPC- Gel, marketed 

gel, and SLS (20% w/v) as positive control, respectively. From the histopathological results, it 

reveals that SLS (20% w/v) caused complete damage of epidermal layer of the skin, and necrosis 

indicated the skin irritation potential of SLS (20% w/v). Whereas, RPC-Gel treated skin had 

shown continuous epidermal layer with negligible skin irritation potential, because of entrapment 

of both RV and PI in cubosome nanoparticles. Marketed gel has shown same results as that of 

cubosomal gel in comparison to normal skin. From the acute, sub-acute, and histopathology 

study, it can be concluded that the formulated RPC- Gel was safe for topical application. 
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Figure 20 (A–D) shows the histopathological photos of hematoxylin and eosin stained cross 

sections of mice skin after 28 days of application of different formulations (A) Normal 

control group (B) RPC-Gel (C) Marketed gel (D) SLS (20%w/v) treated 

group(Magnification- 4X).   

The histopathological photos of hematoxylin and eosin stained cross sections of Normal control 

group mice skin showing normal structure and epidermal layer of skin (Figure 20A). Mice skin 

treated with RPC- Gel (Figure 20B), and marketed gel (Figure 20C) demonstrated no structural 

differences in the mice skin as compared to normal mice skin. Mice skin on treatment with SLS 

(20% w/v) as positive control (Figure 20D) displayed structural damage and rupture of the 

epidermal layers of the skin. The results suggested that developed topical cubosomal gel was 

found to be non-irritant, non-toxic to mice skin. 
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4.8.2 In vivo anticancer study 

Tumor volume and body weight were examined to investigate the efficacy of RPC-Gel on 

melanoma tumor bearing mice. The results of tumor volume and body weight measurements 

after 40 days of in vivo anticancer study are represented in Table 13. Observation of each mouse 

was done regularly for any physiological changes, signs of impairment, and illness. Body weight 

and tumor volume were recorded from the beginning on each week, until the end of the study (6).  

The mice belonging to normal control, carcinogen control, prophylactically and therapeutically 

treated with RPC-Gel and marketed gel are displayed in Figure 21 A-F respectively. In the 

carcinogen control (untreated) group (Figure B), there was considerable increase in the tumor 

volumewith damaged skin surface of tumor part and ulceration observed at the end of 6 weeks. 

The graphical results of tumor volume and body weight measurement of mice during and post 

treatment period was demonstrated in Figure 21 G-J. Prophylactically (280 mm
3
) and 

therapeutically (412 mm
3
) treated RPC-Gel has reduced the melanoma tumor volume in 

significant level compared to control (1080 mm
3
) (p<0.001 and p<0.01 respectively). Marketed 

gel [prophylactically (293 mm
3
) and therapeutically (428 mm

3
)] also reduced the tumor volume 

(p<0.01) in the same manner as RPC-Gel. The results of body weight measurement demonstrated 

increase in the body weights of mice on prophylactic (36.47 gm) and therapeutic (36.67 gm) 

treatment with RPC-Gel (p<0.05) when compared with control mice (25.96 gm) The 

prophylactically treated mice with marketed gel showed significant increase in body weight 

(35.13 gm; p<0.01) however, there was no statistically significant difference was observed in the 

body weight of mice therapeutically treated with marketed gel (33.66 gm).  
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Finally, it was demonstrated from the anti-cancer study that RPC-Gel was nontoxic to BALB/c 

mice until the end of treatment and significantly reduced melanoma tumor growth, which 

indicated potential anti-melanoma activity. 

Table 13: Tumor volume and body weight measurements after 40 days of in vivo anticancer 

study (n=6) 

(n=6), Mean ± SD 

Group Treatment 

Tumor volume 

(mm
3
) 

Wt. of animal 

(gms) 

I Normal control 0.0 37 ± 2.26 

II Carcinogen control (s.c. injection of B16F10 cells) 1080 ±31.74 25.96 ±1.76 

Prophylactic treatment  

III Carcinogen + Marketed gel (Flonida 5%) 293±37.85 35.13±1.90 

IV Carcinogen + RPC gel 280±35.23 36.47±1.58 

Therapeutic treatment  

V Carcinogen + Marketed gel (Flonida 5%) 428±21.07 33.66± 1.52 

VI Carcinogen + RPC gel 412± 29.68 36.67±1.40 
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Figure 21:Melanoma growth regression and excised tumor images from different mice 

model groups:  Normal (A), Disease control (B), Prophylactically and therapeutically 

treated with RPC-gel (C,E) and Marketed gel (D,F), Estimation of tumor volume and body 

weight (G and I) during 6 weeks treatment and post 6 weeks treatment (H and J) 

respectively. (n=6), (*** P<0.001, ** P<0.01, * P<0.05, NS- not significant) vs control group. 
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Figure 21 demonstrates assessment of in vivo prophylactic and therapeutic activity of RPC-Gel 

in B16F10 induced melanoma skin cancer BALB/c mice model. The tumor bearing mice without 

treatment (disease control) showing tumor nodule, structural damage of skin, ulcer formation at 

the end of 6 weeks after melanoma induction (Figure 21B). Tumor bearing mice prophylactically 

treated with RPC-Gel (equivalent to 50 mg/kg of RV and PI) andmarketed gel (Flonida 5%) 

applied topically (equivalent to 50 mg/kg of 5-fluorouracil) daily, showed reduction in tumor 

nodules and growth at the end of treatment period (Figure 21C & D). Similar results 

wereobtained for the mice therapeutically treated with RPC-Gel andmarketed gel, (Figure 

21E&F). Estimation of tumor volume (mm
3
) during 6 weeks treatment (Figure 21G) and post 6 

weeks treatment (Figure 21H) with RPC-Gel and marketed gel demonstrated decrease the 

volume of tumor when compared with disease control group. Estimation of body weight (gm) 

during 6 weeks treatment (Figure 21I) and post 6 weeks treatment (Figure 21J) with RPC-Gel 

and marketed gel demonstrated increase in the body weights of mice when compared with 

disease control group. 
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Figure 22: Representative Hematoxylin and Eosin stained images of tumor tissues obtained 

from BALB/c mice melanoma model in different groups demonstrating change in 

epidermis thickness (I) and tumor necrosis (II). Different groups represents as Normal skin 

(A), Untreated tumor (control) (B,G), Prophylactically and therapeutically treated with 

RPC-gel (C,H and E,J) and Marketed gel (D,I and F,K) respectively. (Magnification- 4X).   
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Histopathological examination of tumor tissues of different mice from each group is shown in 

Figure 22. In the Figure 22 the normal skin of mice (I-A) representing various normal layers of 

the skin and normal structure of epidermis. The red arrows indicate the change in the epidermis 

thickness due to the infiltrating tumor cells (Figure 22I B-F). There was an enlargement in the 

thickness of epidermis in untreated (control) mice (Figure 22I -B) and quite increased in mice 

therapeutically treated with RPC-Gel or marketed formulation (Figure 22I –E& F respectively). 

The RPC-Gel (Figure 22II-H, J) and marketed gel (Figure 22II-I, K) treated mice tumors shows 

more necrotic areas than untreated or control mice tumor (Figure 22II-G). The red arrows 

indicate presence of necrotic cells in excised tumor tissues of different groups.These results 

demonstrate that the extensive tumor necrosis may be due to movement of RPC nanoparticles 

within the melanoma tumor structure. 
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5. DISCUSSION 

5.1 HPLC method development of RV andPI 

Isosbestic point is the specific wavelength at which two compounds have the same molar 

absorptivities or the point which can correlate with a specific wavelength, where an absorption 

spectra of the two compounds can cross with each other. Although many compounds are 

simultaneously estimated based on the isosbestic point method, (59,60) none has been reported 

for estimation of piperine and resveratrol. Henceforth, with the help of an isosbestic point 

method, the simultaneous quantification of these phytoconstituents and finally, the data 

interpretation can be made simple. 

An isosbestic point-based RP- HPLC method was developed and validated for simultaneous 

estimation of resveratrol and piperine in cubosome nanoformulation. All the validation parameter 

was observed to be within the acceptable range.  

5.2 Characterization of RPC 

5.2.1 Particle size 

Nanoparticle size is one of the most important factor affecting not only transdermal drug delivery 

but also cellular uptake and biodistribution(61). The particles with < 300 nm can transfer 

entrapped drug into deep layer of the skin (62). In the present investigation, the particle size of 

RPC formulations were less than 300 nm, indicating that formulated cubosome nanoparticles are 

capable to enter into the skin.  

The results indicate that increase in GMO (%w/w) led to increase in particle size and there was 

inverse relationship between PF-127 (%w/w) and particle size. As PF-127 concentration 

decreased in the formulations, the cubosomes with larger particle size were formed. This 

https://en.wiktionary.org/wiki/wavelength
https://en.wiktionary.org/wiki/absorptivity
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happens because of the lesser amount of stabilizer causes reduced interfacial stability and leads 

to nanoparticles aggregation (63). 

The results demonstrated that EE increases with increase in PF-127 concentrations. This might 

be due to the presence of PF-127 over the cubosome structures which can retain some amount of 

RV and PI by which EE can be increased.  This enhancement in the EE is also due to availability 

of large surface area from the structure of the cubosome (64). 

5.2.2 PDI and ZP 

ZP was studied to determine the charge on the surface of cubosome nanoparticles which can 

affect the physical stability and skin permeation of cubosome formulation. The high ZP values 

provide long-term physical stability to cubosome nanoformulation, as it prevents aggregation 

between the particles of same charge due to the electric repulsion. (65).  

The negative charge imparted might be due to the presence of the free fatty acid in the GMO 

(66). Generally, cubosome nanoparticles is formed with more negative charge values after 

adding PF-127 to the cubosome nanodispersion due to the interaction between hydroxyl ions of 

PF-127 with the aqueous medium i.e. water (67,68). It has been reported by Kohli and Alpar, 

that only negatively charged particles could permeate through the skin via channels produced by 

the repulsive forces exerted between the negatively charged particles and skin lipids (69). Hence, 

negatively-charged cubosome nanoparticles can easily permeate through the skin through 

transdermal application. 

5.2.3 TEM Analysis 

Morphological examination of cubosome was evaluated by HR-TEM after negative staining 

using phosphotungstic acid and images clearly showed cubic shaped nanoparticles with uniform 

size distribution. The reason for formation of cubic shape structural morphology could be due to 
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the hydrophobic nature of the lipids which when exposed to an aqueous environment led to 

spontaneous formation of closed bilayers exposing the polar hydrophilic layer to the outer 

surface of cubosome. The shape and surface morphology of the cubosome was found to be 

smooth cubic shaped nanoparticles. 

5.2.4 DSC 

DSC is a rapid and reliable method in evaluating the physicochemical drug-excipients 

interactions and detecting polymorphic modifications. The DSC thermogram of RPC (F) 

demonstrated the RV and PI were completely entrapped inside the cubosome nanoparticles, as 

the sharp endothermic peaks of PI and RV were disappeared which indicated non-crystalline 

state of cubosome (70). 

5.2.5 XRD 

XRD was carried out to confirm the physical state of RPC in comparison to pure RV, PI and BC. 

The crystallanity and physical state of the RPC was determined and confirmed by XRD spectras 

of RV (A), and PI (B), BC (C), and RPC (D). The diffractogram of the RPC suggested complete 

absence of sharp crystal peaks when compared with pure RV and PI which demonstrated that the 

physical state of RPC was same in comparison to BC. 

5.2.6 pH and rheological behavior of RPC 

The pH of the cubosomal dispersion was measured in order to examine any possible skin 

irritation that could happen due to change in the skin pH upon in vivo application. The pH values 

for all RPC batches were found to be in the range of 5.64 to 6.78 which are within the acceptable 

nonirritant pH range (71,72). 

The flow properties of the cubosome formulations can affect the spreadability and the residence 

time of the formulation at the application site. Cubosome formulations with higher 
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concentrations of lipid showed maximum viscosities. This might be due to more viscous nature 

of GMO tends to form more liquid crystal-like materials that increased the viscosity of 

cubosome. 

5.2.7 In vitro drug release study 

In vitro drug release profile of RV and PI from the optimized cubosome nanoformulation was 

exerted biphasic release pattern. The results of drug release were in accordance with that 

obtained by Nasr et al (39) who stated that the release pattern of cubosome was also biphasic 

with initial burst release followed by sustained release. The initial burst release might be 

attributed to the weakly bound or inadequately adsorbed RV and PI on the large surface of 

cubosome nanoparticles. On the other hand, after 1h slow RV and PI release prolonged for 24 h 

may be due to the architecture of cubosome system that can assists as a rate controlling 

membrane matrix structure, with decreased RV and PI release (55). Also, the slow release may 

be because of limited diffusion of RV and PI from the aqueous channels, where diffusion is 

controlled by the relatively narrow pore size of the aqueous channels (73). Another reason for the 

slow drug release is GMO, which forms a bicontinuous structure in the cubosomes causes slow 

partitioning of drug from the lipid medium to aqueous medium (74). RV and PI both are 

hydrophobic drugs has a strong interaction with the lipophilic part of cubosome leading to the 

sustained release. Higuchi model was found to be the best fitting model with the highest 

regression value. Higuchi model could describe the biphasic release pattern with initial burst 

release followed by sustained release, with a release mechanism of diffusion controlled (55,75). 

5.3 Stability study 

The results of stability study suggest that there were insignificant changes in the obtained results 

of stored cubosome formulation as compared to freshly prepared formulation (0 month). The 
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GMO maintains the integrity of the cubosome and PF-127 stabilizes this nanoformulation by 

which cubosome can be considered as thermodynamically stable. The obtained results suggest 

that cubosome formulation were stable at the room temperature storage conditions. 

5.4 Formulation of RPC-Gel 

The developed RPC-Gel formulation was found to have same physical nature as that of colloidal 

dispersion. Low viscosity and dispersion like nature of cubosome in turn leads to poor patient 

compliance due to number of reasons, like short residence time of cubosome at the application 

site, difficult to apply an effective dose, loss during application, and thus leads to poor drug 

retention. Hence, to overcome these limitations, optimized-RPC nanoformulation was developed 

as bioadhesive gel by mixing with a gel former to form pharmaceutically elegant RPC-Gel 

formulation. 

5.4.1 Exvivo skin permeation and retention studies 

The results obtained from the ex vivo skin permeation and retention studies confirms the 

enhanced skin permeation of RV and PI from the cubosomal gel due to the physicochemical 

properties of the cubosomes (particle size, surface charge) (76) and synergistic effect of both 

GMO and PF-127. The nanosized and negatively-charged cubosome nanoparticles enhance the 

permeation of RV and PI through the skin. GMO can perturb the ordered structure of the skin by 

forming hydrophobic interaction with the skin lipid (77,78). The PF-127 a non-ionic surfactant, 

acts as penetration enhancer by emulsifying sebum of skin, thereby enhancing the 

thermodynamic coefficient of the drugs (79). 

For effective treatment of melanoma, the drug delivery system should be able to deliver the drug 

into the deep layers of the epidermis where melanocytes are located. The sustained RV and PI 

diffusion pattern through the skin was achieved due to the formation of a depot by cubosome 
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nanoparticles in the lipid part of the stratum corneum. This may be due to the similarity between 

the structure of cubosome nanoparticles and the stratum corneum (80,81). 

5.5 In vitro assays of RPC for targeting melanoma 

5.5.1 In vitro cytotoxicity study 

The viability of the L929 cells treated with different drug concentrations (Figure 18B) of 

different formulations remained in the range of 95-100% related to the untreated cells. The 

results obtained showed that BC does not have any cytotoxic effects to both L929 and A375 

cells, which demonstrate their cytocompatibility and significance as a bio-nanomaterial for 

targeting melanoma (Figure 18A and 18B). The drug solution and RPC have also does not shown 

cytotoxicity against normal L929 mouse fibroblast. Both drug solution and RPC showed no 

significant difference in cell viability which confirms its cytocompatibility (Figure 18B)(56). 

But, in case of A375 human melanoma cells treated with drug solution and RPC, we found a 

significant reduction of cell viability in a concentration dependent manner (Figure 18A), where 

RPC demonstrated significantly higher cytotoxicity against A375 cells when compared to drug 

solution. 

5.5.2 Cell uptake studies 

The cells under treatment with C6-CUB have shown maximum fluorescence intensity than that 

of C6 at the end 3h and 5h treatment period (Figure 19A-D), suggesting the time dependent 

enhanced cellular internalization of C6-CUB into the melanoma cells as compared to C6 

solution. The improved cellular uptake of the RPC nano formulation might be attributed to their 

particle size, shape, surface charge, and composition of cubosome containing GMO and PF-127. 
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5.5.3 DAPI and Live and Dead cells assays 

DAPI staining assay reported that the RP drug solution and RPC nanoformulation induced 

apoptosis in human melanoma cells in comparison to non-treated and BC treated cells. 

In live and dead cells assay, AO penetrates into the live A375 cells through intact cell 

membranes, showed green fluorescence. The A375 cells on treatment with BC showed green 

fluorescence, indicated biocompatible nature of cubosome formulation. The A375 cells on 

treatment with drug solution and RPC (IC50 value) displayed orange-red fluorescence, as EB 

entering through ruptured cell wall membranes of dead cells which stains damaged nuclei. The 

RPC treatment for 48 h demonstrated maximum staining to dead cells as compared to drug 

solution. 

5.6 In vivo evaluation of RPC-Gel 

5.6.1 Skin irritancy and toxicity study 

Skin irritancy test using Uttley and Van Abbe (1973) method demonstrated non-irritancy 

property of the developed cubosomal gel, as the values lie between 0-9, probably due to RV and 

PI entrapped inside the cubosome nanoparticles. Upon its release from the nanoparticles, it will 

cause irritation to the skin and death to the melanoma cancer cells, but not to the normal cells. 

There was no sign of erythema and edema after treatment of cubosomal gel in acute toxicity 

study performed by using Draize method. 

From the histopathological results, it was seen that SLS (20%w/v) caused complete damage of 

epidermal layer of the skin, and necrosis indicated the skin irritation potential of SLS (20%w/v). 

Whereas, RPC-Gel treated skin had shown continuous epidermal layer with negligible skin 

irritation potential, because of entrapment of both RV and PI in cubosome nanoparticles. 

Marketed gel has shown same results as that of cubosomal gel in comparison to normal skin. 
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From the acute, sub-acute, and histopathology study, it can be concluded that the formulated 

RPC- Gel was safe for topical application. 

5.6.2 In vivo anticancer study 

Prophylactic and therapeutic anti-cancer activity of RPC-Gel was evaluated in the B16F10 

induced BALB/c mice animal model. In prophylactic treatment simultaneous gel application was 

done till the end of experiment. In therapeutic treatment gel application was started from 14
th

 day 

of subcutaneous injection of B16F10 cells. Tumor volume and weight of mice were assessed in 

all groups during six weeks of treatment to compare the efficiency of RPC-Gel with marketed 

gel. Prophylactically and therapeutically, RPC-Gel and marketed gel was significantly reduced 

the tumor volume (p<0.001, p<0.01). Thus after 40 days of study the tumor volume was 3.8- and 

2.6- fold lower in the mice treated with RPC-Gel, prophylactically and therapeutically 

respectively, compared with the carcinogen control mice. Furthermore, prophylactic and 

therapeutic treatment received from marketed gel (5% Flonida) achieved 3.6- and 2.5- fold lower 

tumor volume compared with carcinogen control mice, respectively. The better effect was 

observed for RPC-Gel might be related to the ability of cubosome nanoparticles to enhance drug 

penetration through mice skin. 

RV and PI are known to prevent the progression of cancer by targeting multiple cellular targets 

affecting the cellular proliferation and growth: apoptosis, inflammation, invasion, angiogenesis, 

and metastasis. Gatouillat et al. revealed that RV stopped the growth of doxorubicin-resistant 

B16 melanoma cell subline (B16/DOX) by both in vitro and in vivo studies (10). Kutan et al. 

have found same results which demonstrated that PI has reduced the melanoma growth 

progression and lung metastasis in C57BL/6 mice in significant manner (17). 
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Hematoxylin and eosinstained tumor skin revealed increased thickness of the epidermis by the 

infiltration of tumor cells. Mice on treatment with RPC-gel and marketed formulation showed 

regression of epidermal infiltration by malignant cells. Also, RPC-gel and marketed formulation 

treated mice showed minimal hyperkeratosis in the epidermal layer as compared to untreated 

mice (Figure 22 IA-F). Tumor treated with RPC-Gel and marketed formulation showed more 

necrotic cells than the live tumor cells. (Figure 22 E –F). The untreated tumor (control) showed 

more live tumor cells than the necrotic cells (Figure 22 G). 

These results demonstrate that the extensive tumor necrosis may be due to movement of RPC 

within the melanoma tumor structure. 
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SUMMARY 

Resveratrol (RV) is a nutraceutical which have exciting pharmacological potential which 

demonstrates antioxidant, cardioprotective, neuroprotective, immunomodulatory, anti-

inflammatory and anticancer properties. This exciting pharmacological potential and multi- 

targeting ability of resveratrol make it perfect drug candidate for targeting melanoma. However, 

its poor solubility, instability, and poor oral bioavailability were major barriers in the designing 

of formulation. Piperine (PI) is an alkaloid which exerts potential therapeutic activity against 

various diseases including obesity, inflammation, arthritis, and different types of cancers. In 

addition to these activities piperine enhances the bioavailability of other drugs. The 

combinational nanoparticulate approach of resveratrol and piperine through transdermal 

application has taken into the consideration to increase their effectiveness for better targeting to 

melanoma. In the present investigation, resveratrol and piperine loaded cubosomal 

nanoformulation was developed and evaluated for its potential treatment of melanoma through 

transdermal application. 

An isosbestic point based reversed phase-HPLC method was developed and validated as per ICH 

guidelines for the simultaneous estimation of resveratrol and piperine in cubosome nanoparticles. 

The resveratrol and piperine loaded cubosomes was successfully formulated using 

homogenization technique followed by probe sonication. A 2-factor 3-level (3
2
) factorial design 

approach was used for the optimization of cubosome nanoformulations and evaluation was done 

for the possible 9 batches using the Design-Expert software.  

The results obtained fitted to different polynomial models and the best-fit model was selected on 

the basis of different statistical parameters. The contour and response surface plots thus 

generated from the Design-Expert software were demonstrated the relationship between the 
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independent and dependant variables. The optimized batch of cubosome was chosen based on the 

maximum entrapment efficiency and smaller particle size. Zeta sizer were used to evaluate the 

particle size, PDI, and ZP of cubosome formulation. The surface morphology of the cubosome 

nanoparticles was confirmed by using the HR-TEM analysis. Entrapment efficiency of cubosome 

was determined by using high speed centrifugation technique.  

The characterization and compatibility of the drug with other excipients were confirmed by using 

FTIR and DSC analysis. The crystalline properties and thermal behavior of the freeze-dried 

powders of optimized cubosome formulation were performed by XRD and DSC analysis. 

The pH and viscosities of the RPC were determined using digital pH meter and Brookfield 

viscometer. In vitro RV and PI release from optimized RPC was determined by using a dynamic 

dialysis method employing the tablet dissolution testing apparatus equipped with low-volume 

conversion kit and the release mechanism was determined by fitting the results of drug release 

into different drug release kinetic models. 

Optimized RPC was further formulated into cubosomal gel (RPC-Gel) by using carbopol (1% 

w/v) and for the comparison purpose simple resveratrol and piperine gel (RP-Gel) was prepared 

in the same manner. The formulated gel systems were evaluated for their pH, viscosity, and drug 

content. Ex vivo permeation and deposition of formulated gel systems were studied by using 

Franz diffusion cell apparatus. Stability study of the optimized cubosome formulation was 

studied for 3 months by storing the formulation at room temperature, and further evaluated for 

particle size, PDI, ZP and Drug release. The in vitro cytotoxicity of resveratrol and piperine 

(RP), Blank-cubosome (BC), and optimized RPC was evaluated against the mouse fibroblast (L-

929) and human melanoma (A-375) cell lines by MTT assay. Biocompatibility of optimized RPC 

was observed towards L929, with enhanced anticancer activity against A375 cell lines, when 
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compared to pure RV and PI. The results of in vitro cytotoxicity were further confirmed by using 

qualitative and quantitative cell uptake studies. DAPI staining assay was utilized for visualizing 

the nuclear changes in the A375 cells. 

Skin irritancy study performed by using Uttley and Van Abbe, and Draize tests demonstrated 

that the composition of RPC-Gel has been proved non-irritant to the mice skin. The 

histopathology study showed that the formulated RPC- Gel was safe for topical application with 

lack of skin irritation. It was demonstrated from the anti-cancer study that topical application of 

RPC-Gel into melanoma-bearing BALB/c mice up to six weeks resulted in tumor regression, and 

histopathological examination of tumor tissues of BALB/c mice demonstrated extensive tumor 

necrosis in the same mice on treatment with RPC-Gel. The results of in vitro and in vivo studies 

thereby proposing, RPC-Gel to be a promising drug delivery system through transdermal 

application for the melanoma treatment.  
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CONCLUSION 

In the present research work, an attempt was done to improve the efficacy of melanoma 

treatment in combination with RV and PI by using a novel cubosome. RV and PI entrapped 

cubosome was successfully formulated and optimized by using 3
2
 factorial design. The 

optimized cubosome nanoformulation (RPC5) with GMO: PF-127 ratio (5:1) shown desirable 

particle size and greater entrapment efficiency. The XRD and DSC studies demonstrated 

successful encapsulation of RV and PI in the cubosome nanoparticles. TEM study for cubosome 

revealed that cubosome nanoparticles have cubic shape. In vitro drug release for RPC has shown 

a biphasic burst release with a release mechanism of diffusion controlled over 24 h. The 

optimized RPC was transferred into cubosomal gel (RPC Gel) and characterized for pH, drug 

content, and viscosity. RPC gel has shown high amount of RV and PI permeation, and deposition 

capacity through mice skin when compared to traditional RV and PI gel (RP Gel). The in vitro 

biocompatible nature of RPC was confirmed by the absence of cytotoxicity against L929 cell 

line. MTT and cell uptake studies showed increased uptake of RPC in A375 cells, in comparison 

to free RV and PI. The qualitative and quantitative cell uptake studies revealed that RV and PI 

entrapped cubosome nanoparticulate system was an effective drug delivery system to induce 

cytotoxicity in A375 cells. From the skin irritancy and toxicity study RPC-Gel was proved to be 

nonirritant in nature by showing no sign of edema, and erythema in mice skin. The 

histopathological examination demonstrated the biocompatibility of the developed cubosomal 

gels.  In vivo anticancer study has shown potential therapeutic effect of RPC-Gel on B16F10 

induced BALB/c mice. Overall, developed RPC drug delivery system has promising potential in 

the prevention and treatment of melanoma by transdermal application. Further studies using 



7. Conclusion 
 

KLE College of Pharmacy, Belagavi Page 77 
 

advanced preclinical models are required to prove the efficacy of this cubosome formulation for 

melanoma treatment. 
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A B S T R A C T

Resveratrol and piperine are proven for their therapeutic benefits to treat various diseases. Due to their sy-
nergistic actions and combined drug delivery application, a rapid and specific RP-HPLC method was developed
and validated as per ICH guidelines, by using an isosbestic point. The chromatographic separation was per-
formed with Luna 5 μ 100 Å C-18(2) HPLC column by using acetonitrile (ACN): phosphate buffer (0.01% or-
thophosphoric acid) (55:45) as mobile phase, at 1mL/min of flow rate and 330 nm. The developed method was
found to be linear over the concentration range of 0.25–8 μg/mL with correlation coefficient value>0.999. The
developed method was accurate (percent recovery 98.06–101.74%), precise (percent relative standard devia-
tion< 2.0%), and robust. The limit of detection and limit of quantification for resveratrol were found to be 0.02
and 0.08 μg/mL, respectively and 0.04 and 0.11 μg/mL, for piperine, respectively. The developed method was
also validated in human plasma as per ICH guidelines. Moreover, stress degradation studies of both phytocon-
stituents were studied and the relevancy of the developed method was analyzed on cubosome nanoformulation.
A good separation of drug peaks was observed in the presence of the degradation products. This method could
thus be used for regular in vitro and in vivo estimation of piperine and resveratrol.

1. Introduction

The functional food phytoconstituents, especially alkaloids and
polyphenols have attracted many researchers, as they have gained
importance in the treatment of several diseases, including cancer.
Resveratrol (3,4′,5-Trihydroxy-trans-stilbene; Fig. 1a) is a natural
polyphenol phytoconstituent belonging to a stilbenoid family and pre-
sent in grapes, wines, different berries, pistachios and peanuts. Even
though resveratrol has a wide range of therapeutic applications, several
studies have reported its bioavailability problem which has led to
limitation of its therapeutic applicability [1]. Piperine [5-(3,4-methy-
lenedioxyphenyl)-2,4-pentadienoylpiperidine; Fig. 1b] is a bioactive
alkaloid, belonging to Piperaceae family and present in dried fruits of
the black pepper (Piper nigrum Linn.), long pepper (Piper longum Linn.),
and the fruits of other Piper species. It is commonly used for daily
consumption and has application in diverse traditional systems.

Many studies have been carried out by combination-based techni-
ques, which have led to improved resveratrol bioavailability, and its
chemo-preventive and therapeutic responses [2,3]. Pre-clinical and
clinical studies have shown that the co-supplementation of piperine

with various other drugs significantly enhances their bioavailability
[4–6]. These two phytoconstituents offer a promising therapeutic ap-
proach for cancer treatment by inducing apoptosis and have shown
synergistic antidepressant effect [7,8]. Nowadays, to overcome the
bioavailability problem of resveratrol, various researchers focus on the
combinational strategies of these phytoconstituents to explore their
beneficial synergistic effect through different nanotechnology-based
delivery systems. Hence, in the present study, we ideate to formulate
resveratrol and piperine entrapped cubosome nanoformulation. The
required therapeutic activity of any drug can be correlated from the
accurate estimation of drugs entrapped within the nanoformulation.

There are different types of analytical methods available for the
estimation of resveratrol and piperine individually, but none are re-
ported for a simple RP-HPLC method for simultaneous estimation of
piperine and resveratrol in plasma and nanoformulation. In a study,
Jasoliya and Jani developed RP-HPLC method for capsule dosage form
containing resveratrol and piperine by simultaneous estimation
method. The method seemed to be less realistic because of the absence
of stability indicated by stress degradation study, and validation assay
in plasma. Moreover, two different wavelengths - 305 and 336 nm were
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used for the detection of resveratrol and piperine, demonstrating large
differences which complicated the analysis [9]. In another study, by Qu
et al., an ultra high-performance liquid chromatography (UPLC)
method for simultaneous estimation of twelve components in Zuozhu
Daxi (a Tibetan medicine) was developed. In this method, the max-
imum wavelength of detection (λmax) was fixed at 306 nm for proto-
pine, resveratrol and piperine [10]. In the present study, we aimed to
develop and validate an isosbestic point-based HPLC method for si-
multaneous estimation of resveratrol and piperine.

Isosbestic point is the specific wavelength at which two compounds
have the same molar absorptivities or the point which can correlate
with a specific wavelength, where an absorption spectra of the two
compounds can cross with each other (Fig. 2). Although many com-
pounds are simultaneously estimated based on the isosbestic point
method [11,12] none has been reported for estimation of piperine and

resveratrol. Henceforth, with the help of an isosbestic point method, the
simultaneous quantification of these phytoconstituents and finally, the
data interpretation can be made simple.

The aim of the proposed research study was to develop and validate
stability showing isosbestic point based RP-HPLC method for simulta-
neous analysis of resveratrol and piperine in accordance with ICH
(International Conference on Harmonization) guidelines. This method
was also applied in resveratrol and piperine entrapped cubosome na-
noparticles and human plasma. Different stress or forced degradation
study methods like acidic, alkaline, oxidative, thermal and sunlight
were performed to confirm the suitability of the developed method.

2. Materials and methods

2.1. Reagents and solvents

Resveratrol (95%) and piperine (95%) were provided by Sami Labs
Ltd. Bangalore, India. Glyceryl monooleate (GMO) and poloxamer 407
-P407(lutrol F127) were gifted by Mohini Organics Pvt. Ltd. Mumbai,
India and BASF, Mumbai, India, respectively. HPLC-grade methanol,
acetonitrile (ACN) and orthophosphoric acid (OPA) were purchased
from Fisher Scientific Mumbai, India. The fresh blood sample was col-
lected from KLE Hospital Blood Bank, Belagavi, India. Throughout the
study, HPLC analytical-grade water (Merck, Mumbai, India) was used.
All the other solvents or reagents used were of pharmaceutical or
analytical grade.

2.2. Chromatography instrument and conditions

Shimadzu HPLC prominence instrument system (LC-20AD, Japan)
equipped with SPD-M20A prominence diode array detector (PDA), LC-
20AD pump, a SIL-20AC HT auto sampler, DGU-20A5 online degasser,
rheodyne injection value with 20 μL loop and CTO-10AS VP column
oven. The data interpretation and analysis were done using software
Shimadzu LC solution (version 1.25).

Chromatographic separation and analysis were carried out using
phenomenex Luna C18 analytical column C-18(2) 100 Å
(250× 4.60mm internal diameter, 5 μm particle size, Phenomenex
Inc., Canada, USA) at a column temperature of 35 °C. The optimized
mobile phase ACN: Phosphate buffer [0.01% OPA; 55:45 v/v] was
adjusted to pH 6 with sodium hydroxide and pumped through the
column at a flow rate of 1mL/min. Prior to use, the mobile phase was
filtered through PVDF filter membrane (0.45 μm; Millex HV®, Millipore,
USA) and ultrasonically degassed. The volume for injection was kept at
10 μL for the sample analysis. The isosbestic point of phytoconstituents
i.e. 330 nm, was used for simultaneous estimation.

2.3. Primary stock and standard sample preparation

Primary stock solutions of resveratrol and piperine were in-
dividually prepared at a concentration of 1mg/mL in methanol. The
standard preparation of resveratrol, piperine and both the drugs were
prepared in the concentration range of 0.25–8 μg/mL, by the dilution of
stock solution using the mobile phase. All standard solution prepara-
tions were stored in light-resistant, amber-colored, tightly-stoppered
volumetric flask and kept at 4 °C, prior to the HPLC analysis.

2.4. Method development

The development of method for simultaneous analysis of piperine
and resveratrol was done by using different mobile phase ratios, con-
centration and pH values of OPA, flow rates, and column oven tem-
perature.

Fig. 1. Chemical structures of (a) resveratrol and (b) piperine.

Fig. 2. UV–Vis absorption spectra displaying isosbestic λ max at 330 nm for
resveratrol and piperine (A) and spectra obtained by PDA detector connected to
HPLC (B).
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2.5. Method validation

According to ICH guidelines the validation of the developed method
was done for system suitability, linearity, limit of quantification (LOQ),
limit of detection (LOD), accuracy, precision, ruggedness, and robust-
ness.

2.6. Preparation of Cubosome nanoparticles

Top-down approach such as homogenization technique was used to
prepare cubosome nanoparticles [13]. The cubosome formulation was
optimized from the different concentrations of lipid (glycerol mono-
oleate) and stabilizer (polymer i.e. lutrol F 127).

Briefly, the optimized batch containing glycerol monooleate
(2100mg) and lutrol F127 (150mg) were melted in separate beaker in
thermostatic water bath at 70 °C. Resveratrol (10mg) and piperine
(10mg) were added in molten lipid and mixed into preheated, aqueous
lutrol F127 solution. The mixture (7.5%) was subsequently added in
drop-wise manner to the preheated water (92.5%) at the same tem-
perature of mixture under constant stirring. Finally, the mixture was
homogenized (IKA T25 digital Ultra Turax, Germany) at 15,000 rpm for
15min, followed by probe sonication (RivoTEK, Mumbai) for 5min.
The cubosome formulation was allowed to equilibrate for 24 h and used
for further investigation. The average particle size, distribution (poly-
dispersity index - PDI), and zeta potential values of the prepared cu-
bosome were analyzed by dynamic light scattering (Zetasizer, Malvern
Instruments, Malvern, UK) [14]. The developed HPLC method was used
for simultaneous estimation of resveratrol and piperine in optimized
cubosome nanoformulation. Encapsulation efficiency of cubosome na-
noformulation was evaluated by centrifugation (Kubota 6500, Japan) at
15,000 rpm for 30min. The supernatant solution obtained after cen-
trifuge was mixed with mobile phase and further analyzed by using
HPLC [15,16]. For the recovery study in cubosomes the standard so-
lutions of drugs were spiked to blank cubosome nanoparticles.

2.7. Extraction of drug from plasma and processing

The fresh human blood was obtained from the KLE Hospital blood
bank, Belagavi. Plasma was collected by centrifugation of blood sample
at 4000 rpm for 15min and at 4 °C.

Stock solutions (1mg/10mL) of both resveratrol and piperine were
prepared in methanol. Plasma standards for both the drugs were pre-
pared by spiking plasma with the stock solution of drugs to obtain re-
quired concentrations. In each drug extraction process, 100 μL of
plasma was added to 50 μL of stock solution of drugs and mixed for
1min on the vortex mixer (Eppendorf, India). For getting high recovery,
plasma protein was precipitated with the addition of 100 μL of ACN
[17]; 50 μL of methanol was added to make up 300 μL volume, then
vortexed for 1min. Centrifugation was done at 15,000 rpm for 10min,
after which the supernatant solution was collected, filtered and injected
(20 μL) for the analysis [18].

2.8. Validation of method in human plasma

The developed method was validated in human plasma for linearity,
sensitivity, recovery, and stability according to ICH guidelines and US
food drug administration bioanalytical method validation guidance
[19,20].

2.8.1. Selectivity
The selectivity of the developed method was evaluated by analyzing

six randomly selected human blank plasma extracted samples. The
method selectivity was checked for endogenous interference or matrix
effects of plasma components with the drugs.

2.8.2. Linearity
The linearity of the method in plasma was evaluated by injecting

different concentrations of the standard solution of resveratrol and pi-
perine. Stock solutions (1mg/10mL) of both were prepared in me-
thanol. Plasma was spiked with appropriate amounts of respective
standard stock solution to yield the concentrations in the ranges from
0.25 to 8 μg/mL.

2.8.3. Recovery
Plasma standards for both the drugs were prepared by spiking

plasma with the respective stock solution to obtain the required con-
centrations such as 0.84, 1.66, and 2.5 μg/mL. The extraction recovery
of resveratrol and piperine from the biological plasma matrix was es-
timated by comparing the concentrations measured in the plasma, with
the concentrations added.

2.8.4. Sensitivity
The lower limit of detection (LLOD) and LOQ were calculated from

a calibration curve.

2.8.5. Stability [21]
The stability study was conducted to determine the concentration of

the studied drugs, after each storage period, and it was correlated with
the initial concentration as zero cycle (samples that were freshly pre-
pared and processed immediately).

2.8.5.1. Freeze–thaw stability. The freeze–thaw stability of the studied
drugs was determined at low, medium, and high concentration samples
(0.5, 2 and 8 μg/mL respectively), over 3 cycles within three days. In
each cycle, the frozen plasma samples were thawed at room
temperature for 2 h and refrozen for 24 h. After completion of each
cycle the samples were analyzed and the results were compared with
that of the zero cycle.

2.8.5.2. Short-term stability (bench-top stability). Aliquots each of the
low, medium, and high concentration (0.5, 2, 8 μg/mL respectively)
unprocessed samples were kept at room temperature for 24 h, following
which the samples were analyzed and the results were compared with
that of the zero cycle.

2.9. Forced or stress degradation studies

ICH recommended stress conditions like acidic, alkaline, thermal,
oxidative, and photolytic conditions were employed for the controlled
forced or stress degradation studies, for individual and mixed analytes
matrix solutions of piperine and resveratrol [22]. Preparation of sam-
ples were done in each stress degradation conditions as, drug solutions
stored under normal conditions at zero time and the drug solution
supposed for the degradation for 1 h. In the study of acid-base de-
gradation, 1mL of stock solution of drug mixture containing resveratrol
and piperine were treated with 1mL of 1 N hydrochloric acid (HCl) and
1mL of 1 N sodium hydroxide (NaOH) solutions, separately. After
sealing, the amber-colored volumetric flasks containing the above-
mentioned solutions, they were heated for 1 h at 80 °C. Before analysis,
both the samples were neutralized. In a study of oxidative degradation,
1mL of stock solution of the drug mixture was treated with 1mL of 30%
hydrogen peroxide (H2O2) solution. Thermal degradation study was
performed by the treatment of 1mL of stock solutions of drug mixture
with 2mL of methanol in an amber-colored volumetric flask. After
sealing the volumetric flasks containing above-mentioned solutions,
they were heated for 1 h at 80 °C. For studying the photochemical de-
gradation, 1mL of stock solution of drug mixture was taken in a
transparent volumetric flask (10mL) and diluted up to 10mL with
mobile phase. After sealing, volumetric flask was exposed to direct
sunlight for 30min to study their photochemical stability. For all the
above-mentioned studies, the final volume was adjusted by mobile

B. Kurangi, et al. Journal of Chromatography B 1122–1123 (2019) 39–48

41



phase up to 10mL. After filtration through syringe filters (0.2 μm),
further analysis was done by injecting sample solution into HPLC-
chromatographic system [23,24].

3. Results and discussion

3.1. Development and optimization of the method

A new, robust and isosbestic point-based RP-HPLC method was es-
tablished for the simultaneous determination of resveratrol and pi-
perine. For getting an isosbestic point, the UV spectra for methanolic
solution of both the drugs (10 μg/mL) was run at 200–400 nm range.
The maximum UV absorption of resveratrol and piperine was observed
at 306 and 341 nm, respectively. The selection of an isosbestic point for
piperine and resveratrol was done on the basis of UV–absorption
spectra and the spectra obtained from the HPLC system connected to
DAD detector, where the spectra crossed with each other on a common
point – 330 nm, which shows maximum absorbance (Fig. 2).

The different parameters such as mobile phase composition, their
pH and flow rate, wavelength detection, and column oven temperature
was optimized for the development of effective chromatographic
method. In order to get sharp and well separated peaks, many trials
were done with different mobile phase compositions which include
ACN, methanol, diluted OPA, and water. Analysis of both the drugs was
done at their respective λmax and at the isosbestic point observed
(Fig. 2). Initially, the composition of ACN: methanol: diluted OPA
provided the acceptable results with good resolution but having less
peak separation. In contrast, ACN: diluted OPA composition demon-
strated the results as sharp well-defined peaks, with poor resolution and
less separation. Hence, methanol and water were replaced, while ACN
and diluted OPA were retained as components of the mobile phase. The
0.1% OPA produced broad peaks with less resolution, which occurs
because of less efficient elution from the column. Improvement in the
sharpness of the peak was observed by decreasing the concentration of
OPA. Hence, the different compositions of ACN: 0.01% OPA was stu-
died which yielded high resolution and good separation of peaks,
without any tailing.

The pH effect was also studied by adding NaOH solution to OPA of
the mobile phase. Phosphate buffer system consisting 0.01% con-
centration of OPA was selected for getting sharp peaks with greater
resolution since both the drugs in acidic condition of 0.1% OPA yielded

less intense peaks with poor resolution. Phosphate buffer (0.01% OPA
v/v) with pH 6 gave sharper peak for piperine without affecting the
peak characteristics of resveratrol. The column temperature has a
considerable effect on retention time and peak shape of both drugs,
which was tested by varying the temperature in between 20 °C to 40 °C.
Optimized temperature was set as 35 °C based on the sharpness of peak
and shortest retention time. The mobile phase composition containing
ACN: phosphate buffer (0.01% OPA v/v) at ratio of 55:45 with 1mL/
min of flow rate was found to be most acceptable. The retention time
was found to be 3.31 and 9.19min for resveratrol and piperine, re-
spectively. From Fig. 3, it was evident that both the drugs displayed
excellent peak characteristics with less tailing.

3.2. Method validation

Validation of analytical method deals with the aim to ensure that
the developed method is acceptable and reliable for its deliberate
purpose. As per ICH guidelines (Q2R1), the developed HPLC method
was validated for different validation characteristics such as system
suitability, linearity, accuracy, precision, LOD, LOQ, robustness, and
ruggedness.

3.2.1. System suitability
The system suitability ensures the validity and specificity of the

developed method. This test represents an essential component of the
method development and is utilized to confirm the resolution and re-
producibility of the developed technique, for performing chromato-
graphic analysis. The percent RSD of different parameters such as peak
area, retention time (tR), theoretical plates, and tailing factor were
determined (Table 1). The percent RSD of peak area (< 2), tailing
factor (< 2), and theoretical plates (N > 2000) were within the ac-
ceptable limits. An isosbestic point based method thus assures and sa-
tisfies the system suitability parameters and ensures the suitability of
the developed HPLC method. The peaks obtained for resveratrol and
piperine were found to be sharp, well separated and with high resolu-
tion as shown in Fig. 3. The results obtained for the above parameters
reveal the suitability of the selected chromatographic system for further
validation and analysis of resveratrol and piperine.

3.2.2. Linearity
Linearity is the ability of the analytically-developed procedure to

Fig. 3. HPLC chromatograms at A) isosbestic λ max - 330 nm, B) individual λ max - 306 (1) and 341 (2) nm with respective for resveratrol and piperine.
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check the result of the sample analytes whether it is linear to its con-
centration. Linearity of the method was tested by analyzing different
concentration range (0.25–8 μg/mL) of piperine and resveratrol, in-
dividually, at their maximum wavelength of 341 and 306 nm, respec-
tively, and simultaneously at 330 nm (isosbestic point). The regression
analysis data for the calibration curve shows linear relation over this
concentration range for resveratrol and piperine. The correlation
coefficient values for both drugs were found to be R2 > 0.999 which
suggested excellent correlation and good linearity for the optimized
method (Table 2).

3.2.3. Limit of quantification (LOQ) and limit of detection (LOD)
LOD and LOQ were calculated as:

= × = ×LOD 3.3 /s LOQ 10 /s

where

δ Standard deviation of y-intercept
s Mean slope of calibration curves

LOD is the lowest, detectable concentration of the analyte and

provides a signal-to-noise ratio of 3, whereas LOQ is the analytes
lowest, quantifiable concentration and gives the signal-to-noise ratio of
10. At the isosbestic point of the present study, LOD and LOQ were
found to be 0.02 and 0.08 μg/mL for resveratrol and 0.04 and 0.11 μg/
mL for piperine respectively. From the LOD and LOQ values, it was
inferred that the optimized method was sensitive to determine the en-
trapment efficiency of resveratrol and piperine in cubosomal nano-
particles. Similarly, LOD and LOQ were also determined at their sepa-
rate λ max where insignificant differences were observed as shown in
Table 2.

3.2.4. Precision
Precision is a measure of degree of scattered readings of the de-

veloped method between the numbers of reading resulted from various
samplings of a similar sample under the specified analytical procedures.
In the present study, intra-day and inter-day assays were used to test the
precision. Analysis of precision was done on the same day at different
time intervals by determining repeatability (intra-day precision), and
on three consecutive days, by determining intermediate precision
(inter-day precision) for different concentrations of analytes such as
low, intermediate and high (0.5, 2 and 4 μg/mL) concentrations. For
intra-day precision, the percent RSD values ranged from 0.14 to 0.49%
for resveratrol, 0.24–0.77% for piperine, respectively. In inter-day
precision, the percent RSD values were ranged between 0.49–1.96%
and 0.63–1.96% for resveratrol and piperine, respectively. As a result,
the percent RSD values were lower than 2% in both the precision stu-
dies, which satisfied the acceptance criteria (Table 3) and indicated
high precision of the developed method.

3.2.5. Accuracy
The closeness of experimental and true value or an accepted re-

ference value signifies the accuracy of analytical procedure. Both the
accuracy and precision are related to the method's repeatability and
were determined by recovery experiments.

Known quantity of combined samples of resveratrol and piperine
were spiked in triplicate injections at low, medium and high con-
centrations (50, 100, and 150% respectively) of a specified concentra-
tion to a previously analyzed sample solutions of resveratrol and pi-
perine (5 μg/mL) and further analyzed by using developed method. The
mean percentage recovery of resveratrol and piperine were found to be
in the range of 98.06 to 101.47% and 98.51 to 101.74% respectively
(Table 4), resulting in low percent RSD and high recovery values, which
indicates an excellent accuracy for the developed method.

3.2.6. Ruggedness and robustness
Ruggedness and robustness of the developed method were measured

by intentional changes in method conditions, which provide a reliable
and authentic estimation of drug compounds.

Slight changes were made in the HPLC chromatography parameters

Table 2
Linear regression data and sensitivity parameters of the developed method.

Analyte Concentration
range (μg/mL)

Slope Intercept R2 LOD
(μg/mL)

LOQ
(μg/mL)

At 306 and 341 nm (resveratrol and piperine respectively) - individual λ max
Resveratrol 0.25–8 77,001 2858 0.999 0.03 0.10
Piperine 0.25–8 63,831 4212 0.999 0.04 0.12

At 330 nm - an isosbestic point
Resveratrol 0.25–8 59,731 2155 0.999 0.02 0.08
Piperine 0.25–8 57,646 4107 0.999 0.04 0.11

R2 - Regression coefficient; LOD - limit of detection; LOQ - limit of quantifi-
cation.

Table 1
System suitability study parameters for the developed method of resveratrol
and piperine (N=6).

Parameter Resveratrol Piperine

Mean ± SD %R.S.D. Mean ± SD %R.S.D.

tR (min) 3.30 ± 0.00 0.09 9.28 ± 0.03 0.28
Peak area 384,300 ± 4784 1.24 225,540 ± 3786 1.68
Plate count 6916 ± 104 1.51 16,023 ± 145 0.91
Tailing factor 1.37 ± 0.02 1.22 1.07 ± 0.01 0.51

SD – Standard deviation; tR - retention time; RSD - relative standard deviation.

Table 3
Intraday and interday precision of resveratrol and piperine.

Compound Active content (μg/mL) Intraday (n=3) Interday (n= 3)

1st day 2nd day 3rd day

Found± SD RSD Found± SD RSD Found± SD RSD Found± SD RSD

(μg/mL) (%) (μg/mL) (%) (μg/mL) (%) (μg/mL) (%)

Resveratrol 0.5 0.5 ± 0.002 0.31 0.49 ± 0.006 1.12 0.51 ± 0.010 1.96 0.49 ± 0.006 1.12
2 2.04 ± 0.010 0.49 1.97 ± 0.020 1.02 2.04 ± 0.010 0.49 2.05 ± 0.015 0.74
4 4.02 ± 0.016 0.14 3.92 ± 0.025 0.64 4.09 ± 0.045 1.10 3.97 ± 0.066 1.65

Piperine 0.5 0.49 ± 0.001 0.24 0.49 ± 0.006 1.17 0.51 ± 0.006 1.12 0.51 ± 0.010 1.96
2 2.03 ± 0.015 0.75 2.04 ± 0.026 1.30 2.01 ± 0.036 1.79 1.97 ± 0.035 1.79
4 3.97 ± 0.031 0.77 4.05 ± 0.035 0.87 3.99 ± 0.025 0.63 3.93 ± 0.046 1.18

RSD - relative standard deviation.
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such as flow rate (± 0.1), concentration of OPA (±0.09%), pH (±3),
mobile phase composition (± 2%), and λmax (± 2). The instrument
condition including column oven temperature (± 5 °C) was also
changed. Analyte concentration for the present study was selected to be
10 μg/mL and the results showed that the percent RSD values (< 1) and
retention time remained unaffected, which confirm the robustness of
the developed HPLC method. However, the small changes in metho-
dology did not influence the reliability of the method; hence it was
more authentic one (Table 5).

3.3. Characterization of cubosome

The blank and drug-loaded cubosome nanoformulation prepared by
using homogenization has shown the mean particle size to be 151 and
159 nm, respectively. The average PDI for blank and drug-loaded cu-
bosome was 0.23 and 0.16, respectively, indicating that the PDI value
is< 0.3 which showed narrow homogeneous particle size distribution.
The zeta potential is the main parameter in determining the nano-
particulate system stability [25]. The average zeta potential for blank
and drug-loaded cubosome was −21.1 and −17.60mV, respectively.
These zeta potential values suggest moderate degree of stability in cu-
bosome nanoparticles. The negative charge was imparted due to the
free fatty acids of glycerol monooleate lipid structure.

The developed RP-HPLC method was utilized to estimate the en-
capsulation efficiency (EE) of piperine and resveratrol in a cubosome
nanoformulation. The HPLC chromatogram had shown intense char-
acteristic peaks of resveratrol and piperine in cubosome nanoparticles
[Fig. 4(c)]. The analysis of percent EE was done by estimating free and

total drug in a cubosome nanoformulation and mean percent EE was
obtained to be 90.18% for resveratrol whereas for piperine it was
94.66% (Table 6). The high percent EE of both drugs in cubosomes may
be due to the surfactant concentration which is sufficient to solubilize
high quantity of resveratrol and piperine in lipid vesicle, thereby sig-
nificantly increasing their concentrations the cubosome formulation.

3.4. Recovery assay in cubosome

Recovery assay was utilized in the evaluation of accuracy of de-
veloped HPLC method for the quantification of resveratrol and piperine
in cubosome nanoparticles. Triplicate injections containing both the
drugs of known concentration at different levels such as 50%, 100% and
150% were spiked with known concentration of samples (pre-ana-
lyzed), and their percentage recovery was evaluated by comparing real
and observed concentrations of the drugs. The mean percentage re-
coveries of resveratrol and piperine from cubosome were found to be
between the 98–102% ranges, which were within the accepted limits
(80–120%) as shown in Table 7. The high percent recovery values
obtained thus proves the applicability of this developed method for
wide range of sample analysis. The chromatogram of resveratrol and
piperine containing cubosome nanoformulation sample was given in
Fig. 4(c).

3.5. Method validation in plasma

As per ICH guidelines (M 10) and US food drug administration
bioanalytical method validation guidance, the developed HPLC method

Table 4
Recovery studies of the developed method (n=3).

Compound Active Content (μg/mL) Level (%) Spiked quantity (μg/mL) Recovered quantity (μg/mL) Recovery (%) RSD (%)

Resveratrol 5 50 2.41 ± 0.01 2.40 ± 0.02 99.63 0.87
5 100 5.01 ± 0.09 4.91 ± 0.03 98.06 0.62
5 150 7.45 ± 0.09 7.56 ± 0.07 101.47 0.97

Piperine 5 50 2.40 ± 0.02 2.41 ± 0.02 100.36 0.98
5 100 4.93 ± 0.07 4.86 ± 0.05 98.51 0.93
5 150 7.57 ± 0.09 7.70 ± 0.06 101.74 0.78

RSD - relative standard deviation.

Table 5
Robustness and ruggedness evaluation of developed method for piperine and resveratrol.

Parameters Changes made Resveratrol Piperine

Retention time RSD Retention time RSD

± S.D. (%) ± S.D. (%)

Composition of mobile phase
[ACN: phosphate buffer (0.01% OPA)]

55:45 3.30 ± 0.006 0.17 9.30 ± 0.006 0.06
53:47 3.29 ± 0.006 0.18 9.89 ± 0.025 0.25
57:43 3.42 ± 0.010 0.29 8.93 ± 0.015 0.17

Concentration of OPA 0.01% 3.30 ± 0.006 0.17 9.30 ± 0.006 0.06
0.10% 3.34 ± 0.010 0.30 9.32 ± 0.006 0.06

Flow rate 1mL/min 3.30 ± 0.006 0.17 9.30 ± 0.006 0.06
0.9mL/min 3.56 ± 0.015 0.43 9.98 ± 0.006 0.06
1.1mL/min 3.01 ± 0.010 0.33 8.48 ± 0.015 0.18

Detection wavelength 330 nm 3.30 ± 0.006 0.17 9.30 ± 0.006 0.06
332 nm 3.30 ± 0.010 0.30 9.30 ± 0.006 0.06
328 nm 3.30 ± 0.006 0.17 9.30 ± 0.000 0.00

Column oven temperature 35 °C 3.30 ± 0.006 0.17 9.30 ± 0.006 0.06
30 °C 3.36 ± 0.006 0.17 9.44 ± 0.017 0.18

pH of OPA 6 3.30 ± 0.006 0.17 9.30 ± 0.006 0.06
3 2.41 ± 0.015 0.63 6.27 ± 0.049 0.80

RSD - relative standard deviation.
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was validated for different validation parameters like selectivity, line-
arity, sensitivity (LLOD and LOQ), recovery, and stability studies.

3.5.1. Selectivity
Absence of an interfering peak of plasma at the retention times of

resveratrol and piperine is an evidence for method selectivity. This was

clearly indicated from the chromatogram obtained from the blank
plasma, and the drug samples in plasma preparations. Chromatograms
of both blank human plasma and the samples of resveratrol and pi-
perine in plasma are given in Fig. 4(a) and (b).

Table 6
Characterization of resveratrol and piperine entrapped cubosome.

Cubosome formulation Particle size diameter (nm) PDI Zeta potential value (mV) % EE

Piperine Resveratrol

Blank cubosome 151 ± 9.07 0.23 ± 0.02 −21.1 ± 2.69 – –
Resveratrol and piperine loaded cubosome 159 ± 11.02 0.16 ± 0.03 −17.60 ± 1.86 94.66 ± 3.7 90.18 ± 2.23

Mean ± SD, N=6; EE - encapsulation efficiency; PDI - polydispersibility index.

Table 7
Recovery studies of the spiked resveratrol and piperine from cubosome nano-
formulation (n=3).

Drug Spiked (μg) Found (μg) % recovery

Resveratrol 5.12 ± 0.08 5.18 ± 0.06 101.24
10.49 ± 0.09 10.28 ± 0.09 98.03
15.30 ± 0.11 15.72 ± 0.09 102.77

Piperine 5.01 ± 0.10 5.08 ± 0.08 101.46
10.23 ± 0.09 10.04 ± 0.10 98.17
15.69 ± 0.09 15.58 ± 0.09 99.29

n - replicate number.

Fig. 4. HPLC chromatograms of blank human plasma (A), resveratrol and piperine in plasma sample (B) and in cubosome nanoparticles (C).

Table 8
Linear regression data and sensitivity parameters of the developed method in
human plasma.

Analyte Concentration
range (μg/mL)

Slope Intercept R2 LLOD
(μg/mL)

LOQ
(μg/mL)

At 306 and 341 nm (resveratrol and piperine respectively) - individual λ max
Resveratrol 0.25–8 13,070 3281 0.999 0.06 0.20
Piperine 0.25–8 3699 2340 0.999 0.07 0.21

At 330 nm - an isosbestic point
Resveratrol 0.25–8 10,203 2083 0.999 0.06 0.20
Piperine 0.25–8 3381 1889 0.999 0.07 0.22

R2 - Regression coefficient; LLOD - lower limit of detection; LOQ - limit of
quantification.
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3.5.2. Linearity
Linearity of the assay method was tested by analyzing different

concentration range (0.25–8 μg/mL) of piperine and resveratrol in-
dividually at their maximum wavelength 341 and 306 nm respectively
and simultaneously at 330 nm (isosbestic point). The regression ana-
lysis data for the calibration curve shows linear relation over this
concentration range. The correlation coefficient values for both drugs
were found to be R2 > 0.999 which suggest excellent correlation and
good linearity for the optimized method as per ICH guidelines
(Table 8).

3.5.3. Sensitivity
The LLOD and LOQ were found to be 0.06 and 0.20 μg/mL for re-

sveratrol, and 0.07 and 0.21 μg/mL for piperine, respectively at their
individual λmax. Similarly, LLOD and LOQ were also determined at the
isosbestic point where insignificant differences were observed as shown
in Table 8. From the LLOD and LOQ values it was indicated that the
optimized method was found to be a sensitive one.

3.5.4. Recovery
The measure of accuracy i.e. percentage recovery, was determined

by observing the proximity of the observed drug concentration values
with the actual concentration values. The recovery assay was performed
by spiking a known concentration of standard (pre-analyzed) in tripli-

cate at different levels such as 50%, 100% and 150%. The mean per-
centage recoveries of resveratrol and piperine from the plasma were
found to be between 98 and 102%, as shown in (Table 9). The high
percentage recovery values obtained thus proves the applicability of
this developed method for wide range of sample analysis.

3.5.5. Stability
Freeze-thaw and bench-top (short-term) stability for resveratrol and

piperine were evaluated at the low, medium and high concentration
(0.5, 2, and 8 μg/mL, respectively) samples. The results revealed that
both the drugs were stable in plasma for 24 h at room temperature. It
was also observed that the plasma samples experiencing freezing and
thawing (3 cycles) with resveratrol and piperine at all low, medium and
high concentration levels did not influence their stability (Table 10).

3.6. Forced or stress degradation studies

The results of forced degradation studies for individual and mixed
analytes matrix are presented in Table 11. From the results, it was clear
that both the analytes such as resveratrol and piperine were less de-
graded in mixed matrix solution form as compared to the individual
solutions under different forced degradation conditions. The applic-
ability of the developed method can be proved from this study, as there
was adequate separation observed between drug peaks and their de-
graded product peaks (Fig. 5).

For mixed analyte matrix solutions, in the acid degradation study,
percent degradation of resveratrol and piperine was found to be 13.48%
and 17.67%, respectively in 1 N HCl. Analysis of resveratrol showed one
insignificant, small degraded peak whereas for piperine degrading peak
was absent. The result for acid degradation study has demonstrated that
both the drugs were stable and less prone to degradation in acidic
condition. In alkaline degradation study, 19.82% resveratrol was de-
graded whereas piperine degradation was only 14.05%. Two degraded
peaks of resveratrol were observed near the parent peak whereas pi-
perine does not show any degrading peaks in alkaline condition. As
resveratrol is weakly acidic in nature, it is more prone to degradation at
alkaline condition. Hence, resveratrol was found to be more unstable in

Table 9
Recovery studies of the spiked resveratrol and piperine from human plasma
(n=3).

Drug Spiked (μg) Found (μg) % recovery

Resveratrol 0.84 ± 0.01 0.83 ± 0.08 98.33
1.66 ± 0.01 1.68 ± 0.03 101.33
2.5 ± 0.02 2.55 ± 0.06 102.16

Piperine 0.8 ± 0.03 0.79 ± 0.07 98.75
1.62 ± 0.04 1.64 ± 0.02 101.23
2.53 ± 0.06 2.53 ± 0.06 100.16

n - replicate number.

Table 10
Stability of resveratrol and piperine in human plasma at different conditions (n=3).

Drug Spiked (μg) Zero cycle
0 h (μg)

Found (μg)
24 h
1st cycle

Found (μg)
48 h
2nd cycle

Found (μg)
72 h
3rd cycle

Short term (bench top) stability found (μg)
24 h

Resveratrol 0.5 0.56 ± 0.02 0.56 ± 0.01 0.55 ± 0.01 0.55 ± 0.008 0.57 ± 0.01
2 1.85 ± 0.01 1.85 ± 0.01 1.83 ± 0.005 1.81 ± 0.01 1.84 ± 0.04
8 8.03 ± 0.07 8.04 ± 0.02 8.00 ± 0.01 7.81 ± 0.04 8.03 ± 0.14

Piperine 0.5 0.43 ± 0.01 0.43 ± 0.006 0.42 ± 0.007 0.41 ± 0.005 0.42 ± 0.01
2 1.91 ± 0.02 1.90 ± 0.01 1.89 ± 0.005 1.86 ± 0.01 1.86 ± 0.02
8 8.01 ± 0.09 7.93 ± 0.07 7.85 ± 0.07 7.76 ± 0.09 7.88 ± 0.10

n - replicate number.

Table 11
Results under the stress degradation studies for resveratrol and piperine (n= 3).

Exposed stress Degradation condition % Degradation Individual analytes % Degradation Mixed Analyte matrix

Resveratrol Piperine Resveratrol Piperine

1 N HCl, 80o C, 1 h 17.88± 0.61 21.34± 0.60 13.48± 0.85 17.67± 0.79
1 N NaOH, 80o 1 h 25.72± 0.90 15.60± 0.34 19.82± 0.93 14.05± 0.60
Thermal, 80o C, 1 h 1.46± 0.24 1.72± 0.84 1.05± 0.06 1.95±0.34
30% H2O2, 80o C, 1 h 11.53± 0.48 14.26± 0.76 7.69± 0.30 12.0±0.51
Sunlight 30 minutes 42.81± 0.63 36.48± 0.94 40.96± 0.74 32.86± 0.61
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alkaline environment than piperine. Thermal degradation for both re-
sveratrol and piperine did not yield any peak indicating negligible %
degradation. The results of thermal degradation suggest that, heating
does not affect the stability behavior of both drugs as they have high
melting points. Hence, both drugs were found to be stable in thermal
degradation analysis. In 30% of H2O2 degradation study, small peroxide
peak was observed at 2.3min. In this condition, resveratrol slowly
oxidizes with 7.69% degradation whereas piperine degradation was
found to be 12.0%. In photolytic controlled stress condition, when both
the drugs were exposed to direct sunlight for 30min, resveratrol and
piperine were degraded up to 40.96% and 32.86%, respectively. Under
photolytic degradation condition resveratrol was found to be unstable
in exposed sunlight where it converts into cis-resveratrol form which is
isomer form of trans-resveratrol. As dilute solution of piperine is highly
photosensitive, hence when piperine exposed to direct sunlight, it is
prone to degradation for which two distinguishable degradation peaks
were observed.

Under all circumstances, the integrity of peaks was maintained with
no change in the retention time of the drugs (Fig. 5).

4. Conclusion

A novel RP-HPLC method was strategically developed for simulta-
neous quantification of piperine and resveratrol in newly-designed cu-
bosome nanoformulation and spiked human plasma. The developed
method, as per ICH guidelines was validated for different parameters

which were within the acceptable limits and observed to be easy, fast,
more sensitive, and efficient. The developed method has been im-
provised and economical with the use of an isosbestic point, for the
analysis of resveratrol and piperine having different wavelengths. The
developed method demonstrated excellent accuracy, precision, and
linearity with low LOD and LOQ values. It also presents well resolved
peaks and adequate quantification of both the encapsulated drugs
without any interference of excipients in cubosome nanoparticles. The
developed method was also validated in human plasma for different
parameters, which were within the acceptable limits. It was concluded
from forced degradation study that resveratrol and piperine were stable
against acidic, alkaline, oxidative and at higher temperature conditions.
But both were observed to be susceptible to degradation in photolytic
conditions. Hence, this developed RP-HPLC method is useful for regular
estimation of piperine and resveratrol in any type of formulation.

Declaration of Competing Interest

The authors declare no conflict of interests.

Acknowledgements

The authors acknowledge Dr. Prabhakar Kore Basic Science
Research Center (BSRC), KLE Academy of Higher Education and
Research and Regional Medical Research Centre – Indian Council of
Medical Research (ICMR-NITM), Belagavi for providing the facility to

Fig. 5. HPLC chromatograms of resveratrol and piperine in forced degradation study under normal, acid (A), alkaline (B), thermal (C), oxidative (D) and photolytic
(E) stress conditions.

B. Kurangi, et al. Journal of Chromatography B 1122–1123 (2019) 39–48

47



perform the research study. We would like to thank Sami Labs Ltd,
Bangalore, Mohini Organics Pvt Ltd, Mumbai and BASF, Mumbai for
providing the samples of the requisite materials as gifts.

This research did not receive any specific grant from funding
agencies in the public, commercial, or not-for-profit sectors.

References

[1] C.A. Lastra, I. Villegas, Resveratrol as an antioxidant and pro-oxidant agent: me-
chanisms and clinical implications, Biochem. Soc. Trans. 35 (2007) 1156–1160,
https://doi.org/10.1042/BST0351156.

[2] C.K. Singh, J. George, N. Ahmad, Resveratrol-based combinatorial strategies for
cancer management, Ann. N. Y. Acad. Sci. 1290 (2013) 113–121, https://doi.org/
10.1111/nyas.12160.

[3] B.K. Kurangi, S.S. Jalalpure, Review of selected herbal phytoconstituents for po-
tential melanoma treatment, Indian J. Health Sci. Biomed. Res. 11 (2018) 3–11,
https://doi.org/10.4103/kleuhsj.kleuhsj_319_17.

[4] E.S. Sunila, G. Kuttan, Immunomodulatory and antitumor activity of Piper longum
Linn. and piperine, J. Ethnopharmacol. 90 (2004) 339–346, https://doi.org/10.
1016/j.jep.2003.10.016.

[5] J.J. Johnson, M. Nihal, I.A. Siddiqui, C.O. Scarlett, H.H. Bailey, H. Mukhtar,
N. Ahmad, Enhancing the bioavailability of resveratrol by combining it with pi-
perine, Mol. Nutr. Food Res. 55 (2011) 1169–1176, https://doi.org/10.1002/mnfr.
201100117.

[6] E.L. Wightman, J.L. Reay, C.F. Haskell, G. Williamson, T.P. Dew, D.O. Kennedy,
Effects of resveratrol alone or in combination with piperine on cerebral blood flow
parameters and cognitive performance in human subjects: a randomized, double-
blind, placebo-controlled, cross-over investigation, Br. J. Nutr. 112 (2014)
203–213, https://doi.org/10.1017/S0007114514000737.

[7] J.K. Tak, J.H. Lee, J.W. Park, Resveratrol and piperine enhance radiosensitivity of
tumor cells, BMB Rep. (2011) 242–246, https://doi.org/10.5483/BMBRep.2012.
45.4.242.

[8] W. Huang, Z. Chen, Q. Wang, M. Lin, S. Wu, Q. Yan, F. Wu, X. Yu, X. Xie, G. Li,
Y. Xu, J. Pan, Piperine potentiates the antidepressant-like effect of trans-resveratrol:
involvement of monoaminergic system, Metab. Brain Dis. 28 (2013) 585–595,
https://doi.org/10.1007/s11011-013-9426-y.

[9] J. Jasoliya, A. Jani, Method development and validation of RP-HPLC method for
simultaneous estimation of resveratrol and piperine in combined capsule dosage
form, World J. Pharm. Pharm. Sci. 3 (2014) 1096–1107.

[10] Y. Qu, J.H. Li, C. Zhang, C.X. Li, H.J. Dong, C.S. Wang, R. Zeng, X.H. Chen, Content
determination of twelve major components in Tibetan medicine Zuozhu Daxi by
UPLC, Zhongguo Zhongyao Zazhi 40 (2015) 1825–1830, https://doi.org/10.4268/
cjcmm20150938.

[11] S. Kumar, V. Lather, D. Pandita, Stability indicating simplified HPLC method for
simultaneous analysis of resveratrol and quercetin in nanoparticles and human
plasma, Food Chem. 197 (2016) 959–964, https://doi.org/10.1016/j.foodchem.
2015.11.078.

[12] H.M. Lotfy, S.S. Saleh, N.Y. Hassan, H.A. Salem, Comparative study of novel

spectrophotometric methods based on isosbestic points; application on a pharma-
ceutical ternary mixture, Spectrochim. Acta A 126 (2014) 112–121, https://doi.
org/10.1016/j.saa.2014.01.130.

[13] M. Ahirrao, S. Shrotriya, In vitro and in vivo evaluation of cubosomal in situ nasal
gel containing resveratrol for brain targeting, Drug Dev. Ind. Pharm. 43 (2017)
1686–1693, https://doi.org/10.1080/03639045.2017.1338721.

[14] K. Jadhav, S. Deore, D. Dhamecha, S. Jagwani, S. Jalalpure, R. Bohara,
Phytosynthesis of silver nanoparticles: characterization, biocompatibility studies,
and anticancer activity, ACS Biomater. Sci. Eng. 4 (2018) 892–899, https://doi.org/
10.1021/acsbiomaterials.7b00707.

[15] X. Jin, Z.H. Zhang, E. Sun, X.B. Tan, S.L. Li, X.D. Cheng, M. You, X.B. Jia, Enhanced
oral absorption of 20(S)-protopanaxadiol by self-assembled liquid crystalline na-
noparticles containing piperine: in vitro and in vivo studies, Int. J. Nanomedicine 8
(2013) 641–652, https://doi.org/10.2147/IJN.S38203.

[16] K. Jadhav, H.R. Rajeshwari, S. Deshpande, S. Jagwani, D. Dhamecha, S. Jalalpure,
K. Subburayan, D. Baheti, Phytosynthesis of gold nanoparticles: characterization,
biocompatibility, and evaluation of its osteoinductive potential for application in
implant dentistry, Mater. Sci. Eng. C 93 (2018) 664–670, https://doi.org/10.1016/
j.msec.2018.08.028.

[17] D. Pandita, S. Kumar, N. Poonia, V. Lather, Solid lipid nanoparticles enhance oral
bioavailability of resveratrol, a natural polyphenol, Food Res. Int. 62 (2014)
1165–1174, https://doi.org/10.1016/j.foodres.2014.05.059.

[18] A. Katsagonis, J. Atta-Politou, M.A. Koupparis, HPLC method with UV detection for
the determination of trans-resveratrol in plasma, J. Liq. Chromatogr. Relat. Technol.
28 (2005) 1393–1405, https://doi.org/10.1081/JLC-200054884.

[19] International Council for Harmonisation of Technical Requirements for
Pharmaceuticals for Human Use, Bioanalytical Method Validation M10, (2019).

[20] Guidance for Industry, Bioanalytical Method Validation, 2013, http://www.fda.
gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm,
and/or http://www.fda.gov/AnimalVeterinary/GuidanceComplianceEnforcement/
GuidanceforIndustry/default.htm

[21] M.S. Elgawisha, S.M. Mostafa, A.A. Elshanawane, Simple and rapid HPLC method
for simultaneous determination of atenolol and chlorthalidone in spiked human
plasma, SPJ 19 (2011) 43–49, https://doi.org/10.1016/j.jsps.2010.10.003.

[22] Q1A(R2), ICH Stability Testing of New Drug Substances and Products, International
Conference on Harmonization. Geneva, 2003.

[23] R. Pangeni, J. Ali, G. Mustafa, S. Sharma, S. Baboota, Design expert-supported
development and validation of stability indicating high-performance liquid chro-
matography (hplc) method for determination of resveratrol in bulk drug and
pharmaceutical formulation, Int. J. Pharm. Sci. Res. 6 (2015) 5115–5125 https://
doi.org/10.13040/IJPSR.0975-8232.6(12).5115-25.

[24] M.R. Peram, S.S. Jalalpure, S.A. Joshi, M.B. Palkar, P.V. Diwan, Single robust RP-
HPLC analytical method for quantification of curcuminoids in commercial turmeric
products, Ayurvedic medicines, and nanovesicular systems, J. Liq. Chromatogr.
Relat. Technol. 40 (2017) 487–498, https://doi.org/10.1080/10826076.2017.
1329742.

[25] D. Dhamecha, S. Jalalpure, K. Jadhav, D. Sajjan, Green synthesis of gold nano-
particles using Pterocarpus marsupium: characterization and biocompatibility stu-
dies, Part. Sci. Technol. 34 (2015) 156–164, https://doi.org/10.1080/02726351.
2015.1054972.

B. Kurangi, et al. Journal of Chromatography B 1122–1123 (2019) 39–48

48

https://doi.org/10.1042/BST0351156
https://doi.org/10.1111/nyas.12160
https://doi.org/10.1111/nyas.12160
https://doi.org/10.4103/kleuhsj.kleuhsj_319_17
https://doi.org/10.1016/j.jep.2003.10.016
https://doi.org/10.1016/j.jep.2003.10.016
https://doi.org/10.1002/mnfr.201100117
https://doi.org/10.1002/mnfr.201100117
https://doi.org/10.1017/S0007114514000737
https://doi.org/10.5483/BMBRep.2012.45.4.242
https://doi.org/10.5483/BMBRep.2012.45.4.242
https://doi.org/10.1007/s11011-013-9426-y
http://refhub.elsevier.com/S1570-0232(19)30207-7/rf0045
http://refhub.elsevier.com/S1570-0232(19)30207-7/rf0045
http://refhub.elsevier.com/S1570-0232(19)30207-7/rf0045
https://doi.org/10.4268/cjcmm20150938
https://doi.org/10.4268/cjcmm20150938
https://doi.org/10.1016/j.foodchem.2015.11.078
https://doi.org/10.1016/j.foodchem.2015.11.078
https://doi.org/10.1016/j.saa.2014.01.130
https://doi.org/10.1016/j.saa.2014.01.130
https://doi.org/10.1080/03639045.2017.1338721
https://doi.org/10.1021/acsbiomaterials.7b00707
https://doi.org/10.1021/acsbiomaterials.7b00707
https://doi.org/10.2147/IJN.S38203
https://doi.org/10.1016/j.msec.2018.08.028
https://doi.org/10.1016/j.msec.2018.08.028
https://doi.org/10.1016/j.foodres.2014.05.059
https://doi.org/10.1081/JLC-200054884
http://refhub.elsevier.com/S1570-0232(19)30207-7/rf0095
http://refhub.elsevier.com/S1570-0232(19)30207-7/rf0095
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://www.fda.gov/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/default.htm
http://www.fda.gov/AnimalVeterinary/GuidanceComplianceEnforcement/GuidanceforIndustry/default.htm
http://www.fda.gov/AnimalVeterinary/GuidanceComplianceEnforcement/GuidanceforIndustry/default.htm
https://doi.org/10.1016/j.jsps.2010.10.003
https://doi.org/10.13040/IJPSR.0975-8232.6(12).5115-25
https://doi.org/10.13040/IJPSR.0975-8232.6(12).5115-25
https://doi.org/10.1080/10826076.2017.1329742
https://doi.org/10.1080/10826076.2017.1329742
https://doi.org/10.1080/02726351.2015.1054972
https://doi.org/10.1080/02726351.2015.1054972


Send Orders for Reprints to reprints@benthamscience.net

Current Drug Delivery, 2021, 18, 1-13 1

1567-2018/21 $65.00+.00 © 2021  Bentham Science Publishers

RESEARCH ARTICLE

Formulation and Evaluation of Resveratrol Loaded Cubosomal Nanofor-
mulation for Topical Delivery

Bhaskar Kurangia,b, Sunil Jalalpure*, a,b and Satveer Jagwania,b

aDr. Prabhakar Kore Basic Science Research Center, KLE Academy of Higher Education and Research, Nehru Nagar,
Belagavi-590010, Karnataka, India; bKLE College of Pharmacy, Belagavi, KLE Academy of Higher Education and Re-
search, Nehru Nagar, Belagavi-590010, Karnataka, India

A R T I C L E  H I S T O R Y

Received: May 21, 2020
Revised: July 10, 2020
Accepted: July 20, 2020

DOI:
10.2174/1567201817666200902150646

Abstract:  Aim:  The aim of the study was to formulate,  characterize,  and evaluate the resvera-
trol-loaded cubosomes (RC) for topical application.

Background: Resveratrol (RV) is a nutraceutical compound with exciting pharmacological poten-
tial in different diseases, including cancers. Many studies on resveratrol have been reported for an-
ti-melanoma activity. Due to its low bioavailability,  the therapeutic activities of resveratrol are
strongly limited. Hence, an approach with nanotechnology has been made to increase its activity
through transdermal drug delivery.

Objective: To formulate, characterize, and evaluate the resveratrol-loaded cubosomes (RC). To
evaluate resveratrol-loaded cubosomal gel (RC-Gel) for its topical application.

Methods: RC was formulated by homogenization technique and optimized using a 2-factor 3-level
factorial design. Formulated RCs were characterized for particle size, zeta potential, and entrap-
ment efficiency. Optimized RC was evaluated for in vitro release and stability study. Optimized
RC was further formulated into cubosomal gel (RC-Gel) using carbopol and evaluated for drug
permeation and deposition. Furthermore, developed RC-Gel was evaluated for its topical applica-
tion using skin irritancy, toxicity, and in vivo local bioavailability studies.

Results: The optimized RC indicated cubic-shaped structure with mean particle size, entrapment ef-
ficiency, and zeta potential were 113±2.36 nm, 85.07 ± 0.91%, and -27.40 ± 1.40 mV, respective-
ly. In vitro drug release of optimized RC demonstrated biphasic drug release with the diffusion-con-
trolled release of resveratrol (RV) (87.20 ± 3.91%). The RC-Gel demonstrated better drug permea-
tion and deposition in mice skin layers. The composition of RC-Gel has been proved non-irritant to
mice skin. In vivo local bioavailability study depicted the good potential of RC-Gel for skin local-
ization.

Conclusion: The RC nanoformulation proposes a promising drug delivery system for melanoma
treatment simply through topical application.

Keywords: melanoma, cubosome, resveratrol, factorial design, cubosomal gel, local bioavailability.

1. INTRODUCTION
Melanoma is a malignant tumor originating from melano-

cytes  (especially  involving  the  skin)  and  is  the  most  fatal
kind of skin cancer. The death rate associated with melano-
ma is 90% which can also be related to cutaneous tumors.
Globally, there is a 2-7% increase in the incidence rate annu-
ally [1, 2].  Nowadays,  the  treatments  recommended  for
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ence  Research  Center,  and  KLE  College  of  Pharmacy,  Belagavi,  KLE
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E-mail: jalalpuresunil@rediffmail.com

melanoma  are  surgery,  chemotherapy,  immunotherapy,  or
the combination of the two. Although the current chemother-
apies  have  their  advantages,  they  are  either  not  effective
enough or can cause severe adverse effects and assist in de-
veloping  multi-drug  resistance.  The  results  of  randomized
clinical  trials  reported to date  show that  no single drug or
combination  of  therapies  is  superior  to  the  existing  drugs
[3]. Therefore, there is a need for herbal drugs which can of-
fer better efficacy over existing chemotherapy for melanoma
treatment.

Phytoconstituents  such  as  carotenoids,  flavonoids,  and
terpenoids have high anti-cancer potential and can be used
for the treatment of melanoma [4-6]. Resveratrol (RV) is a

http://dx.doi.org/10.2174/1567201817666200902150646
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nutraceutical which has pharmacological potential  and be-
cause of this recently attracted a lot of research attention. It
is  a  phytoalexin  compound  found  in  many  plants  such  as
grapes, peanuts, berries, etc. RV has been found as an anti--
cancer agent [7]. Many studies of RV have been reported for
anti-melanoma activity like in doxorubicin resistant murine
melanoma  cells,  the  activity  of  resveratrol  has  been  ob-
served by inducing apoptosis  and inhibiting the growth of
melanoma tumors in mice [8]. In contrast, in another study,
it was demonstrated that RV in combination with temozolo-
mide has shown cytotoxicity against melanoma cells [9]. In
addition to this, RV also performed a role as a radiation sen-
sitizer in the treatment of melanoma [10] and apoptosis in-
ducer and growth inhibitor for human melanoma cells [11].
Due to its poor bioavailability the in vivo anti-cancer activity
of RV is strongly reduced [12]. Hence the approach is to be
made to increase its bioavailability using either bioenhancer
or nanotechnology. The effective management of melanoma
using  RV  is  obtained  through  maximizing  its  permeation
and localization to form a depot at melanocytes. Such effec-
tive treatment can be achieved by the topical application RV
formulation.

Nowadays, an increase in drugs delivery through trans-
dermal route has been achieved with novel nanostructured
liquid crystalline dispersion systems such as cubosomes. Cu-
bosomes  are  colloidal  dispersion  of  bicontinuous  cubic
liquid-crystalline structures in water developed using suit-
able surfactants in nanostructured systems. They provide a
number of benefits over the traditional transdermal formula-
tions owing to their unique properties like biocompatible na-
ture, the capability to encapsulate all hydrophilic, lipophilic,
and amphiphilic drugs, thermodynamic stability, simplicity,
non-allergic, non-irritating, and non-toxic nature which has
potential for controlled drug release. More importantly, th-
ese  nano-cubic  structures  enhance  the  drug  penetration  in
deep layers of the skin and increase their cell uptake capaci-
ty [13]. Cubosomes have a transdermal effect which might
be due to their structural organization being similar to that
of biomembranes [14-16].

Various  innovative  nano-drug  delivery  systems  [lipid
based nanoparticles like solid lipid nanoparticles, poly(lac-
tic-co-glycolic acid) nanoparticles, niosomes, nanocapsules
of  RV]  have  been  used  in  different  treatment  therapies
[16-20]. Very few works of literature have reported where
RV has been targeted to brain, liver, skin using cubosome as
a nano-carrier system [21-24]. But, to date the application of
RV loaded cubosomes (RC) as a novel nanostructured liquid
crystalline dispersion system through transdermal  applica-
tion has not been reported.

Therefore, in the present study, we formulated and char-
acterized RC nanoformulation for transdermal application in
order  to  target  melanoma.  Furthermore,  the  optimized  RC
was used to  formulate  the  cubosomal  gel  (RC-Gel)  which
was  investigated  for  in  vivo  local  bioavailability  and  skin
toxicity in Swiss albino mice.

2. MATERIALS AND METHODS

2.1. Materials
RV (98%) was provided by Sami Labs Ltd., Bangalore,

India.  Glyceryl  monooleate (GMO) was obtained as a  gift
sample from Mohini Organics Pvt. Ltd., Mumbai. Pluronic
F-127 (PF-127) was purchased from Sigma Aldrich, USA.
HPLC-grade Acetonitrile (ACN), methanol and ortho phos-
phoric  acid  (OPA)  were  procured  from  Merck  and  Fisher
Scientific, Mumbai, India.

2.2. Preparation of RV-loaded Cubosome (RC)
RC  was  prepared  by  using  the  top-down  method.  The

fragmentation techniques were used to formulate cubosomes
using high speed homogenizer followed by probe sonicator
[24,  25].  Briefly,  PF-127  and  GMO  were  liquefied  in  se-
parate containers on a magnetic stirrer at 65°C. RV (0.1%
w/v) was added in melted GMO and mixed with liquefied
PF-127 solution.  This  mixture  was  then added in  a  drop--
wise manner to preheated water with constant stirring on a
magnetic stirrer [26]. Homogenization (IKA T25 digital Ul-
tra  Turax,  Germany)  was  performed at  15,000 rpm for  15
min to form a fine dispersion and thereafter, probe sonicated
(RivoTEK,  Mumbai)  for  5  min  to  form  RC  nanoformula-
tion.

2.3. Experimental Design and Chromatographic Condi-
tions of the Study

2.3.1. Experimental Design of the Study

A 2-factor 3-level (32) factorial design was utilized to op-
timize  the  RC  wherein  concentrations  of  GMO  (X1)  and
PF-127 (X2) were selected as independent variables and par-
ticle size (PS, Y1), and entrapment efficiency (EE, Y2) were
selected as  the  response variables.  Optimization was done
with  the  help  of  Design-Expert  software  (Version  7.0.0,
Stat- Ease Inc., MN, USA). Table 1 illustrates the different
variables and levels used in RC nanoformulation.

Table 1. Independent and dependent variables utilized in 32 fac-
torial design for the RC nanoformulation.

Coded level -1 (low) 0 (medium) +1 (high)

Independent variables

X1- Lipid (%w/w) 3 5 7

X2- Stabilizer (%w/w) 0.5 1 1.5

Dependent variables

Y1– Particle size Minimize

Y2- Entrapment efficiency Maximize

2.3.2. Chromatographic conditions for RV
HPLC (Shimadzu HPLC prominence system, LC-20AD,

Japan) was performed to estimate the RV concentration at
306 nm as previously reported by Kurangi, Jalalpure, Jag-
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wani 2019 [27].  Briefly,  samples analysis were performed
by using Luna C18 column (4.6 × 250 mm, particle size 5
μm, Phenomenex, USA), eluted with a mobile phase consist-
ing  of  acetonitrile:  phosphate  buffer  (ACN:PBS;  pH  6,
55:45 v/v) and keeping the flow rate at 1 ml/min with 35 °C
column  temperature.  The  HPLC  method,  thus  developed
was  further  used  for  the  analysis  of  cubosomes  and  other
samples.

2.4. Characterization of Prepared RC

2.4.1. Physicochemical Characterization of RC
The  physicochemical  characterization  of  RC  was  per-

formed for the average particle size, their distribution (PDI),
and zeta potential (ZP) values as per the standard protocol
using dynamic light scattering (DLS), and M3-phase analy-
sis  light  scattering  (PALS)  techniques,  respectively,  using
Zetasizer Nano ZS90 (Malvern Instruments, Malvern, Unit-
ed Kingdom) [28, 29].

The fourier-transform infra red (FTIR) spectroscopy (IR
Affinity-1S,  Shimadzu,  Japan),  differential  scanning
calorimetry (DSC, DSC-60, Shimadzu, Kyoto, Japan), and
X-ray  diffraction  (XRD,  Xpert  MPD,  Philips  Holland)  of
pure  RV  and  RC  nanoformulation  were  performed  using
standard protocols to provide information about drug-excipi-
ents compatibility, thermal behavior, and crystalline proper-
ties. Furthermore, the pH value and rheological properties of
RC were also determined as per the standard procedure us-
ing digital pH meter (CyberScan pH 510, Eutech instrument-
s) and Brookfield viscometer (CAP 2000+, Brookfield Engi-
neering Laboratories, MA, USA) [30-32].

2.4.1.1. Entrapment Efficiency (EE)
The cubosome dispersion samples were centrifuged (Ep-

pendorf  laboratory  centrifuge,  5424R,  Germany)  at  15000
rpm for 30 min [24, 30]. The supernatant liquid was collect-
ed, diluted appropriately and analyzed by using the devel-
oped HPLC method [27].  The percent EE was determined
as:

----(1)
A- Total amount of RV added in cubosome dispersion,

and B - amount of RV in supernatant

2.4.1.2. Transmission Electron Microscopy
The morphology of RC was observed by high resolution

TEM (Jeol/JEM, 2100). A drop of diluted RC was placed on
a 200-mesh carbon coated copper grid and stained with 2%
w/v phosphotungstic acid solution for 2 min. The grid was
air-dried and observed under TEM (200kV and 40,000X) to
get images along with a randomly selected area electron dif-
fraction (SAED) [33, 34].

2.4.2. In vitro RV Release from RC
In vitro RV release from optimized RC was determined

by using a dynamic dialysis method (USP II method) [35,

36]. The drug release study was done by using a tablet disso-
lution testing apparatus (Electrolab,  EDT-08LX) equipped
with low volume conversion kit  (EDT-08L/08L x 150 ml,
Supplementary  Fig.  1)  which  was  specifically  utilized  for
nanoformulation.  Briefly,  RC nanoformulation (5  ml)  was
transferred to a dialysis bag, which was immersed into a 100
ml of PBS (pH 6.8) containing tween 80 (1.5%). The temper-
ature of  dissolution medium was kept  at  37±0.5 oC with a
stirring  speed  of  50  rpm.  The  aliquots  (1  ml)  were  with-
drawn at specific time intervals. The withdrawn aliquots of
the drug release medium were replaced with same volume of
fresh buffer to maintain the sink condition. Concentrations
of RV released in the dissolution medium were determined
by  using  HPLC method,  as  specified  above.  The  drug  re-
lease  mechanism  from  cubosome  formulation  was  deter-
mined  by  using  different  drug  release  kinetic  models  [24,
37, 38].

2.5.  Formulation  and  Characterization  of  Cubosomal
Gel (RC-Gel)

For better skin applicability, the optimized RC was for-
mulated as RC-Gel using Carbopol [39].  The RC-Gel was
prepared by directly incorporating carbopol (1% w/v) into
the optimized batch of RC with constant stirring on a mag-
netic stirrer for 4 h. Resveratrol gel (RV-Gel) was formulat-
ed  to  compare  with  RC-Gel.  The  gel  thus  obtained  was
checked visually  for  its  color,  homogeneity,  spreadability,
and analyzed for its pH and viscosity [40]. The drug content
of the gel was determined by dissolving weighed an accurate
quantity of RC-Gel (0.1 g) in 10 ml of methanol. For com-
plete solubilization of the drug, the solution was stirred at
500 rpm for 15 min and sonicated for 4 min. Finally, the so-
lution was filtered using 0.45 μm syringe filters and evaluat-
ed by HPLC after suitable dilution. The drug content was in-
dicated in terms of percentage [41, 42].

2.5.1. Ex vivo Skin Permeation and Retention Study
Ex vivo RV permeation from RC-Gel (equivalent of 0.5

mg RV) through the skin of Swiss albino mice (25 ± 5 g)
was performed using PermeGear Franz diffusion cell  with
the diffusion surface area of 1.767 cm2 and receptor cham-
ber containing methanolic PBS (pH 6.4; 50:50, 12 ml, 37.0
± 0.5 °C, and 100 rpm stirring). At specific time intervals,
the aliquots (1 ml) were withdrawn and evaluated by HPLC.
The  withdrawn aliquots  were  replaced  with  the  same vol-
ume of buffer to maintain sink conditions. The different pa-
rameters from the permeation study were estimated as fol-
lows.

--(2)

(3)

 ----------(4)
At the end of the study, after 24h, the amount of RV de-

posited within the skin was investigated. Briefly, the cut sec-
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tion of the skin was homogenized (RQT-127A, Remi, India)
with methanol and extracted for RV. The final aliquot ob-
tained was filtered (0.45 μm) and evaluated for RV content
using HPLC [43].

2.6. Stability study
In the short-term stability study, the cubosome nanofor-

mulations were placed at room temperature away from light
for 3 months and were then analyzed after 3 months by eval-
uating the mean PS, PDI,  ZP, and % EE. Sample analysis
was carried out in triplicates and the results obtained were
the average of three sample analysis [23].

2.7. In vivo evaluation of RC-Gel
Swiss  male  albino  mice  (25–30  g)  were  used  for  skin

penetration, skin irritation, and toxicity and local bioavaila-
bility measurement. The animals were housed in the cages at
the room temperature of 25 ± 3°C and relative humidity of
30–70%, under 12h light/dark cycle.

2.7.1. Skin Irritancy and Toxicity Study
A skin irritancy test was carried out to assess cubosomal

gel  compatibility  with  Swiss  albino  mice  skin  (25–30  g).
Two groups were made with three mice each. The first and
second groups received applications of the RC-Gel and mar-
keted  gel  (Flonida  5%),  respectively.  This  test  was  per-
formed  to  verify  the  skin  compatibility  of  the  cubosomal
gel. Topical dose (equivalent to 20 µg of RV) was applied to
the left ear of the mouse using medical spatula with right ear
as control. Observation was done every 7 days to check for
erythema occurrence, which indicates cutaneous vascular di-
latation. The average score obtained from the scoring scale
of each day and finally, the data interpretation was done as
per Uttley and Van Abbe (1973) scoring method [43, 44].

Acute and sub-acute toxicity were evaluated as per the
method specified by Draize, Woodard, Calvery (1944) [45,
46]. The first group was kept as sham control (no treatment),
whereas the second group served as positive control (20%
sodium lauryl sulfate (SLS) solution). The third and fourth
group has been applied with RC-Gel and marketed gel local-
ly,  respectively.  Daily  application  was  made  on  the  same
place of mice and for the development of erythema and ede-
ma; grading was done for the toxicity study at 1, 24, 48, and
72 h, on the scale of 0–4. The application of gel was contin-
ued for 28 days, after which the mice were sacrificed, and
the applied skin part was collected. Finally, it was processed
for the histopathological examination to check the toxicity
of the developed RC-Gel formulation [47].

2.7.2. In vivo Local Bioavailability Measurement Study
Swiss  male  albino mice (25–35 g)  were  used for  local

bioavailability measurement study, wherein two groups with
six  mice  each  were  used.  The  first  and  second  groups  re-
ceived topical applications of RC-Gel and simple RV-Gel,
respectively. The gel was applied once on the shaved dorsal
skin area (1cm2). After 1 day of treatment, the mice were sac-
rificed and blood was collected [48]. Plasma was collected

from the blood and further  processed to  estimate  the  drug
plasma  concentration  using  the  developed  HPLC  method
[27]. The amount of drug present on the surface of the treat-
ed  skin  was  evaluated  by  washing  it  with  ethanol  (50%)
[49]. Finally, the amount of drug that had penetrated into the
skin was also determined using the same procedure used for
the ex vivo diffusion study.

2.8. Statistical analysis
The optimization of the RCs was accomplished using De-

sign-Expert® software (Stat-Ease Inc., USA).

3. RESULTS AND DISCUSSION

3.1. Development of HPLC method for RV
HPLC study was demonstrated for RV and the retention

time was observed to be 3.30 min at 306 nm. The results of
regression analysis for a calibration curve showed a linear re-
lation (y = 77001x + 2858) over the concentration range of
250–800 ng/mL for RV. The determination coefficient (R2)
value  was  observed  to  be  >  0.999.  The  HPLC  chromato-
grams for RV and RC are as shown in supplementary Fig.
(2).

3.2. Preparation, Optimization and Characterization of
RC

RC was prepared using top down approach employing
high-speed homogenizer and probe sonicator. Since it is ob-
served  that  lipid  and  stabilizer  concentration  are  the  two
most important factors governing the performance proper-
ties of cubosome, viz., PS, and % EE. A 32 full factorial de-
sign was employed to yield an optimized formulation [50].
The factor combination and performance properties of cubo-
some formulation batches are listed in Table 2.

The results obtained in the regression analysis for depen-
dent  variables  are  summarized  in  supplementary  Table  1.
Based on the results, the quadratic model was observed as
best-fit model. The quadratic model gave high values of mul-
tiple determination coefficients (R2). The PRESS values for
the quadratic model were small compared to the other poly-
nomial models. For both response variables, the predicted R2

was in reasonable agreement with the adjusted R2 indicating
that the difference was less than 0.2.

Adequate precision, which measures the signal-to-noise
ratio, was observed to be 30.344 and 11.203 for PS and %
EE, respectively, which was >4 considered desirable (Sup-
plementary Table 1).

3.2.1. Particle Size Analysis
Nanoparticle size is one of the most important factors af-

fecting not only transdermal drug delivery but also cellular
uptake and biodistribution. Particles < 300 nm can transfer
the entrapped drug into the deep layers of the skin [51]. The
mean PS of formulated RC ranged between 89 nm and154
nm (Table 2).  Equation 6 shows the effect  of  independent
variables on the particle size of RC.
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Table 2. Observed responses from 32 factorial design of RC formulation batches.

Formulation
Batch

Independent variables Dependent variables
PDI ZP

(mV)X1 X2 X1
(%w/w) X2 (%w/w) Y1 (nm) Y2 (%)

RC1 -1 -1 3 0.5 125 ±4.22 62.39 ±0.57 0.11 ±0.05 -18.57 ±1.35
RC2 -1 0 3 1 101 ±5.36 69.30 ±0.84 0.19 ±0.07 -20.33 ±0.70
RC3 -1 +1 3 1.5 89 ±3.28 81.40 ±0.96 0.23 ±0.09 -18.65±0.74
RC4 0 -1 5 0.5 126 ±6.84 74.47 ±1.27 0.25 ±0.07 -28.10 ±0.50
RC5 0 0 5 1 113 ±2.36 85.07 ±0.91 0.18 ±0.12 -27.40 ±1.40
RC6 0 +1 5 1.5 98 ±7.19 81.31 ±0.63 0.22 ±0.11 -27.03 ±1.95
RC7 +1 -1 7 0.5 154 ±6.51 43.22 ±0.72 0.20 ±0.10 -40.27±1.56
RC8 +1 0 7 1 139 ±8.85 44.38±0.54 0.16 ±0.04 -28.40±0.61
RC9 +1 +1 7 1.5 127 ±7.10 52.07±0.80 0.26 ±0.12 -21.50 ±1.51

mean ± SD (n=3), RC- Resveratrol loaded cubosome, X1 – Glyceryl Monooleate [GMO] (% w/w), X2 – Pluronic F127 (%w/w), Y2 - Entrapment efficiency (%), Y1 - Particle size
(nm), ZP- Zeta potential (mV), PDI – Polydispersibility index.

Fig. (1). 2D-contour (A, C), 3D-Response surface (B, D) displaying the effect of Glyceryl monooleate (GMO) and Pluronic F-127 (PF-127)
on particle size, and EE of Resveratrol loaded cubosome (RC). GMO concentration was directly proportional to particle size whereas inverse-
ly proportional to % EE. The PF-127 concentrations have a reverse effect on the particle size and % EE, that of GMO.

PS =+110.89 +17.50 X1 -15.17 X2 + 2.25 X1 X2 + 10.17
X1

2 + 2.17X2
2------- (6)

Where PS is particle size, X1 and X2 is GMO and PF-127
concentration (%w/w), respectively.

The effect of GMO (X1) and PF-127 (X2) on the particle
size is illustrated in Fig. 1A and 1B.

The results indicate that the GMO concentration was di-
rectly proportional to the particle size whereas PF-127 con-
centration was inversely correlated with it.  As the PF-127
concentration  decreased  in  the  formulations,  cubosomes
with larger particle size were formed. This happens because
lesser amount of stabilizer causes reduced interfacial stabili-
ty and leads to nanoparticles aggregation [52].
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3.2.2. Analysis of entrapment efficiency (EE)
EE is an important parameter used to determine drug de-

livery capability of cubosome nanoformulation. The EE for
all cubosome nanoparticles was found to be in the range of
43.22 -  85.07% as shown in Table 2  and Fig.  1C  and 1D.
Equation 7 shows the effect of independent variables on the
EE of RC.

EE =+80.22 -12.33 X1 +5.67 X2 - 2.25 X1 X2 – 21.33 X1
2

– 0.33X2
2………….. (7)

Where EE is Entrapment efficiency, X1 and X2 are GMO
and PF-127 concentration (% w/w) respectively.

The effect of GMO (X1) and PF-127 (X2) on the EE is il-
lustrated  in  Fig.  1C  and  1D.  The  results  indicate  that  the
PF-127 concentration was directly proportional to the % EE
whereas GMO concentration was inversely proportional to
it.

The results demonstrated that EE rises with an increase
in PF-127 concentrations. This might be due to the presence
of  PF-127  over  the  cubosome  structures  which  can  retain
some amount of RV by which EE can be increased.

3.2.3. Selection of Optimized Cubosome Nanoformulation
Based  on  the  results  obtained  for  dependent  variables,

RC5 batch having the concentrations of GMO (5% w/w) and
PF-127  (1%  w/w)  was  selected  for  further  evaluation
studies, as it had maximum EE (85.07%) with small particle
size (113 nm).

3.3. Characterization of Cubosomes

3.3.1. PDI and Zeta Potential
The  PDI  of  all  prepared  RC  nanoparticles  ranged  be-

tween 0.11 and 0.26, indicating narrow homogeneous parti-
cle size distribution (Table 2).

ZP  was  studied  to  determine  the  charge  on  cubosome
nanoparticle surface which can affect the physical stability
and  skin  permeation  of  cubosome  nanoformulation.  The
high ZP values provide long-term physical stability to cubo-
some nanoformulation, as it prevents similarly charged parti-
cles aggregation due to the electric repulsion [53].

The ZP values of RC ranged from -18.57 to -40.27 mV
(Table 2). The negative charge may be because of the GMO
containing free fatty acid [54]. In addition to that, the interac-
tion between hydroxyl ions of PF-127 with the water caused
more negative  charge to  the  cubosome nanoparticles  [55].
As  the  literature  reports  more  permeability  for  negative
charged particles, hence cubosome nanoparticles can easily
permeate through the skin by transdermal application [56].

3.3.2. FTIR spectrum analysis
The  surface  structure  of  the  RC  nanoparticles  was  in-

vestigated by FTIR analysis. The infrared spectrum of RV,
GMO,  PF-127,  and  RC  are  shown  in  Supplementary  Fig.

(3).  The  FTIR  peak  values  of  RV  were  displayed  at
wavenumbers  3300,  1512,  and  1456  cm-1,  for  –OH,  and
C=C functional groups. The FTIR spectra of the RC exhibit-
ed  all  but  negligible  distinguishing  peaks  of  Resveratrol
(RV)  and  the  major  characteristic  peaks  of  GMO,  and
PF-127, representing the absence of any interaction between
the RV and other excipients, which suggests their compatibil-
ity with each other.

Fig.  (2).  High resolution-transmission electron microscopy (HR-
TEM) imaging (A and B), and random selected area electron dif-
fraction (SAED) pattern (C) of Resveratrol loaded cubosome (RC)
nanoparticles.

3.3.3. TEM Analysis
The cubosome particles  appeared  to  be  cubic  and  uni-

form with smooth surface and less curvature (Figs. 2A and
B). The scattered particles were in the nano range and well
separated from each other. The brightness around the cubic
border structure indicates self-assembled lipid bilayer struc-
ture. The SAED showed brightness surrounding the central-
ly placed lid, indicating the crystalline nature of the cubo-
some nanoparticles (Fig. 2C).

3.3.4. DSC Analysis
DSC is a rapid and reliable method for estimating drug-

excipients interactions and revealing the polymorphic modi-
fications. The DSC curves of pure RV, GMO, PF-127 and
optimized-RC are shown in Fig. (3).

Fig.  (3).  DSC thermogram of  Resveratrol  [RV] (A),  Resveratrol
loaded cubosome [RC] (B), Glyceryl monooleate [GMO] (C), and
Pluronic F-127 [PF-127] (D).
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Fig. (4). The crystallanity and physical state of the resveratrol loaded cubosome (RC) was determined and confirmed by X-Ray Diffraction
(XRD) spectras of (A) Resveratrol [RV], (B) Resveratrol loaded cubosome [RC], and (C) Blank Cubosome [BC] (C).

The DSC thermogram of RC (B) demonstrated that RV
was  completely  entrapped  inside  the  cubosome nanoparti-
cles, as the sharp endothermic peak of RV (A) disappeared.

The DSC thermogram of RV (Fig. 3A) exhibited a sharp
endothermic  peak  at  269.39  °C,  which  corresponds  to  its
melting point,  and indicates  the  crystalline  nature  for  RV.
The  lipid  GMO  emphasizes  the  temperature  based  phase
transition which shows endothermic peak at 33.21 °C (Fig.
3C), whereas the stabilizer PF-127 (Fig. 3D) exhibited en-
dothermic  peak  at  59.81  °C  as  it  melted.  Mannitol  which
was  a  cryoprotectant  to  obtain  the  freeze-dried  powder  of
RC  showed  a  sharp  endothermic  peak  at  176.70  °C  (Fig.
3B).

In the DSC thermogram of optimized-RC (Fig. 3B), the
endothermic peak was detected at  160.58 °C indicated for
mannitol which was slightly shifted correspond to its melt-
ing point, because of bicontinuous layer formed inside the
cubosome structure. In the same DSC thermogram of opti-
mized-RC, the RV sharp peak had completely disappeared,
suggesting  its  transformation  to  the  non-crystalline  state.
This result suggests that the RV was molecularly entrapped
in the cubosome nanoparticles.

3.3.5. XRD Study
XRD was performed to verify the physical state of RC in

comparison to BC and pure RV (Fig. 4).
The  pure  RV  diffractogram  demonstrated  distinctive

sharp crystal peaks at diffraction angles (2θ) of 16.34, 19.14,
22.31,  and  28.24,  suggesting  its  crystalline  characteristic.
However, these high-intensity peaks of RV disappeared com-
pletely in the diffractogram of RC. Moreover, the diffracto-
gram obtained of RC has negligible difference when com-
pared  to  that  of  BC.  These  results  are  similar  to  the  DSC
finding which suggests that the RV was in non-crystalline
state and molecularly entrapped in the cubosome nanoparti-
cles.

3.3.6. pH Value Measurement and Rheological Behavior
for RC

The pH of the cubosome nanoformulation was analyzed
in order to evaluate any probable skin irritation which could

arise because of the change in the pH of skin upon in vivo ap-
plication. The pH values and viscosities of cubosome formu-
lation batches are listed in Table 3.
Table 3. pH values and viscosities of RC nanoformulations.

Formulation Code pH Viscosity (cP)
RC1 5.57 ±0.07 3.59 ±0.09
RC2 5.95 ±0.05 3.82 ±0.04
RC3 6.14 ±0.04 3.91 ±0.03
RC4 6.87 ±0.06 7.98 ±0.04
RC5 6.50 ±0.09 8.02 ±0.04
RC6 6.67 ±0.06 8.19 ±0.08
RC7 6.72 ±0.04 15.24 ±0.06
RC8 6.90 ±0.07 17.01 ±0.09
RC9 6.94 ±0.03 17.33 ±0.07

Values represent mean ± SD (n=3); Resveratrol loaded cubosome (RC)

The  pH  values  for  all  RC  batches  were  found  to  be
within the nonirritant  acceptable pH range of  5.57 to 6.94
[57, 58].

The cubosome formulations had shown the viscosity val-
ues in the ranges of 3.59 to 17.33 cP. Increasing the amount
of GMO and PF-127 in the RC nanoformulations led to the
formation of more liquid crystal-like material particles that
increased cubosome viscosity.

3.3.7. Drug Release Study
Fig. 5 indicates the release profile of RV from the opti-

mized  batch  of  RC nanoformulation  (RC5)  in  comparison
with  RV solution  in  phosphate  buffer  (pH 6.8)  containing
Tween 80.

The drug release of RV followed biphasic release pattern
with a diffusion controlled release mechanism.

Fast  and  complete  RV  release  from  aqueous  solution
was obtained in 12 h. Generally, the bicontinuous cubosome
nanoformulations  show a  biphasic  burst  release  with  a  re-
lease mechanism of diffusion from the cubic-phase matrix
structure  [59].  The  RV  drug  release  from  the  cubosome
nanoparticles was biphasic,  with an initial  burst  release of
20.52% ± 1.86 in 1 h, followed by sustained prolonged drug
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Fig. (5). (A) In vitro drug release profiles of Resveratrol [RV] from resveratrol loaded cubosome (RC) and aqueous resveratrol solution (RV
solution) (mean±SD, n=6). (B) Graph showing linear relationship between % cumulative RV release from cubosomes (RC) and aqueous solu-
tion (RV solution) vs. square root of time.

release observed up to 24 h (Fig. 5A). On the other hand, af-
ter 1 h, RV slow release was prolonged for 24 h may be due
to the bicontinuous structure of cubosome system that can as-
sist as a rate-controlling membrane matrix structure, with de-
creased  RV  release  [59].  RV,  as  a  lipophilic  drug,  has  a
strong interaction with the lipophilic part of the cubosome
led to sustained release.

To  indicate  the  diffusion-controlled  release  pattern  of
RV, the release data were plotted against square root of the
time (Fig. 5B). A linear relationship was found for both free
RV  aqueous  solutions  and  RC  with  determination  coeffi-
cients of 0.992 and 0.996, respectively, suggesting that the
diffusion is the predominant pattern of drug release [59]. Af-
ter fitting the results of dissolution study of RC with the dif-
ferent release kinetic models, the higuchi model had shown
the best fitting with the highest R2 of 0.996. Such a model
could describe the biphasic release pattern with initial burst
release followed by sustained release, with a controlled re-
lease mechanism of diffusion.

3.4. Formulation of RC-Gel
The cubosomal gel was formulated from the optimized

batch  (RC5)  of  cubosome  dispersion  (equivalent  to  0.1%
w/v of RV) by directly dispersing Carbopol (1% w/v) as gel
former.  Methyl  paraben  (0.05%)  was  incorporated  as  a
preservative  in  RC-Gel.  Visual  appearance,  spreadability,
and clarity of prepared cubosomal gel were observed for the
presence  of  any  foreign  particles.  The  developed  RC-Gel
was  observed  to  have  the  same physical  characteristics  as
that of cubosomal nanodispersion. Low viscosity and disper-
sion like properties of cubosomes in turn lead to poor patient
compliance for a number of reasons, such as short residence
time of cubosome at the site of application, difficulty in app-
lying an effective dose, loss during application, leading to
poor drug retention. Hence, to overcome these problems, op-
timized-RC nanoformulation was formulated as a bioadhe-
sive gel by proper mixing with a gelling agent to form phar-
maceutically acceptable RC-Gel. Simple RV-Gel was formu-

lated in the same way by dispersing RV into Carbopol dis-
persion (1% w/v).

3.5. Characterization of Cubosomal Gel (RC-Gel)
Different parameters of the RV-Gel and RC-Gel were as-

sessed,  and  the  results  are  mentioned  in  supplementary
Table 2. Both the prepared gels were found to be white, vis-
cous creamy formulations with a smooth and homogenous
appearance, and the pH was noted to be 6.93 and 4.15 for
the RC-Gel and RV-Gel, respectively. RV-Gel has a slightly
acidic pH compared to RC-Gel, due to the Carbopol content
which can decrease the pH of the RV-Gel, whereas, in addi-
tion to Carbopol, the GMO and PF-127 may stabilize the pH
of RC-Gel. The viscosity of the gel formulation was deter-
mined by using Brookfield viscometer, which was found to
be 136 and 100 cP for RV- and RC-Gel, respectively. The
drug content of the RC-Gel was 97.33% which showed that
the RC nanoparticles were uniformly and properly distribut-
ed in the gel formulation.

3.5.1. Ex vivo Skin Permeation and Retention Studies
The ex vivo skin permeation and retention of RV across

the shaved mouse skin was performed using a Franz diffu-
sion cell apparatus. The RC-Gel was compared with RV-Gel
for the cumulative amount of drug permeation (24 h), perme-
ability coefficient, transdermal flux, amount of drug deposit-
ed  and  enhancement  ratio,  and  the  results  are  depicted  in
Table 4.

The results demonstrate that cumulative amount of RV
permeated from RC-Gel and RV-Gel was 152.26 and 30.66
µg/cm2  respectively.  Permeation  flux  was  observed  to  be
3.58  µg/cm2/h  for  RC-Gel  whereas  for  the  RV-Gel  it  was
0.72  µg/cm2/h.  Furthermore,  the  permeability  coefficient
and enhancement ratio for RC-Gel (9.66 ×10-3 and 4.97, re-
spectively)  were  found  to  be  higher  than  that  of  RV-Gel
(1.94 × 10-3  and 1.0,  respectively).  The amount of RV de-
posited in the skin was 11.90 µg/cm2 for RC-Gel which was
considerably higher than that of RV-Gel.
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Table 4. Result of Ex vivo skin permeation and retention study of the RC-Gel and RV-Gel.

Gel-Formulation
Cumulative amount of drug

permeated
(µg/cm2)

Permeation flux
(J,μg/cm2/h)

Permeability Coefficient
(Kp, cm/h)

Enhancement ratio

Quantity of
drug deposited into

skin
(µg/cm2)

RC-Gel 152.26 ± 1.12 3.58 ± 0.03 9.66 ×10-3 4.97 11.90 ± 0.56

RV-Gel 30.66 ± 1.22 0.72 ± 0.03 1.94 × 10-3 1.00 8.04 ± 0.15
mean ± SD (n=3);
Resveratrol loaded cubosomal gel (RC-Gel); Resveratrol Gel (RV-Gel).

These results confirm the enhanced skin permeation of
RV from the cubosomal gel due to the physicochemical prop-
erties of the cubosomes (particle size,  surface charge) and
synergistic effect of both GMO and PF-127. The nanosized
and negatively-charged cubosome nanoparticles enhance the
permeation  of  RV through the  skin.  GMO can  disturb  the
characteristic  skin  structure  through  lipophilic  interaction
with the skin lipids [60]. The PF-127 is a non-ionic surfac-
tant, serving as penetration enhancer by skin sebum emulsifi-
cation, by which thermodynamic coefficient of the drugs can
be improved [61].

The  sustained  RV  diffusion  release  was  achieved
through the skin due to the formation of a depot by cubo-
some nanoparticles in the lipid portion of stratum corneum.
This may be due to the similarity between the structure of cu-
bosome nanoparticles and the stratum corneum [62].

3.6. Stability Study
The  optimized  cubosome  dispersion  samples  were

studied for stability, following storage for 3 months at room
temperature. They were characterized for the PS, PDI, ZP,
EE, and % drug release. The results are summarized in sup-
plementary Table 3. There were insignificant changes in the
results as compared to freshly prepared formulation (0 mon-
th). The GMO maintains the integrity of the cubosome and
PF-127 stabilizes this nanoformulation due to which cubo-
somes  can  be  considered  as  thermodynamically  stable,
suggesting that cubosome formulations were stable at room
temperature storage conditions.

3.7. In vivo Evaluation of RV Loaded Cubosomes

3.7.1. Skin Irritancy and Toxicity Study
The  skin  irritancy  test  was  performed  for  RC-Gel  and

marketed gel as per by Uttley and Van Abbe test [44]. It was
observed that the mean score of skin irritancy for the RC-
Gel and marketed gel was 6.43 and 7.14, respectively (Table
5).
Table 5. Scores of skin irritancy study for RC-gel and Market-
ed gel as per Uttley and Van Abbe method

Formulation
Score after (day) Mean score

values1 2 3 4 5 6 7
RC-Gel 6 7 6 8 6 6 6 6.43

Marketed gel 6 6 6 8 8 8 8 7.14
(n=3); Resveratrol loaded cubosomal gel (RC-Gel)

The study demonstrated non-irritant property of the de-
veloped cubosomal gel, as the values were between 0 and 9,
probably due to RV entrapped inside the cubosome nanopar-
ticles. Upon its release from the nanoparticles, it will cause
irritation to the skin.

The Draize test was used to perform acute and 28-days
sub-acute  skin  toxicity  study  of  RC-gel  and  marketed  gel
(Table 6).

Table 6. Score obtained after application of formulation for the
skin irritation study (Draize method).

Formulation Erythema Edema

1h 24h 48h 72h 1h 24h 48h 72h

Normal control 0 0 0 0 0 0 0 0

RC-GEL 0 0 0.67 0.67 0 0 0 0

Marketed gel 0 0 0.67 0.67 0 0 0 0

20% SLS 0 0.67 2 2.33 0 1.67 2.33 3
(n=3); Resveratrol loaded cubosomal gel (RC-Gel); Sodium Lauryl Sulphate (SLS)
Scores are labeled as 0 = no erythema, 1 = very slight erythema (light pink), 2 = well
defined erythema (dark pink), 3 = moderate to severe erythema (light red), 4 = severe
erythema (extreme redness). Scores are similarly labeled for edema.

The grading pattern 0-4 was used in this skin irritation
test based on the development of erythema and edema [45].
The scoring was done as follows:

0–0.9: non-irritant and safe for human skin
1–1.9: mild irritant and need of preventive measures
2–3: irritant and not safe for topical application
There  was  no  sign  of  erythema  and  edema  after  treat-

ment with cubosomal gel in the acute toxicity study. Market-
ed gel showed negligible erythema with absence of edema.
SLS (20% w/v), a positive control in this study, caused red-
dening of  skin and high irritation with moderate to severe
erythema and edema. In sub-acute toxicity study, repeated
applications  of  the  above  formulations  for  up  to  28  days
showed similar results.

Also, the skin toxicity of formulated RC-Gel and market-
ed  gel  were  estimated  by  performing  a  histopathological
analysis of the treated skin after 28 days of application [49].
Fig. (6A–D) shows the histological images of skins of nor-
mal control  group,  RC- Gel,  marketed gel,  and SLS (20%
w/v) as a positive control, respectively.
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Fig. (6). (A-D) shows the histopathological photos of hematoxylin
and eosin stained cross sections of mice skin after 28 days of appli-
cation of different formulations (Magnification- 4X).

(A) Normal control group mice skin showing the normal
structure and epidermal layer of skin. (B) Mice skin treated
with RC- Gel, and (C) marketed gel demonstrated no structu-
ral differences in the mice skin as compared to normal mice
skin. (D) Mice skin on treatment with SLS (20% w/v) as a
positive control displayed structural damage and rupture of
the epidermal layers of the skin. The results suggested that
developed topical cubosomal gel was found to be non-irri-
tant, non-toxic to mice skin.

It was seen that SLS (20% w/v) caused complete dam-
age of the epidermal layer of the skin, and necrosis, which in-
dicated the skin irritation potential of SLS (20% w/v). RC-
Gel treated skin showed a continuous epidermal layer with
negligible skin irritation potential, because of entrapment of
RV  in  the  cubosome  nanoparticles.  Marketed  gel  showed
similar  to  cubosomal  gel  in  comparison  to  normal  skin.
From the acute, sub-acute, and histopathological studies, it
can be concluded that the formulated RC- Gel was safe for
topical application.

3.7.2. In vivo Local Bioavailability Measurement Study
The applicability of developed RC- Gel for better skin

permeation and deposition was evaluated in vivo using male
Swiss albino mice. The local bioavailability was evaluated
by calculating the amount of RV deposited (penetrated), re-
maining on the skin surface (not penetrated),  and entering
the systemic circulation. The results of skin localization are
provided in Supplementary Table 4. The fraction of applied
dose that penetrated skin and which formed a depot (skin lo-
calization  index)  for  RC-  Gel  was  found  to  be  61.03%,
whereas  for  the  local  application  of  RV-Gel  it  was  only
23.87%. The fraction of applied doses that had not penetrat-
ed through but remained on the skin surface was 38.97 and
76.13% for RC- Gel and RV-Gel, respectively. After analyz-
ing  the  blood  plasma  concentration,  it  was  found  that  no
drug (from both formulations) was available in the systemic

circulation which may be because of the negligible systemic
availability. From the results of local bioavailability, it was
confirmed that RC-Gel demonstrated good skin permeation
and deposition and formed a depot as compared to RV-Gel.
The structure of the cubosome in cubosomal gel may help
maximize  drug  localization  and  penetration,  as  the  cubic
structure provides maximum surface area for targeting local-
ly and increases the therapeutic activity of RV for treating
melanoma conditions.

CONCLUSION
In the present research work, an attempt was made to im-

prove the efficacy of RV by using a novel cubosome nano-
formulation  for  topical  application.  The  optimized  cubo-
some nanoformulation (RC5) with GMO: PF-127 ratio (5:1)
showed desirable particle size of 113 nm with 85.07% EE.
The optimized RC was transferred to cubosomal gel which
showed an increased level of RV permeation and deposition
capacity. The XRD and DSC studies demonstrated success-
ful RV encapsulation in the cubosome nanoparticles. TEM
revealed  that  cubosome  nanoparticles  have  a  cubic  shape
with  crystalline  properties.  In  vitro  drug  release  for  RC
showed a biphasic burst release with a release mechanism of
diffusion controlled over 24 h. From the skin irritancy and
toxicity study, RC-Gel was proved to be nonirritant in na-
ture. In vivo local bioavailability study also demonstrated en-
hanced skin localization capability of RC-Gel as compared
to RV-Gel. Further studies using suitable in vitro and in vivo
models are required to prove the efficacy of this cubosome
formulation for melanoma treatment.
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ABSTRACT
Aim: The aim of the study was to develop and validate a simple stability indicating reverse-
phase High Performance Liquid Chromatography (RP-HPLC) method for quantitative 
analysis of piperine in Ayurvedic marketed formulation, black pepper and cubosome 
nanoformulation. Methods: The method was established by using Luna C18 HPLC column 
using a mobile phase consisting of acetonitrile: 0.01% ortho phosphoric acid (60:40, v/v; 
pH 3), delivered isocratically with flow rate of 1 mL/min and detected at 340 nm. The 
validation of chromatographic parameters and stress testing were performed in accordance 
with International Conference on Harmonization (ICH) guidelines. Results: The developed 
method was observed to be specific, linear (r2 > 0.999) over the selected range of 
concentration 0.5 to 20 μg/mL, precise (percentage relative standard deviation < 2%), 
with the detection and quantification limit as 0.015 and 0.044 μg/mL respectively. The 
relevancy of the developed method was analyzed on the piperine entrapped cubosome 
nanoformulation, which was formulated by fragmentation technique. The entrapment 
efficiency of piperine for prepared cubosome was observed to be 87.01 %. The method 
was implemented for the estimation of piperine in black pepper. The concentration of 
piperine in marketed formulation was found to be similar with the labeled concentration. 
The analyte peak was found to be complete resolved without any interference of additives 
and degrading products. Conclusion: The validated method was observed to be specific, 
sensitive and sufficient for the routine analysis of food products, marketed formulations 
and nanoparticles containing piperine.

Key words: RP-HPLC, Piperine, Cubosome, Stress degradation, Ayurvedic marketed 
formulations.

DOI: 10.5530/ijper.54.3s.168
Correspondence:
Dr. Sunil Jalalpure
Professor, KLE College 
of Pharmacy Belagavi 
and Dr. Prabhakar Kore 
Basic Science Research 
Center, KLE Academy 
of Higher Education and 
Research, Nehru Nagar, 
Belagavi-590010 Karnataka, 
INDIA.
Phone: +91 9448964057
E-mail: jalalpuresunil@
rediffmail.com

Submission Date: 28-04-2020;
Revision Date: 22-06-2020;
Accepted Date: 07-09-2020

INTRODUCTION
Black pepper is widely used as spice and 
well known for its pungent taste and aroma. 
It is categorized as Generally Recognized 
as Safe (GRAS) by the US Food and Drug 
Administration (FDA) which contains 
piperine as an active alkaloid constituent. 
Piperine found in Piper nigrum and Piper 
longum, belonging to Piperaceae family, which 
can be used as potential therapeutic agent 
for targeting various diseases. Piperine exerts 
wide range of  pharmacological activities like 
antioxidant, anti-arthritic, anti-inflammatory 
and anti-depressant. Piperine has also been 

reported for anticancer activity which can 
be exerted through its immunomodulation 
characteristics.1 Many research for piperine 
have been performed in combination with 
other phytochemicals, which have led to 
increased their bioavailability, prophylactic 
and therapeutic responses.2,3 
Since, human recognizing the use of  herbal 
medicines and homemade remedies, these 
are widely practiced for the treatment of  
different diseases and recently there is 
inclination to use herbal formulations are 
on increasing demand. This increase in 
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demand for herbal medicines or ayurvedic formulations 
unavoidably led to the issue of  obtaining and 
maintaining their quality. Hence forth, there has been 
increased care for the quality control of  herbal related 
or ayurvedic formulations. In the current investigation, 
an attempt has been performed for the analysis of  
Ayurvedic marketed formulations with special reference 
to quantitative estimation of  piperine in Trikatu Churna, 
Ajamodadi Churna and Chitrakadi Gutika.
To date, very few analytical methods are available for the 
quantification of  piperine in these Ayurvedic formulations; 
however these do not provide an easy estimation. 
Many more analytical techniques have been reported 
for the estimation of  piperine in black pepper, herbal 
formulation, plasma samples and nanoformulations.4-11 

However, the reported HPLC techniques have several 
drawbacks like high flow rates,6,9 expensive,8,9 less 
sensitive,10 multiple wavelengths,9 lack of  stability 
studies.7,8,11 Hence, the current investigation was aimed 
with to establish HPLC method for the accurate Piperine 
estimation from Ayurvedic marketed formulations.
Owing to intense first-pass metabolism, pH-mediated 
metabolism of  piperine to piperidine and sensitive 
nature of  it during formulation and storage leads 
to photoisomerization, leads to difficulty in the 
administration of  piperine and reduced its activity.12,13 
Hence, to overcome these limitations an approach with 
lipid based nanoformulation has been investigated. In 
this regard the present investigation also highlights on 
the formulation of  piperine loaded cubosome followed 
by the application of  the established method for 
piperine quantification in the formulated nanoparticles.
The present research was aimed with to establish a 
simple, rapid and stability showing RP-HPLC method 
to estimate piperine in nanoparticles, black pepper and 
Ayurvedic marketed formulations. Subsequently, stress 
degradation study under different forced or stress 
conditions were investigated to validate the established 
RP-HPLC method in the selection of  experimental 
conditions and formulation design and analysis.

MATERIALS AND METHODS
Materials
Piperine (95%) and Glyceryl monooleate (GMO) 
were received as free samples from Ms. Sami Labs 
Ltd., Bangaluru, India and Mohini Organics Pvt. Ltd. 
Mumbai, India, respectively. Black pepper, Trikatu 
churna, Ajmodadi churna and Chitrakadi gutika 
were procured from the Local Ayurvedic Pharmacy, 
Belagavi, India. Pluronic F-127 (PF-127) was purchased 
from Sigma Aldrich, USA. HPLC-grade acetonitrile 

(ACN), methanol and orthophosphoric acid (OPA) 
were procured from Merck, Mumbai, India and Fisher 
Scientific Mumbai, India. Deionized water obtained after 
filtration through Millipore Direct-Q®-3 equipment 
(Molsheim, France) was used for the analysis. 

Instrument and experimental conditions
HPLC system (LC-20AD prominence equipment, 
Shimadzu, Japan) consisting of  SPD-M20A PDA 
detector, LC- 20AD pump, a SIL-20AC HT auto 
sampler and CBM-20A communication bus module, 
operated through Shimadzu LC solution software 
(version 1.25). Luna C18 (150 × 4.6 mm i.d., 5µm) 
column provided with guard column (4 x 3.0 mm i.d.) 
of  Phenomenex, USA and 30°C of  column temperature 
were used for separation. The mobile phase consists of  
ACN: 0.01% OPA [60:40 v/v; pH 3] and pumped at a 
flow rate of  1 mL/min. The solvents were degassed and 
filtered through Millex HV® polyvinylidene fluoride 
membrane filters (0.45 μm; Millipore, Bedford, USA). 
Sample injection volume was kept 10 µL and detection 
of  piperine was done at 340 nm.

Preparation of calibration standards 
A methanolic stock solution (1 mg/mL) of  piperine was 
prepared and used for calibration standard preparations 
of  piperine in the series of  concentrations of  0.5 - 
20 µg/mL, by diluting stock with mobile phase. All 
solutions were kept in light resistant volumetric flasks to 
prevent possible photoisomerization. 

Validation of developed method
Validation of  developed method was done by using 
system suitability, linearity and limit of  detection (LOD), 
limit of  quantification (LOQ), precision, accuracy and 
stability as per ICH guidelines.14

Preparation of Cubosome nanoparticles
Piperine entrapped cubosome nanoparticles were 
formulated by using top-down method. The 
fragmentation techniques were used to formulate 
cubosomes using high speed homogenization followed 
by probe sonication method.15 Briefly, Piperine (30 
mg) and a previously optimized (refer to an upcoming 
paper) Pluronic F-127 (PF-127, 0.3 gm) and Glyceryl 
monooleate (GMO, 1.5 gm) were liquefied in separate 
container on a magnetic stirrer at 65°C. Piperine was 
added in melted GMO and was mixed with liquefied 
PF-127 solution. This mixture was then incorporated to 
water (preheated) with constant stirring. Homogenization 
(IKA T25, Germany) was performed for 15 min with 
15,000 rpm to form a fine dispersion and thereafter, 
probe sonicated (5 min; RivoTEK, Mumbai) to form 
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cubosomal nanoformulation. After 24 hr of  equilibrium, 
cubosome was further characterized for particle size, 
PDI and zeta potential by DLS (Zetasizer Nano ZS, UK). 
Entrapment efficiency of  cubosome was determined by 
centrifuging (Eppendorf  laboratory centrifuge, 5424R, 
Germany) the formulation for 15 min with 1500 rpm. 
The supernatant obtained after centrifugation process 
was processed for analyzing entrapment efficiency 
using HPLC. For the determination of  loading capacity, 
weighed accurately the cubosomes nanoparticles 
were dispersed in methanol and vortexed for 10 min. 
The drug content was then analyzed using HPLC. 
The morphology of  cubosome was observed by high 
resolution TEM (Jeol/JEM, 2100).

Method applicability for estimation of piperine in 
Black pepper and ayurvedic marketed products
Black pepper and ayurvedic marketed products 
containing piperine (Trikatu Churna, Ajamodadi Churna 
and Chitrakadi Gutika) were used for estimation of  
piperine content using developed HPLC method. Black 
pepper and Chitrakadigutika were powdered using 
mortar and pestle to obtain fine powder. The powdered 
black pepper and other ayurvedic marketed products 
weighed accurately and dissolved in methanol to obtain 
1mg/ml stock solution. The light resistant volumetric 
flasks holding above samples were sonicated for 10 min 
and filtered using a 0.45 µm syringe filter. The sample 
was finally diluted with mobile phase and estimated for 
piperine content using HPLC.

Stress degradation Assay
It is generally advisable to control the degradation 
conditions to prevent it from maximum amount of  
degradation; hence 2 hr is mostly preferred for the 
(mild-strong) stress degradation studies. In the present 
study, stress degradation assays were performed for 
2 hr as per ICH recommended stress conditions. For 
every stress degradation assay sample preparation were 
performed as a) Normal drug solution (0 h) and b) drug 
solutions subjected for degradation for 2 hr. Acid-base 
degradation studies were performed by treating piperine 
drug solution (1 mL) with 1 M HCl (1 mL) and 1 M 
NaOH (1 mL) solutions, individually in a separate light 
resistant volumetric flask. Sealing of  the flasks were 
done followed by heating (80°C) for the duration of  2 
h. Before HPLC evaluation, both the sample solutions 
were neutralized. In oxidative degradation study, drug 
solution (1 mL) was treated with hydrogen peroxide 
(30% H2O2; 1 mL), whereas in thermal degradation 
drug solution (1 mL) was treated with methanol 
(2 mL). Sealing of  the flasks containing oxidative 

and thermal degradation samples were performed, 
followed by heating (80°C) for the duration of  2 h. 
In photodegradation study, drug solution (1 mL) was 
diluted with mobile phase in transparent volumetric 
flask up to 10 mL, sealed and kept outside under the 
sunlight for 2 hr. For all above degradation studies, the 
sample solutions were appropriately diluted with mobile 
phase, filtered and processed for HPLC system.16-18

Statistical analysis
All the results of  validation and stress degradation 
studies were carried out in triplicates or six times and 
data were expressed as mean ± SD. Microsoft excel was 
used to calculate mean, standard deviation, % relative 
standard deviation (%RSD), slope and correlation 
coefficient of  the experimental data. ANOVA analysis 
was performed for the calibration curve of  piperine 
by GraphPad Prism software (GraphPad Software Inc., 
CA, USA).

RESULTS AND DISCUSSION
Method development
In the current investigation, a stability indicating 
RP-HPLC method was successfully established for 
piperine estimation in cubosome, black pepper and 
Ayurvedic marketed formulations. The established 
HPLC method was also employed to evaluate the stress 
degradation behavior of  piperine under various stress 
environments. The developed method was selected 
on the basis of  different chromatographic parameters 
namely mobile phase composition, flow rate and 
column oven temperature to get sharp and intense 
peaks. The sharpness and peak intensity was decided 
on the basis of  peak height, peak area, peak width and 
tailing if  any present. In addition to that, they obtained 
peak is considered good if  there is absence of  peak 
broadening, shoulder peak and peak splitting. Firstly, 
the results obtained from the mobile phase consisting 
ACN: water have shown less intense peak with poor 
resolution. When ACN was replaced with the methanol, 
some additional peaks were obtained with considerable 
increased resolution; less sharpness and tailing were 
observed for piperine peak. Therefore, for further 
method development, ACN and buffer such as OPA 
(0.1% v/v) were considered in the mobile phase mixture. 
It was observed from the results the concentration of  
OPA has affected the peak characteristic and other 
parameters. OPA (0.1% v/v) had given the broad 
peak with poor resolution, hence to improve the peak 
characteristics; concentration of  OPA was reduced to 
0.01% v/v. The mobile phase comprising ACN and 
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0.01% OPA (60:40 v/v; pH 3) provided sharp, intense 
and good resolved peak with 4.67 min of  retention 
time (Figure 1A). The increased flow rate caused 
tailing, whereas reduced flow rate given broadness 
and longer retention time, hence flow rate with 1 mL/
min was observed to be most suitable with all peak 
characteristics. Changes made in the oven temperature 
(20-40°C) had also shown considerable effect on the 
peak characteristics and retention time. A sharp, intense 
peak with less retention time was achieved by optimized 
oven temperature of  30°C.

Method validation 
System suitability

Suitability of  the HPLC system confirms the feasibility 
and acceptability of  the developed HPLC method. The 
results of  different system suitability parameters namely 
peak area, retention time (tR), tailing factor and plate 
count were observed to be in acceptable range (Table 1). 
The sharp and intense peak was obtained for piperine as 
shown in Figure 1A.
The data resulted from the parameters of  system 
suitability study demonstrated the method was suitable 
to perform further analysis of  piperine in different 
formulations. 

Linearity
Linearity of  the developed method is the linear relation 
between the peak areas and their correspondence 
concentrations. The regression analysis data 
demonstrated that the developed method was linear 
with the different series of  concentrations (0.5-20 
µg/mL) of  piperine, which were estimated at 340 nm 
with correlation coefficient R2 > 0.999 and suggesting 
acceptable linearity (Table 2; Figure 2). ANOVA analysis 
for piperine also proved that the regression model 
is statistically significant which predicts the outcome 
variable (P < 0.05) (Table 3). 

Limit of quantification (LOQ) and Limit of detection 
(LOD)
LOD and LOQ are the analytes is the lowest detectable 
and quantifiable concentration which gives signal to 
noise ratio of  3:1 and 10:1 respectively. At 340 nm, 
the detection and quantification limit were observed to 
be 0.015 and 0.044 µg/mL for piperine indicating the 
developed HPLC technique was sensitive to determine 
piperine concentration in cubosome nanoparticles and 
marketed products (Table 2). 

Precision
The precision is the measure of  closeness of  agreement 
between the numbers of  measurements obtained from 

numbers of  samples of  the same sample under the 
provided steps.19 Both inter-day (on three succeeding 
days) and intra-day (on the same day) analysis were 
performed at different concentrations (low, medium 
and high) and results are shown in Table 4. The values 
for percent RSD in intra-day precision and inter-day 
precision ranged between 1.20-1.78 % and 0.92-1.84 % 
respectively, which were < 2%, indicating both precision 
assays satisfies acceptance criteria and demonstrated the 
precise characteristic of  the developed method.

Accuracy
Accuracy of  developed HPLC method was indicated 
by the closeness value or percent difference between 
experimental and true value.20 Known concentrations 
of  piperine were spiked to their preanalyzed sample (2 
µg/mL) at variable levels of  concentrations (50, 100 
and 150 %). The mean percent recoveries were in the 
range of  99.04 to 101.93% for piperine (Table 5), which 
indicates that the developed method was applicable for 
extensive scale of  sample investigation.

Robustness
Robustness is the capability of  the developed method 
to remain unaltered by slight intentional changes 
in chromatographic parameters. The robustness of  
the developed HPLC technique was analyzed on the 
basis parameters like percent RSD and retention time 
obtained, after introducing intentional variations in 
the mobile phase flow rate (±0.1 mL/min), OPA 
concentration (±0.09%), mobile phase ratio (±2%) 
and oven temperature (±5°C). It was demonstrated 
that the percent RSD (<1) values and system suitability 
parameters were remain to be not affected (Table 6), 
confirming the developed HPLC method is robust. 

Cubosome characterization
In the present study, blank and piperine-loaded cubosome 
were successfully formulated by homogenizer method. 
The particle size, PDI and zeta potential for blank 
cubosome were 101 nm, 0.14 and -12.1 mV respectively, 
whereas for piperine-loaded cubosome those were 114 
nm, 0.16 and -29.8 mV respectively (Table 7). The low 

Table 1: System suitability test parameters.

Parameter
Piperine Acceptance 

criteriaMean SD
Retention time (tR, min) 4.67 0.006 -

Peak area 549279 976 -

Plate count 6523 122 > 2000

Tailing Factor 1.13 0.01 ≤ 2

Assymetry factor 1.12 0.01 ≤ 2
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PDI values represented homogeneous nature with 
uniformly dispersed particles in the cubosome.21 Zeta 
potential is an important factor in evaluating nanoparticle 
stability,22 which demonstrated from the results that the 
negative charge on the cubosome nanoparticles was 
exerted, may be due to GMO containing free fatty acids. 
It was observed from the obtained chromatogram of  
cubosome that there were absence of  interfering peaks 
of  excipients used in the cubosome formulation with 
the parent peak of  piperine, which was sharp and 
intense (Figure 1B). In the analysis of  percent EE of  
cubosome, the concentration of  piperine entrapped in 
the cubosome was evaluated by the developed analytical 
method, which was observed to be 86.31 %. The percent 
drug loading capacity was found to be 1.15 % (Table 6). 
The low drug loading value indicates that the piperine 
is preferably located in the aqueous phase rather than in 
lipid structures. 
The morphology of  the cubosome nanoparticles was 
investigated by the HR-TEM analysis. These cubosome 
particles appeared to be cubic, uniform, smooth surface 
with less curvature (Figure 3). The scattered particles 
are in the nano range and well separated from each 
other. The brightness around the cubic border structure 
indicates self-assembled lipid bilayer structure.

Analysis in black pepper and Ayurvedic marketed 
products
The established analytical method was considered in the 
determination of  piperine content in black pepper and 
commercial available Ayurvedic marketed products. 
The percent piperine content in Black pepper, Trikatu 
Churna, Ajamodadi Churna and Chitrakadi Gutika 
were found to be 98.16, 98.59, 99.20 and 98.83 % 
respectively, which was within the range of  acceptable 

as per the labeled claim. The absence of  interfering 
peaks observed for the HPLC chromatograms of  black 
pepper and other marketed formulations indicated 
that other drugs and ingredients used in the marketed 
formulations did not interfere with the parent peak 
of  piperine which demonstrated that this developed 
analytical method is applicable for routine evaluation of  
piperine in quality control laboratories (Figure 4). 

Stress degradation assays
The data obtained from the stress degradation assays 
are presented in Table 8. The method applicability was 
proved from the obtained HPLC chromatograms where 
adequate separation was seen between drug peak and 
their degrading peaks (Figure 5). 
It was observed from the acid degradation that the 
percent degradation of  piperine was 51.64 %, which 

Table 3: Results of ANOVA analysis for calibration curve of Piperine
Model SS df MS F R2 P value

Treatment (between 
columns) 16221 2 8111

2.995e+007 1.000 < 0.0001Individual (between 
rows) 3.699e+012 5 7.399e+011

Residual (random) 247036 10 24704

Total 3.699e+012 17
SS- Sum of squares; df- degree of freedom; MS- Mean square; F- Fischer statistics value; R2 – Regression coefficient; P 
value- Probability value

Table 2: Linearity parameters data.
Concentration 

range
(µg/mL)

Slope Intercept Regression 
coefficient (R2)

Limit of 
Detection 
(µg/mL)

Limit of 
Quantification 

(µg/mL)
0.5-20 65943 25272 0.999 0.015 0.044

Table 4: Intra-day and inter-day precision of piperine.
Piperine 

concentration 
(µg/mL)

Intra-day 
RSD (%)

Inter-day RSD (%)

1st Day 2nd Day 3rd Day

1 1.55 0.92 1.70 0.96

2 1.20 1.49 1.55 1.73

5 1.78 1.81 1.84 1.43
(n=3); RSD-Relative Standard Deviation. 

Table 5: Evaluation of accuracy based on percent 
Recovery of piperine.

Level of added piperine (%) Recovery (%) RSD (%)
50 99.04 1.71

100 101.93 0.72

150 100.47 1.57
(n=3); RSD-Relative Standard Deviation.
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Table 6: Results of Robustness assay.

Parameters Variation 
made tR ± S.D. RSD

(%) T.F.± S.D. RSD
(%)

Plate count ± 
S.D.

RSD
(%)

Composition of 
Mobile phase

(ACN:0.01% OPA)

60:40 4.67 ± 0.006 0.12 1.13 ± 0.01 0.88 6523 ± 122 1.87

58:42 4.65 ± 0.006 0.12 1.29 ± 0.009 0.69 6802 ± 98 1.44

62:38 4.73 ± 0.010 0.21 1.35 ± 0.008 0.59 6020 ± 102 1.69

Concentration of 
OPA

0.01% 4.67 ± 0.006 0.12 1.13 ± 0.01 0.88 6523 ± 122 1.87

0.10% 4.69 ±0.010 0.21 1.02 ± 0.006 0.58 6902 ± 64 0.92

Flow rate

1 mL /min 4.67 ± 0.006 0.12 1.13 ± 0.01 0.88 6523 ± 122 1.87

0.9 mL /min 4.89 ±0.010 0.20 1.20 ±0.010 0.83 7010 ± 52 0.74

1.1 mL /min 4.32 ±0.015 0.35 0.98 ± 0.009 0.91 6008 ± 60 0.99

Column oven 
Temperature

30°C 4.67 ± 0.006 0.12 1.13 ± 0.01 0.88 6523 ± 122 1.87

35°C 4.60 ± 0.010 0.22 1.10 ± 0.008 0.72 6320 ± 65 1.02
tR- Retention time; T.F.- Tailing factor; S.D. – Standard deviation; RSD - Relative Standard Deviation.

Table 7: Cubosome Nanoparticles Characterization.
Cubosome 
preparation

Diameter 
(nm)

Polydispersibility 
index ZP (mV) Entrapment 

Efficiency (%)
Drug 

loading (%)

BC 101 ± 9.06 0.14 ± 0.02 -12.1 ± 2.69 -- --

PC 114 ± 4.22 0.16 ± 0.10 -29.8 ± 1.20 86.31±0.67 1.15 ±0.11
n=3; Mean ± Standard Deviation (SD), ZP- Zeta potential, BC- Blank cubosome, PC- Piperine entrapped cubosome

Table 8: Results for stress degradation assay.
Stress degradation study % Drug degradation

Acidic (1 M HCl) 51.64 ± 1.24

Basic (1 M NaOH) 37.11 ± 1.71

Thermal 2.05 ± 1.08

Oxidative 32.65 ± 1.65

Photolytic (Sunlight) 74.84 ± 1.03
n=3; Mean ± Standard Deviation (SD)

shown two small insignificant degraded peaks in acid 
degradation environment. In alkaline degradation 
study, piperine was less prone to degrade at lower 
percentage (37.11 %) with one small degrading peak. 
It was observed from the acid and alkaline degradation 
studies that, piperine was more stable over the alkaline 
stress condition as compared to acid stress condition, 
as piperine more favorable in alkaline condition and 
suggesting good stability of  the developed method. 
The HPLC chromatogram obtained under thermal 
degradation study suggesting heating at 80°C for 2 
hr does not affected stability of  piperine, as the peak 
appeared exactly similar to normal peaks, absence of  
degrading peaks and negligible percent degradation. 
This might be because of  high melting temperature 
of  piperine, which doesn’t affect their stability. In 
oxidative degradation study, at the retention time 2.38 
min a peroxide peak was seen with percent degradation 
for piperine was 32.65 %. In photodegradation study 
(sunlight 2 h), piperine was almost 74.84 % was degraded. 
It was observed from the HPLC chromatogram the 
parent peak was diminishing and the degrading peaks 
were more intensely appeared. Dilute piperine solution 
more prone to photodegradation which has given 
two distinguishable degradation peaks. This might be 
because of  piperine converts to their degrading product 
piperidine. 

Under all stress degradation conditions, drugs peak 
integrity was maintained with nothing effect on the 
retention time.

Figure 1: HPLC chromatograms for piperine (A) and piperine 
entrapped in cubosome nanoparticles (B) at λmax 340 nm.
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Table 9: Comparison between previously published HPLC methods.
Sr. 
No.

Mobile phase
And flow rate

Wavelength
(nm) Column Limitations Application Ref.

Piperine

1 Methanol and water (50 : 50)
Flow rate: 2ml/min 280 and 345

A stainless-
steel µ 

Bondapak CN 
column

High flow 
rate and less 

sensitive

Rapid analysis of piperine
in pepper and non-volatile 

ether extracts.
6

2
25mM KH2PO4 (pH 4.5)–

acetonitrile (35:65)
Flow rate: 1ml/min

340 C18

Lack of stability 
study analysis in 

plasma

Analysis of piperine 
in rat plasma and 

methods applicability in 
pharmacokinetic study

7

Piperine and other drugs

5

0.1% ortho phosphoric 
acid aqueous solution and 

acetonitrile
(45:55, v/v)

Flow rate: 1.2ml/min

262 C18

Absence of 
stability study, 

expensive

Simultaneous
estimation of curcumin and 

piperine with adequate 
separation and applied for 
estimation in nanoparticles

8

6

Acetonitrile : methanol : 
trifluoroacetic

Acid : water (17.6 : 35.3 : 0.1 
: 47.0, v/v/v/v)

Flow rate : 1.2 ml/min

curcumin-415nm, 
piperine-335nm ,

b-17-estradiol
acetate-280nm 

(internal standard)

Chromolith1 
Speed ROD 

RP-18

Multiple 
wavelength used 

for detection, 
expensive due to 

high flow rate

Simultaneous
estimation of

Piperine and Curcumin in 
Plasma (human)

and also applied for Clinical
Pharmacological evaluation

9

7
Acetonitrile:Water (60 : 40, 

v/v)
Flow rate : 1ml/min

240 C18

Less sensitive 
method to 

detect lower 
concentration

Simultaneous estimation of 
piperine and guggulsterones 
in Unani dosage as well as in 

a nanoemulsion

10

8

25 mM Potassium dihydrogen 
phosphate (pH 4.5): 

Acetonitrile (50 : 50, v/v) Flow 
rate: 1ml/min

340 and 231 C18
Absence of 

stability study

Simultaneous
estimation of piperine and 
ketoconazole in rat plasma 
and culture of hepatocyte

11

Comparison with previously published HPLC 
methods

Comparative evaluation of  previously published 
methods and the current developed HPLC method was 
performed on the basis of  mobile phase ratios, mobile 
phase flow rate, wavelength, column, stability study, 
limitations and applicability of  the HPLC methods. The 

comparison data were represented in the Table 9. To 
date, there is no single HPLC method available which 
can be used for multiple analyses like estimation of  
piperine in nanoformulation, black pepper and marketed 
products and also to evaluate the degradation behavior 
of  piperine using same parameters of  developed HPLC 
method. The present method containing the mobile 

Figure 2: Linearity curve for Piperine. Figure 3: High resolution-transmission electronic microscopy 
(HR-TEM) of cubosome nanoparticles.
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phase composition of  ACN: 0.01% OPA (60:40 v/v; 
pH 3),1mL/min of  flow rate with 340 nm as detection 
wavelength is found to be more sensitive, economic and 
stable when compared to other published literature.

CONCLUSION

A simple, specific, sensitive and stability indicating RP- 
HPLC method was successfully developed and evaluated 
for piperine estimation in cubosome nanoformulation, 
black pepper and ayurvedic marketed products. This 
developed RP-HPLC method allows easy quantification 

Figure 4: HPLC chromatograms for piperine obtained in the 
Black pepper (A), TrikatuChurna (B), AjamodadiChurna (C)

and ChitrakadiGutika (D).

Figure 5: HPLC chromatograms of piperine (10 µg/mL) 
obtained in the stress degradation assays using Normal (A), 
Acidic (B), Basic (C), Thermal (D), Oxidation (E) and sunlight 

(F) stress conditions.

of  piperine as compared to previously developed 
methods. The validation of  established method was done 
as per ICH guidelines, which were within the acceptable 
limits. The established method demonstrates accurate 
and easy estimation of  piperine in cubosome, black 
pepper and ayurvedic marketed products indicating 
reliable and sensitive nature of  method. The results of  
stress degradation study suggested that piperine was 
considerably stable against acidic, alkaline and high 
thermal conditions. However, piperine was susceptible 
to degradation against oxidative and photolytic stress 
conditions. Hence, this simple, stability indicating 
RP-HPLC method is helpful for further routine quality 
control analysis. This method could thus be used for 
regular in vitro and in vivo estimation of  piperine.
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on Harmonization; RP-HPLC: Reverse-Phase High 
Performance Liquid Chromatography; i.d.: internal 
diameter; LOD: Limit of  detection; LOQ: Limit of  
Quantification; GMO: Glyceryl monooleate; PF-127: 
Pluronic F-127; OPA: Orthophosphoric acid; DLS: 
Dynamic light scattering LC: Liquid Chromatography; 
RSD: Relative standard deviation; UV: Ultraviolet; 
PDA: Prominence Diode Array; RSD: Relative 
Standard Deviation; PDI: Polydispersibility index; 
EE: Entrapment Efficiency; HCl: Hydrochloric acid; 
NaOH: Sodium hydroxide.
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SUMMARY
RP-HPLC method was successfully developed and 
validated for piperine and successfully evaluated for 
its quantitative estimation in cubosome nanoparticles, 
black pepper and ayurvedic marketed products. The 
stability of the developed HPLC method was indicated 
by the stress degradation studies. The HPLC analysis 
was done by using Phenomenex C18 column using 
optimized mobile phase comprised of ACN: OPA 
(60:40, v/v), 1mL/min of flow rate with 340 nm as 
detection wavelength. The developed method was 
sensitive, accurate, precise and economical to detect 
piperine in cubosome nanoformulation and commercial 
marketed products.
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Review of selected herbal 
phytoconstituents for potential 
melanoma treatment
Bhaskar Kallappa Kurangi1, Sunil Satyappa Jalalpure1,2

Abstract:
Malignant melanoma is the most aggressive form of skin cancer, with a high mortality rate. The current 
chemotherapies have a relatively low success rate due to the development of multidrug resistance and 
side effects. Hence,   there is need of discovering new compounds that are safe and more effective 
against melanoma to improve the efficiency and to lower the treatment cost for cancer care. Melanoma 
chemoprevention with natural herbal phytoconstituents is an emerging strategy to prevent, cure, or 
treat melanoma. This review summarizes the latest research in melanoma chemoprevention and 
treatment using the herbal phytoconstituents. Relevant mechanisms involved in the pharmacological 
effects of these phytochemical are discussed. Phytoconstituents that are discussed in this review 
are carotenoids, flavonoids, some polyphenols, piperine alkaloid, and sulforaphane having high 
anticancer potential mostly to be used for the treatment of melanoma.
Keywords:
Anticancer, chemoprevention, melanoma, phytoconstituents

Introduction

Melanoma

Melanoma is the most fatal kind of skin 
cancer which is a malignant tumor 

that originates from melanocytes and 
especially involves the skin [Figure 1]. Apart 
from the skin, melanomas can also found 
in the eyes and meninges and on various 
mucosal surfaces. Usually, melanomas 
are pigmented and amelanotic. Even 
the small tumors can have a tendency to 
metastasize and thus lead to an unfavorable 
prognosis. The death rate associated with 
melanoma is 90% which can be related with 
cutaneous tumors.[1,2] Melanoma incidence 
is going to be increased worldwide in 
the White populations with excessive 
sun exposure. In the USA, about 76,380 
new cases of melanoma were diagnosed 
in 2016.[3] Approximately 132,000  cases 
of melanoma and over  2 million cases of 
nonmelanoma are diagnosed worldwide 

every year. The diagnosis for skin cancer 
throughout the world is one in every three 
cancers.[4] Worldwide, about 55,000 deaths 
were estimated in 2012.[5]

Ultraviolet irradiation is the most important 
exogenous factor for melanoma, particularly 
intermittent sun exposure.[6] Malignant 
melanoma is most common among the 
White‑skinned peoples than Black, Asian, 
or Hispanic population. The White‑skinned 
people have approximately 10 times greater 
risk of developing melanoma.[7] However, 
in the plantar malignant melanoma, it was 
found that melanoma incidence is equal in 
both the White and Black population.[8] In 
India, malignant melanoma is not common 
and its incidence rate is <0.5%.[9]

The current clinical approach and therapy 
selected for cutaneous melanoma are 
surgery, chemotherapy or immunotherapy, 
and/or the combination of the two. 
Unfortunately, attempts made for improving 
the survival by surgically removing  lymph 
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nodes can result in no overall survival benefits.[10] Other 
than surgery, there are two major alternatives for the 
management of melanoma such as chemotherapy and 
immunotherapy. Although the current chemotherapies 
have their advantages, they are either not effective 
enough or cause serious side effects and toxicity. In 
the randomized experiments to date for melanoma, it 
has been reported that no single drug or combination 
of therapies is superior to existing drugs.[11] Therefore, 
there is need for herbal drugs which can offer improved 
efficacy over existing chemotherapy, in melanoma 
therapy.

Need of natural herbal products
Development of multidrug resistance and severe 
adverse effects is the main problem that exists with 
chemotherapeutic agents. Some of the methods by which 
melanoma cells can develop resistant to chemotherapeutic 
agents are drug efflux systems, amplification of drug 
targets, or changes in drug kinetics.[12‑14] To overcome 
drug resistance, different strategies have been attempted, 
such as use of nanoparticles, liposomes, and micellar 
drug delivery vehicles, with some reported successes.[14] 
The adverse effects, side effects, and multidrug resistance 
of cancer chemotherapy can be treated symptomatically, 
but in some instances, some secondary treatments may 
be very toxic, which is unacceptable to some cancer 
patients.[15‑17]

Because of the drawbacks associated with conventional 
cancer chemotherapies, interest has been grown for 
natural therapies.   Different phytochemical compounds 
obtained from the extracts of plant roots, bulbs, barks, 
leaves, stems, and others have shown promising potential 
as anticancer drugs or for serving as lead compounds 
in the synthesis of new drugs.   The main limiting 
factor for natural products and traditional medicines 
is the different preparation method. Apart from that 
chemical composition, dosage determination, dose 
adjustment, and suitable route of administration are also 
important factors for the herbal medicines.   Although 
much research on the compounds of natural origin 
is required to produce new drug products for which 
research, specifically aimed at naturally derived 

medicines to optimize dosages for the intended route of 
administration and to design the most effective dosage 
forms, has become essential.[18]

Phytoconstituents Showing Activity for 
Melanoma

Phytoconst i tuents  exerts  di f ferent  types  of 
immunomodulatory, anti‑inflammatory, and antioxidant 
properties, but generally, they have the highest 
potential of exerting chemopreventive action in 
melanoma.[19] Number of research has been done to 
find out the correlation between antioxidant properties 
and anticancer activity of these phytoconstituents. 
No strong evidence has been found related with such 
a correlation still, but the antioxidant potential of a 
phytoconstituent is being regarded as an indication for 
potential anticancer activity.[20,21] Phytoconstituents such 
as carotenoids, flavonoids, and terpenoids having high 
anticancer potential can be used for the treatment of 
melanoma [Figure 2].[22‑24]

Flavonoids
Flavonoids are pigmentary compounds which exist in 
plants. Structurally, flavonoids contain two benzene 
rings which are connected through a linear carbon chain 
and an aromatic chromophore.[25] Flavonoids include 
flavones, flavanones, isoflavones, anthocyanins, and 
flavan‑3‑ols (catechins). Figure 3 describes the chemical 
structures of some flavonoids which exhibit anticancer 
activities.

Epigallocatechin‑3‑gallate
The catechin epigallocatechin‑3‑gallate  (EGCG) is one 
of the main flavonoid compounds found in green tea 
which has been received enormous pharmacological 
attention because of its potential benefits to health. EGCG 
possess anti‑inflammatory, antioxidant, antimutagenic, 
and anticarcinogenic properties.[26‑28]

It has been reported that EGCG has the capacity to induce 
apoptosis and cell cycle arrest in melanoma cells, either 
alone or in combination with vorinostat in vitro.[29,30] For 
the melanoma treatment, a combination strategy with 
interferon has shown synergistic antiproliferative effects 
in both in vitro and in vivo studies.[31] Different mechanisms 
by which EGCG has shown effects include upregulation 
of Bcl‑2‑associated X protein, downregulation of 
apoptosis‑inhibiting proteins, cell survival‑promoting 
proteins, a pro‑apoptosis protein, activation of 
caspases‑3,  ‑7, and  ‑9, and through the induction 
of tumor suppressor proteins.[32,33] EGCG showed 
pro‑apoptotic activity, selective toward melanoma cells 
and not toward the normal melanocytes.[33] Development 
of EGCG into a practical therapeutic agent may 
require an interdisciplinary approach to modify EGCG 

Figure 1: Melanoma tumor development in the skin
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structure and increase its potency and pharmacokinetic 
properties.

Quercetin
Quercetin is the most abundant flavonol present in the 
human diet and in plants in different glycosidic forms, 
such as galactosides, rhamnosides, arabinosides, or 
glucosides.[34,35] The derivatives of quercetin accounts 
for 60% of the total flavonoids ingested daily and are 

the most abundant and important dietary flavonoids 
present in the human diet.[36] The quercetin derivatives 
are commonly found in many fruits and vegetables, such 
as red onions, apples, berries, parsley, olive oil, cocoa, 
citrus fruits, tea, and red wine.[37,38]

The mechanism by which quercetin had shown activity 
against melanoma at low concentrations by affecting 
cell viability and at higher concentrations by inducing 
apoptosis.[39] It was reported that in murine melanoma 
cells, quercetin induced apoptosis by diminishing the 
expression of B‑cell lymphoma 2 and increasing the 
effectiveness of caspase‑3 activity.[40] The recent study 
has reported that the quercetin activity for melanoma 
may be due to inhibitory effects on signal transducer 
and activator of transcription 3, which is an oncogenic 
protein.[41] Overall quercetin could be used to take 
advantage of tyrosinase activity in melanoma treatment 
with minimum additional side effects related with 
it. However, dietary intake would be suitable in the 
development of preventative approaches, while systems 
including nanoparticles or any other nanoformulation 
will be required to achieve the best effective quercetin 
concentrations for therapeutic approaches.

Kaempferol
Kaempferol, a natural flavonol compound belonging 
to flavonoids category, occurs mostly in a variety of 
plants and plant‑derived food products. Kaempferol is 
abundantly available in tea, broccoli, beans, strawberries, 
and apples.[42]

Kaempferol acts in the different mechanisms for 
regulation of cancer cells. It has been reported that 
kaempferol is a potent promoter of apoptosis and also 
it modifies a host of cellular signaling pathways such as 
inhibiting cell proliferation.[43] Compared to standard 

Figure 2: Classification of phytoconstituents

Figure 3: Chemical structures of selected flavonoids having anticancer potential
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chemotherapeutic drugs, kaempferol is much less toxic 
to normal cells.[44] A study has shown that kaempferol 
blocks choroidal melanoma cell cycle progression 
in the G2/M phase.[45] For transdermal delivery, the 
kaempferol submicron emulsion systems has been 
developed, and it was found that because of emulsion 
systems, there was significant influence on the flux, 
the amount of drug deposition in skin and lag time.[46] 
The synergistic activity along with quercetin has been 
shown in melanogenesis inhibition. Moreover, they 
were considered as good blockers of enzyme activity, 
especially in hyperpigmentation.[47]

Daidzein
Daidzein is an isoflavone, which is a hormone‑like 
substance found exclusively in soybeans and other 
legumes. It is highly soluble in alkaline environments 
and is part of a group of compounds, called 
phytoestrogens.[48]

Daidzein has shown some effective photo‑protection 
potential in the skin by topical application.[49] Daidzein 
and genistein have been investigated to produce 
synergistic inhibitive effect on the metastatic melanoma 
cells (murine K1735M2).[50]

Apigenin
Apigenin is a naturally occurring product belonging to 
the flavonoids category which is anaglycone of several 
naturally occurring glycosides. Apigenin is mostly found 
in celery, oranges, tea, parsley, thyme, and onions.[51]

The anticancer activities of apigenin have been observed 
in vitro in the melanoma cell lines (MELs‑28). The different 
mechanisms by which apigenin exerts action include 
inducing cell cycle arrest in the G2/M phase, upregulating 
tumor necrosis factor receptor (TNF‑receptor), and the 
TNF‑related apoptosis‑inducing ligand receptor apoptotic 
pathway.[33] The combinations of all these actions result 
into chemoprotective effects of apigenin. Subsequent 
studies on apigenin has shown antimelanoma effects, 
which includes inhibition metastasis of melanoma.[52,53] 
Along with quercetin, there is inhibition of melanoma 
growth and invasive and metastatic melanoma. [52]

Rutin
Rutin is the glycoside which is the combination of 
quercetin flavonol and the rutinose disaccharide. It 
occurs in a wide variety of plants such as passion flower, 
buckwheat, tea, and apple. It is one of the vital nutritional 
components of food stuff.[54]

It has demonstrated a number of pharmacological 
activities, including antioxidant, cytoprotective, 
vasoprotective, anticarcinogenic, neuroprotective, and 
cardioprotective activities.[55,56] One study has reported 

that rutin inhibited the growth and tumor weight of B16 
melanoma as well as melanin content in C57BL/6 mice.[57]

Carotenoids
Carotenoids are a class of  >750 naturally occurring 
fat‑soluble pigments commonly found in plants, algae, 
and photosynthetic bacteria.[58] The carotenoids containing 
the structure such as distinctive conjugated double bond 
which acts as a light‑absorbing chromophore and that 
imparts yellow, orange, or red color to vegetables, 
oranges, and other food products.[59] Carotenoids are 
divided into two classes, such as xanthophylls and 
carotenes. Figure 4 describes the chemical structures of 
some carotenoids which exhibit anticancer activities, 
especially against melanoma.

Lycopene
The red color to fruits and vegetables is imparted by a 
natural pigment which is lycopene. Lycopene is found 
in watermelons, pink grapefruits, apricots, and pink 
guavas. It is found in particularly high amounts in 
tomatoes and tomato products.[59]

Lycopene is one of the most effective carotenes for 
oxidative stress reduction. It should be considered as 
an excellent additive to the diets of patients which are 
at high risk for melanoma.[60] Studies have shown that 
lycopene inhibits platelet‑derived growth factor‑BB, 
which in turn reduces melanoma cell‑induced fibroblast 
migration and signaling transduction. Hence, this 
explains that lucopene bears the antitumor properties.[61]

Fucoxanthin
Fucoxanthin is an orange‑colored pigment, together with 
chlorophylls a, c and β‑carotene which are to be found in 
chromophyta, brown seaweeds, and diatoms.[62]

Fucoxanthin exerts anticancer effects such as reduced 
tumor incidences, cell cycle arrest, induction of 
apoptosis, inhibition of proliferation, and inhibition of 
metastasis.[63] The in vitro and in vivo study has shown 
that fucoxanthin inhibits the growth of B16F10 melanoma 
cells.[64] In SK‑MEL‑28 malignant MEL‑28 study, the 
anticancer effect of fucoxanthin has also been reported.[65] 
Fucoxanthin also shown the activity against metastatic 
melanoma by suppressing murine melanoma cells, by 
downregulation of proteins involved in cell migration, 
cell interaction, and cell adhesion.[66]

β‑Carotene
β‑Carotene is an organic, abundantly found in plants 
and fruits. β‑Carotene is a pigment which has strong 
red‑orange color. In nature, β‑carotene is a precursor to 
vitamin A. β‑Carotene was described as an antioxidant 
that protected against cancer, heart disease, macular 
degeneration, and aging.[67‑69]
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The in  vitro study in melanoma cells reported that 
β‑carotene is able to induce apoptosis by activating 
caspases‑3, ‑8, and ‑9 through caspase cascade.[70] It was 
reported that the diet high in β‑carotene may be related 
to a decreased melanoma risk.[71,72]

Alkaloid
Alkaloids are a group of naturally occurring nitrogenous 
chemical compounds found in plants, typically insoluble 
in water. The different organisms such as bacteria, fungi, 
plants, and animals are the main source of the alkaloids. 
Alkaloids are exerting different pharmacological 
actions such as antimalarial, antiasthma, anticancer, 
vasodilatory, antiarrhythmic, analgesic, antibacterial, and 
antihyperglycemic activities.[73] Berberine, cryptolepine, 
and vinca alkaloids have been shown activity for 

melanoma. In this present review, the alkaloid discussed 
for antimelanoma activity is piperine.[74‑76]

Piperine
Piperine is an alkaloid found in Piper nigrum and Piper 
longum. It exhibits wide variety of biological actions 
such as anti‑inflammatory, antioxidant, antiarthritic and 
antidepressant effects Figure 5 shows chemical structure 
of piperine.[77,78]

Piperine inhibits CYP3A4 and P‑glycoprotein by which 
bioavailability of other drugs can be enhanced.[79] 
Curcumin has different stability problems.[80] Along 
with curcumin, administration of piperine increases 
bioavailability of curcumin.[76] Clinical trials are also 
being conducted to evaluate the effect of piperine in 
enhancing the bioavailability of other phytoconstituents. 
The antiproliferative effects of piperine in murine as well 
as in human melanoma cells were studied. The studies 
have reported that growth inhibitory effects of piperine 
were mediated by apoptosis and cell cycle arrest of 
both the cell lines, i.e., SK‑MEL‑28 and B16 F0 cells in 
G1 phase.[81]

Polyphenol
Polyphenols are mainly natural but also synthetic or 
semisynthetic, organic chemicals characterized by the 
presence of large multiples of phenol structural rings. 
There are over 8000 identified polyphenols compounds 
found most abundantly in whole foods such as dried 
spices, fruits, vegetables, red wine, and cocoa, tea, 
wine, and chocolates.[82] Polyphenol plays an important 
role in the prevention and in reduction of progression 
of diseases such as diabetes, cardiovascular and 
neurodegenerative diseases, and cancer. Figure 6 shows 

Figure 4: Chemical structures of selected carotenoids having anticancer 
potential

Figure 5: Chemical structure of piperine

Figure 6: Chemical structures of selected polyphenols having anticancer potential

Figure 7: Chemical structure sulforaphane
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the chemical structure of selected polyphenols having 
anticancer potential.[83]

Ellagic acid
Ellagic acid is a fused four‑ring polyphenol. Ellagic 
acid is present in many red fruits and berries, including 
raspberries, strawberries, blackberries, cranberries, 
pomegranate, and some nuts including pecans and 
walnuts.

It possesses antifibrotic and antioxidant properties and 
also exhibits in vitro antitumor properties against various 
cancer cells.[84,85] Ellagic acid had shown apoptosis 
induction property in human melanoma cells.[86] Ellagic 
acid is thought to suppress melanogenesis by reacting 
with activated melanocytes and without injuring cells.[87]

Resveratrol
Resveratrol is a nutraceutical which has exciting 
pharmacological potential and because of this recently 
attracted a lot of research attention. It is a phytoalexin 
compound found in many plants such as grapes, peanuts, 
and berries. Resveratrol is a model stilbene having 
cardioprotection, chemoprevention, and antitumor 
activities.[88]

Resveratrol has been investigated as an anticancer 
agent. In doxorubicin‑resistant murine melanoma 
cells, the potency of resveratrol has been demonstrated 
by inducing apoptosis and inhibiting the growth of 
melanoma tumors in mice.[89] The in  vitro study had 
shown that combination with temozolomide act as an 
effective cytotoxic agent against melanoma cells.[90] Due 
to its low bioavailability, the in vivo anticancer effects of 
resveratrol are strongly limited.[91] Hence, approaches 
are to be done to increase its bioavailability either by 
bioenhancer or by nanotechnology approaches. The 
study had shown that resveratrol sensitizes melanoma 
cells to interleukin‑2 immunotherapy which had caused 
induced cell death.[92]

Indoles and glucosinolates
Glucosinolates are a group of secondary products 
found in plants of the family Cruciferae. On enzymatic 
hydrolysis, they give rise to volatile, pungent, and 
physiologically active compounds which have antifungal, 
antibacterial, bioherbicidal, biopesticidal, antioxidant, 
antimutagenic, and anticarcinogenic activity. Recently, 
indole glucosinolates are attracting attention because of its 
properties. On hydrolysis either by chemical or enzymatic, 
the indole glucosinolates give the different involatile indole 
compounds which have anticarcinogenic activity.[93]

Sulforaphane
Sulforaphane is an isothiocyanate found especially 
in broccoli sprouts, Chinese kale, cabbage, and 

watercress. It prevents or delays preneoplastic lesions 
Figure 7 shows chemical structure of sulforaphane. 
Sulforaphane has therapeutic activity in tumor cell 
cultures, carcinogen‑induced cancer models, and genetic 
animal cancer models.[94,95] The mechanisms by which 
sulforaphane exerts anticancer activity by suppressing 
various critical hallmarks of cancer, such as cell growth 
and proliferation, apoptosis, invasion, and migration.[ 96] 
In combination with quercetin, sulforaphane inhibits the 
proliferation and migration of melanoma (B16F10) cells 
more effectively than either compound used alone. This 
combined effect was predominantly due to a decrease 
in matrix metalloproteinases expression in the mouse 
tumors.[97]

The sulforaphane has shown antimetastatic activity in 
murine melanoma model with in vivo study by which it 
will be helpful in cancer immunotherapy.[98]

Pharmaceutical Developmental Challenges 
and Opportunities

Traditional use of natural herbal phytoconstituents 
in melanoma treatment is relatively cheap due to the 
availability of plants and the simple methods used in 
formulation development. However, commercialization 
of natural compounds for cancer treatment, i.e., for 
melanoma, may result in declining of natural resources 
and problems with producing a consistent quality of 
adulteration. Hence, most naturally derived medicinal 
compounds are eventually manufactured by either 
semisynthetically or fermentation. For commercial 
use, then, these are formulated into an appropriate 
dosage form by which cost of the products get 
increased. As cancer chemoprevention and treatment 
using natural phytoconstituents have been such an 
attractive approach, further efforts are fully justifiable to 
thoroughly understand their potencies, pharmacokinetic 
performances,  pharmacodynamic responses , 
metabolisms, toxicities, drug–drug interactions, 
polymorphisms, and then formulations, stabilities and 
degradations, and dosage regimens. Lots of scientific 
research are to be needed to evaluate and optimize 
the herbal phytochemical products for safe and more 
effective human use. Phytochemical products should 
be formulated by a novel method of nanotechnology. 
The drawbacks related to phytoconstituents such as 
poor pharmacokinetic properties, targetability, and poor 
bioavailability of herbal phytoconstituents, for which 
nanotechnology should be introduced.

Conclusion

From this review, it has become clear that herbal 
phytoconstituents can play a major role in future 
melanoma treatments. This article has summarized some 
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selected herbal phytoconstituents such as carotenoids, 
flavonoids, some polyphenols, piperine alkaloid, 
and sulforaphane which have been studied for their 
possible antimelanoma activity. Antimelanoma activities 
of phytoconstituents can be ascribed to a distinct 
phytochemical or to a combination of the effects of 
different phytochemicals. Most of the phytoconstituents 
have shown both in  vitro and in  vivo activity for 
melanoma. Hence, natural phytoconstituents have been 
and will continue to be a promising and active source 
for the drug discovery in the treatment of melanoma.
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